
NOTICE
This page appended to digital file by EXIM Bank.

The following document is an environmental assessment or supplemental 
environmental report (such as a remediation or mitigation plan or procedure, 
or related monitoring report) (“Assessment/Report”) that has been produced 
by a third-party and required to be submitted to the Export-Import Bank of 
the United States in conjunction with the referenced EXIM Bank transaction 
number .  It is being provided here in furtherance of Section 11(a)(1) of  the 
Export Import Bank Act of 1945, as amended (12 U.S.C.  635i-5).  

Please note that the Assessment/Report is as of the date noted.  Accordingly, 
the Bank makes no representation that it (i) is the most recent version of this 
document, (ii) is fully accurate and/or complete, or (iii) includes a full descrip-
tion of appropriate action taken by responsible parties in response to infor-
mation about environmental or social issues, if any, raised  therein.   

Requests for additional (including, in some cases, more current) environmen-
tal or supplemental environmental Assessment/Reports regarding this project 
may be made using EXIM Bank’s online “Environmental and Social Project 
Information and Concerns” form at http://exim.gov/envsoc.

This page appended to digital file by EXIM Bank.

View attachments.

You may need to save this file and open with Acrobat or Reader. 
Attachments may not be accessible when viewing in a web browser.














ju 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 


Qurayyah Independent Power Project 1, Kingdom of Saudi Arabia 


Ground Level Concentration Monitoring Report 


Saudi Electricity Company 


14th March 2011 


 


WSP Environment & Energy  


Open Document Details Menu to Change  


   
www.wspenvironmental.com 







 


QUALITY MANAGEMENT 


 


 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


WSP Environment & Energy (Middle East) 


7th Floor, Convention Tower 


Dubai World Trade Centre 
P.O Box 7497 
Dubai, UAE 
 
Tel: +971 (0) 4 329 2399 
Fax: +971 (0) 4 329 2389 
 
http://www.wspgroup.com 


Issue/revision Final Draft Final Draft Final Revision 3 


Remarks None    


Date 14th March 2011    


Prepared by Simon Pickup    


Signature 


 


   


Checked by Brent Ridgard    


Signature 


 


   


Authorised by Brent Ridgard    


Signature 


 


   


Project number 12361420/GLC1    


File reference     







CONTENTS 
 


 


 


1  Introduction 1 


1.1  Background 1 


1.2  Site Location 1 


1.3  Need for the Study 1 


2  Methodology 3 


2.1  Introduction 3 


2.2  NO, NO2 and SO2 Sampling Method 3 


3  Summary of Results and Conclusions 5 


3.1  Introduction 5 


3.2  Legal Standards 5 


3.3  Existing Baseline Conditions on Site 5 


3.4  Conclusions 6 


 
 
LIST OF APPENDICES 
 
Appendix A: GLC Monitoring Results 


 


 


 


 


 


 


 


 


 







 


WSP Environment & Energy Qurayyah Independent Power Project


Kingdom of Saudi Arabia


 1


 


1 Introduction 


1.1 BACKGROUND 


The Saudi Electricity Company (SEC) plans to develop the first phase of the Qurayyah Independent Power Plant 
(QIPP-1) as part of their on-going Independent Power Project Programme in the Kingdom of Saudi Arabia (KSA). The 
QIPP-1 will be the third such project in this programme. 


The QIPP-1 will have a generating capacity of 1,800 - 2,100 MW. A further phase (QIPP-2) will be developed in the 
future, bringing the total generating capacity of the two plants to approximately 4,000 MW. The Qurayyah Area 
already contains two existing power stations, as follows: 


 The Qurayyah Power Plant (QPP), a crude-oil and gas-fired plant with a generating capacity of 2,500 MW. 
This plant is located approximately 2-km north of QIPP-1; and 


 The Qurayyah Combined Cycle Plant (QCC), a gas-fired plant with a generating capacity of 3,100 MW. The 
QCC is adjacent to QIPP-1 to the south and is currently under construction to transfer the simple cycle plant to 
a combined cycle plant. 


 
WSP Environment and Energy (WSP) were appointed by SEC to undertake a Ground Level Concentration (GLC) 
Monitoring study within the Qurayyah Area over a period of six months. This report presents a summary of the results 
of this study.   


 


1.2 SITE LOCATION 


QIPP-1 will be located within a currently fenced-off site 
controlled by SEC, and is situated approximately 100 km 
to the south of Dammam in the Eastern Province of 
Saudi Arabia (see Figure 1).  


There are two other power plants in the local area, as 
follows (see Figure 2): 


 QPP – situated approximately 2-km to the north of 
QIPP-1; and 


 QCC – situated immediately adjacent and to the 
south of the proposed QIPP-1.  


The figure overleaf outlines the QIPP-1 site together with 
the location of surrounding facilities. The QIPP-1 site 
itself is currently undeveloped, with the exception of 
ancillary facilities associated with the adjacent QCC 
facility.  


 


1.3 NEED FOR THE STUDY 


Given the proximity of the proposed QIPP-1 to two existing power stations, it is critical that the existing ambient air 
quality conditions are understood. This will allow a full assessment of the cumulative impacts of the QIPP-1 project to 
be determined as part of an Environmental Impact Assessment, which will be undertaken on behalf of the project 
developer as part of the necessary approval process.  


Figure 1: Site Location 
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Figure 2: The Project Site and Surrounding Area
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2 Methodology


2.1 INTRODUCTION 


The GLC Monitoring study involved sampling for Nitrogen Oxide (NO), Nitrogen Dioxide (NO2) and Sulphur Dioxide 
(SO2) at eight locations on a monthly basis for a period of six months. The study period commenced on the 25th July 
2010 and was completed on the 30th January 2011. Sampling for NO, NO2 and SO2 was undertaken using long term 
passive diffusion tubes. 


 


2.2 NO, NO2 AND SO2 SAMPLING METHOD 


Diffusion tubes rely upon the passive collection of a pollutant species onto the sampling device. The sampler is 
constructed of a plastic tube with an efficient absorption device at one end and a removable cap at the other. When 
the inlet cap is removed, a concentration gradient is set up within the tube and molecular diffusion of the pollutant 
occurs towards the sorbent. Once the exposure period is completed, the cap is replaced and the tube returned to a 
UKAS ISO 17025 accredited laboratory where the mass of the pollutant collected is determined by Ion 
Chromatography (IC) for NO and NO2 and U.V. Spectrophotometry for SO2. Diffusion tube monitoring was carried out 
over a period of 1 month at each location using single diffusion tubes, with a total of six monthly deployments. 


Details of the sampling locations and parameters tested for at each location are provided in Table 1 and on the 
Location Map in Figure 3. 


 
Table 1: Monitoring Locations and Parameters Measured  
 


Location ID  GPS Coordinates  Parameters Measured  
 North East   


695 25°51'51.08N " 50°5'57.85E " NO, NO2 and SO2 
694 25°52'20.42N " 50°6'51.40E " NO, NO2 and SO2 
693 25°51'58.85N " 50°7'3.29E " NO, NO2 and SO2 
691 25°50'39.54N " 50°7'48.26E " NO, NO2 and SO2 
690 25°50'27.74N " 50°7'21.43E " NO, NO2 and SO2 
689 25°50'4.88N " 50°7'3.47E " NO, NO2 and SO2 
688 25°48'50.29N " 50°7'37.99E " NO, NO2 and SO2 
687 25°48'59.44N " 50°8'33.54E " NO, NO2 and SO2 
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Figure 3: Air Quality Monitoring Stations 
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3 Summary of Results and Conclusions 


3.1 INTRODUCTION 


This section provides a summary of the results and conclusions of the GLC Monitoring study. The full results are 
presented in Appendix A. 


 


3.2 LEGAL STANDARDS 


The Presidency for Meteorology and Environment (PME) ambient air quality standards are shown in Table 2 together 
with the equivalent World Health Organisation WHO) guidelines for comparison. 


 
Table 2: Ambient Air Quality Standards for SO2, NO2 and PM10 


 
Air Quality Standards (µg/m3)
Pollutant Averaging period PME WHO Guidelines
NO2 1-hour 


Annual 
660(a) 
100 


200 
40 


SO2 10-min 
1-hour 
24-hour 
 
 
Annual 


--(b) 
730(a) 
365(c) 
 
 
80 


500 
-- 
125 (interim target 1) 
50 (interim target 2) 
20 
-- 


Inhalable suspended 
particles (PME) or PM10 
(IFC) 


24-hour 
 
 
 
Annual 


340(c) 
 
 
 
80 


150 (interim target 1) 
100 (interim target 2) 
75 (interim target 3 
50 
70 (interim target 1) 
50 (interim target 2) 
30 (interim target 3) 
20 


a) Not to be exceeded more than twice per month (30 day period). 
b) No 10-min standard has been set by PME. 
c) Not to be exceeded more than once during any 12 month period, which corresponds to the 99.72 percentile of hourly mean concentrations. 


 


3.3 EXISTING BASELINE CONDITIONS ON SITE 


Air pollution in KSA, as in other Middle Eastern countries, is generally considered to be a major issue with emissions 
of SO2 and Oxides of Nitrogen (NOx) being very high by international standards, with urban populations often 
experiencing air pollution levels that exceed World Health Organisation guidelines. 


The project site is located in a coastal area designated for power production that is remote from any urban centres. 
The two operational SEC facilities, QPP and QCC, are the major point sources of air pollution within the surrounding 
area, as described below.  


 
3.3.1 Nitrogen Oxide (NO) 


The results of the monitoring show that the levels of NO are generally low across all monitoring stations. The levels 
recorded during November and December 2010 were appreciably lower than in previous months, potentially as a 
result of reduced loads at the QPP and QCC during the winter months when electricity demand is at its lowest.   


Although it is not possible to directly compare the results of diffusion tube monitoring to the relevant ambient air quality 
standards, the results suggest that the NO levels are well within the PME air quality standards. 
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3.3.2 Nitrogen Dioxide (NO2) 


The results of the monitoring show that NO2 levels are slightly elevated, which would be expected given the operation 
of the existing power plants in the local areas. A marked elevation was noted during December 2010. 


Although it is not possible to directly compare the results of diffusion tube monitoring to the relevant ambient air quality 
standards, the results suggest that the NO2 levels are well within the PME air quality standards. 


 
3.3.3 Sulphur Dioxide (SO2) 


The results of the monitoring show that generally there are elevated levels of SO2 within the local area, which would 
be expected given the operation of the QPP, which is a crude oil-fired plant with no sulphur capturing technology 
applied to the plant. 


The monitoring results show that there was a general decreasing trend in SO2 concentrations recorded from July to 
November, with an increasing trend at some of the monitoring stations between December 2010 and January 2011. 


Although it is difficult to compare the results of the SO2 diffusion tube monitoring with ambient air quality standards, it 
would appear likely that the SO2 concentrations would fall within longer term standards such as the annual mean. It is 
possible, however, that the shorter standards such as the 10-minute and 1-hour standard could be exceeded on 
occasions, particularly when the QPP is operating at higher capacities. 


 


3.4 CONCLUSIONS 


The levels of NO observed during the air quality monitoring period appear to be low across all monitoring sites. On the 
basis of the air quality monitoring results, generally elevated concentrations of NO2 and SO2 were observed. 


Although a direct comparison cannot be made, it appears likely that all parameters measured would fall within the 
PME ambient air quality standards, with the possible exception of SO2 for short term averaging periods (e.g. 10 minute 
and 1-hour means). 
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1.0 INTRODUCTION 


 


Exova were commissioned by WSP Environment and Energy (Middle East) to carry out an 


Ambient Air Quality Survey at 8 locations at the Qurayyah Indepentant Power Plant, KSA. Testing 


was carried out ever month over a 6 month period, between the 25th of July 2010 and the 25th of 


January 2011.  


 


2.0 SCOPE OF WORK 


 


The survey involved sampling for, Nitrogen Oxide (NO), Nitrogen Dioxide (NO2) and Sulphur 


Dioxide (SO2) at 8 locations. Nitrogen Oxide (NO), Nitrogen Dioxide (NO2) and Sulphur Dioxide 


(SO2) were measured at all 8 locations on a monthly basis for a period of 6 months. Details of the 


sampling locations and parameters tested for at each location are provided in Table 1 and on the 


Location Map in Figure 1. 


 


Sampling for Nitrogen Oxide (NO), Nitrogen Dioxide (NO2) and Sulphur Dioxide (SO2) was carried 


out using long term passive diffusion tubes. The parameters measured at each location and the 


co-ordinates of each sampling location are provided in Table 1. 


Table 1 
 


Monitoring Locations and Measured Parameters 
 


GPS Coordinates 
Location ID 


North East 
Parameters Measured 


695 25°51'51.08"N 50° 5'57.85"E NO, NO 2 and  SO2 


694 25°52'20.42"N 50° 6'51.40"E NO, NO 2 and  SO2 


693 25°51'58.85"N 50° 7'3.29"E NO, NO 2 and  SO2 


691 25°50'39.54"N 50° 7'48.26"E NO, NO 2 and  SO2 


690 25°50'27.74"N 50° 7'21.43"E NO, NO 2 and  SO2 


689 25°50'4.88"N 50° 7'3.47"E NO, NO 2 and  SO2 


688 25°48'50.29"N 50° 7'37.99"E NO, NO 2 and  SO2 


687 25°48'59.44"N 50° 8'33.54"E NO, NO 2 and  SO2 
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Figure 1: Ambient Air Quality Monitoring Locations, Qurayyah Independent Power Plant 
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3.0 MEASUREMENT METHODOLOGIES 


 
3.1 NO, NO2 and SO 2 Sampling Method 


 


Diffusion tubes rely upon the passive collection of a pollutant species onto the sampling device.  


The sampler is constructed of a plastic tube with an efficient absorption device at one end and a 


removable cap at the other. When the inlet cap is removed, a concentration gradient is set up 


within the tube and molecular diffusion of the pollutant occurs towards the sorbent.  Once the 


exposure period is completed, the cap is replaced and the tube returned to a UKAS ISO 17025 


accredited laboratory where the mass of the pollutant collected is determined by Ion 


Chromatography (IC) for NO and NO2 and U.V. Spectrophotometry for SO2. Monitoring was 


carried out over a period of 1 month at each location using single diffusion tubes.  


 


Passive samplers are a simple and relatively inexpensive method of measuring pollutants in the 


atmosphere and offer a number of significant advantages in ambient air quality monitoring 


programmes, they are visually unobtrusive and are independent of power supplies and 


consequently they can be used at almost any location.  As they are absolute sampling devices, 


no site calibrations are required which avoids the cost and difficulty of preparing and transporting 


calibration standards. Due to their low cost relative to instrumental methods, it is possible to 


establish larger numbers of monitoring sites.   


 


Passive samplers are a useful and established technique for performing screening surveys of 


pollution levels and providing information on spatial variability.  Unfortunately, the results obtained 


are long term averages and are therefore difficult to directly compare to short term air quality 


standards.  


 


Figure 1 shows a graphical representation of the diffusion tube technique. Figure 2 shows 


examples of diffusion tubes, with different coloured caps identifying the tubes used for different 


target analytes 
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Figure 1: Illustration of ambient air moving across the pollutant specific absorbent. 


 


 


 


 


 


Figure 2: An example of passive diffusion tubes. 
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4.0 SUMMARY RESULTS 


 
Tables 2 and 3 summaries the results for NO2, NO and SO2, for the first month of the monitoring 


campaign, from the 25th July to 25th August 2010. 


 
Table 2: Summary Results–NO 2 and NO  (1


st Month – July 25 th to August 25 th) 


 


Nitrous Oxide 


(NO) 


Nitrogen Dioxide 


(NO2) Location 


ppb µg/m 3 ppb µg/m 3 


687 1.42 2.74 4.09 7.86 


688 0.46 0.89 3.66 7.02 


689 2.05 3.93 9.04 17.35 


690 4.55 8.73 4.67 8.97 


691 1.07 2.06 4.80 9.21 


693 1.93 3.70 3.26 6.26 


694 2.52 4.84 2.80 5.37 


695 1.31 2.52 3.60 6.91 


 
 


Table 3: Summary Results –SO 2 (1
st Month – July 25 th to August 25 th) 


 


Sulphur Dioxide (SO 2) 
Location 


ppb µg/m 3 


687 3.22 8.59 


688 9.53 25.43 


689 5.20 13.88 


690 4.94 13.16 


691 4.98 13.28 


693 5.41 14.43 


694 5.47 14.59 


695 5.42 14.45 
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Tables 4 and 5 summaries the results for NO2, NO and SO2, for the second month of the 


monitoring campaign, from the 25th August to 29th September 2010. 


 
Table 4: Summary Results–NO 2 and NO  (2


nd Month – August 25 th to September 29 th) 


 


Nitrous Oxide 


(NO) 


Nitrogen Dioxide 


(NO2) Location 


ppb µg/m 3 ppb µg/m 3 


687 0.70 1.34 3.81 7.32 


688 <L.O.D <L.O.D 3.14 6.05 


689 0.21 0.39 5.87 11.29 


690 2.71 5.20 4.09 7.87 


691 0.29 0.56 3.61 6.95 


693 1.49 2.86 2.64 5.08 


694 4.09 7.84 2.88 5.53 


695 1.27 2.43 3.09 5.95 


Note: - The results for NO have not been blank corrected. 
 


Table 5: Summary Results –SO 2 (2
nd Month – August 25 th to September 29 th) 


 


Sulphur Dioxide (SO 2) 
Location 


ppb µg/m 3 


687 4.41 11.77 


688 5.08 13.54 


689 4.93 13.16 


690 4.29 11.45 


691 4.53 12.08 


693 5.07 13.52 


694 4.32 11.51 


695 4.28 11.40 
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Tables 6 and 7 summaries the results for NO2, NO and SO2, for the third month of the monitoring 


campaign, from the 29th September to 30th October 2010. 


 
Table 6: Summary Results–NO 2 and NO  (3


rd  Month–September 29 th to October 30 th) 


 


Nitrous Oxide 


(NO) 


Nitrogen Dioxide 


(NO2) Location 


ppb µg/m 3 ppb µg/m 3 


687 5.74 11.02 6.43 12.37 


688 <L.O.D <L.O.D 8.63 16.60 


689 1.31 2.52 6.45 12.41 


690 2.79 5.35 5.66 10.89 


691 <L.O.D <L.O.D 5.04 9.70 


693 2.38 4.57 4.74 9.12 


694 0.14 0.28 4.49 8.63 


695 5.60 10.76 4.79 9.22 


Note: - The results for NO have not been blank corrected. 
 
 


Table 7: Summary Results –SO 2 (3
rd Month–September 29 th to October 30 th) 


 


Sulphur Dioxide (SO 2) 
Location 


ppb µg/m 3 


687 4.03 10.76 


688 4.04 10.78 


689 3.32 8.85 


690 3.43 9.15 


691 3.28 8.74 


693 3.98 10.60 


694 2.80 7.47 


695 2.80 7.48 
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Tables 8 and 9 summaries the results for NO2, NO and SO2, for the fourth month of the 


monitoring campaign, from the 30th October to 29th November. 


 
Table 8: Summary Results–NO 2 and NO  (4


th Month – October 30 th to November 29th) 


 


Nitrous Oxide 


(NO) 


Nitrogen Dioxide 


(NO2) Location 


ppb µg/m 3 ppb µg/m 3 


687 2.28 4.38 8.99 17.29 


688 2.94 5.65 4.78 9.18 


689 1.88 3.61 5.12 9.85 


690 2.54 4.87 4.67 8.97 


691 3.35 6.43 4.57 8.80 


693 2.89 5.55 5.02 9.65 


694 <L.O.D <L.O.D 4.84 9.31 


695 2.45 4.70 5.35 10.29 


 
 


Table 9: Summary Results –SO 2 (4
th Month – October 30 th to November 29 th) 


 


Sulphur Dioxide (SO 2) 
Location 


ppb µg/m 3 


687 2.81 7.50 


688 2.21 5.88 


689 3.97 10.59 


690 3.23 8.62 


691 2.26 6.02 


693 2.23 5.96 


694 2.73 7.27 


695 3.23 8.60 
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Tables 10 and 11 summaries the results for NO2, NO and SO2, for the fifth month of the 


monitoring campaign, from the 29th November to 30th December 2010. 


 
Table 10: Summary Results–NO 2 and NO  (5


th Month – November 29 th to December 30 th) 


 


Nitrous Oxide 


(NO) 


Nitrogen Dioxide 


(NO2) Location 


ppb µg/m 3 ppb µg/m 3 


687 6.07 11.65 12.44 23.91 


688 <L.O.D <L.O.D 2.84 5.47 


689 <L.O.D <L.O.D 7.76 14.92 


690 <L.O.D <L.O.D 8.25 15.87 


691 <L.O.D <L.O.D 7.24 13.91 


693 3.78 7.25 7.53 14.48 


694 <L.O.D <L.O.D 8.04 15.46 


695 <L.O.D <L.O.D 7.98 15.34 


 
 


Table 11: Summary Results –SO 2 (5
th Month – November 29 th to December 30 th) 


 


Sulphur Dioxide (SO 2) 
Location 


ppb µg/m 3 


687 16.71 44.55 


688 *378.55 *109.45 


689 4.08 10.88 


690 4.86 12.97 


691 8.98 23.93 


693 4.43 12.36 


694 5.01 13.36 


695 3.98 10.61 


NOTE: *Tube 688 was contaminated with sand and thus the tube was breached. 
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Tables 12 and 13 summaries the results for NO2, NO and SO2, for the sixth month of the 


monitoring campaign, from the 30th December to 30th January 2011. 


 
Table 12: Summary Results–NO 2 and NO  (6


th Month - December 30 th to January 30 th) 


 


Nitrous Oxide 


(NO) 


Nitrogen Dioxide 


(NO2) Location 


ppb µg/m 3 ppb µg/m 3 


687 <L.O.D <L.O.D 9.64 18.54 


688 1.53 2.94 4.85 9.34 


689 <L.O.D <L.O.D 6.63 12.76 


690 0.22 0.43 5.17 9.95 


691 <L.O.D <L.O.D 4.65 8.94 


693 <L.O.D <L.O.D 5.52 10.61 


694 0.32 0.61 5.64 10.85 


695 2.00 3.84 6.38 12.27 


 
 


Table 13: Summary Results –SO 2 (6
th Month – December 30 th to January 30 th) 


 


Sulphur Dioxide (SO 2) 
Location 


ppb µg/m 3 


687 4.30 11.47 


688 2.93 7.81 


689 4.23 11.28 


690 1.41 3.76 


691 1.85 4.94 


693 4.75 12.65 


694 2.08 5.55 


695 5.07 13.52 
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Exova (Saudi Arabia) Ltd.
PO Box31775
AI Khobar 31952
Kingdom of Saudi Arabia


T:+966 3 812 7750
F:+96638121837
E:saudiarabia.lab@exova.com
W: www.exova.com


I I
Testing. Advising. Assuring.


Report of Tests


Determination of Acid Gases in Diffusion Tubes by Ion Chromatography
WSP Quarrayah - KSA -Month 1- 25th July - 25th August 2010


Exposure jJg S S02 S02 ppb S02jJg/m~ S02 jJg/m~
Location Date On Date off hrs Total ppb Blank Corrected jJg/m3 Blank Corrected
687 25/07/10 25/08/10 744.40 0.19 3.22 3.22 8.59 8.59
688 25/07/10 25/08/10 744.62 0.53 9.53 9.53 25.43 25.43


689 25/07/10 25/08/10 749.20 0.30 5.20 5.20 13.88 13.88
694 25/07/10 25/08/10 747.75 0.31 5.47 5.47 14.59 14.59
693 25/07/10 25/08/10 747.85 0.31 5.41 5.41 14.43 14.43
695 25/07/10 25/08/10 748.18 0.31 5.42 5.42 14.45 14.45
690 25/07/10 25/08/10 746.65 0.28 4.94 4.94 13.16 13.16
691 25/07/10 25/08/10 746.73 0.28 4.98 4.98 13.28 13.28


S02 Blank ppb 0


S02 Blank jJg/m3 0


Overall M.O.U ± 12.10%


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report shall only be reproduced in full. Approval of the testing laboratory is required for partial reproduction.


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested.







Exova (Saudi Arabia) Ltd.
PO Box31775
AI Khobar 31952
Kingdom of Saudi Arabia


T: +966 38127750


F:+96638121837
E:saudiarabia.lab@exova.com
W: www.exova.com


I I
Testing. Advising. Assuring.


Report of Tests


Determination of Acid Gases in Diffusion Tubes by V.V. Spectrophotometry
WSP Quarrayah - KSA -Month 1 - 25th July - 25th August 2010


Exposure !-I9N02 N02 N02 ppb N02!-19/m3
N02!-19/m3


Location Date On Date off hrs Total ppb Blank Corrected !-191m3 Blank Corrected
687 25/07/10 25/08/10 744.40 0.43 4.09 4.09 7.86 7.86
688 25/07/10 25/08/10 744.62 0.38 3.66 3.66 7.02 7.02
689 25/07/10 25/08/10 749.20 0.95 9.04 9.04 17.35 17.35
694 25/07/10 25/08/10 747.75 0.29 2.80 2.80 5.37 5.37
693 25/07/10 25/08/10 747.85 0.34 3.26 3.26 6.26 6.26
695 25/07/10 25/08/10 748.18 0.38 3.60 3.60 6.91 6.91
690 25/07/10 25/08/10 746.65 0.49 4.67 4.67 8.97 8.97
691 25/07/10 25/08/10 746.73 0.50 4.80 4.80 9.21 9.21


N02 Blank ppb 0.00


N02 Blank !-191m3 0.00


Overall M.O.U ± 12.10%


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report shall only be reproduced in full. Approval of the testing laboratory is required for partial reproduction.


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested.







Exova (Saudi Arabia) Ltd.
PO Box 31775
AI Khobar 31952
Kingdom of Saudi Arabia


T:+966 38127750
F:+966 3 8121837
E:saudiarabia.lab@exova.com
W: www.exova.com


I I
Testing. Advising. Assuring.


Report of Tests


Determination of Acid Gases in Diffusion Tubes by V.V. Spectrophotometry
WSP Quarrayah - KSA -Month 1- 25th July - 25th August 2010


Exposure ~q NO NO NO ppb NO !-191m3 NO !-191m3
Location Date On Date off hrs Total ppb Blank Corrected !-191m3 Blank Corrected
687 25/07/10 25/08/10 744.40 0.15 1.42 1.42 2.74 2.74


688 25/07/10 25/08/10 744.62 0.05 0.46 0.46 0.89 0.89
689 25/07/10 25/08/10 749.20 0.21 2.05 2.05 3.93 3.93
694 25/07/10 25/08/10 747.75 0.26 2.52 2.52 4.84 4.84
693 25/07/10 25/08/10 747.85 0.20 1.93 1.93 3.7 3.70
695 25/07/10 25/08/10 748.18 0.14 1.31 1.31 2.52 2.52
690 25/07/10 25/08/10 746.65 0.47 4.55 4.55 8.73 8.73
691 25/07/10 25/08/10 746.73 0.11 1.07 1.07 2.06 2.06


NO Blank ppb 0.00


NO Blank !-IQ/m3 0.00
Overall M.O.U ± 10.93%


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report sball only be reproduced in full. Approval of the testing laboratory is required for partial reproduction.


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested.







Exova (Saudi Arabia) Ltd.
PO Box 31775
AI Khobar 31952
Kingdom of Saudi Arabia


T: +966 3 812 7750
F:+966 3 8121837
E:saudiarabia.lab©exova.com
W: www.exova.com


I I
Testing. Advising. Assuring.


Report of Tests
Determination of Acid Gases in Diffusion Tubes by V.V. Spectrophotometry


WSP Quarrayah - KSA -Month 2 - 25th August - 29th September 2010


Exposure 1J9N02 N02 N02 ppb N021J9/m;j N02 1J9/m;j


Location Date On Date off hrs Total ppb Blank Corrected 1J9/m3 Blank Corrected
687 25/08/10 29/09/10 840.37 0.45 3.81 3.81 7.32 7.32
688 25/08/10 29/09/10 840.57 0.37 3.14 3.14 6.05 6.05
689 25/08/10 29/09/10 836.13 0.69 5.87 5.87 11.29 11.29
694 25/08/10 29/09/10 838.40 0.34 2.88 2.88 5.53 5.53
693 25/08/10 29/09/10 838.00 0.31 2.64 2.64 5.08 5.08
695 25/08/10 29/09/10 837.78 0.36 3.09 3.09 5.95 5.95
690 25/08/10 29/09/10 838.13 0.48 4.09 4.09 7.87 7.87
691 25/08/10 29/09/10 838.18 0.42 3.61 3.61 6.95 6.95


N02 Blank ppb 0.00


N02 Blank 1J9/m3 0.00


Overall M.O.U ± 12.10%


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report shall only be reproduced in full. Approval of the testing laboratory is required for partial reproduction.


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested.
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Exova (Saudi Arabia) Ltd.
PO Box 31775
AI Khobar 31952
Kingdom of Saudi Arabia


T: +966 38127750
F:+966 38121837
E:saudiarabia.lab@exova.com
W: www.exova.com


I I
Testing. Advising. Assuring.


Report of Tests
Determination of Acid Gases in Diffusion Tubes by V.V. Spectrophotometry


WSP Quarrayah - KSA -Month 2 - 25th August - 29th September 2010


Exposure jJ9 NO NO NO ppb NO jJ9/m3 NO jJ9/m3


Location Date On Date off hrs Total ppb Blank Corrected IJg/m3 Blank Corrected
687 25/08/10 29/09/10 840.37 0.08 0.70 1.34
688 25/08/10 29/09/10 840.57 0.00 <L.O.D <L.O.D


689 25/08/10 29/09/10 836.13 0.02 0.21 0.39
694 25/08/10 29/09/10 838.40 0.48 4.09 7.84
693 25/08/10 29/09/10 838.00 0.17 1.49 2.86
695 25/08/10 29/09/10 837.78 0.15 1.27 2.43


690 25/08/10 29/09/10 838.13 0.31 2.71 5.20


691 25/08/10 29/09/10 838.18 0.04 0.29 0.56


NO Blank ppb 1.19


NO Blank IJQ/m3 2.29
Overall M.O.U ± 10.93%
NOTE: Results have not been blank corrected


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report shall only be reproduced in full. APproval of the testing laboratory is required for partial reproduction.


Samples will be retained for a period of one montb only, unless otberwise requested.


The test results relate only to tbe samples tested.







Exova (Saudi Arabia) Ltd.
PO Box31775
AI Khobar 31952
Kingdom of Saudi Arabia


T: +9663 812 7750


F:+966 38121837
E:saudiarabia.lab@exova.com


W: www.exova.com


I I
Testing. Advising. Assuring.


Report of Tests


Determination of Acid Gases in Diffusion Tubes by Ion Chromatography
WSP Quarrayah - KSA -Month 2 - 25th August - 29th September 2010


Exposure 1-'9S S02 S02 ppb S021-'9/m3 S021-'9/m3
Location Date On Date off hrs Total ppb Blank Corrected wq/m3 Blank Corrected


687 25/08/10 29/09/10 840.37 0.28 4.41 4.41 11.77 11.77
688 25/08/10 29/09/10 840.57 0.32 5.08 5.08 13.54 13.54
689 25/08/10 29/09/10 836.13 0.31 4.93 4.93 13.16 13.16
694 25/08/10 29/09/10 838.40 0.27 4.32 4.32 11.51 11.51
693 25/08/10 29/09/10 838.00 0.31 5.07 5.07 13.52 13.52
695 25/08/10 29/09/10 837.78 0.27 4.28 4.28 11.40 11.40


690 25/08/10 29/09/10 838.13 0.27 4.29 4.29 11.45 11.45


691 25/08/10 29/09/10 838.18 0.28 4.53 4.53 12.08 12.08


S02 Blank ppb 0


S02 Blank 1-'9/m3 0


Overall M.O.U ± 12.10%


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report shall only be reproduced in full. Approval of the testing laboratory is required for partial reproduction.


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested.







Exova (Saudi Arabia) Ltd.
PO Box 31775
AI Khobar 31952
Kingdom of Saudi Arabia


T:+966 38127750
F:+96638121837
E:soudiarobia.lab@exovo.com
W: www.exova.com


I I
Testing. Advising. Assuring.


Report of Tests


Determination of Acid Gases in Diffusion Tubes by Ion Chromatography .
WSP Quarrayah - KSA -Month 3 - 29th September - 30th October 2010


Exposure jJg S S02 S02 ppb S02jJg/m.j S02 jJg/m.j


Location Date On Date off hrs Total ppb Blank Corrected jJg/m3 Blank Corrected
687 29/09/10 30/10/10 743.30 0.24 4.03 4.03 10.76 10.76
688 29/09/10 30/10/10 743.23 0.24 4.04 4.04 10.78 10.78
689 29/09/10 30/10/10 742.92 0.20 3.32 3.32 8.85 8.85
694 29/09/10 30/10/10 745.38 0.17 2.80 2.80 7.47 7.47


693 29/09/10 30/10/10 745.88 0.24 3.98 3.98 10.60 10.60
695 29/09/10 30/10/10 745.53 0.17 2.80 2.80 7.48 7.48


690 29/09/10 30/10/10 742.60 0.21 3.43 3.43 9.15 9.15
691 29/09/10 30/10/10 743.05 0.20 3.28 3.28 8.74 8.74


S02 Blank ppb 0


S02 Blank jJg/m3 0


Overall M.O.U ± 12.10%


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report shall only be reproduced in fulL Approval of the testing laboratory is required for partial reproduction.


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested.
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Exova (Saudi Arabia) Ltd.
PO Box 31775
AI Khobar 31952
Kingdom of Saudi Arabia


T:+966 38127750
F:+96638121837
E:saudiarabia.lab@exova.com
W: www.exova.com


I I
Testing. Advising. Assuring.


Report of Tests .
Determination of Acid Gases in Diffusion Tubes by V.V. Spectrophotometry
WSP Quarrayah - KSA -Month 3 - 29th September - 30th October 2010


Exposure 1J9N02 N02 N02 ppb N021J9/mJ N021J9/mJ


Location Date On Date off hrs Total ppb Blank Corrected 1J9/m3 Blank Corrected


687 29/09/10 30/10/10 745.25 0.68 6.43 6.43 12.37 12.37


688 29/09/10 30/10/10 744.77 0.91 8.63 8.63 16.60 16.60


689 29/09/10 30/10/10 743.98 0.68 6.45 6.45 12.41 12.41


694 29/09/10 30/10/10 744.13 0.48 4.49 4.49 8.63 8.63


693 29/09/10 30/10/10 743.83 0.49 4.74 4.74 9.12 9.12


695 29/09/10 30/10/10 744.28 0.50 4.79 4.79 9.22 9.22


690 29/09/10 30/10/10 742.60 0.60 5.66 5.66 10.89 10.89


691 29/09/10 30/10/10 743.05 0.53 5.04 5.04 9.70 9.70


N02 Blank ppb 0.00


N02 Blank 1J9/m3 0.00


Overall M.O.U ± 12.10%


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report shall only be reproduced in full. Approval of the testing laboratory is required for partial reproduction.


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested.
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Exova (Saudi Arabia) Ltd.
PO Box 31775
AI Khobar 31952
Kingdom of Saudi Arabia


T:+966 3 812 7750
F:+9663 8121837
E:saudiarabia.lab@exova.com
W: www.exova.com


II
Testing. Advising. Assuring.


Report of Tests
Determination of Acid Gases in Diffusion Tubes by V.V. Spectrophotometry .
WSP Quarrayah - KSA -Month 3 - 29th September - 30th October 2010


Exposure J.JQ NO NO NO ppb NO J.Jg/m3 NO J.Jg/m3


Location Date On Date off hrs Total ppb Blank Corrected J.Jg/m3 Blank Corrected


687 29/09/10 30/10/10 745.25 0.59 5.74 11.02
688 29/09/10 30/10/10 744.77 0.00 <L.O.D <L.O.D


689 29/09/10 30/10/10 743.98 0.13 1.31 2.52


694 29/09/10 30/10/10 744.13 0.01 0.14 0.28


693 29/09/10 30/10/10 743.83 0.24 2.38 4.57


695 29/09/10 30/10/10 744.28 0.58 5.60 10.76
690 29/09/10 30/10/10 742.60 0.29 2.79 5.35


691 29/09/10 30/10/10 743.05 0.00 <L.O.D <L.O.D


NO Blank ppb 1.36


NO Blank J.JQ/m3 2.60
Overall M.O.U ± 10.90%
NOTE: Results have not been blank corrected


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report shall only be reproduced in full. Approval of the testing laboratory is required for partial reproduction.


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested.
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Exova (Saudi Arabia) Ltd.
PO Box 31775
AI Khobar 31952
Kingdom of Saudi Arabia


T:+966 38127750
F:+9663 8121837
E:saudiarabia.lab@exova.com
W: www.exova.com


I I
Testing. Advising. Assuring.


Report of Tests


Determination of Acid Gases in Diffusion Tubes by V.V. Spectrophotometry
WSP Quarrayah - KSA -Month 4 - 30th October - 29th November 2010


Exposure 1-/9NO NO NO ppb NO 1-/9/m3 NO 1-/9/m3


Location Date On Date off hrs Total ppb Blank Corrected 1-/9/m3 Blank Corrected
687 30/10/10 29/11/10 716.90 0.22 2.28 4.38
688 30/10/10 29/11/10 716.50 0.29 2.94 5.65
689 30/10/10 29/11/10 716.75 0.19 1.88 3.61
694 30/10/10 29/11/10 716.73 0.00 <L.O.D <L.O.D


693 30/10/10 29/11/10 716.75 0.28 2.89 5.55
695 30/10/10 29/11/10 716.53 0.26 2.45 4.70
690 30/10/10 29/11/10 717.00 0.26 2.54 4.87
691 30/10/10 29/11/10 716.58 0.33 3.35 6.43


NO Blank ppb 0.70


NO Blank I-/Q/m3 1.34
Overall M.O.U ± 5.17%
NOTE: Results have not been blank corrected


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK


This report shall only be reproduced in full. Approval of the testing laboratory is required for partial reproduction,


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested.







Exova (Saudi Arabia) Ltd.
PO Box 31775
AI Khobar 31952
Kingdom of Saudi Arabia


T:+966 3 812 7750
F:+966 38121837
E:saudiarabia.lab@exova.com
W: www.exova.com


II
Testing. Advising. Assuring.


Report of Tests
Determination of Acid Gases in Diffusion Tubes by Ion Chromatography
WSP Quarrayah - KSA -Month 4 - 30th October - 29th November 2010


Exposure jJ98 802 802 ppb 802 jJ9/m;j 802jJ9/m;j


Location Date On Date off hrs Total ppb Blank Corrected jJ9/m3 Blank Corrected


687 30/10/10 29/11/10 716.90 0.15 2.81 2.81 7.50 7.50


688 30/10/10 29/11/10 716.50 0.12 2.21 2.21 5.88 5.88


689 30/10/10 29/11/10 716.75 0.21 3.97 3.97 10.59 10.59


694 30/10/10 29/11/10 716.73 0.14 2.73 2.73 7.27 7.27


693 30/10/10 29/11/10 716.75 0.12 2.23 2.23 5.96 5.96


695 30/10/10 29/11/10 716.53 0.17 3.23 3.23 8.60 8.60


690 30/10/10 29/11/10 717.00 0.17 3.23 3.23 8.62 8.62
691 30/10/10 29/11/10 716.58 0.12 2.26 2.26 6.02 6.02


802 Blank ppb 0.00


802 Blank jJ9/m3 0.00


Overall M.O.U ± 13.84%


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report shall only be reproduced in full. Approval of the testing laboratory is required for partial reproduction.


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested.







Exova (Saudi Arabia) Ltd.
PO Box 31775
AI Khobar 31952
Kingdom of Saudi Arabia


T:+966 38127750
F:+9663 8121837
E:saudiarabia.lab©exova.com
W: wwwexova.com


I I
Testing. Advising. Assuring.


Report of Tests


Determination of Acid Gases in Diffusion Tubes by V.V. Spectrophotometry
WSP Quarrayah - KSA -Month 4 - 30th October - 29th November 2010


Exposure 1J9N02 N02 N02 ppb N021J9/m" N02 1J9/m3


Location Date On Date off hrs Total ppb Blank Corrected 1J9/m3 Blank Corrected
687 30/10/10 29/11/10 716.90 0.92 8.99 8.99 17.29 17.29


688 30/10/10 29/11/10 716.50 0.48 4.78 4.78 9.18 9.18


689 30/10/10 29/11/10 716.75 0.51 5.12 5.12 9.85 9.85
694 30/10/10 29/11/10 716.73 0.49 4.84 4.84 9.31 9.31
693 30/10/10 29/11/10 716.75 0.50 5.02 5.02 9.65 9.65
695 30/10/10 29/11/10 716.53 0.54 5.35 5.35 10.29 10.29


690 30/10/10 29/11/10 717.00 0.47 4.67 4.67 8.97 8.97
691 30/10/10 29/11/10 716.58 0.46 4.57 4.57 8.80 8.80


N02 Blank ppb 0.00


N02 Blank 1J9/m3 0.00


Overall M.O.U ± 13.84%
. . .. ..


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report shall only be reproduced in full. Approval of the testing laboratory is required for partial reproduction.


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested.







Exova (Saudi Arabia) Ltd.
PO Box 31775
AI Khobar 31952
Kingdom of Saudi Arabia


T: +966 3 812 7750
F:+966 3 812 1837
E:saudiarabia.lab@exova.com
W: www.exova.com


-0l~
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Testing. Advising. Assuring.


Report of Tests


Determination of Acid Gases in Diffusion Tubes by Ion Chromatography
WSP Quarrayah - KSA -Month 5 - 29th November - 30th December 2010


Exposure IJg S S02 S02 ppb S02 IJg/m;j S02IJg/m;j


Location Date On Date off hrs Total ppb Blank Corrected IJg/m3 Blank Corrected
687 29/11/10 30/12/10 745.23 0.92 16.71 16.71 44.55 44.55


688 29/11/10 30/12/10 745.00 20.62 378.55 378.55 1009.45 1009.45
689 29/11/10 30/12/10 745.08 0.23 4.08 4.08 10.88 10.88
694 29/11/10 30/12/10 745.50 0.28 5.01 5.01 13.36 13.36
693 29/11/10 30/12/10 745.42 0.26 4.63 4.63 12.36 12.36
695 29/11/10 30/12/10 742.00 0.23 3.98 3.98 10.61 10.61
690 29/11/10 30/12/10 746.83 0.28 4.86 4.86 12.97 12.97
691 29/11/10 30/12/10 746.67 0.50 8.98 8.98 23.93 23.93


S02 Blank ppb 0.00


S02 Blank IJg/m3 0.00


Overall M.O.U ±12.10%


INote: Tube 688 was contaminated by sand.


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report shall only be reproduced in full. Approval of the testing laboratory is required for partial reproduction.


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested.
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Exova (Saudi Arabia) Ltd.
PO Box 31775
AI Khobar 31952
Kingdom of Saudi Arabia


T: +9663 812 7750


F:+966 38121837
E:saudiarabia.lab@exova.com


W: www.exova.com


I I
Testing. Advising. Assuring.


Report of Tests


Determination of Add Gases in Diffusion Tubes by V.V. Spectrophotometry
WSP Quarrayah - KSA -Month 5 - 29th November - 30th December 2010


Exposure 1J9N02 N02 N02 ppb N02IJg/mJ N02 ~g/m;j
Location Date On Date off hrs Total ppb Blank Corrected ~g/m3 Blank Corrected


687 29/11/10 30/12/10 745.23 1.32 12.44 12.44 23.91 23.91
688 29/11/10 30/12/10 745.00 0.32 2.24 2.24 5.47 5.47


689 29/11/10 30/12/10 745.08 0.83 7.76 7.76 14.92 14.92
694 29/11/10 30/12/10 745.50 0.86 8.04 8.04 15.46 15.46


693 29/11/10 30/12/10 745.42 0.81 7.53 7.53 14.48 14.48


695 29/11/10 30/12/10 742.00 0.85 Y.98 f.98 15.34 15.34
690 29/11/10 30/12/10 746.83 0.88 8.25 8.25 15.87 15.87
691 29/11/10 30/12/10 746.67 0.78 7.24 7.24 13.91 13.91


N02 Blank ppb 0.00


N02 Blank ~g/m3 0.00


Overall M.O.U ± 12.10%
--. • ~~ " _ " c ~. ~


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report shall only be reproduced in full. Approval of the testing laboratory is required for partial reproduction.


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested.
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Exova (Saudi Arabia) ttd,
PO Box 31775
AI Khobar 31952
Kingdom of Saudi Arabia


T: +9663 812 7750
F:+966 38121837
E: saudiarabia.lab@exQva,com
W: www.exova.com -lg
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Tasting. Advising. Assuring.


Report of Tests


Determination of Acid Gases ill Diffusion Tubes by V.V. Spectrophotometry
WSP Quarrayah - KSA -Month 5 - 29th November - 30th December 2010


Exposure jJ9 NO NO NO ppb NO jJ9/m3 NO jJ9/m3


Location Date On Date off hrs Total ppb Blank Corrected jJ9/m3 Blank Corrected
687 29/11/10 30/12/10 745.23 0.63 6.07 11.65
688 29/11/10 30/12/10 745.00 0.00 <L.O.D <L.O.D


689 29/11/10 30/12/10 745.08 0,00 <L.O.D <L.OD


694 29/11/10 30/12/10 745.50 0,00 <L.O.D <L.O.D


693 29/11/10 30/12/10 745.42 0,39 3,78 7.25
695 29/11/10 30/12/10 742,00 0.00 <L.O,D <L.O.D


690 29/11/10 30/12/10 746.83 0.00 <L,O,D <L.O.D


691 29/11/10 30/12/10 746,67 0.00 <L.O,D <L.O.D


NO Blank ppb 0.52


NO Blank jJg/m3 0.99
Overall M.O.U ± 5,17%


There was suspected contamination in Tube 688
NOTE: Results have not been blank corrected


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


'This report shall only be reproduced in full. Approval of the testing Iaboratory is required for partial reproduction,


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested,
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T:+966 3 812 7750
F:+9663 8121837
E:saudiarabia.lab@exova.com
W: www.exova.com


II
Testing. Advising. Assuring.


Report of Tests


Determination of Acid Gases in Diffusion Tubes by U.V. Spectrophotometry
WSP Quarrayah - KSA -Month 6 - 30th December 2010 - 30th January 2011


Exposure 1J9N02 N02 N02 ppb N02 1J9/m;j N02 1J9/m3


Location Date On Date off hrs Total ppb Blank Corrected 1J9/m3 Blank Corrected
690 12/30/2010 1130/2011 742.33 0.55 5.17 5.17 9.95 9.95
691 12/30/2010 1130/2011 742.33 0.49 4.65 4.65 8.94 8.94
689 12/30/2010 1130/2011 743.75 0.70 6.63 6.63 12.76 12.76
688 12/30/2010 1130/2011 743.67 0.52 4.85 4.85 9.34 9.34
687 12/30/2010 1130/2011 743.50 1.01 9.64 9.64 18.54 18.54
693 12/30/2010 113012011 '741.6'7 0.58 5.52 5.52 10.61 10.61
694 12/30/2010 1130/2011 741.58 0.60 5.64 5.64 10.85 10.85
695 12/30/2010 1130/2011 744.50 0.68 6.38 6.38 12.27 12.27


N02 Blank ppb 0.00


N02 Blank 1J9/m3 0.00


Overall M.O.U ± 12.10%~- - -~


Forand on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report shall only be reproduced in full. Approval of the testing laboratory is required for partial reproduction.


Samples will be retained for a period of one rnonthonly, unless otherwise requested.


The test results relate only to the samples tested. ~.-
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Exova (Saudi Arabia) Ltd.
PO Box 31775
AI Khobar 31952
Kingdom of Saudi Arabia


T: +96638127750
F:+96638121837
E:saudiarabia.lab@exova.com
W: www.exova.com


I I
Testing. Advising. Assuring.


Report of Tests


Determination of Acid Gases in Diffusion Tubes by U.V. Spectrophotometry
WSP Quarrayah - KSA -Month 6 - 30th December - 30th January 2011


Exposure jJg NO NO NO ppb NO jJg/m3 NO jJg/m3


Location Date On Date off hrs Total ppb Blank Corrected jJg/m3 Blank Corrected
690 12/30/2010 1130/2011 742.33 0.02 0.22 0.43


691 12/30/2010 1130/2011 742.33 0.00 <L.O.D <L.O.D


689 12/30/2010 113012011 743.75 0.00 <L.O.D <L.O.D


688 12/30/2010 1130/2011 743.67 0.15 1.53 2.94
687 12/30/2010 1130/2011 743.50 0.00 <L.O.D <L.O.D


693 12/30/2010 1130/2011 741.67 0.00 <L.O.D <L.O.D


694 12/30/2010 1130/2011 741.58 0.03 0.32 0.61


695 12/30/2010 1130/2011 744.50 0.21 2.00 3.84


NO Blank ppb 2.12


NO Blank IJg/m3 4.07
Overall M.O.U ± 5.17%


NOTE: Results have not been blank corrected


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report ;;J}aJJonly be reproduced in full. Approval of the testing laboratory is required fOJ partial Jepr0911cDOD.


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested. ~-6 JJ' ~ 4-' ••••••' '''''-.tU' J.rI...I' Ut.~1
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I I
Testing. Advising. Assuring.


Report of Tests


Determination of Acid Gases in Diffusion Tubes by Ion Chromatography
WSP Quarrayah - KSA -Month 6 - 30th December 2010 - 30th January 2011


Exposure 1J98 802 802 ppb 8021J9/m3 8021J9/m3
Location Date On Date off hrs Total ppb Blank Corrected 1J9/m3 Blank Corrected
690 30/12/10 30101/11 742.33 0.08 1.41 1.41 3.76 3.76
691 30/12/10 30101/11 742.33 0.10 1.85 1.85 4.94 4.94
689 30/12/10 30101/11 743.75 0.23 4.23 4.23 11.28 11.28
688 30/12/10 30101/11 743.67 0.16 2.93 2.93 7.81 7.81
687 30/12/10 30101/11 743.50 0.24 4.30 4.30 11.47 11.47


693 30/12/10 30101/11 741.67 0.26 4.75 4.75 12.65 12.65
694 30/12/10 30101/11 741.58 0.11 2.08 2.08 5.55 5.55
695 30/12/10 30101/11 744.50 0.28 5.07 5.07 13.52 13.52


802 Blank ppb 0.00


802 Blank 1J9/m3 0.00


Overall M.O.U ± 12.10%


For and on behalf of Exova Testing Group Middle East.
Test was subcontracted to third party UKAS accredited laboratory at UK.


This report shall only be reproduced in full. Approval ofthe testing laboratory is required for partial reproduction.


Samples will be retained for a period of one month only, unless otherwise requested.


The test results relate only to the samples tested.
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1 Introduction 


Qurayyah IPP (QIPP) is a 4,000 MW thermal power plant located on the Gulf Coast of Saudi Arabia, 


approximately 100km south of Dammam. QIPP is located 2km south of the existing SEC Qurayyah 


Steam Plant and adjacent to the SEC Qurayyah Combined Cycle Plant. 


The QIPP, which is owned by the Project Company Hajr is now operational and is being operated by 


NOMAC. The project has received funding from international banks that are signatories to the 


Equator Principles. As such, there is a requirement for the project to comply with the requirements 


set out by the IFC’s Performance Standards (2006) and EHS guidelines (2007). In line with the IFC 


Performance Standards, a robust site-specific Environmental and Social Management Plan (ESMP) is 


required. This OESMP has therefore been prepared as part of this. In addition, the project will also 


require periodic independent monitoring (auditing) throughout the operational period, until the end 


of the loan agreement. The environmental and social auditing programme will be based on the 


implementation and compliance with the requirements detailed in this OESMP. 


5 Capitals Environmental and Management consulting (5 Capitals) have been appointed by NOMAC 


to prepare the Operational Environmental & Social Management Plan (OESMP) for the Qurayyah IPP 


project. The OESMP is a document that serves as the over arching tool to manage the environmental 


and social related matters for the duration of the plants operation. It is based on the environmental 


management and monitoring recommendations outlined in the Environmental and Social Impact 


Assessment (SEA), approved by the lenders, ECA’s and the Saudi Arabian environmental regulator, 


the Presidency of Meteorology and Environment (PME). The OESMP has been prepared to reflect 


the site conditions that are relevant to the Qurayyah IPP project. 
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2 Project Description 


2.1 Project Location 


QIPP 4,000MW (‘the Project’) is located in the Qurayyah complex, between the existing SEC 


Qurayyah Steam Plant (QPP) in the north and the new SEC Qurayyah combined cycle plant (QCC) in 


the south. The Project site is located 100km south of Dammam, on the Gulf Coast of Saudi Arabia. 


The site is located 2km south of the existing SEC Qurayyah Steam Plant (QPP) and adjacent to the 


new SEC Qurayyah Combined Cycle Plant (QCC). 


 


2.2 Key project Facilities 


The Qurayyah Independent Power Plant project includes the following: 


• The development, financing, design, construction, operation and maintenance of a power 


plant fuelled primarily by natural gas;  


• 6 power groups arranged in a Multi shaft-Arrangement, each consisting of 2 Gas turbines 


with 2 generators, coupled with a dedicated heat recovery steam generator and one steam 


turbine with generator, along with associated storage facilities; 


• Each GT and heat recovery steam generator has its own stack, one for by-pass and one for 


mains operation; 


• Seawater intake and two (2) outfall structures; 


• Desalination plant and Wastewater Treatment Plant; 


• Natural gas pipeline (and receiving station) and Diesel fuel receiving facilities (as backup fuel); 


• Storage facilities for liquid fuels; 


• Ancillary facilities such as administration, security, fire-fighting, office and material store 


area; 


 


The preparation of a site specific OESMP is set out in the Qurayyah Social and Environmental 


Assessment (SEA), which is a pre-requisite for all projects that receive funding in excess of US $10 


million from banks that are signatories to the “Equator Principles” (EP), which are environmental 


and social guidelines.  The QIPP project has been funded through EP banks and, therefore, has been 


subject to independent environmental audits throughout the construction period. In addition, the 
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environmental approval from Saudi Arabia’s national regulator, the Presidency for Meteorology and 


Environment (PME), has also been conditional upon receiving 6 monthly monitoring reports. 


2.3 Plant Layout 


The Qurayyah IPP layout has been designed and built to take a number of factors into consideration 


and to limit environmental impacts. These include proximity to resources, road access, connection to 


the transmission network, compliance with regulatory requirements, plant and personnel safety and 


technical requirements. The layout of the plant is laid out over the next two pages. 
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3 Environmental Management 


3.1 OESMP approach 


The OESMP ensures that the environmental impacts identified during previously performed 


environmental studies (i.e. the Environment and Social Impact Assessment – Social and 


Environmental Assessment) will be properly managed and that operational activities will comply 


with all applicable environmental regulations and standards. 


The main goals of the OESMP are to specify the roles and responsibilities of personnel involved with 


all aspects of the operational activities; identify potential environmental impacts and the mitigation 


measures that will be used to address them; establish procedures for audits, monitoring, and 


inspections; and specify training, recordkeeping, and documentation requirements. 


Any contractors working at QIPP during the operational phase will be contractually obliged to adhere 


to the requirements of this OESMP, as it provides a basis to ensure that the Project meets the 


conditions for its approval by the Presidency of the Meteorology and the Environment and the 


International Financial Institutions lending conditions. Any engaged contractors should be provided 


with a copy of the OESMP to which they must comply or adopt in case they have their own 


procedures. It is recommended that the OESMP is provided to contractors as a condition of their 


contract agreement. The contractors can include additional controls; if they consider this necessary. 


Where there is conflict in any operational methods, the OESMP will take precedence over any 


contractor’s procedures. 


3.2 Environmental Regulations and Requirements 


3.2.1 PME requirements 


The main KSA legislation with regards to the environment consist of the following, which the plant 


will be required to comply with: 


• General Environmental Regulation (GER) issued by Royal Decree No. 34 dated 28/7/1422H, 


which approves Decision No. 193 taken by the Council of Ministers on 7/7/1422H in relation 


to the adoption of the GER system in the Kingdom of Saudi Arabia. 


• GER Rules of Implementation, approved by Ministerial Decision No 1/1/4/5/1/924, dated 


3/8/1424 H, and its amendments by Decisions No. 1/1/4/2391 dated 8/5/1426H. 


 Uncontrolled, if printed “Refer latest version in the server / SAP “if required, print both the sides” 
Proc No: Rev: 01 Rev. date: 02 Sept 2015 Page 11 of 70 







 


 


 


 
QIPP Operational Environmental and Social 


Management Plan 
• PME Environmental Standards 2014, consisting of separate documents relating to different 


environmental aspects that supersede the relevant standards set out for environmental 


protection (MEPA 1409-01) in Appendix 1 of the GER 2001.  


The appendices of the GER’s Rules and Implementation provide the following details: 


• Appendix 1: Environmental Protection Standards (MEPA 1409-01) 


• Appendix 2: Procedures for the Assessment of Environmental Effects of Industrial and 


Development Projects 


• Appendix 3: Manual of Environmental Qualification Procedures 


• Appendix 4: Rules and Procedures for the Control of Hazardous Waste 


• Appendix 5: The National Contingency Plan for Combating Marine Pollution by Oil and Other 


Harmful Substances in Emergency Cases 


• Appendix 6: All Types of Violations and Penalties 


The PME 2014 Environmental Standards (as shown on PME website) are additional to Appendix 1 of 


the GER 2001. All other Appendices of the GER remain relevant. 


The PME 2014 guidelines contain the following standards pertinent to this OESMP: 


Air Quality 


o Point source emissions; and 


o Ambient air quality. 


Wastewater Management 


o Discharge limit values. 


o Water Quality 


o Ambient water quality values, including groundwater values 


Noise 


o Free field noise limits for community noise. 


o Industrial Areas – Maximum Permissible Free-field Noise limits 


In addition, the PME 2014 standards contain standards and guidance regarding solid waste, including 


requirements for the producer, transporter and receiver at all stages of the waste management 


process. 


3.2.2 International requirements 


The project has sought an amount of its finance from International Financial Institutions (IFIs) that 


are signatories to the Equator Principles. The IFI requirements include the following: 
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• The Equator Principles (2010); 


• IFC Performance and Sustainability Standards (2006); 


• IFC General EHS Guidelines (2007); 


• IFC/World Bank Sector Specific Guidelines and Standards for Thermal Power Plants 


(December 2008). 


The SEA was prepared at the design phase of the project and included the above requirements, and 


this OESMP incorporates the mitigation measures for operation outlined in that document. In 


addition, the lending banks require bi-annual (6-monthly) operational environmental auditing 


throughout the period of the loan agreement. This is to be undertaken by an independent 


environmental consultant who will provide a written report identifying any non-conformances that 


must be rectified within an agreed timescale and “closed-out” during the following audit.  The audit 


reports must be issued to both the lenders and the PME. 


3.2.3 Other requirements 


In addition to the above requirements, the OESMP must: 


• Demonstrate that NOMAC has an environmental management system (EMS) in place to 


ensure that activities related to the facility are in line with their Environmental Policy, is 


based on internationally recognized standards (e.g. ISO 14001:2004) and is in accordance 


with all applicable laws, regulations and standards. 


• Ensure compliance with the NOMAC EMS and include management structure and actions, 


mitigation measures, monitoring programs and reporting requirements. 


3.3 Applicable Standards 


All the standards included in the laws, regulations and procedures mentioned in section 3.2 need to 


be complied with during the operation of the plant.  This section specifies the standards that will 


need to be taken into consideration: 
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3.3.1 Air Quality 


3.3.1.1 Air Emissions 


Table 3-1 summarises the air emission standards that must be achieved, including PME, World 


Bank/IFC EHS Guidelines: Thermal Power (2008). 


 Table 3-1 Maximum Permissible Stack Emissions PME and IFC Thermal PP Requirements 


Emissions Units (unless stated) 


Value (One hour average) 


PME 2014 IFC Thermal PP 


NDA DA NDA DA 


Particulate 
Matter Total mg/Nm3 (dry, 3% O2) - - 50 30 


Particulate 
Matter (PM10) mg/Nm3 150 100 - - 


Particulate 
Matter (PM2.5) mg/Nm3 50 25 - - 


NOx (dry, 15% O2) 500 350 51 (25ppm) 51 (25ppm) 


SOx mg/Nm3 600 400 - - 


CO mg/Nm3 (dry, 3% O2) - - - - 


 
NDA: Non-degraded air shed, DA: Degraded air shed 
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3.3.1.2 Ambient air quality 


The table below provides the Air Quality standards that require full compliance as a result of project 


activities (including the cumulative impact of neighbouring facilities). 


 


 Table 3-2 Ambient Air Quality Standards (μg/m3 unless otherwise specified) 


Parameter 
PME Env Standards 2014 IFC/WHO Guidelines  


1 hour 24 
hour Annual 24 hour Annual 


PM10  - 340 80 


150 (Interim target 1) 70 (Interim target 1) 
100 (Interim target 2) 50 (Interim target 2) 


75 (Interim target 3) 30 (Interim target 3) 
50 20 


PM2.5 -  35 15 


75 (Interim target 1) 35 (Interim target 1) 


50 (Interim target 2) 25 (Interim target 2) 
37.5 (Interim target 3) 15 (Interim target 3) 


25 10 
Nitrogen 
Dioxide 660  - 100 200 (1 hour) 40 


Sulphur 
Dioxide 730 365 80 


125 (Interim target 1) 500 (10 minutes) 
50 (Interim target 2)   


20   


Ozone 235 157 (8 
hours)  - 


160 (interim target 1) (8 hour daily maximum) 
100 (8 hour daily maximum) 


Carbon 
Monoxide 40,000 


10,000 
(8-


hours) 
 - - - 


Hydrogen 
Sulphide -  150 40  - - 


Benzene -  -  5  - - 
Lead -  -  0.5  -  - 


3.3.2 Wastewater Discharges 


The following standards are applicable to the discharges of treated wastewater. The PME 2014 


standards require the sensitivity of the marine environment to be established, in order for the 


correct level of standards to be evaluated (e.g. Marine, Eco-Sensitive, Industrial). Due to the 


designation of the adjacent terrestrial land as an area used for industrial development, the 


applicable standards that are relevant in the assessment of impacts are within the ‘industrial’ 


category. 


 


 


 Table 3-3 Permissible Discharge Limits to Marine Environment 
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Parameter Unit 


PME 2014 


IFC Thermal 
Power Plants 


Arabian Gulf 


Marine Eco - 
Sensitive Industrial 


Physical Chemistry 


Coarse Material   Absent Absent Absent 
 


Temperature Δ°C 7 5 7 


Site Specific 
requirement 


to be 
established by 


EA 
pH pH units 6 – 9.5 7.5 - 9 6 - 10 6 – 9 pH Units 
TDS mg/l  - -  -   


Turbidity NTU 50 5 75  


TSS mg/l 15 10 15 50 
Indicators 


BOD 5 mg/l 25 10 25  
COD mg/l 150 50 150  


Total Oil & Grease mg/l 5 2 7 
10 


TKN (organic N) mg/l 5 5 10 
 


TOC mg/l 50 40 50  


Phosphorus (total) mg/l 3 1 5 
 


Phosphate (PO4) mg/l 1 0.5 1 
 


Ammonia (as NH3) mg/l 1 1 3 
 


Sodium mg/l 800 800 1500  
Sulfate mg/l 600 600 1000  
Sulfide mg/l 0.2 0.2 1  


Heavy Metals 
Aluminium mg/l 10 5 15  
Arsenic mg/l 0.3 0.05 0.5 0.5 
Barium mg/l 2 1 2  
Cadmium mg/l 0.02 0.005 0.05 0.1 


Chromium (total) mg/l 0.5 0.01 0.5 0.5 


Chromium 
(hexavalent mg/l 0.1 0.05 0.1  


Cobalt mg/l 0.2 0.05 0.2  
Copper mg/l 0.2 0.2 0.5  
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Parameter Unit 


PME 2014 


IFC Thermal 
Power Plants 


Arabian Gulf 


Marine Eco - 
Sensitive Industrial 


Iron mg/l 5 5 10 1 
Lead mg/l 0.1 0.1 0.5 0.5 
Manganese mg/l 0.5 0.2 1  
Mercury mg/l 0.005 0.001 0.1 0.005 
Nickel mg/l 0.5 0.2 1  
Silver mg/l 0.3 0.3 0.5  
Zinc mg/l 3 2 5 1 


Organics & Inorganics 
Benzene mg/l     


Carbon Tetrachloride mg/l     


Chlorine (residual) mg/l   0.2 0.2 


Chlorinated 
Hydrocarbons (total) mg/l     


Cyanide (free) mg/l     


Fluoride mg/l     
Furans mg/l 0.01 0.01 0.01  


Hexachlorobenzene mg/l 0.01 0.01 0.01  


Lindane mg/l 0.01 0.01 0.01  
Mirex mg/l 0.01 0.01 0.01  
MTBE mg/l 0.01 0.01 0.01  
PAH mg/l 0.01 0.01 0.05  
PCB’s mg/l 0.01 0.01 0.01  


Pesticides and 
Insecticides (total) mg/l 0.05 0.05 0.05 


 


- Aldrin mg/l 0.01 0.01 0.01  
- Chlodane mg/l 0.01 0.01 0.01  
- DDT mg/l 0.01 0.01 0.01  
- Dieldrin mg/l 0.01 0.01 0.01  
- Endrin mg/l 0.002 0.002 0.002  
- Heptcahlor mg/l 0.01 0.01 0.01  
- Toxaphene mg/l 0.01 0.01 0.01  
Phenols mg/l 0.1 0.1 1 0.1 
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Parameter Unit 


PME 2014 


IFC Thermal 
Power Plants 


Arabian Gulf 


Marine Eco - 
Sensitive Industrial 


Dioxins mg/l 0.01 0.01 0.01  
TPH mg/l 5 5 10  


Vinyl chloride mg/l 0.02 0.02 0.1 
 


Xylenes mg/l 0.05 0.05 1  
Microbiological 


Total Coliform Count/100
ml 3000 2000 5000 


 


Note: When the natural background concentration of a pollutant (e.g. salinity levels) already exceeds the 


discharge limits, the concentration in the wastewater (e.g. cooling water) will not be expected to meet the 


discharge standards. In such cases, the increase in pollutant concentration between the intake and the outfall 


and the potential impact on the receiving environment (i.e. dispersion zones and compliance with ambient 


water quality standards) will be examined on a case-by-case basis.  


3.3.3 Marine Water Quality (Arabian Gulf) 


The table below sets out the PME 2014 standards for ambient water quality in the Arabian Gulf. 


Again the standards are broken down per the sensitivity of the marine environment and in the case 


of this project, the industrial standards will be used in the assessment. 


Mixing zones, as established in the specialist study undertaken for the SEA, will be exempt from the 


ambient water quality standards (neighbouring mixing zones shall also not merge or overlap). 
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 Table 3-4 PME 2014 Arabian Gulf Ambient Water Quality Standards 


Parameter Unit 
PME 2014 


Arabian Gulf 
Marine High Value Industrial 


Physical Chemistry  
Temperature °C Δ3 Δ2 Δ4 
pH pH units Δ0.2 Δ0.1 Δ0.3 


Salinity % Δ0 Δ0 Δ3 


TDS mg/l 37-50000 37-50000 37-50000 
TSS mg/l 5 3 10 
Turbidity NTU  3 2 5 


Dissolved Oxygen (DO) mg/l >5 >5 >4 


Chemical Indicators and Nutrients 
BOD 5 mg/l 15 10 20 
COD mg/l 25 20 40 


Oil & Grease mg/l 3 <1 5 


TKN mg/l 3 2 5 
TOC mg/l 10 10 15 


Phosphorus (total) mg/l 0.5 0.25 1 


Phosphorus (PO4 - P) mg/l 0.1 0.05 0.2 


Ammonia (free as NH3) mg/l 0.1 0.05 1 


Chloride (as Cl) mg/l 35000 35000 35000 


Calcium (CaCO3)  mg/l 1200 1200 1200 


Inorganic nitrogen (as Nitrite 
and Nitrate) mg/l 1.5 1.2 2 


Sodium mg/l 14000 14000 14000 


Sulfate mg/l 3000 3000 3000 


Sulfide mg/l 0.002 0.002 1 


Total Petroleum 
Hydrocarbons mg/l 0.3 0.2 0.5 


Heavy Metals 
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Parameter Unit 
PME 2014 


Arabian Gulf 
Marine High Value Industrial 


Aluminium mg/l 0.2 0.2 1 
Arsenic mg/l 0.05 0.05 0.1 
Barium mg/l 0.5 0.5 1 
Cadmium mg/l 0.005 0.002 0.05 


Chromium (total) mg/l 0.05 0.05 0.1 


Chromium (hexavalent mg/l 0.005 0.005 0.02 


Cobalt mg/l 0.05 0.05 1 
Copper mg/l 0.05 0.05 0.15 
Iron mg/l 0.5 0.1 1 
Lead mg/l 0.05 0.005 0.2 
Manganese mg/l 0.01 0.01 2 
Mercury mg/l 0.0004 0.0004 0.001 
Nickel mg/l 0.05 0.05 0.2 
Silver mg/l 0.1 0.07 0.2 
Zinc mg/l 0.8 0.2 2 
Organics & Inorganics 
Aldrin* mg/l 2.2×10-6 2.2×10-6 2.2×10-6 
Benzene mg/l 0.01 0.01 0.01 


Carbon Tetrachloride* mg/l 0.001 0.001 0.001 


Chlordane* mg/l 2.3×10-6 2.3×10-6 2.3×10-6 


Chlorine (residual) mg/l 0.1 0.1 0.1 


Chlorinated Hydrocarbons 
(total) mg/l 0.01 0.01 0.01 


Chloroform mg/l 0.13 0.13 0.13 


Cyanide (free) mg/l 0.01 0.01 0.01 


DDT (and metabolites)* mg/l 1.7×10-5 1.7×10-5 1.7×10-5 


Dieldrin* mg/l 4×10-6 4×10-6 4×10-6 
TCDD – Dioxin* mg/l 3×10-8 3×10-8 3×10-8 
Endrin mg/l 0.000006 0.000006 0.000006 
Fluoride mg/l 1.5 1.5 1.5 
Furans* mg/l 1×10-6 1×10-6 1×10-6 
Helptachlor   5×10-6 5×10-6 5×10-6 


Hexachlorobenzene mg/l 0.007 0.007 0.007 
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Parameter Unit 
PME 2014 


Arabian Gulf 
Marine High Value Industrial 


Lindane mg/l 1.2×10-5 1.2×10-5 1.2×10-5 
Mirex* mg/l 1×10-6 1×10-6 1×10-6 
MtBE mg/l 5 5 5 


Pentachlorophenol mg/l 0.005 0.005 0.005 


PAH mg/l 0.003 0.003 0.003 
PCB’s (total) mg/l 1.9×10-6 1.9×10-6 1.9×10-6 
Phenols (total)   0.05 0.05 0.1 
Total Pesticides mg/l       


Toxaphene* mg/l 2.1×10-5 2.1×10-5 2.1×10-5 
Trichloroethane* mg/l 0.01 0.01 0.01 
Toluene mg/l 0.002 0.001 0.002 
Vinyl chloride mg/l 0.002 0.002 0.002 
Xylenes mg/l 0.005 0.005 0.005 
Microbial 
Cyanobacteria mg/l 5000 5000 5000 


E-coli Count/100ml <500 <250 <500 


Intestinal enterococci Count/100ml <200 <100 <200 


* These chemical ranges specified are as a monthly average 


3.3.4 Soil and Groundwater 


The table below provides a list of the Dutch Soil and Groundwater standards1 and the new PME 2014 


groundwater standards that the project is required to comply with. 


The use of the Dutch standards is common practice for the analysis of soils and groundwater, as they 


are viewed as international best practices. Where contaminants are found to exceed ‘action’ levels, 


this is considered to be a case of soil contamination, which is dangerous to the health of humans and 


the natural environment. Such a level of contamination will require remediation, appropriate 


treatment and disposal. 


The Dutch standards are not binding in terms of compliance requirements in Saudi Arabia, or by the 


IFI’s. However, they are seen as good practice standards, upon which to base the consideration of 


contamination. 


 


1 Available at 
http://www.esdat.com.au/environmental%20standards/dutch/engelse%20versie%20circulaire%20bode
msanering%202009.pdf 


 Uncontrolled, if printed “Refer latest version in the server / SAP “if required, print both the sides” 
Proc No: Rev: 01 Rev. date: 02 Sept 2015 Page 21 of 70 


                                                 







 


 


 


 
QIPP Operational Environmental and Social 


Management Plan 


 Table 3-5 Soil and Groundwater Guidelines 


Contaminant 


Dutch Soil Sediment PME 2014 
Ambient 


Groundwater 
(mg/l) 


Dutch Groundwater 


(mg/kg dry weight) (µg/l) 


Optimum Action Optimum Action 


Oil & Grease   0   


Ammonia (free as NH3)   0.3   


Inorganic Nitrogen (as 
nitrite & nitrate)   30   


Aluminium   0.2   


Arsenic 29 55 0.005 10 60 


Barium 200 625 1 50 625 


Cadmium 0.8 12 0.005 0.4 6 


Chromium (total) 100 380 0.1 1 30 


Chromium (Hexavalent)   0.005   


Cobalt 20 240 0.05 20 100 


Copper 36 190 0.05 15 75 


Iron   0.2   


Lead 85 530 0.005 15 75 


Manganese   0.1   


Nickel 35 210 0.02 15 75 


Mercury 0.3 10 0.001 0.05 0.3 


Silver   0.1   


Zinc 140 720 0.02 65 800 


Aldrin   2.2×10-6   


Benzene 0.05 2 0.005 0.2 30 


Carbon Tetrachloride*   0.005   


Chlordane*   0.002   


Chlorine (residual)   <0.0   


Chlorinated Hydrocarbons 
(total)   0.001   


Chloroform   n/a   


Cyanide (free)   0.001   


DDT (and metabolites)*   1.7×10-5   


Dieldrin*   4×10-6   
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Contaminant 


Dutch Soil Sediment PME 2014 
Ambient 


Groundwater 
(mg/l) 


Dutch Groundwater 


(mg/kg dry weight) (µg/l) 


Optimum Action Optimum Action 


TCDD – Dioxin*   3×10-8   


Endrin   0.001   


Fluoride   0.2   


Furans*   1×10-6   


Helptachlor   0.0004   


Hexachlorobenzene   0.007   


Lindane   0.0002   


Mirex*   1×10-6   


MtBE   0.02   


Pentachlorophenol   0.0005   


Total PAH 1 40 0.0002   


PCB’s (total)   1.9×10-6   


Phenols (total)   0.005   


Toxaphene*   0.002   


2, 4, 5 TP (Silvex) 1,1,1   0.05   


Trichloroethane*   0.001   


Toluene   0.002   


Vinyl chloride   0.001   


Xylenes   0.005   


Cyanobacteria   5000   


Ecoli   <10   


Intestinal enterococci   <5   
 


The optimum and action values set out in the Dutch guidelines are dependent on the presence of 


Organic Matter and Clay (Luteum) in the soil. The organic matter in 'Standard Soil' is 10% and 


contains 25% luteum content. Therefore, a value of the same for Organic Matter and Luteum 


content is applied in assessment of soil if is ‘standard soil’. The Qurayyah IPP site is located close to 


marine water and is dominated by sandy soils. Therefore, organic matter and luteum content will be 


lower than the ‘standard soil’ constituent. Accordingly, 10% organic matter and 25% luteum content 


is not applicable for this project. 
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An assumption of 5% luteum content and 2% organic matter constituent in soil has been made for 


the Qurayyah IPP Project site soil constituents. These values for the assessment of the soil 


contamination have been calculated based on previous Organic Matter and Luteum Content 


percentage testing in surface soils within the local area. As such, the following ‘adjusted’ Dutch Soil 


Intervention values should apply to this assessment. 


 Table 3-6 Adjusted Dutch Soil Intervention Values 


Adjusted Intervention Values 
  Optimum Action 
Arsenic 15.0 28.5 


Barium 39.0 122.0 


Cadmium 0.4 6.1 


Chromium 9.3 35.2 


Cobalt 4.5 53.7 


Copper 15.0 79.4 


Lead 50.1 312.2 


Mercury 0.2 6.6 


Nickel 10.1 60.3 


Zinc 50.2 258.1 
 


3.3.5 Sediment 


The table below provides the Dutch Standards for Marine Sediment Quality. Samples containing 


pollutants in excess of these limit values will be classified as contaminated. 


 Table 3-7 Dutch Standards for Marine sediment quality 


Indicator 
Parameter 


Dutch Limit Values  
mg/Kg (dry weight) 


Lead 530 
Chromium 380 


Zinc 480 
Copper 36 
Nickel 35 


Arsenic 55 


3.3.6 Noise 


The IFC EHS Noise Level Guidelines that noise impacts should not exceed the levels which are 


presented in the table below, or result in a maximum increase in background levels of 3dB at the 


nearest off-site point of reception.  
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 Table 3-8 IFC EHS General Noise Guidelines (At off-site receptors) 


Receptor 
One Hour LAeq (dB(A)) 


Daytime 
07:00 – 22:00 


Night time 
22:00 – 07:00 


Residential, Institutional, 
Educational 55 45 


Industrial, Commercial 70 70 


Furthermore, the following requirements have also been specified in the IFC EHS noise guidelines: 


• No employee should be exposed to a noise level greater than 85 dB (A) for duration of more 


than 8 hours per day without hearing protection. In addition, no unprotected ear should be 


exposed to a peak sound pressure level (instantaneous) of more than 140 dB(C). 


•  The use of hearing protection should be enforced actively when the equivalent sound level 


over 8 hours reaches 85 dB (A), the peak sound level reaches 140 dB(C), or the average 


maximum sound level reaches 110 dB (A). Hearing protective devices provided should be 


capable of reducing sound level at the ear to at least 85 dB (A). 


• For every 3 dB (A) increase in sound levels, the allowed exposure period or duration should be 


reduced by 50%.  


• Where feasible, use of acoustic insulating materials isolations of the noise source and other 


engineering controls should be investigated and implemented prior to the issuance of hearing 


protection devices as the final control mechanism. 


• Medical hearing checks on workers exposed to high noise levels should be performed 


periodically. 


Following this IFC guidelines described above and on the basis of the absence of the national noise 


limits/requirements, an 8-hour the equivalent sound level of not greater than 85 dB (A) or the peak 


sound level of not more than 140 dB(C) can be used as the indicator for controlling noise levels 


where a significant noise impact may be registered during the operational periods of the plant. 


All the abovementioned standards have to be complied with. If there is any contradiction between 


PME, international and MFS requirements, the most stringent will apply. 


3.4 Environmental Commitments 


NOMAC must view this OESMP as a tool to reflect overall commitment to environmental protection. 


NOMAC will demonstrate, through repeated and progressive actions, a firm commitment to meet 
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environmental and health goals and objectives. It is NOMAC’s responsibility to verify that 


commitments made to implement mitigation measures and monitoring plans against residual 


impacts, unexpected releases and other environmental, health and safety issues addressed in this 


OESMP are met by any contractors involved with the operation of the project. This must start at the 


most senior levels in the organisation. 


Compliance to these commitments will be monitored by 6-monthly independent audits. Where such 


aspects are not in compliance, non-conformances will be issued, that will require remedial actions to 


be undertaken. 


Contractor management (where necessary) must provide strong and visible leadership to promote a 


culture in which all employees share a commitment to environmental awareness and protection. 


The Table below provides an outline of environmental commitments for the Project. Where 


necessary NOMAC will update these throughout the project lifecycle. 


 


 Table 3-9 List of Environmental Commitments 


No OESMP Objective Commitment Responsibility Monitoring/ 
Reporting 


01 OESMP continual 
improvement Update OESMP NOMAC QIPP: 


Operation Manager 


Internal Monitoring of 
updates, to be 
checked via 
Independent 
Operational Auditing 


02 Adherence to OESMP 
Develop and implement 
procedures to reflect OESMP 
requirements 


NOMAC QIPP: HSE 
Manager & 
Operation Manager 


Internal Monitoring, 
inspection and 
analysis. To be 
checked via 
Independent 
Operational Auditing 


03 


Communicating the 
OESMP 


Ensure environmental and 
social matters are high on 
the agenda of meetings at 
various levels 


NOMAC QIPP: Site 
Manger & HSE 
Manager  


Internal Monitoring & 
Reporting to 
Independent Auditors 


04 


Highlight the importance of 
environmental and social 
considerations in business 
decisions and 
communication with 
stakeholders 


NOMAC QIPP: Site 
Manger 


Internal Monitoring & 
Reporting to 
Independent Auditors 


05 
Evaluate environmental and 
social aspects, before final 
decisions are reached 


NOMAC QIPP: Site 
Manager, HSE 
Manager & 
Operation Manager 


Internal Monitoring & 
Reporting to 
Independent Auditors 
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No OESMP Objective Commitment Responsibility Monitoring/ 
Reporting 


06 


Be fully aware of the main 
environmental and social 
hazards associated with 
NOMAC’s or any contractor 
activities and the systems, 
procedures and practices in 
place to manage these 
hazards 


NOMAC QIPP: HSE 
Manager & 
Operation Manager 


Internal Monitoring & 
Independent 
Operational Auditing 


07 


Immediately and visibly 
respond and be involved in 
investigating incidents or 
other abnormal events 
related to environmental 


NOMAC QIPP: HSE 
Manager & 
Operation Manager 


Internal Monitoring & 
Independent 
Operational Auditing 


08 Training and 
awareness 


Ensure performance 
appraisals of staff and any 
contractor includes 
appropriate environmental 
and social  ‘results’ and 
‘activity’ improvement 
targets 


NOMAC QIPP: Site 
Manger & HSE 
Manager 


Internal Monitoring & 
Independent 
Operational Auditing 


09 OESMP audits 


Seek internal and external 
views on environmental and 
social issues, by the 
implementation and 
effective operation of a 
grievance mechanism 


NOMAC QIPP: Site 
Manger, HSE 
Manager & 
Operation Manager 


Internal Monitoring & 
Independent 
Operational Auditing 


10 Attaining OESMP 
goals 


Recognise environmental 
achievement 


NOMAC QIPP: Site 
Manger, HSE 
Manager & 
Operation Manager 


Internal Monitoring & 
Independent 
Operational Auditing 
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3.5 Operational Structure 


3.5.1 Project Operator - NOMAC 


NOMAC shall ensure implementation of the OESMP by the two HSE Engineers and the HSE Officer. 


NOMAC shall ensure that the appointed personnel take appropriate action where any non-


conformances with the OESMP are found. NOMAC will ensure that all project operations, staff, and 


visitors comply with the provisions of this OESMP by reviewing their environmental & social 


documentation and performance indicators. Internal environmental audits and inspections will be 


conducted by the operator if considered necessary, to ensure compliance with this OESMP or to 


ensure that appropriate corrective action has been undertaken to correct a non-compliance with the 


OESMP. 


The Operator shall report relevant environmental incidents to the national regulator the PME and to 


the lenders where necessary. Environmental incidents will also be communicated to the 


independent environmental auditors who will ensure that appropriate actions were taken and that 


provisions for future occurrences have been allowed for and the risks minimised. 


NOMAC shall stop operations if any unacceptable environmental damage is detected. 


 


3.6 Roles and responsibilities 


3.6.1 NOMAC – Head Office HSE Department 


The NOMAC Corporate HSE Department is responsible for ensuring the implementation of an 


OESMP at the Qurayyah IPP site. The responsibilities of the NOMAC Operations Department also 


include ensuring that the NOMAC Qurayyah IPP Management take appropriate action where there is 


a non-conformance with the OESMP, and reporting relevant environmental incidents, or other 


environmental violations of any kind. 


3.6.2 NOMAC – Plant General Manager 


The Plant General Manager (PGM) will have overall administration and implementation of the 


OESMP and other procedures. Where environmental incidents or non-conformances occur, these 


will be reported to the site manager who will ensure that they are effectively reported, followed up 


and closed out. 
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The responsibilities of the PGM include, but are not limited to, the following: 


• Ensure the environmental and social requirements contained in the OESMP are fully 


implemented; 


• Ensure the OESMP is managed in a structured manner throughout the Qurayyah IPP 


organization. Where organisational structure differs or changes from that detailed in the 


OESMP, the OESMP shall be updated to reflect. 


• Encourage Qurayyah IPP personnel to be proactive in environmental improvement activities; 


• Ensure that Qurayyah IPP personnel are aware and understand their specific responsibilities 


toward environmental protection; 


• Review and evaluate the environmental performance of Qurayyah IPP, in addition to the 6-


monthly independent environmental and social audits; 


• Ensure sufficient resources are made available to effectively implement the OESMP; 


• Approve the OESMP, its changes and any amendments; and 


• Approve monthly environmental reports. 


3.6.3 NOMAC - HSE Engineer 


The HSE Engineer will directly assist the Site Manager on environmental issues and will be liaising 


with the Head Office HSE Team. The HSE Engineer will ensure the continual updating and monitoring 


of the OESMP. The HSE Engineer will notify the PGM of any non-conformance and will communicate 


environmental incidents. General environmental responsibilities of the HSE Engineer include but are 


not limited to the following: 


• Coordinate with the PGM and Head Office HSE Department in responding to internal and 


external complaints relating to the environmental performance of the Project; 


• Monitor operational activities’ adherence with the OESMP and take necessary action if 


procedures are not implemented appropriately to ensure the Project complies with relevant 


laws and regulations; 


• Ensure procedures are regularly updated with new legislation and standards; 


• Minimise potential significant environmental and social impacts; 
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• Investigate accidents, incidents, dangerous occurrences, near misses and actions taken to 


avoid re-occurrences; 


• Set and regularly review environmental objectives and targets; 


• Ensure management of environmental and social records and documents; 


• Promote environmental awareness and training at all levels; 


• Directly stop any activities in case of immediate risk of injury or possibility of a 


environmental incident occurring; and 


3.6.4 NOMAC – Operation Manager 


The Operation Manager (OM) will have demonstrable experience and knowledge in environmental 


matters and will have full understanding o f the OESMP and its detailed environmental standards 


(KSA and lenders requirements). The HSE Engineer will report to the assisting Operation Manager in 


the maintenance and continual improvement of the OESMP. 


The responsibilities of the Operation Manager shall include but are not limited to the following: 


• Implementing the OESMP; 


• Updating the OESMP (when works/activities change/changes to law/ changes to 


organisational; structure); 


• Notify staff of any changes to the OESMP; 


• Monitor and review the achievement of the OESMP’s objectives and targets; 


• Ensure environmental procedures and records are kept; 


• Identify the resources necessary and ensure availability to establish, implement and 


maintain the OESMP; 


• Ensure monitoring on the compliance of Qurayyah IPP activities to this OESMP’s 


requirements, report non-compliances to management on a monthly basis and provide 


recommendations for remedial actions; 


• Monitor and verify closeout of actions arising from internal and external environmental 


audits; 


• Stop operations that may adversely impact the environment; 
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• Execution of regular control and visual check up compliance with EMP during relevant 


activities; 


• Enforce environmental procedures directly during relevant activities; 


• Report all incidents and non-compliance to HSE Engineer; 


• Understanding environmental aspects and procedures relevant to activities under his/her 


supervision; 


• Maintain incident register and grievance register; 


• Ensure all incidents and grievances are followed up; 


• Maintain the training register and attendance forms; 


• Conduct internal audits and inspections as required by the OESMP; 


• Maintain records of the environmental inspections and audits; 


• Prepare monthly environmental and social report for review by the HSE Manager; 


• Monitor compliance of Project activities to the OESMP requirements (e.g. environmental 


monitoring), report non-conformances to the HSE Engineer and provide recommendations 


for remedial actions; 


• Maintain environmental procedures and records; 


• Develop training materials and conduct environmental training and inductions on site; 


• Recommend and implement environmentally sound practices; 


• Coordinate environmental activities; and 


• Recommend stoppage of operations to HSE Engineer that may adversely impact the 


environment. 


3.6.5  All Employees 


It is the duty of every employee while at work to: 


• Attend Environmental & Social Induction Training and maintain full awareness of rules and 


regulations on Environmental Management Plan and the OESMP; 


• Carry out all activities in a safe manner under the principle of respect for human life and 


nature; 
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• Recognize, intervene and report unsafe environmental management conditions to their 


immediate line manager; 


• Carry out regular housekeeping activities; 


3.6.6 Visitors 


All visitors must comply with OESMP with all instruction given by site staff authority for the 


protection of the environment. 


3.7 Document Reviews and Updates 


The OESMP is a “live” document that will be subject to updating and amendments during the 


project’s life cycle to reflect changes in operational procedures, amendments to the plant’s 


configuration, new environmental standards and as circumstances dictate. It is the responsibility of 


the NOMAC environment team to update the OESMP to ensure that it reflects any changes at the 


power plant. The OESMP will be reviewed at least annually to ensure that the plan’s contents are 


accurate and that it is being fully implemented. These reviews will ensure that—should conditions 


arise that alter the plan’s contents or requirements—the OESMP remains updated to reflect these 


changes. 


3.8  Contact information 


3.8.1 Project Operator 


NOMAC (First National Operation & Maintenance Co. Ltd) 


Plant General Manager (PGM) 
Name: Ayed Al Mashi 
Email Address: ayed.almashi@nomac.com 
Telephone#: +966138590498 Ext 300 
 
Operations Manager 
Name: Eid Al Otaibi 
Email Address: eid.otabi@nomac.com 
Telephone#: +966503315155 
 
HSE Engineer 
Name: Abid Rasool 
Email Address: abid.rasool@nomac.com 
Telephone#: +966501628847 
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3.8.2 Consultant 


5 Capitals Environment and Management Consulting 


Director of Environment and Planning: Ken Wade 


Contact Details: ken.wade@5capitals.com 
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4 Potential Environmental impacts 


This section presents the potential impacts that were identified in the SEA report. Potential impacts 


refer to the potential effects on the environment prior to the implementation of appropriate 


mitigation measures. Therefore, the impacts described in this section are unacceptable to PME and 


the lenders and require NOMAC’s commitment to the application of specific mitigation measures 


outlined in Chapter 5 to eliminate or mitigate the impacts.  This is a mandatory requirement.  


4.1 Air Quality 


Key air emissions from QIPP’s gas fired operations include, Nitrogen Oxides (NO2), Carbon Monoxide 


(CO) and Carbon Dioxide (CO2). Where back up fuel is used (distillate) emissions of sulphur dioxide 


and particulates will also be present. Emissions may also include traces of Chlorides & Fluorides, 


VOCs, Dioxins and Furans and Heavy Metals. 


The concentration of these pollutants within the emissions output is largely dependant on two 


factors; the fuel type and the use of emissions abatement technologies. The type and grade of the 


fuel used dictates the quality of the plant emissions, however the inclusion of abatement 


technologies can specifically target and reduce the output of certain pollutants, separately, or in 


combination. 


These will be emitted as a result of combustion of Natural Gas (and Diesel fuel as backup). As QIPP 


will be operational primarily on natural gas, the emissions are relatively low in concentrations 


(compared to liquid or solid fuels). As a result, the only air quality abatement technology is Low NOx 


burners. 


Air emissions from Qurayyah IPP alone should fully comply with all applicable air quality standards, 


without any further abatement. 


4.2 Soil 


There is a range of operational related activities that could pose a threat and lead to changes in the 


chemical properties of the soil, resulting in potential contamination. Impacts can occur from the 


spillage of liquid materials, improper management of generated operational wastes, and cross 


contamination of soil. 


Spillage: The risk of accidental spillage and leakage of various chemical products, paints, oils, fuels, 


lubricants, vehicle oil changing or re-fuelling, sanitary wastewater and cleaning agents is present. 
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Impacts such as these can take place at the storage areas as well as during the transportation of 


such materials on and off the site. Improper methods of storing, transferring, and handling of these 


products can result in spillage to the ground and result in soil contamination. Depending on the 


volume of the spill and the characteristics of the pollutants, the contamination may reach the 


groundwater. Once contamination has reached the groundwater, the volume of contaminated soil 


and groundwater can increase quite rapidly. This is a function of the physical and chemical 


properties of the contaminants and the velocity of the groundwater. Furthermore, since the site is 


located adjacent to the coast, any groundwater contamination could migrate to the open sea, as the 


groundwater system is connected to the sea.  


Waste Management: Waste generated during the operation of Qurayyah IPP poses a threat to the 


soil and groundwater. Of special concern is the management of any hazardous wastes. Although the 


hazardous fraction of operational waste such as used oil, machinery lubricants, paints and sewage 


sludge, represents a relatively small proportion of the total amount of operational waste, it requires 


special attention. If the temporary storage and handling of such waste is inadequate prior to being 


removed for disposal, the risk of soil and groundwater contamination will increase.  


Cross Contamination of Soil: Cross contamination is the transfer of contaminated soil from one 


location to another, thereby exacerbating an existing environmental problem through poor 


management. It is possible that following construction, areas of the site may knowingly or 


unknowing have been contaminated by certain construction practices. If any contaminated soil is 


relocated during operation, this could result in the spread of contaminants. 


4.3 Marine Environment 


The operation of the Plant will be required to limit the temperature and salinity of the discharge in 


order to minimise external impacts upon the sensitive seagrass habitat and associated species.  It is 


also important to limit the thermal diferential to reduce impacts due to recirculation into the intakes 


of the QIPP 4,000MW plant and those of QPP and QCC. 


The three-dimensional (3D) computational marine modelling was undertaken at the ESIA stage with 


the key objective of assessing the dispersion characteristics of the cooling water and potential for 


recirculation of the thermal plume on the existing QPP and QCC Power Plants (including the planned 


Qurayyah IPP 4,000MW plant). The aim was to confirm that the length of the intake and outfall 


pipelines satisfy national (PME) and international (IFC/World Bank) legislative requirements. A 


number of scenarios were selected for testing based on the findings of the DHI Water Modelling 


Report undertaken for SEC (Final Report January 2011) and from the modelling undertaken for the 
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1963.5MW plant in (Final Report June 2011). The detailed modelling from the DHI report concluded 


that a 1,500m intake and 750m outfall would be acceptable while moving the intake 500m further 


offshore made little difference. In addition to the detailed modelling undertaken by DHI, a further 


study undertaken by HR Wallingford for the 1963.5MW plant, established that an intake/outfall 


configuraton of 850m/350m does not negatively impact on the adjacent QPP and QCC (under all 


wind conditions, including worst case summer and winter) and also meets the PME/IFC Mixing Zone 


standards. The average simulated excess temperatures at the cooling water intakes are similar under 


all conditions tested. 


The plant will also include a desalination plant for the provision of service waters that will have an 


intake of no more than 1m3/s. The desalination plant will have a recovery rate of approximately 40% 


from the incoming sea water and the remaining brine effluent will be discharged via the cooling 


water outfall. The change in salinity will be negligible once the water is mixed with the returning 


cooling water. 


4.4 Wastewater 


The operation of Qurayyah IPP generates several wastewater streams that will be treated and 


discharged to the receiving waters of the adjacent Arabian Gulf. 


Wastewater Streams 


• Cooling Water and Reverse Osmosis Brine; 


• Oily wastewater; 


• Chemical wastewater; 


• Boiler blow down water and other industrial process wastewater; 


• Sanitary wastewater; 


• Domestic wastewater; and 


• Storm water. 


Cooling water and the reverse osmosis brine will be discharged to the Arabian Gulf after treatment if 


necessary, to meet national regulations. The large quantities of cooling water passing through the 


Power Plant will dilute the brine sufficiently so that impacts of increased salinity will be negligible. 


There is potential during storm events that the first flush of runoff storm water will result in the 


initial discharge of contaminated water to the sea, which may negatively impact upon seawater 


quality and marine ecology. 
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Without treatment (mitigation) of specific streams, there is potential for significant adverse 


environmental impacts to occur to the marine environment (ecology and water quality) if untreated 


wastewater is discharge to the Arabian Gulf. Such impacts may result in the damage and/or 


destruction of the coral reef system with the widespread mortality of aquatic flora and fauna. Water 


quality and ecology of the surrounding areas could also be impacted due to the dispersion of 


contaminated wastewater due to the natural currents. 


4.5 Waste Management 


Operations at QIPP result in the production of several waste streams. Waste streams produced will 


include both hazardous and non-hazardous wastes, which if not managed and disposed of effectively 


could result in significant impacts upon the surrounding environment. 


The likely waste streams to be generated during operations are as follows: 


4.5.1 Domestic Waste 


Inclusive of waste generation from the use of the staff accommodation, administration, canteens, 


institutional facilities and from activities of the employees, which are not associated with the plants 


key power generating processes. This waste can be classified as both recyclable and non-recyclable. 


Recyclable waste includes paper, tin cans, plastics, cartons, rubber, and glass, while non-recyclables 


will consist mainly of food residues and other organic waste. The quantity of domestic waste that 


will be generated depends upon the number of personnel employed onsite. At this stage, the 


number of staff that will be employed during operation is not known. 


4.5.2 Industrial Non-Hazardous Waste 


Industrial non-hazardous waste refers to waste generated by operation activities that do not exhibit 


any characteristics, which can potentially harm human health or the environment. This type of waste 


can be classified further as recyclable and non-recyclable. Industrial non-hazardous waste generated 


during the operation of the Qurayyah IPP may include empty containers, general clean-up materials, 


packaging materials resulting from general, manufacturing or laboratory operations, and inert 


insoluble solid materials such as glass, rubber, and plastics, etc. Sewage sludge produced may 


contain high levels of bacteria, nitrates and salts that can result in water especially being 


contaminated and can cause disease, such as Hepatitis A or E. coli, if ingested. If the sludge is 


disposed of in unsuitable area, such as near aquifers or coastal waters, although the quantities 


would be fairly small in comparison to a municipal works, significant contamination may occur. 
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4.5.3 Hazardous Waste 


The hazardous fraction of waste can potentially cause significant adverse impacts on human health 


and the environment if improperly managed. Examples of likely hazardous waste streams that may 


arise during the operation of the Project include the following: 


• Waste oil, oily sludge, oily rags, chemicals, solvents from general maintenance of on-site 


plant and machinery; 


• Used chemical and fuel drums; 


• Used filter mediums; 


• Soil contaminated by potential spills and leaks; 


• Miscellaneous wastes such as batteries, waste cables, etc. 


• General clean-up materials;  


• Domestic waste from offices and staff canteens; and 


• Office wastes - paper, cartridges, packaging materials, etc. 


Hazardous waste streams and oil generated during the operation and maintenance of plant and 


machinery onsite represent the potential to be released into the environment.  This subsequently 


represents a potential impact upon soil and groundwater, in terms of contamination events. 


Inappropriate handling through lack of personnel training on site may lead to accidental spills or 


leaks to the soil or groundwater may lead to a contamination event, resulting in a potential health 


risk to workers and environmental impacts.  Contamination may also arise as a result of 


transportation by waste contractors who have not been approved by PME or disposal to unlicensed 


landfills. Increased pressure may be placed upon local hazardous waste landfills and result in a 


reduced capacity for handling waste from municipal sources. 


The operation of the turbines and desalination units will also result in the generation of various 


streams of hazardous waste.  


4.6 Terrestrial Ecology 


Due to the likely paving and hard standing construction over the majority of the site, it is anticipated 


that impacts during the operational phase to any on site vegetation will be minimal. As such, the 


only activities that could negatively impact the ecology of the site would be through indirect 


measures, relating to poor management practices of any designated landscaped areas; or to the 


fauna species inhabiting/using these areas. 
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Inadequate storage and handling of hazardous materials, and inappropriate design and storage of 


wastes could result with contamination of soils and groundwater and attract pest species and spread 


disease. Pests may also be attracted to site by the accumulation of wastes (particularly domestic 


food wastes) if these are not stored and disposed of appropriately. Impacts from pests are not 


anticipated to be significant due to the loss of habitat on site from construction works. 


The use of herbicides, pesticides and fertilisers may potentially impact on both the groundwater and 


coastal water quality through run-off, may be toxic to birds and also impact on the local vegetation, 


thereby increasing the secondary poisoning of non-targeted species. This may result in a temporary 


impact of minor negative significance.  The storage and/or use of biologically persistent 


organochlorine or organophosphorus pesticides will not be permitted at anytime. 


4.7 Noise and Vibration 


The operation of Qurayyah IPP includes the use of heavy equipment throughout the power 


production process. Such processes have the potential to emit high levels of noise, which are likely 


to be continuous and sustained, due to the 24-hour operation of the plant. 


The main sources of noise are likely to be emitted by the Outdoor Fans, Pumps and Turbines 


amongst other sources. Typical noise levels from the noisiest production processes may exceed 100 


dB at 1m. 


Due to the continuous nature of the operations, it is anticipated that the noise impacts are likely to 


resemble humming noises, combined with sporadic noises from certain processes, mobile 


equipment and moving vehicles. Noise levels may increase during transient (start-up) operation, 


with the potential for the facility noise to greatly exceed the noise limits if left untreated. 


In terms of vibration, the processes involved during the operational phase of the project are not 


anticipated to result in impacts at or surrounding the site. Any vibrations that may occur during 


operation are likely to be sporadic in nature (e.g. from plant/vehicle movements) and would 


dissipate effectively over distance. Therefore, vibration during operation is not envisaged to result in 


impacts to external or site receptors. 


4.8 Traffic and transportation 


The key delivery of raw materials to the site will be by gas pipeline. Other materials for the general 


operation (and waste removals) of the site will be undertaken by road transport, however this is not 


expected to result in noticeable increases in vehicle traffic along local routes due to the minimal 
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deliveries. The main use of the road network is likely to be from the journeys of operational staff and 


visitors arriving and departing the site. 


It is anticipated that traffic levels on the Qurayyah - Dammam road may experience slight increases 


in traffic, however these will be minimal and are not anticipated to result in congestion, or increased 


journey times for existing and local users. 


4.9 Social and Community 


At a strategic level the operation of the plant offers potential to support the continued growth of the 


local and national economies, through the ability to provide an important source of electrical energy 


to the national grid. 


A significant positive economic impact during operation will result from any local employment 


created by the project. Whilst the size of the required workforce is not as large as that of 


construction, the type of work and the long time-scales involved offer an opportunity for greater 


dissemination of skills within the local workforce. A targeted system of local recruitment and 


investment in the human capital of the local workforce will enhance this process and consequently 


increase the benefit to the local economy. 


There is the potential for an on-going positive impact in the local area and its current inhabitants 


from the operation of the facility and the associated impact on local services. Alternatively, this 


demand may lead to an increase in the availability of these services and facilities. Such services and 


facilities may include expanded retail, healthcare, religious and educational offerings, presenting a 


significant opportunity for social benefit to the local communities. Notwithstanding the above, in the 


short term the expanded population may place pressure on existing facilities, as supply of these is 


likely to lag the increase in demand. 


4.10 Archaeology and Cultural Heritage 


As groundbreaking activities were typically limited to the construction phase, impacts to unknown 


buried archaeology are not expected to occur during operation. 


The local area surrounding Qurayyah IPP does not fall within a designated area for cultural heritage, 


or within an assessed historic landscape. As such the operation of the power plant is unlikely to 


result in losses to the heritage of this area, although it may impact the cultural feel at nearby 


sensitive receptor locations. 
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5 Environmental Management Measures 


The following tables provide management measures designed to reduce or remove impacts to the environment arising from operation. Where necessary, 


any existing procedures should be updated to reflect additional measures/procedures outlined in these tables and the OESMP in general. Where new topics 


or management measures are mentioned (not currently included as a procedure), new procedures detailing their use shall be created. 


5.1 Air Quality Management 


The design of the Qurayyah IPP plant provides for Low NOx burners to reduce NO2 emissions.  The operational natural gas emissions are not anticipated to 


result in concentrations of Sulphur Dioxide or Particulates. Where back up distillate fuel is combusted, emissions of these may occur. However, as a back up 


fuel, abatement measures for these gases have not been included to the projects design. 


The air pollution dispersion modelling study undertaken at the SEA stage included the above mitigation measures. The results indicate that the process 


contributions of NO2, SO2 and PM10 as a result of the operation of Qurayyah IPP will be generally low and well within the PME ambient air quality standards 


at the modelled receptors.  
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 Table 5-1 Air Quality – Mitigation Measures 


Impact/ Source Mitigation Measure 


Air Emissions from 
combustion 
processes (NO2, 
SO2, PM10) 


The following air quality abatement is included to the Qurayyah IPP plant: Low NOx burners. This equipment must be maintained to ensure that 
the plant emissions are in accordance with the PME and IFC air quality emission standards. 


During operation there will be continuous emissions monitoring of stack emissions, particularly NO2, SO2, CO, and particulates, to ensure compliant 
conditions are maintained through appropriate process controls. In addition the monitoring of other stack parameters such as oxygen and 
temperature will also ensure that the plant is operated efficiently to maintain compliance with the specified air emission standards and ambient air 
quality standards. 
Regular maintenance of plant at the facility (e.g. burners) will be carried out in order to optimise performance and minimise emissions. 


Fugitive Emissions Fugitive emissions from the Qurayyah IPP (i.e. from fuel tanks and pipelines) will be controlled by an inspection and maintenance programme. This 
system will be developed at the start of operations and maintained throughout the plants operational period. 


Volatile Emissions Containers with chemicals and fuels will be adequately stored in secure, covered, bunded areas. Storage quantities will be kept to the minimum 
needed for uninterrupted operation. 


Vehicular and 
Temporary Plant 
Emissions 


Emissions from vehicles and temporary plant will be managed through appropriate use and controls. All permanent vehicles and equipment/plant 
to be used at the project site shall be inspected to ensure it is suitable for use and does not emit visible emissions from its exhaust. 
Waiting vehicles shall switch off their engines and drivers are to report to a designated air-conditioned waiting or security area. 
Temporary plant or equipment shall not be left switched on unnecessarily, or when not required. 
Designated access roads shall be provided within as well as to and from the site. No vehicles will be allowed to drive on unpaved surface in or 
outside the site to avoid dust generation. 
Site speed limits shall be limited to constrain gaseous vehicular emissions. 
All vehicle loads will be covered by a tarpaulin and will not be overloaded. 
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5.2 Marine Environment and Water Quality Management 


Key operational interactions with the marine environment at Qurayyah will result from the intake and outfall of cooling water and mixed treated effluents . 


 Table 5-2 Marine Environment – Mitigation Measures 


Impact/ Source Mitigation Measure 


Wastewater 
Discharge Quality 


Effective wastewater controls and treatment processes have been installed to ensure the following water conditions are conformed to: The 
maximum temperature of the discharge water will not exceed 6-9.5ºC above the ambient receiving seawater. The Residual Chlorine concentration 
in the discharge will not exceed 0.2mg/L.  And the change in salinity of the discharge water from the background seawater will not be greater than 
5% of the background. 
Sludge resulting from wastewater treatment systems will be disposed in accordance with IFC/WB and PME national regulations as a hazardous 
waste. 


Spills 


Storage of chemicals and other hazardous materials will be made in adequately designed and securely bunded structures. 
If applicable for any marine transportation activities, specialised oil spill response equipment to deal with small to medium spillages, including 
containment booms, recovery devices, oil recovery or dispersant application vessels. 
Spill kits will be provided at the berth and will be easily accessible.  Sufficient quantities and distribution of the kit will take into account the size of 
the berth and be localised where spills are most likely to occur. Such equipment should be available in case of a discharge of untreated oily 
wastewater (i.e. failure of oil water separator). 


Seawater intake, 
Fish Entrainment 
and Impingement 


Install bar screens or nets to prevent adult fish impingement. 
Use of bar screens with a distance between the exclusion bars of no greater than 22.6cm. Typically, the openings of most fine screens are 9.5 mm 
or smaller because most adult and juvenile fish are larger than 10 mm in head size. 
Install Intake velocity caps, velocity caps could provide over 50% impingement reduction and can minimize entrainment and entrapment of marine 
species between the inlet structure and the fine plant screens 


Protecting Marine 
Fauna and Flora 


Antifouling products to be applied to the underwater structures will not consist of TBT or organic compounds. No CCA treated wood products will 
be used. 
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5.3 Soil, Groundwater and Land Contamination 


NOMAC will incorporate necessary protection measures to prevent soil contamination from any possible source. Day to day measures will include good 


housekeeping practices, the appropriate storage of hazardous chemicals or storage in particular as key concerns with maintenance, storage requirements, 


refuelling procedures and spill clean up procedures being particular issues which shall be adequately covered by procedures and plans extending from the 


OESMP. 


 Table 5-3 Soil, Groundwater and Land Contamination 


Impact/ Source Mitigation Measure 


Soil Erosion 
Adequate drainage systems will be provided to minimize and control infiltration. Sediment traps (i.e. filter fabric) will also be installed. 
Road gradient will be minimized (contour and slopes) in order reduce run-off induced erosion. 


Spillage/ Leakage 


Develop a spill response plan, which should include relevant procedures to avoid spillage/leakages with effective response mechanisms. 


Store chemicals, hazardous substances and waste only in purpose built areas/structures 
Routinely inspect storage areas and all containers for any spills and leaks 
Routinely inspect all equipment handling hazardous materials for leaks and spills. 


All storage areas for hazardous material must be sealed, covered and paved with secondary containment such as bunded walls, leak tight 
collection reservoirs, leak tight flooring, and correct shelving / cabinets in order to prevent spillage and leakage into the ground. 


The storage tanks of fuels/chemicals must be properly maintained and stored within a bunded area of 110% of their storage capacity. 
Leakage monitoring systems will be installed on permanent tank installations in order to determine any leaks at an early stage. 
All permanent connections to hazardous liquid/chemical should have permanent leakage protection and containment to avoid spillage to the 
surrounding surfaces/soils. 
All temporary connections to hazardous liquid/chemical storage tanks should be offered drip protection, in the form of a drip tray as a 
minimum. 
All vehicle maintenance areas, workshops and vehicle parking areas must be covered with hard standing to prevent leaks or spills to the 
underlying soils. 
All permanent and temporary storage areas for fuels, chemicals and other hazardous materials/liquids must have available and well-stocked 
spillage kits. The procedure for using the spillage kit should also be available and training shall be provided to staff in line with the procedure. 
All chemicals will be handled in accordance with relevant instructions (MSDS). 
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Reduce quantity of chemicals and fuels on site to minimum practicable levels. 
Only personnel with adequate training will be allowed to handle fuel and chemicals. 


Ensure all workers are aware of their responsibilities to minimize soil pollution. 
Storage and waste 
management 


Dedicated storage areas for solid and liquid hazardous materials/wastes shall be provided with leak tight flooring, secondary containment (e.g. 
bunded walls), leak tight collection reservoirs and correct shelving/cabinets to prevent contamination. 


Cross contamination  
Areas of soil, or other materials identified as having potential signs of contamination should be remediated, with the contaminated soils being 
effectively removed and managed by a licensed contractor. Contaminated soils shall not be moved to other areas of the site, but rather isolated 
and moved to effective containment to avoid cross contamination. 
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5.4 Noise and Vibration Management 


 Table 5-4 Noise – Mitigation Measures 


Impact/ Source Mitigation Measure 


Plant Operation 


Develop and implement a noise management plan that proposes detailed of actions to mitigate against noise impacts. Implement the noise 
monitoring program and Develop a contingency plan in the event noise complaints are raised. 
Plant boundary noise levels must comply with the requirements of the PME and IFC EHS for industrial area noise standards. 
All equipment will be limited to a near field noise value of 85dBA at 1m from source.  
Where equipment does not meet 85dBA at 1m, specific noise attenuation measures should be included to reduce the noise to acceptable levels. 
The management of such instances should form part of the noise management plan. 
Further to this, if noise levels still exceed 85dBA, these areas should be marked as ‘high noise zones’ that require ear protection. 
Where necessary and/or where modelled noise is in exceedance of the required standards, noise insulation of building maybe required within 
building structures. 
Where outdoor noise sources are known to be loud, monitoring should be undertaken at the site boundaries to ensure compliance with the 
standards. If the standards are being exceeded, noise attenuation measures (e.g. exterior walls or noise attenuation fencing) around the 
equipment should be implemented. 
Silencer performance specifications will be provided to allow the plant to maintain compliance with the noise limits during start-up. 
The project loudspeaker system should only be utilised where it is necessary or where specific conditions require its use. 
Regularly maintain all plant, machinery and vehicles. Replace any broken parts immediately. 
Maintenance activities requiring the use of noisy plant or equipment must be scheduled during daylight hours on weekdays. 
Use buffers, such as fences, walls and mounds to provide noise attenuation where necessary for any receptors or directly at noisy equipment. 
Office buildings will include insulation against outside noise impacts.   


Vehicle Use 
On site speed limits will be enforced at 20km/h to reduce noise levels produced by vehicles. 
Idle vehicles and machinery shall not be left running, but switched off to avoid unnecessary noise. 


5.5 Solid Waste Management 


Suitable implementation of controls and procedures for handling, storage, transport and disposal of waste can prevent the generation of significant 


amounts of waste during operation and reduce associated environmental risks. It is recommended that prevention or reduction at source, followed by 
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reuse and recycling methods must be implemented on site to reduce the residual impacts of waste generated as a result of the Project.  Adherence to 


guidance and recommendations set out by PME and IFC/World Bank standards will form the basis of the mitigation measures prescribed in this section. This 


is particularly key for hazardous waste streams, which will be handled by a PME licensed contractor and will be treated re-used and/or disposed of at a PME 


licensed waste facility. Qurayyah IPP personnel will be involved in aspects of the management of any hazardous waste. 


These measures will be fully described within, and implemented through a detailed Site Waste Management Plan (SWMP) in line with the requirements set 


out in the Operation Environmental Management Plan (OESMP). The mitigation measures will predominantly focus on the appropriate handling, storage, 


segregation, transport, and disposal of all waste. The following mitigation measures are applicable: 


 Table 5-5 Solid Wastes – Mitigation Measures 


Impact/ Source Mitigation Measure 


Waste 
Management 


A detailed SWMP will be prepared specifically for the site. The SWMP will detail how all the required mitigation measures as set out in the SEA and 
as below shall be effectively incorporated to the project. The SWMP will include all plans and procedures to deal with wastes generated during 
operational processes. 


A record keeping system specifying the amount of wastes generated on-site, waste types and waste removals will be implemented in line with the 
requirements of the SWMP and this OESMP. 


Waste management must always be considered through the waste hierarchy as follows: 
• Prevent 
• Reduce 
• Re-use 
• Recycle 
• Recovery 
• Disposal 


Waste management procedures for hazardous and non-hazardous wastes (including waste handling, transportation etc.) must be prepared in line 
with the requirements of this OESMP and to align with the SWMP. 
Where necessary, the use high quality and appropriate volumes of raw materials should be made to reduce the quantities of waste generated. 
Target or request material suppliers to minimise packaging. All paper, plastic and metal packaging should be segregated for recycling. 
Segregation and storage of different types of waste must be made in separate labelled and sealed containers. 
General household and domestic waste generated by staff will be stored in areas that are contained and clearly marked. Separate colour coded 
and labelled waste bins will be installed at different locations throughout the site. 
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Impact/ Source Mitigation Measure 
Liquid waste will be stored in tanks designed to international standards and placed in bunds with a capacity equal to 110% of the storage tank. 
Mandatory training shall be provided to employees in line with the SWMP and relevant waste management procedural documents relating to the 
site. 
Strictly prohibit littering and waste dumping to land or into waters. 
Minimise the time and extent of waste stored on site. 


Hazardous Waste 
Management 


All hazardous wastes will be collected and appropriately stored in suitably bunded, designated areas. The design and maintenance of waste 
containers will conform to local and international standards. 
Hazardous waste will be segregated from non-hazardous waste at the source.  Hazardous wastes will be handled and stored in accordance with the 
relevant management plans. 
Flammable waste will be appropriately stored to prevent fire risk. 
The design and maintenance of waste containers will conform to local and international standards. 
Hazardous wastes will be collected and transported by a PME licensed contractor to an approved hazardous waste treatment facility, or disposal 
site when re-use/recycling or further treatment is not an option. 
Consignment details and records of the hazardous waste generated shall be maintained by the facility. 
Waste disposal records and details of disposal locations will be maintained and kept on site to ensure that all waste streams (non-hazardous and 
hazardous) are disposed of in an appropriate way. 
Only trained personnel will be permitted to handle hazardous waste. 
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5.6 Terrestrial Ecology Management 


The main areas of the site will predominantly include hard standing surfaces, roads, gravel, industrial facilities and drainage areas.  It is therefore 


considered unlikely that there will be many opportunities for retaining or promoting vegetation within the boundary.  However, where feasible, the 


following considerations will be made: 


 Table 5-6 Terrestrial Ecology – Mitigation Measures 


Impact/ Source Mitigation Measure 


Terrestrial Ecology 


Any landscaped areas on site shall incorporate indigenous halophytic and xerophytic plant species to minimise irrigation requirements and the 
need for fertilisers/pesticides.  
Intentional replanting of vegetation and incidental re-colonisation with native species from the seeds retained from the stockpiling of topsoil 
(during construction) would enhance the biodiversity of the site as well as improve the visual aesthetics of the site. 
Any remaining compacted areas used for laydown and storage (during construction) will be scarified, in order to facilitate the re-colonisation of 
native species and to return the land to its original condition. The same principle applies for any areas of temporary works during operations. 
Since human occupation attracts pests and also has a large impact on birds, consideration will be given to developing a plan to manage pests 
identified on the site.  
Transport routes and training will emphasise that vehicles and employees will keep to the designated routes in side and outside of the site, in 
order to prevent unnecessary land encroachment and ecological damage by vehicles, thus protecting the natural environment and also reducing 
dust emissions; 


Herbicide Use 
Appropriate storage of hazardous materials, will be designed in accordance with the IFC guidelines, preventing any major spillages on the site. 
Non-native species will not be utilised in the landscaping of the facility, with an integrated pest management scheme being utilised in preference 
to the use of large-scale pesticides. 
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5.7 Wastewater Management (Including Storm Water) 


QIPP includes specialised WTPs, STP, drainage systems, separators, holding tanks, sump pits and other such mechanical mechanisms to treat, contain and 
transport waste effluents in order to prevent and minimise the risks of contaminations to the soils, groundwater and the marine environment.  


Additionally, automated systems for chemical dosing and continuous monitoring of treated wastewater will be carried out to ensure that wastewater 
quality is within PME’s maximum allowable limits and suits the various PP re-use requirements.   


Other mitigation measures that will be implemented include: 


 Table 5-7 Wastewater – Mitigation Measures 


Impact/ Source Mitigation Measure 


Plant Wastewater 
and Storm water 


All wastewater streams will be handled and managed separately prior to final treated effluent mixing and discharge. Such streams include, but are 
not limited to the following: 


• Industrial wastewater; 
• Chemical wastewater; 
• Domestic and Sanitary wastewater; 
• Cooling water; 
• RO brine; and 
• Storm water. 


Prior to treated effluent mixing, each individual wastewater stream must comply with the wastewater discharge standards stipulated by the PME, 
IFC EHS Guidelines and IFC EHS specific guidelines for Thermal Power Plants. 
Oily wastewater will be initially treated via interceptors and oil/grease traps. A specialist contractor will remove the recovered oil for recycling.  
Any residual sludge will be taken to a hazardous waste landfill. 
Wastewater generated by industrial processes within the transformer area, boiler area, turbine building area and other sources will be treated 
initially by an oil skimmer before being collected within oily waste water collection pits.   
Liquid wastes and wastewater (containing hydrocarbons, lubricants, solvents, and anti-scalants) will be appropriately treated and any residual 
sludge should be treated, managed and disposed of by a licensed hazardous waste contractor. 
The use of a stormwater retention/evaporation pond should be considered to reduce the impacts of the first flush effect, following rainfall and to 
promote ecological benefits. It is recommended that the evaporation pond features between 2 and 3 tiered levels and is adequately lined to 
prevent contamination of the soil and/or groundwater. A weir separating each tiered area will aid the removal of contaminants. 
The volumes of chemicals fused in the treatment of wastewater should be strictly monitored, to ensure alignment with the equipment 
manufacturers and chemical producers recommended doses. Doses must not be excessive, other than during specific ‘shocking’ maintenance 
periods (if required).  
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5.8 Traffic Management 


 Table 5-8 Traffic – Mitigation Measures 


Impact/ Source Mitigation Measure 


Congestion and Road Safety 


Develop a Traffic Management Plan for Qurayyah IPP. 
Deliveries of equipment/plant to the site should be efficiently managed to reduce the number of trips and should be 
planned outside of peak traffic hours. 
Designated roads will be made clear to the drivers and signs for the directions and speed limit will be placed all along the 
roads. 
A 20 km/hr speed limit will be imposed across the operational site, with clear signage as to the limits. 
Lorry and truck engines will be turned off while waiting to minimise the gaseous and noise emissions.  
Appropriate facilities will be provided for the drivers to be used for periods of rest. Waiting drivers should proceed to the 
designated air-conditioned waiting areas. 
Staff will not be allowed to rest in vehicles, to prevent excessive fuel wastage through the need to use air conditioning. 
Clearly post site entry / exit signs. Use 24hr security and document all vehicles entering/exiting the site. 
Encourage car-pooling by site workers. 
Designate parking/staging areas. Provide adequate parking stations for the estimated numbers of visitors to the site 
(workers and suppliers). 
Allow for easy access to public transport routes from the site. 
Clearly identify truck routes and entry points for heavy vehicles entering the site. 
If congestion is observed, consider monitoring traffic numbers at entry/exit point 
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5.9 Social/Community/Economic Management 


 Table 5-9 Socioeconomic – Mitigation Measures 


Impact/ Source Mitigation Measure 


Social 
Environmental 
Management 


Integrate Social Management Actions from the SEA and OESMP into the Project Environmental Health and Safety Plan (EHSP). 
Ensure application of all measured monitoring requirements as set out in the OESMP. 
Develop public and employee communication procedures and notice boards, to provide a means for raising any grievances. 
Facilitate access to the information by the public; ensure transparency in the Social actions implemented. 


Employment 
creation and 
Dissemination of 
skills 


The project will comply with Saudi-isation Laws and will seek to employ local workers where these are available and where appropriate will offer 
training to enhance the development of skills within the local workforce. 


Measures to ensure the occupational health and safety of the on-site work force, which will provide health and safety guidelines for staff, 
personnel and sub-contractors will in turn create an environment in which exposure to potential hazards and safety issues is minimised. The 
residual impact of this on-site consideration of health and safety will further reduce any impact on the indigenous population. 


Labour & Working 
Conditions 


Protect and promote the health of workers, especially by promoting safe and healthy working conditions. 
Establish and maintain a sound worker-management relationship. 
Promote the fair treatment, non-discrimination and equal opportunity of workers. 
Comply with all KSA labour laws and the ILO laws as outlined in IFC PS2. 
In line with the requirements of the IFC, a grievance mechanism must be implemented and documented to allow for complaints to be aired from 
employees and any external stakeholders.. Any grievances should be recorded with appropriate follow up actions undertaken and documented. 


Community, Health 
Safety and Security 


Prepare an emergency response plan that incorporates notification to surrounding facilities and receptors. 
Work together with surrounding facilities to ensure that emergency plans are in place and sufficient notification can be raised between facilities 
should an incident occur. 
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5.10 Cultural Heritage and Archaeological Management 


Impacts relating to cultural heritage and archaeology are not anticipated during the operational phase, as excavations should not be undertaken and any 


areas of excavations would have previously have been subjected to earth works during the construction phase of the Qurayyah IPP. 


In the event of any features of archaeological or cultural importance being identified during operations, the following procedure should be followed: 


1. The possible or confirmed existence of heritage objects or places, and any suspected heritage discoveries, will be communicated to all staff including 


machinery operators. 


2. When work is conducted near identified heritage items, the items will be clearly marked with temporary flagging or fencing prior to the commencement 


of works. 


3. When work is conducted near identified heritage items, an exclusion zone will be created around the items to prevent damage by excavation, vehicle 


movement and vibration, resulting from vehicles and equipment. 


5.11 Landscape and Visual Management 


Following construction of Qurayyah IPP, there will be minor impacts relating to the landscape and visual impacts as no new structures or features will be 
constructed. Mitigation measures that should be incorporated in regard to the remaining impacts are outlined below: 


 Table 5-10 Landscape and Visual – Mitigation Measures 


Impact/ Source Mitigation Measure 


Emissions Opacity 
The incorporation of the best available air quality mitigation measures will limit the opacity of emissions being emitted from the stacks at 
Qurayyah IPP and reduce visual impacts from surrounding receptors. The air quality abatement technologies should be continually maintained to 
ensure suitable air quality abatement and minimal impacts to landscape and visual receptors. 


Light Pollution Qurayyah IPP will incorporate the use of lighting at night. Lighting at the plant should be directional with protection to avoid unwanted back spill to 
the surrounding environment, or other areas outside of the plant boundary. 


Visual impacts Where necessary natural vegetative or sand dune mound screening should be provided to restrict unwanted views onto the Qurayyah IPP plant. 
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6  Environmental Monitoring Plan 


6.1 Monitoring Methodology 


The monitoring program during the operation phase provides a means of validation of the 


implementation and effectiveness of the mitigation measures incorporated in this OESMP and as had 


been developed during the SEA process, while allowing residual impacts to be predicted. This 


information can be used to refine the existing mitigation and, if necessary, aid in the development of 


additional mitigation measures. 


6.1.1 Compliance Monitoring 


Compliance monitoring will be conducted through regular environmental inspections, audits, control 


feed-back mechanisms, document control, and reviews to check if activities and operations are in 


compliance with KSA/IFC standards or indicators proposed in this OESMP. 


Environmental compliance monitoring will be carried out on several different levels, namely: 


• Independent trained and qualified technicians and/or environmental consultants will carry out 


the continuous and/or field and laboratory monitoring of physical measurements (e.g. air, 


water, marine, noise); 


• In some cases compliance monitoring will be carried out by site personnel, who will be specially 


trained in environmental procedures relevant to their fiduciary operation. An example of this is 


monitoring of waste generation, waste handling and waste disposal; and 


• The Operation Manager will conduct daily inspections, spot checks, and overall compliance 


reviews (inspection of the monitored data in comparison to the standards and other indicators) 


on a determined periodic basis. 


If any non-conformances are found during the control mechanisms, the adequate correction measures 


will be taken. Each non-conformance will be followed-up by an investigation which will be carried out to 


identify sources and/or reasons for non-conformance. Based on follow up investigation results, 


adequate prevention measures will be implemented to ensure that non conformance will not reoccur. 
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6.1.2 Residual Monitoring 


In order to check the implementation and effectiveness of the mitigation measures, it is necessary to 


monitor specific environmental parameters that have been identified and assessed in the impacts 


section of this OESMP as have been extracted form the SEA. 


It is recommended that the following items as a minimum will be regularly monitored.  


• Stack emission continuous monitoring (PM, SO2, NOx, CO, O2); 


• Ambient air quality; 


• Wastewater discharges, wastewater quality (continuous monitoring); 


• Seawater quality at the Intake and Cooling water quality at the outfall; 


• Marine ecology; 


• Noise; 


• Soil condition; 


• Waste deposit; and 


• Staff and Public grievances. 


Frequency, locations and parameters will be determined in consultation with the regulator and the 


lending banks, to enable the Qurayyah IPP project to comply with regulatory requirements for 


monitoring during the operational phase. 


The reporting frequency to the regulators (and lenders if requested) will coincide with the 


environmental audits carried out on a bi-yearly basis by the independent environmental consultant. In 


this manner all results from the continuous monitoring program will be summarised in the bi-yearly 


(audit) and yearly reports (marine Monitoring). 


6.1.3 Air Quality 


Stack emissions 


A Continuous Emission Monitoring System (CEMS) will be installed to monitor the flue gas emissions 


being emitted from each stack. In the extractive method, the sample gas will be drawn from the stack, 


analysed and recorded on the system database.  The results are then transmitted from the analyser 


panel in the CEMS shelter to the Distribution Control System (DCS) and Data Acquisition Handling 


System (DAHS) via a redundant serial data link. 


Parameters that will be monitored on a continuous basis include: NOx, CO, SO2, O2. Particulates (PM) 


and Opacity will be measured using in situ probe analyser installed directly in the stack. 
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Reporting of the stack emissions will be provided on a bi-yearly basis to the regulator and will be 


assessed as part of the independent environmental audits. The report should include as a minimum the 


average monthly emissions values for each parameter, as well as the maximum and minimum 


emissions, and any noticeable trends. Additionally, data regarding plant loading, fuel consumption and 


other performance indicators of the boiler and abatement technologies should be included in the 


report, in order to ensure the optimal operation of the facility and verify continued and long-term high 


performance of the plant. 


On an annual basis, a summary emissions report should be prepared for the regulator and provided to 


the lenders if requested.  The yearly report should include the mid year reports in an appendix and a 


year on year performance evaluation of the facility. 


6.1.4 Water Quality 


Wastewater Discharge 


All wastewater discharges to the marine environment will be monitored on a continuous basis, prior to 


discharge or re-use.  The main wastewater streams that will be produced at the site are from 


cooling/condenser units, reverse osmosis, boiler blowdown, oily water, tempering water, domestic and 


sanitary.  


Wastewater quality will be analysed on a continuous basis using on-line analysers. As a minimum the 


parameters that will be measured include: pH, Residual Chlorine, Dissolved Oxygen, Temperature, EC 


and Turbidity. 


Grab samples will also be collected and analysed for the following minimum parameters: Oil and grease, 


nutrients, residual chlorine, BOD5, COD, heavy metals (Cadmium, chromium, copper, lead and nickel) 


and cross referenced against PME 2014 wastewater quality objectives. 


It is recommended that sampling be carried out daily during the start up/commissioning phase, until it 


can be demonstrated that all parameters are compliant with wastewater standards and discharge 


quality objectives. 


Automatic sampling will be continuous during normal operations, however analysis need only be 


conducted on a daily basis by the on site NOMAC laboratory.  The frequency may eventually be reduced 


if the long-term compliance with wastewater discharge objectives is demonstrated. 


 
Marine Ecology 
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In order to identify any negative impacts to the marine environment at the point of discharge, due to 


the operation of the power plant, a routine marine ecology, water and sediment monitoring program 


should be followed. 


The marine surveys undertaken during the construction phase, investigated three (3) locations within 


the predicted construction and operation impact areas. It is recommended that the same general areas 


as these three locations be monitored on a yearly basis to identify and qualify any changes to the 


marine environment, water and sediment quality. 


The coordinates and location map of the survey are provided in the following table and figure. 


 Table 6-1 Marine Survey Coordinates 


Qurayyah IPP – Marine Survey Sites 
Location N E 


SL1 (intake pipe) 25°50’56.13”N 50° 07’53.02”E 
SL2 (outfall pipe) 25°50’45.42”N 50° 08’13.07”E 
SL3 (intake pipe) 25°50’39.25”N 50° 07’58.06”E 
SL4 (barricaded area) 25°50’54.49”N 50° 08’08.12”E 
SL5 (borrow area) 25°50’57.34”N 50° 08’15.68”E 
SL6 (Hutta seagrass bed) 25°50'51.07"N 50° 08'02.95"E 


 
 


 Uncontrolled, if printed “Refer latest version in the server / SAP “if required, print both the sides” 
Proc No: Rev: 01 Rev. date: 02 Sept 2015 Page 57 of 70 







 


 


 
QIPP Operational Environmental and Social Management Plan 


 Figure 6-1 Marine Survey Locations 
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At each of these locations the same ecological and water/sediment collection methods should be 


employed as have been conducted during the construction monitoring surveys, therefore at each site: 


• Two - 25m transects should be surveyed by SCUBA technique to identify fish species diversity 


and qualify the condition of the marine habitat. 


• One water sample should be collected from mid depth and analysed for the parameters listed in 


PME’s Discharge Water quality objectives. 


• One Sediment Sample should be collected from the sea bottom and analysed for the heavy 


metals listed in the Dutch (VROM) standards for marine sediment quality. Only 3 samples 


should be collected from the following sites; SL1, SL2, SL3. 


• In-Situ physic-chemical water quality data should be collected using a multi parameter probe.  


Measurement should be taken from 1 m below the surface, 1 m above the sea bottom and 1at 


mid-depth for the following parameters: Temperature, pH, Conductivity, Salinity, Total 


Dissolved Solids. 


Note: in deep water locations over the reef slope, the deep water measurement depth will be capped at 


approximately 25m below sea level. 


6.1.5 Noise and Vibration 


Operational noise levels at the boundary of the project will be monitored monthly. The noise levels will 


be assessed according to the PME noise standards and any operational guidelines, taking into 


consideration the proximity of any sensitive receptors, time of day and location of the activity. 


Workplace noise levels will be monitored weekly. The monitoring methodology and interpretation of 


the levels will take into consideration the level of workers’ activities in the workplace and relevant 


exposure guidelines.  


This noise monitoring must be conducted for 15 minutes at each location. Noise monitoring should not 


be conducted at the source of the noise and should instead be conducted in the area of the sensitive 


receptors, in proximity to the noise source. 


6.1.6 Traffic and Transport 


If significant congestion is experienced, then a traffic monitoring plan will be implemented. A specialist 


traffic consultant will determine the locations, frequencies and reporting requirements (if required). 
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6.1.7 Waste Management 


Waste management practices will be monitored on a monthly basis to ensure the proper 


implementation of the measures proposed in this OESMP and compliance with the relevant standards. 


A waste management log will be maintained to record information on waste re-use, recycling and 


disposal, to demonstrate achieved levels of waste minimisation. The waste log will include the following 


information: 


• Bi-weekly quantities and types of waste taken off site, the approved handler, and where the 


waste was disposed; 


• Estimates of the quantities and types of waste recycled, reused, or recovered; 


• List of persons that approved waste removal; 


• Indication if waste disposal has met intended recycling, recovery or reuse targets. 


6.1.8 Social issues and Complaints 


A point of contact and their details will be published at the entrance of the project site, in order receive 


complaints regarding any environmental grievances resulting from the operational activities. All 


complaints will be registered in a log, including follow up results actions. 


The grievance mechanism for external and internal complaints should be freely available, non-


judgemental and should allow for complainants to air their issues anonymously. 


All grievances will be logged and will be followed up within a 2-week period, with a result, or further 


actions specified and notified as applicable. 


6.1.9 Emergency Monitoring 


Emergency monitoring will be conducted following any incident to check whether appropriate measures 


have been taken to minimise environmental impacts. The Operation Manager will carry out the 


monitoring and, if required invite an environmental regulatory representative to cooperate. 


6.2 Monitoring Plan 


The following table can be used as a tool to develop and implement an effective monitoring plan.  The 


government authorities will also provide the outline of the format and content of a monitoring plan that 


will be used for regulatory reporting purposes.  In order to simplify the process, it is best to therefore 


adopt the regulatory authorities monitoring report template, in order to avoid duplication of works. 
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Furthermore, the regulatory authority will provide further input to the content and methodology as is 


fitting to the project needs and phase of operation. 
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 Table 6-2 Monitoring Plan 


MONITORING PLAN 
What 


(Is the parameter to be 
monitored?) 


Where 
(Is the parameter to be 


monitored?) 


How 
(Is the parameter to be monitored?) 


When 
(Define the frequency / or 


continuous?) 


Who 
(Is responsible for 


monitoring?) 
Operation 


Flue Gas Emissions 


 


A CEMS will be installed 
at each stack to monitor 


the flue gases. 


Gas samples will be drawn from the stack 
and analysed, on a dry (undiluted) basis the 
concentration of NOx, CO, SO2, PM and O2.  
 
Particulates and Opacity will be measured 
using in situ probe analyser installed directly 
in the stack. 
Other parameters that will also be measured 
on a continuous basis include: flue gas 
pressure and temperature. 
 
The samples will be drawn from the stack 
sample probe to the CEMS shelter with a 
sample pump. 
 
Instrument and control code standard: US 
EPA methods and valid Calibration certificate 
for  portable analysers 


(follow testing equipment specifications for use) 


 


Continuous monitoring and 
Bi-yearly Reporting 


Control Room & 
Operation Manager 


Wastewater –In situ 
parameters –  pH, DO 


Discharge from 
wastewater treatment 


streams 


In-situ standard methodology (follow testing 
equipment specifications for use) 


Daily monitoring and Bi-
yearly Reporting 


Control Room & 
Operation Manager 
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Wastewater – Ex situ 
parameters – pH, EC, 
TSS, Oil & grease, COD, 
BOD, TOC 


Discharge from 
wastewater treatment 


streams 


In-situ standard methodology (follow testing 
equipment specifications for use) 


Monthly monitoring and Bi-
yearly Reporting 


NOMAC Site 
Laboratory & 


Operation Manager 


Seawater – In situ 
parameters – 
Temperature, pH,  
Conductivity 


Seawater Intake channel In-situ standard methodology (follow testing 
equipment specifications for use) 


Daily monitoring and Bi-
yearly Reporting 


Control Room & 
Operation Manager 


Wastewater –In situ 
parameters – 
Temperature, pH, DO, 
EC, Turbidity 


Seawater Outfall  In-situ standard methodology (follow testing 
equipment specifications for use) 


Continuous monitoring and 
Bi-yearly Reporting 


Control Room & 
Operation Manager 


Wastewater –Ex situ 
parameters – Residual 
chlorine 


Seawater Outfall  Ex-situ standard methodology (follow testing 
equipment specifications for use) 


 daily monitoring and Bi-
yearly Reporting 


NOMAC Site 
Laboratory & 


Operation Manager 
Wastewater –Ex situ 
parameters – BOD, COD, 
Sulphate, Ammonia,  
TOC, pH, TSS, Turbidity, 
Oil and Grease, total 
coliforms, ΔT 


Seawater Outfall Ex-situ standard methodology (follow testing 
equipment specifications for use) 


Weekly monitoring and Bi 
yearly reporting 


NOMAC Site 
Laboratory & 


Operation Manager 


Wastewater –Ex situ 
PME 2014 parameters 
including BOD, COD, 
Sulphate, Ammonia, TKN, 
TOC, Nitrate, Phosphate, 
pH, Heavy Metals, TSS, 
Turbidity, Oil and Grease, 
TPH, Total coliforms, 
E.coli. 


Seawater Outfall 
(cooling and treated 


wastewater) 


Ex-situ standard methodology (follow testing 
equipment specifications for use) 


Bi yearly monitoring and Bi-
yearly Reporting 


PME approved 
Laboratory, Co-


ordinator 


Seawater –In situ Mixing zone of In-situ standard methodology (follow testing Annual monitoring during Independent 
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parameters – 
Temperature, pH, 
Residual Chlorine, DO, 
TDS, Turbidity, 
Conductivity, Salinity 


Seawater –Ex situ PME 
2014 parameters 
including BOD, COD, 
Sulphate, Ammonia, TKN, 
TOC, Nitrate, Phosphate, 
pH, Heavy Metals, TSS, 
Turbidity, Oil and Grease, 
TPH, Total coliforms, 
E.coli 


discharge equipment specifications for use) Marine Survey Consultant 


Noise All site boundaries 


Using a calibrated Class 1 or Class 2 sound 
level meter and acoustic calibrator. 
Measurements to be undertaken for all PME 
and IFC time periods (daytime, evening and 
night time) 


Monthly Operation 
Manager&HSEE 


Groundwater Quality Boreholes on site 


Samples to be collected from each borehole 
and analysed against PME 2014 
Groundwater standards including pH, 
Sulphate, Ammonia, TKN, TOC, Nitrate, 
Phosphate, Heavy Metals, Oil and Grease, 
TPH, E-coli 


Monitoring and reporting Bi-
yearly  


Independent 
Consultant 


Waste Management 
(including hazardous 
waste) 


Site wide for all waste 
generation and 


consignments of waste 


Waste logs and waste recording in line with 
PME GER 2001 requirements 


Logs every time that waste is 
removed from site. Weekly 


Monitoring of Log Book. 
Annual reporting to PME of 
hazardous waste generation 


Waste Management 
Personnel & 


Operation Manager 


Recruitment Policy - 
Review of employment contracts and staff 
resources in line with Saudi Labour Laws and 
IFC PS2 (including all ILO conventions) 


Annually 
HR department & 


ensured by 
Operation Manager 
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Grievance Register 


Point of 
contact/grievances to 
be posted at the site 


entrance and on site for 
personnel 


Register complaints and how they are 
addressed 


Every time there is a 
complaint 


Operation Manager, 
EHS Manager & Site 


Manager 


Emergency Monitoring Not applicable Register emergencies and follow-up-
remediation 


Every time there is an 
emergency 


Operation Manager, 
EHS Manager & Site 


Manager 
Independent 3rd Party Monitoring  


Independent 
Environmental Audits – 
Documentation 


- 


The auditors will review the environmental 
documentation kept at the plant, checking 
the adequate implementation of the 
environmental procedures establish in the 
OESMP and the application of the mitigation 
and monitoring measures stated, including 
the monitoring results  


Bi-Annually Operation Manager 
& Site HSE Manager 


Independent 
Environmental Audits –– 
Site inspection 


- 
The auditors will visit the plant, to ensure 
that the environmental procedures are being 
adequately applied. 


Bi-Annually Operation Manager 
& Site HSE Manager 


Independent 
Environmental Audits –– 
Monitoring 


- 


The auditors will take their own samples and 
measurements of the monitoring elements 
outlined above for the operational phase, if 
considered necessary to confirm the validity 
of the results provided by NOMAC. 


Bi-Annually Operation Manager 
& Site HSE Manager 


Independent Marine 
Monitoring Survey - 


The Marine Ecologist will conduct a survey as 
described in the detailed monitoring 
methodology (above), to include marine 
ecology, water quality and sediment quality. 
NOMAC will assist in obtaining all necessary 
permits required for marine access (e.g. 
coastguard). 


Annual Operation Manager 
& Site HSE Manager 
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7 Training, Awareness and Competence 


An effective environmental training programme is a central part of the environmental management 


at the plant. The following types of training/awareness should employed by NOMAC. 


7.1 Induction 


All staff, both temporary and permanent, working on the project will undergo Environmental 


Awareness Training, in their own language, as part of their initial induction process. 


An Individual Awareness Plan will be provided for all staff, which identifies the necessary 


requirements and responsibilities of that individual in relation to their role and the activities they 


will be working on. The awareness plan will include copies of the procedures relevant to their 


required tasks and specific aspects of the OESMP. 


As a minimum, refresher courses will be held for all staff on an annual basis. They will occur more 


regularly where an individual’s role has the potential to lead to a significant impact. Site inspections 


will be used to identify staff that are either under performing and/or failing to perform in 


accordance with their training. These individuals will be given additional training and will be 


monitored more closely during site inspections 


7.2 Information Provision 


As a continual aspect of the operational plant, various information in relation to site environmental 


management will be posted on noticeboards around the plant and particularly office blocks. On-site 


staff will benefit from passive learning in regard to such environmental topics. Information provision 


on notice boards should be managed by the Operation Manager and updated regularly with current 


topics or key changes in policy, plans and procedures, relating to the OESMP. 


Relevant information in regard to specific practices at the site, such as Emergency Response 


Procedures and the use of spill prevention and clean-up kits should be clearly displayed and posted 


in suitable locations, e.g. next to spillage kit stations, or alarm systems. Those staff that are regularly 


involved in activities that are of high environmental risk should be aware of the procedures. Other 


Staff should be encouraged to revise such procedures periodically 


7.3 Environmental Management Training 


Those responsible for undertaking inspections and internal audits will be required to attend a wider 


Management Training Course. This course will not only provide training in relation to operational 
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procedures and undertaking inspections, but will include the wider environmental requirements of 


the contract that are contained in the OESMP such as the mechanisms of reporting non-


conformances, the need and purpose for weekly/ monthly reviews, and the necessity to regularly 


review and update environmental management and performance against the project 


program/activity schedule. 


The Site Manager will be responsible for monitoring those individuals on the Management Training 


Course to identify those staff who are not effectively managing/implementing the environmental 


requirements. Additional training will be provided to these individuals. NOMAC will periodically 


review the induction and training process and can organise its own Management training. 
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8 Inspections and Audits 


Monitoring/auditing is a continual process and will be undertaken by a range of site staff to ensure 


the environmental deliverables of the OESMP are subject to independent scrutiny insofar as 


ensuring works are: progressing in accordance with Environmental Method Statements; agreed 


mitigation/management measures are in place and effective; and the works are completed in 


accordance with statutory and best practice requirements. 


8.1 Daily Inspections 


Daily monitoring of current site activities will be undertaken by the Operation Manager and HSE 
Engineer, using a Daily Checklist as developed from the requirements of the OESMP. The Operation 
Manager will undertake additional monitoring as part of their overall responsibilities. 


8.2 Periodic Audits 


Periodic audits and reviews will be undertaken by the Operation Manager to ensure that operational 


activities are being carried out in an environmentally responsible manner, in accordance with the 


given training, and to ensure that appropriate environmental controls are in place. These audits will 


focus on specific sub-contractors (if any) / work packages / areas. These audits will be undertaken at 


least on a monthly basis. The Operation Manager shall prepare a schedule of planned audits. Audits 


will be focused on any key work packages in progress at the time. Where no specific works are being 


undertaken, audits should focus on a particular area of the operational site. Where necessary, NCR’s 


will be issued as set out in in chapter 9. 


8.3 Independent audits for the EPFIs and PME 


An Independent Environmental Consultant will undertake additional environmental audits to fulfil 
the EP requirements. The EPFIs require independent environmental audits undertaken bi-annually. 
NOMAC has already appointed an appropriately qualified and experienced environmental auditor to 
undertake these audits. When external parties inspect the site, the EHS Manager & Operation 
Manager as a minimum will accompany the external auditors and will make available all necessary 
documents pertaining to environmental and social monitoring and management. Direct instructions 
may be given to site staff during such an audit. Any non-conformances identified by the auditors will 
be addressed within an agreed time period that should not exceed one month. The auditors will 
assess the measures taken to address the non-conformance in the following audit in order to close it 
out. 


Independent audit reports are a condition of the loan agreement and will be made available by the 


Hajr (or NOMAC) as and when requested. 
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9 Control of Non-Conformance & Emergencies 


9.1 Environmental Monitoring 


Monitoring requirements are contained in Section 6 of this OESMP. A Monitoring Register will be 


maintained by the Operation Manager, and should be available upon request. It will include any 


instances of where statutory non-conformance and/or excessive levels of various parameters (noise, 


dust, water quality etc) have been recorded. 


9.2 Notices of Non- Conformance 


In instances where the requirements of the OESMP are not upheld a Non-Conformance & Corrective 


Action Notice will be produced by the Operation Manager and signed off by the HSE Engineer. The 


HSE NCR will be generated during the daily/weekly/periodic inspections conducted by the Operation 


Manager and or HSE Engineer. NCR’s (Non-Conformance Reports) may also be issued during formal 


system audits. NCR’s shall be closed within one week as a maximum. 


Non-conformances identified by the independent environmental consultants will be specified in the 


audit reports. 


9.3 Emergency Response Procedures 


NOMAC shall develop an Emergency Plan detailing the actions to be followed in the event of a major 


environmental incident e.g. significant chemical/oil spillage. The Procedure will form part of the 


project ‘Fire Safety & Emergency Plan’ and relevant details will be prominently displayed at all 


hazardous material/chemical/fuel storage areas, within all site offices and buildings, and within all 


site vehicles. The Procedure will form part of the induction training. Where chemical/hazardous 


materials are being stored, transferred or used, emergency instructions (where relevant) will be kept 


with the associated extracts from the relevant Materials Safety Data Sheet (MSDS) and Control of 


Substances Hazardous to Health (COSHH) information along with the necessary spill kit and PPE. 


9.4 Spills and Contamination 


Where a spillage has occurred it shall be reported to the Operation Manager or nominated person 


within 30 minutes of occurrence. This will operate on a 24-hour basis. The HSE Engineer and Site 


Manager will be subsequently informed. Spill containment and countermeasures are to be set out in 


the project ‘Fire Safety & Emergency Plan’. 
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9.5 Incident Reporting  


All incidents will be defined and recorded. NOMAC Head Office HSE Department will be informed of 


all environmental incidents. Environmental incidents include: 


• Air pollution – Significant fire due to chemicals / oil / fuel 


• Air pollution – Receipt of complaints due to noise pollution 


• Water / Ground pollution – Significant chemical / oil / fuel spill 


• Water / Ground pollution – Contamination of fresh water supplies 


• Waste - Illegal disposal of hazardous waste 


• Waste – Receipt of complaints due to the spread of waste beyond the site boundary. 


• Damage to natural environment – Significant damage to fauna / flora due to non compliance 


with environmental controls 


Note that environmental non-conformances will be dealt with via the NCR process (refer to section 2 


above) and do not constitute environmental incidents. 


Where required, the site staff (e.g. Site Manager) will then report the incident to the necessary 


authorities within 1 hour of the incident occurring (e.g. KSA Coastguard for marine incidents and 


PME for terrestrial incidents). 


A KPI (key performance indicator) will be developed to monitor incident occurrence and trends. 


9.6 Grievances/Complaints Handling  


The Operation Manager will be responsible for the management of complaints, and he will inform 


the HSE Site Manger and the Site Manager.  A Grievance Register will be the mechanism by which 


complaints are recorded and communicated. The Register will detail name and contact details of the 


complainant (if provided), date and time of the complaint, nature of complaint, action taken to 


resolve issues, and date of complaint handover. 
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1.0 EXECUTIVE SUMMARY 


Air dispersion modeling was conducted to identify the optimal stack height for IPP1, and to 
demonstrate compliance with applicable air quality standards.  Key findings of this modeling 
analysis are as follows: 
 


• Assuming gas firing, a stack height of 50 m for the turbine stacks at IPP1 resulted in 
predicted pollutant concentrations that fully comply with PME, WB, and WHO air quality 
standards. 
 


• When IPP1 fires diesel fuel the potential exists for exceedances of short-term (i.e., 1-hr 
and 24-hr) SO2 standards when IPP1 is considered in tandem with nearby sources; 
however, given the infrequency with which IPP1 will burn diesel fuel (no more than ten 
days per year), the likelihood of these exceedances occurring is small. 
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2.0 INTRODUCTION 


The Qurayyah IPP1 (IPP1) will be an approximately 1800 - 2000 MW combined cycle plant.  
The primary fuel will be natural gas, with diesel fuel oil as a backup.  It will be located roughly 
100 km to the south of Dammam.  A locator map for the facility is given in Figure 2-1, while a 
plot plan of the facility is shown in Figure 2-2. 
 


 


Figure 2-1 
Qurayyah IPP1 Locator Map
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Figure 2-2 
Qurayyah IPP1 Plot Plan 
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5 Capitals has retained Zephyr Environmental Corporation (Zephyr) to conduct an air quality 
analysis for IPP1.  Modeling was conducted for IPP1 alone, as  well as a cumulative 
scenario including IPP1, IPP2 (an additional power plant nearly identical to IPP1), 
Quarayyah Steam Power Plant (QPP) and the Quarayyah Combined Cycle Power Plant 
(QCC).  The results of this analysis demonstrated that the optimal stack height for IPP1 
(based on natural gas usage) is 50 m; under that scenario there are no exceedances of the 
Presidency of Meteorology and Environment (PME), the World Bank (WB) Air Quality 
Standards, or the World Health Organization (WHO) Guideline Values. 
 
The remainder of this document presents details associated with the modeling analysis.  
Specifically, Section 3.0 describes the overall modeling strategy including the types of 
analyses conducted, the selected model, the source inventory, the meteorological data, and 
the modeled receptors.  Section 4.0 presents the results of the modeling analysis, with plots 
of model output given in Section 5.0. 
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3.0 MODELING METHODOLOGY 


The modeling methodology for the air quality modeling analysis is described below. 
 


3.1 OVERALL MODELING STRATEGY 


Emissions of nitrogen dioxide (NO2), particulate matter smaller than ten microns (PM10), and 
sulfur dioxide (SO2) were addressed in this analysis.  As will be described below, modeling 
was conducted for several different source combinations/scenarios (i.e., different stack 
heights for IPP1, primary/backup fuel use, and different sources being considered).  
Predicted concentrations were compared against PME, WB, and WHO ambient air quality 
standards. 
 


3.2 SELECTION OF DISPERSION MODEL 


The American Meteorological Society/Environmental Protection Agency Regulatory Model 
AERMOD (Version 07026) was used.  AERMOD is the latest dispersion model approved by 
the U.S. EPA for industrial applications such as this (i.e., “smokestack” industry and Equator 
Principles/International Finance Corporation (IFC) standards), and is therefore appropriate 
for this kind of an analysis.  All standard regulatory default options of AERMOD were 
invoked. 
 
To facilitate the implementation of AERMOD, Bowman Environmental Engineering’s BEEST 
for Windows suite (Version 9.81e) was used. 
 


3.3 SOURCE INVENTORY 


The source inventory is presented in two sections, first for IPP1 and next for the nearby 
sources that were included in the cumulative modeling. 
 


3.3.1 IPP1 


The IPP1 source inventory consisted of a multiple turbines venting through three stacks.  
The turbines will fire natural gas as the primary fuel, with diesel oil as a backup.  Diesel oil is 
to be used for only a very small portion of the year: no more than five days consecutively 
and no more than ten days over the entire year.  Stack characteristics and emissions for 
these sources were taken from information provided by 5 Capitals.  The modeled source 
characteristics are presented in Table 3-1. 
 
(Note that since the original modeling was conducted the emissions inventory has been 
revised to a smaller number of turbines than originally anticipated.  Therefore, the modeling 
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results presented in this report are conservative, or higher than what they would be with a 
smaller number of turbines.) 
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Table 3-1 Modeled Stack Parameters 
 


Source 
ID Description 


UTM Coordinate (m) Stack 
Height 


(m)a 
Temp. 


(K) 
Exit Vel. 


(m/s) 
Diameter 


(m) 


Emission Rate (g/s)b 


East North PM10 SO2 NO2 
IPP1_1 Qurayyah 


IPP1, Unit 1 
412817 2858327 50/60 408.15 16.75 5.8 1.11 / 


2.22 
0 /  


223.19 
6.66 /  
35.3 


IPP1_2 Qurayyah 
IPP1, Unit 2 


412720 2858470 50/60 408.15 14.14 5.8 0.95 / 
2.22 


0 / 
223.19 


5.72 / 
35.3 


IPP1_3 Qurayyah 
IPP1, Unit 3 


412615 2858623 50/60 408.15 15.23 5.8 1.07 / 
2.22 


0 /  
223.19 


6.41 / 
35.3 


a. Modeling was conducted for two stack heights, 50 and 60 m 
b. Emission rates presented are for gas/diesel firing 
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Because IPP1 is located right along the coast, the base elevation for all modeled sources 
was assumed to be 0 m (see the discussion in Section 2.5). 
 


3.3.2 Offsite Sources 


Details concerning the emissions inventories for the three offsite sources are presented 
below. 
 


3.3.2.1 IPP2 


IPP2 is slated to be identical to IPP1, situated just to the north of IPP1 (up the coast).  For 
the purposes of this analysis the stack heights for the IPP2 turbines were set at 60 m (i.e., 
no modeling was conducted to optimize stack heights for IPP2). 
 
The modeled emissions inventory for IPP2 is presented in Appendix A. 
 


3.3.2.2 QPP 


Located to the north of IPP1, QPP is a 2500 MW power plant consisting of four 625 MW 
boilers.  There are two stacks at QPP, each stack venting two boilers.  Note that the only 
emissions provided for QPP were for the backup fuel, Arabian Light Crude (1.8% S). 
 
The modeled emissions inventory for QPP is presented in Appendix A. 
 


3.3.2.3 QCC 


Located to the south of IPP1, QCC is a 3100 MW power plant consisting of 15 turbine 
stacks. 
 
The modeled emissions inventory for QCC is presented in Appendix A. 
 


3.4 METEOROLOGICAL DATA 


The meteorological preprocessor for AERMOD, AERMET (Version 06341), was used to 
compile the meteorological data for this analysis.  This dataset was based upon hourly 
surface observations and twice-daily upper air soundings collected from the King Fahd 
International Airport in Dammam, Saudi Arabia.  These data are representative of the 
project site because they are located in the same climatological regime (coastal) and 
because there are no significant terrain features between IPP1 and the King Fahd 
International Airport. 
 
The three most recent, readily available years of meteorological data (2007-2009, inclusive) 
were used. 
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Other pertinent aspects of the preparation of this meteorological dataset are discussed 
below. 
 


3.4.1 AERMOD meteorological variables 


Processing of meteorological data for use in AERMOD requires the estimation of three 
variables specific to the domain to be modeled.  These three variables are as follows: 
 


• Albedo: describes the reflectivity of a surface; 
• Bowen ratio: describes the dryness of a surface; and 
• Surface roughness: describes the roughness of the surface. 


 
Because the land use in and around IPP1 varied, the land use was analyzed for twelve 30-
degree sectors and identified as either urban, water, or desert.  The amounts of each land 
use category were used to determine weighted values of albedo, Bowen Ratio, and Surface 
Roughness for each of the sectors.  Those values are tabulated below. 
 
Table 3-2 Values of Albedo, Bowen Ratio, and Surface Roughness 
 


Sector Albedo Bowen Ratio Surface Roughness 
0 – 30 0.213 4.541 0.113 


31 – 60 0.150 2.080 0.051 
61 - 90 0.157 2.340 0.058 


91 – 120 0.199 3.991 0.099 
121 – 150 0.250 6.000 0.150 
151 – 180 0.250 6.000 0.150 
181 – 210 0.235 5.355 0.290 
211 – 240 0.224 4.906 0.387 
241 – 270 0.248 5.931 0.165 
271 – 300 0.250 6.000 0.150 
301 – 330 0.250 6.000 0.150 
331 – 360 0.250 6.000 0.150 


 


3.4.2 Issue with 12Z Sounding 


Because AERMOD was developed in the United States the model assumes that the 12Z 
sounding is taken near sunrise.  However, the 12Z sounding in Saudi Arabia is not taken 
near sunrise; rather, it is taken in early to mid-afternoon.  Therefore, the upper air data from 
King Fahd International Airport were manually adjusted such that the data from the 0Z 
sounding was treated by AERMET as the 12Z sounding.  Failing to do so would have 
resulted in some of the calculations in AERMET (such as the convective mixing height, 
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which uses the initial potential temperature distribution from the 12Z sounding) being 
performed incorrectly. 
 


3.4.3 Handling of Missing Sky Cover Values 


The dispersion of pollutants in the boundary layer is influenced on a local scale by surface 
characteristics such as surface roughness, albedo (describing the reflectivity of a surface), 
and the Bowen ratio (describing the availability of surface moisture).  AERMET calculates 
these parameters using several different variables, one of which is the surface heat flux. 
 
Ideally direct measurements of net radiation are available to calculate the surface heat flux.  
However, as most AERMOD applications use meteorological data from nearby airports and 
airports do not measure net radiation; the net radiation is typically estimated from the 
insolation and thermal radiation balance at the ground.  To perform this calculation values of 
temperature and cloud cover are taken from the hourly surface meteorological data file. 
 
A close review of the surface data from King Fahd International Airport revealed that while 
the data completeness for temperature was quite good there was a large number of missing 
cloud cover readings.  Because a missing value for cloud cover would leave AERMET 
unable to calculate the surface heat flux, which would in turn mean that AERMOD would not 
calculate a concentration, to use the King Fahd International Airport surface data as-is 
would mean that for more than half of the year AERMOD would not be predicting 
concentrations.  Therefore, the missing sky cover values were filled in with a value 
corresponding to a “clear” sky.  These modified raw surface files were then used in the 
AERMET processing. 
 


3.5 MODELED RECEPTORS 


A Cartesian receptor grid was utilized in this analysis.  Receptors were placed as follows: 
 


• every 100 m along the property boundary and within 500 m of the facility,  
• every 500 m out to 2000 m, and 
• every 1000 m out to 5000 m. 


 
This receptor grid is illustrated in Figure 3-1. 
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Figure 3-1 
Receptor Grid 


 
Receptors were also placed at the locations of 13 sensitive receptors, as specified by 5 
Capitals.  These sensitive receptors included both residential as well as industrial locations, 
and included one location on the southern end of Bahrain, approximately 50 km east of 
IPP1.  The list of specific sensitive receptors modeled is given below, with an illustration of 
them provided in Figure 3-2. 
 


• SEC Community Camp, 
• QPP, 
• IPP1, 
• QCC Supporting Camps and Offices, 
• QCC, 
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• BEMCO Camp and Laydown, 
• SEC Cleaning and Cooking Camp, 
• Abqaiq, 
• Half Moon Beach, 
• Ports/Industrial Facilities, 
• Al Durrah Development (Bahrain), 
• Al Khaleef Makarem Village, and 
• Uqair. 


 


Figure 3-2 
Sensitive Receptors 


 
Because all of the terrain in and around IPP1 is quite flat, a detailed analysis of the 
topography was not conducted for this project.  All receptors with the exception of the 
sensitive receptor at Abqaiq were modeled with an elevation of 0 m.  Abqaiq, a Saudi 
Aramco camp in the interior of the Eastern Province of Saudi Arabia, was modeled with an 
elevation of 326 m. 
 
 
 







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 4-1 


4.0 AIR DISPERSION MODELING RESULTS 


The RFP for this modeling effort stated the following: 
 


The determination of the stack heights should be based on gas firing.  In addition the 
calculation shall show the influence of back-up fuel (diesel oil) firing on an air 
pollutant concentration at ground level. 


 
As a result, modeling was conducted for both the gas-fired and diesel-fired scenarios for the 
short-term averaging periods while only for the gas-fired scenario for the annual averaging 
period (because diesel fuel will only be used for short durations).  In the interest of brevity 
the worst-case impacts (i.e., based on diesel firing) are offered below for the short-
term averages (rather than show results based on diesel fuel and gas in the main 
body of the report).  Annual results are for the gas only scenario (since diesel fuel will 
not be burned over a long enough period to significantly impact an annual 
concentration).  Full modeling results (for both the full grid and the sensitive receptors) for 
all scenarios are presented in Appendix B. 
 
Results are presented first for the IPP1 alone (including a discussion concerning the 
optimization of the stack heights), and then with the offsite sources included. 
 
A few notes are in order concerning the modeled concentrations presented in this report.  
The concentrations given below are presented in terms of “controlling concentrations,” which 
refer to the definitions of the air quality standards for different averaging periods.  In some 
cases AERMOD is able to produce the appropriate results for direct comparison with the 
standards.  For instance, the highest annual SO2 concentration predicted at a given receptor 
is the appropriate value to compare against the annual PME SO2 standard. 
 
However, in some cases AERMOD cannot readily generate the appropriate concentration 
for comparison to a standard.  For example, the PME 1-hr standard for SO2 stipulates that 
the highest third-high SO2 1-hr concentration over a rolling 30-day average is appropriate for 
comparison; however, AERMOD does not generate concentrations over rolling averages.  
Therefore, for the purposes of 1-hr SO2 concentrations in this report we have presented the 
highest third-high SO2 concentration over the entire year—a conservative approach for 
demonstrating compliance with standards. 
 
In all cases the comparisons to the various standards presented below are either a) the 
appropriate comparison, or b) a conservative comparison. 
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4.1 IPP1 ALONE 


Modeling was conducted for IPP1 for the following scenarios: 
 


• Primary fuel (natural gas), 50 m stacks, 
• Primary fuel (natural gas), 60 m stacks, 
• Backup fuel (diesel fuel), 50 m stacks, and 
• Backup fuel (diesel fuel), 60 m stacks. 


 
Modeling results are presented below for each pollutant. 
 


4.1.1 NO2  


The controlling NO2 modeling results for the 50 m and 60 m stack scenarios are 
summarized in Tables 4-1 and 4-2, respectively.  The 1-hr and 24-hr results are based on 
backup fuel (diesel) while the annual results are based on primary fuel (gas). 
 
Table 4-1 NO2 Modeling Results, 50 m stacks 
 


Year 
Controlling Predicted Concentration (µg/m3) 


H3H 1-hra,b,c H2H 24-hrd,e,f Highest Annualg,h,i 
2007 87.6 24.0 1.02 
2008 92.4 30.4 1.01 
2009 89.3 27.2 1.17 


a. 1-hr PME AAQS: 660 µg/m3 
b. No 1-hr World Bank AAQS 
c. 1-hr WHO Guideline Value: 200 µg/m3  
d. No 24-hr PME AAQS 
e. 24-hr World Bank AAQS: 150 µg/m3  
f. No WHO Guideline Value 
g. Annual PME AAQS: 100 µg/m3 
h. Annual World Bank AAQS: 100 µg/m3  
i. Annual WHO Guideline Value: 40 µg/m3  
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Table 4-2 NO2 Modeling Results, 60 m stacks 
 


Year 
Controlling Predicted Concentration (µg/m3) 


H3H 1-hra,b,c H2H 24-hrd,e,f Highest Annualg,h,i 
2007 75.2 20.6 0.86 
2008 75.0 24.3 0.86 
2009 76.7 21.7 0.99 


a. 1-hr PME AAQS: 660 µg/m3 
b. No 1-hr World Bank AAQS 
c. 1-hr WHO Guideline Value: 200 µg/m3  
d. No 24-hr PME AAQS 
e. 24-hr World Bank AAQS: 150 µg/m3  
f. No WHO Guideline Value 
g. Annual PME AAQS: 100 µg/m3 
h. Annual World Bank AAQS: 100 µg/m3  
i. Annual WHO Guideline Value: 40 µg/m3  
 
All predicted NO2 concentrations are well below all applicable PME, WB, and WHO 
standards.  The largest NO2 concentrations were found to occur slightly to the south and 
east of IPP1, down the coast. 
 
Plots of predicted NO2 concentrations are given in Section 5.0. 
 


4.1.2 PM10  


The controlling PM10 modeling results for the 50 m and 60 m stack scenarios are 
summarized in Tables 4-3 and 4-4, respectively.  The 24-hr results are based on backup 
fuel (diesel) while the annual results are based on primary fuel (gas). 
 
Table 4-3 PM10 Modeling Results, 50 m stacks 
 


Year 
Controlling Predicted Concentrations (µg/m3) 


H2H 24-hra,b,c Highest Annuald,e 
2007 1.5 0.17 
2008 1.9 0.17 
2009 1.7 0.20 


a. 24-hr PME AAQS: 340 µg/m3 
b. 24-hr World Bank AAQS: 150 µg/m3 
c. 24-hr WHO Guideline Value: 50 µg/m3  
d. Annual PME AAQS: 80 µg/m3 
e. Annual World Bank AAQS: 50 µg/m3  
f. Annual WHO Guideline Value: 20 µg/m3  
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Table 4-4 PM10 Modeling Results, 60 m stacks 
 


Year 
Controlling Predicted Concentrations (µg/m3) 


H2H 24-hra,b,c Highest Annuald,e 
2007 1.3 0.14 
2008 1.5 0.14 
2009 1.4 0.17 


a. 24-hr PME AAQS: 340 µg/m3 
b. 24-hr World Bank AAQS: 150 µg/m3 
c. 24-hr WHO Guideline Value: 50 µg/m3  
d. Annual PME AAQS: 80 µg/m3 
e. Annual World Bank AAQS: 50 µg/m3  
f. Annual WHO Guideline Value: 20 µg/m3  
 
All predicted PM10 concentrations are well below all applicable PME, WB, and WHO 
standards.  The largest PM10 concentrations were found to occur slightly to the south and 
east of IPP1, down the coast. 
 
Plots of predicted PM10 concentrations are given in Section 5.0. 
 


4.1.3 SO2 


The controlling SO2 modeling results for the 50 m and 60 m stack scenarios are summarized 
in Tables 4-5 and 4-6, respectively.  The 1-hr and 24-hr results are based on backup fuel 
(diesel); because backup fuel will not be burned on an annual basis and because the 
primary fuel (gas) has no sulfur, there are no annual SO2 modeling results.   
 
Table 4-5 SO2 Modeling Results, 50 m stacks 
 


Year 
Controlling Predicted Concentration (µg/m3) 


H3H 1-hra,b,c H2H 24-hrd,e,f Highest Annualg,h,i 
2007 554.0 151.6 0 
2008 584.4 192.3 0 
2009 564.6 172.0 0 


a. 1-hr PME AAQS: 730 µg/m3 
b. No 1-hr World Bank AAQS 
c. No 1-hr WHO Guideline Value 
d. 24-hr PME AAQS: 365 µg/m3  
e. 24-hr World Bank AAQS: 150 µg/m3  
f. 24-hr WHO Guideline Value: 20 µg/m3  
g. Annual PME AAQS: 80 µg/m3 
h. Annual World Bank AAQS: 50 µg/m3  
i. No Annual WHO Guideline Value  
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Table 4-6 SO2 Modeling Results, 60 m stacks 
 


Year 
Controlling Predicted Concentration (µg/m3) 


H3H 1-hra,b,c H2H 24-hrd,e,f Highest Annualg,h,i 
2007 475.5 130.5 0 
2008 474.1 153.7 0 
2009 484.8 137.1 0 


a. 1-hr PME AAQS: 730 µg/m3 
b. No 1-hr World Bank AAQS 
c. No 1-hr WHO Guideline Value 
d. 24-hr PME AAQS: 365 µg/m3  
e. 24-hr World Bank AAQS: 150 µg/m3  
f. 24-hr WHO Guideline Value: 20 µg/m3  
g. Annual PME AAQS: 80 µg/m3 
h. Annual World Bank AAQS: 50 µg/m3  
i. No Annual WHO Guideline Value  
 
All predicted SO2 concentrations are below all applicable PME standards, with some 24-hr 
concentrations predicted to be greater than WB and WHO standards (for both the 50 m and 
60 m stack height scenarios).  The largest SO2 concentrations were found to occur slightly 
to the south and east of IPP1, down the coast. 
 
It is noteworthy that very few exceedances of the 24-hr WB standard are predicted to occur.  
Under the worst-case scenario (50 m stack heights) the greatest number of predicted 
concentrations greater than the 24-hr WB standard (note this is not the number of 
exceedances, as not all concentrations greater than the standard constitute violations of the 
standard) at any one receptor is predicted to be only six.  When one considers that that 
number is based on modeling that assumes diesel oil being burned every hour of every day 
for the entire year, and that diesel will be fired for no more than ten days per year in total, it 
is clear that there will be very few, if any, violations of the 24-hr WB standard. 
 
Plots of predicted SO2 concentrations are given in Section 5.0. 
 


4.1.4 Stack Height Optimization  


As noted above modeling of IPP1 was conducted for stack heights of both 50 m and 60 m.  
Because the RFP specified that the stack height was to be determined using the gas firing 
scenario, only the results based on gas firing were considered to determine the optimum 
stack height.  As per the discussion in Sections 3.1.1 through 3.1.3, all predicted pollutant 
concentrations based on gas firing are below all applicable standards for both the 50 m and 
60 m stack height scenarios.  Therefore, the optimal stack height is 50 m. 
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4.2 CUMULATIVE 


Modeling was done for a cumulative scenario that included the following sources: 
 


• IPP1 (natural gas/diesel, 50 m/60 m stacks), 
• IPP2, 
• QPP, and 
• QCC. 


 
Modeling results are presented below for each pollutant. 
 


4.2.1 NO2  


The controlling NO2 modeling results for the 50 m and 60 m stack scenarios are 
summarized in Tables 4-7 and 4-8, respectively.   
 
The 1-hr and 24-hr results are based on the following scenario: 
 


• IPP1 on backup fuel (diesel), 
• IPP2 on backup fuel (diesel), 
• QPP on backup fuel (Arabian Light Crude), and 
• QCC on primary fuel (gas). 


 
The annual results are based on the following scenario: 
 


• IPP1 on primary fuel (gas), 
• IPP2 on primary fuel (gas), 
• QPP on backup fuel (Arabian Light Crude), and 
• QCC on primary fuel (gas). 
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Table 4-7 NO2 Modeling Results, 50 m IPP1 stacks 
 


Year 
Controlling Predicted Concentration (µg/m3) 


H3H 1-hra,b,c H2H 24-hrd,e,f Highest Annualg,h,i 
2007 175.5 41.5 5.24 
2008 169.8 60.0 5.11 
2009 172.6 51.2 6.05 


a. 1-hr PME AAQS: 660 µg/m3 
b. No 1-hr World Bank AAQS 
c. 1-hr WHO Guideline Value: 200 µg/m3 
d. No 24-hr PME AAQS 
e. 24-hr World Bank AAQS: 150 µg/m3 
f. No WHO Guideline Value 
g. Annual PME AAQS: 100 µg/m3 
h. Annual World Bank AAQS: 100 µg/m3 
i. Annual WHO Guideline Value: 40 µg/m3 
 
 
Table 4-8 NO2 Modeling Results, 60 m stacks 
 


Year 
Controlling Predicted Concentration (µg/m3) 


H3H 1-hra,b,c H2H 24-hrd,e,f Highest Annualg,h,i 
2007 158.2 37.2 5.23 
2008 155.0 53.0 5.09 
2009 157.3 46.8 6.04 


a. 1-hr PME AAQS: 660 µg/m3 
b. No 1-hr World Bank AAQS 
c. 1-hr WHO Guideline Value: 200 µg/m3  
d. No 24-hr PME AAQS 
e. 24-hr World Bank AAQS: 150 µg/m3  
f. No WHO Guideline Value 
g. Annual PME AAQS: 100 µg/m3 
h. Annual World Bank AAQS: 100 µg/m3  
i. Annual WHO Guideline Value: 40 µg/m3  
 
All predicted NO2 concentrations are well below all applicable PME, WB, and WHO 
standards.  The largest NO2 concentrations were found to occur slightly to the south and 
east of IPP1, down the coast and out into the Red Sea. 
 
Plots of predicted NO2 concentrations are given in Section 5.0. 
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4.2.2 PM10  


The controlling PM10 modeling results for the 50 m and 60 m stack scenarios are 
summarized in Tables 4-9 and 4-10, respectively. 
 
The 24-hr results are based on the following scenario: 
 


• IPP1 on backup fuel (diesel), 
• IPP2 on backup fuel (diesel), 
• QPP on backup fuel (Arabian Light Crude), and 
• QCC on primary fuel (gas). 


 
The annual results are based on the following scenario: 
 


• IPP1 on primary fuel (gas), 
• IPP2 on primary fuel (gas), 
• QPP on backup fuel (Arabian Light Crude), and 
• QCC on primary fuel (gas). 


 
Table 4-9 PM10 Modeling Results, 50 m stacks 
 


Year 
Controlling Predicted Concentrations (µg/m3) 


H2H 24-hra,b,c Highest Annuald,e 
2007 6.8 1.61 
2008 7.1 1.57 
2009 6.8 1.87 


a. 24-hr PME AAQS: 340 µg/m3 
b. 24-hr World Bank AAQS: 150 µg/m3 
c. 24-hr WHO Guideline Value: 50 µg/m3  
d. Annual PME AAQS: 80 µg/m3 
e. Annual World Bank AAQS: 50 µg/m3  
f. Annual WHO Guideline Value: 20 µg/m3  
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Table 4-10 PM10 Modeling Results, 60 m stacks 
 


Year 
Controlling Predicted Concentrations (µg/m3) 


H2H 24-hra,b,c Highest Annuald,e 
2007 6.7 1.61 
2008 7.1 1.57 
2009 6.8 1.87 


a. 24-hr PME AAQS: 340 µg/m3 
b. 24-hr World Bank AAQS: 150 µg/m3 
c. 24-hr WHO Guideline Value: 50 µg/m3  
d. Annual PME AAQS: 80 µg/m3 
e. Annual World Bank AAQS: 50 µg/m3  
f. Annual WHO Guideline Value: 20 µg/m3  
 
All predicted PM10 concentrations are well below all applicable PME, WB, and WHO 
standards.  The largest PM10 concentrations were found to occur slightly to the south and 
east of IPP1, down the coast. 
 
Plots of predicted PM10 concentrations are given in Section 5.0. 
 


4.2.3 SO2 


The controlling SO2 modeling results for the 50 m and 60 m stack scenarios are summarized 
in Tables 4-11 and 4-12, respectively. 
 
The 1-hr and 24-hr results are based on the following scenario: 
 


• IPP1 on backup fuel (diesel), 
• IPP2 on backup fuel (diesel), 
• QPP on backup fuel (Arabian Light Crude), and 
• QCC on primary fuel (gas). 


 
The annual results are based on the following scenario: 
 


• IPP1 on primary fuel (gas), 
• IPP2 on primary fuel (gas), 
• QPP on backup fuel (Arabian Light Crude), and 
• QCC on primary fuel (gas). 


 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 4-10 


Table 4-11 SO2 Modeling Results, 50 m stacks 
 


Year 
Controlling Predicted Concentration (µg/m3) 


H3H 1-hra,b,c H2H 24-hrd,e,f Highest Annualg,h,i 
2007 1125.7 265.9 30.3 
2008 1090.5 384.1 29.6 
2009 1107.2 328.1 35.4 


a. 1-hr PME AAQS: 730 µg/m3 
b. No 1-hr World Bank AAQS 
c. No 1-hr WHO Guideline Value 
d. 24-hr PME AAQS: 365 µg/m3  
e. 24-hr World Bank AAQS: 150 µg/m3  
f. 24-hr WHO Guideline Value: 20 µg/m3  
g. Annual PME AAQS: 80 µg/m3 
h. Annual World Bank AAQS: 50 µg/m3  
i. No Annual WHO Guideline Value  
 
Table 4-12 SO2 Modeling Results, 60 m stacks 
 


Year 
Controlling Predicted Concentration (µg/m3) 


H3H 1-hra,b,c H2H 24-hrd,e,f Highest Annualg,h,i 
2007 1015.9 238.7 30.3 
2008 994.9 339.6 29.6 
2009 1010.2 300.1 35.4 


a. 1-hr PME AAQS: 730 µg/m3 
b. No 1-hr World Bank AAQS 
c. No 1-hr WHO Guideline Value 
d. 24-hr PME AAQS: 365 µg/m3  
e. 24-hr World Bank AAQS: 150 µg/m3  
f. 24-hr WHO Guideline Value: 20 µg/m3  
g. Annual PME AAQS: 80 µg/m3 
h. Annual World Bank AAQS: 50 µg/m3  
i. No Annual WHO Guideline Value  
 
All predicted annual concentrations are below the PME and WB standards; however, there 
are some predicted exceedances of PME, WB, and WHO standards for both the 24-hr and 
1-hr averaging periods.  The largest SO2 concentrations were found to occur to the south 
and east of IPP1, down the coast. 
 
A detailed examination of the model output reveals that IPP1’s contribution to these high 
concentrations is approximately equal to the sum of the contributions of the other sources.  
(This is consistent with the discussion of IPP1’s impacts alone, presented in Section 3.1.3.)  
Therefore, this modeling demonstrates that if all sources in the Qurayyah region are 
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operating under worst-case conditions at the same time, the potential exists for some 
exceedances of short-term SO2 standards.  However, given the infrequency with which IPP1 
will fire diesel fuel it is quite unlikely that these exceedances will occur.   
 
Plots of predicted SO2 concentrations are given in Section 5.0. 







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-1 


5.0 PLOTS OF IMPACTS 


Plots of the controlling cumulative impacts (i.e., the year that produced the concentration 
that is closest to its respective ambient air quality standard) are presented below.  Note that 
the isopleths in all plots are given in terms of percent of the applicable PME or WB standard, 
or the WHO Guideline Value.  Those plots whose results are very low relative to the 
standard are one uniform color (e.g., Figure 5-4). 
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Figure 5-1 
IPP1 only, 50 m stacks, NO2, 1-hr, PME 


 
IPP1: backup fuel (diesel) 
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 ZEPHYR ENVIRONMENTAL CORPORATION 5-3 


Figure 5-2 
IPP1 only, 50 m stacks, NO2, 1-hr, WHO 


 
IPP1: backup fuel (diesel) 


  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-4 


Figure 5-3 
IPP1 only, 50 m stacks, NO2, 24-hr, WB 


 
IPP1: backup fuel (diesel) 


 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-5 


Figure 5-4 
IPP1 only, 50 m stacks, NO2, Annual, PME and WB 


 
IPP1: primary fuel (gas)  


 
Note: all concentrations are less than 10% of the standard 
 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-6 


Figure 5-5 
IPP1 only, 50 m stacks, NO2, Annual, WHO 


 
IPP1: primary fuel (gas)  


 
Note: all concentrations are less than 10% of the standard 
 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-7 


Figure 5-6 
IPP1 only, 50 m stacks, PM10, 24-hr, PME 


 
IPP1: backup fuel (diesel)  


 
Note: all concentrations are less than 10% of the standard 
 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
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 ZEPHYR ENVIRONMENTAL CORPORATION 5-8 


 


Figure 5-7 
IPP1 only, 50 m stacks, PM10, 24-hr, WB 


 
IPP1: backup fuel (diesel)  


 
Note: all concentrations are less than 10% of the standard 
 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
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 ZEPHYR ENVIRONMENTAL CORPORATION 5-9 


Figure 5-8 
IPP1 only, 50 m stacks, PM10, 24-hr, WHO 


 
IPP1: backup fuel (diesel)  


 
Note: all concentrations are less than 10% of the standard 
 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-10 


Figure 5-9 
IPP1 only, 50 m stacks, PM10, Annual, PME 


 
IPP1: primary fuel (gas)  


 
Note: all concentrations are less than 10% of the standard 
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 ZEPHYR ENVIRONMENTAL CORPORATION 5-11 


Figure 5-10 
IPP1 only, 50 m stacks, PM10, Annual, WB 


 
IPP1: primary fuel (gas)  


 
Note: all concentrations are less than 10% of the standard 
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 ZEPHYR ENVIRONMENTAL CORPORATION 5-12 


Figure 5-11 
IPP1 only, 50 m stacks, PM10, Annual, WHO 


 
IPP1: primary fuel (gas)  


 
Note: all concentrations are less than 10% of the standard 
 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-13 


Figure 5-12 
IPP1 only, 50 m stacks, SO2, 1-hr, PME 


 
IPP1: backup fuel (diesel) 
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 ZEPHYR ENVIRONMENTAL CORPORATION 5-14 


Figure 5-13 
IPP1 only, 50 m stacks, SO2, 24-hr, PME 


 
IPP1: backup fuel (diesel) 


 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-15 


Figure 5-14 
IPP1 only, 50 m stacks, SO2, 24-hr, WB 


 
IPP1: backup fuel (diesel) 


 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-16 


Figure 5-15 
IPP1 only, 50 m stacks, SO2, 24-hr, WHO 


 
IPP1: backup fuel (diesel) 


 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-17 


Figure 5-16 
Cumulative, 50 m IPP1 stacks, NO2, 1-hr, PME 


 
IPP1: backup fuel (diesel) 
IPP2: backup fuel (diesel) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas) 


 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-18 


Figure 5-17 
Cumulative, 50 m IPP1 stacks, NO2, 1-hr, WHO 


 
IPP1: backup fuel (diesel) 
IPP2: backup fuel (diesel) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas) 


  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-19 


Figure 5-18 
Cumulative, 50 m IPP1 stacks, NO2, 24-hr, WB 


 
IPP1: backup fuel (diesel) 
IPP2: backup fuel (diesel) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas) 


 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-20 


Figure 5-19 
Cumulative, 50 m IPP1 stacks, NO2, Annual, PME and WB 


 
IPP1: primary fuel (gas) 
IPP2: primary fuel (gas) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas)  


 
Note: all concentrations are less than 10% of the standard 
 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-21 


Figure 5-20 
Cumulative, 50 m IPP1 stacks, NO2, Annual, WHO 


 
IPP1: primary fuel (gas) 
IPP2: primary fuel (gas) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas) 


 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-22 


Figure 5-21 
Cumulative, 50 m IPP1 stacks, PM10, 24-hr, PME 


 
IPP1: backup fuel (diesel) 
IPP2: backup fuel (diesel) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas)  


 
Note: all concentrations are less than 10% of the standard7 
 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-23 


 


Figure 5-22 
Cumulative, 50 m IPP1 stacks, PM10, 24-hr, WB 


 
IPP1: backup fuel (diesel) 
IPP2: backup fuel (diesel) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas)  


 
Note: all concentrations are less than 10% of the standard 
 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-24 


Figure 5-23 
Cumulative, 50 m IPP1 stacks, PM10, 24-hr, WHO 


 
IPP1: backup fuel (diesel) 
IPP2: backup fuel (diesel) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas) 


 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-25 


Figure 5-24 
Cumulative, 50 m IPP1 stacks, PM10, Annual, PME 


 
IPP1: primary fuel (gas) 
IPP2: primary fuel (gas) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas) 


 
Note: all concentrations are less than 10% of the standard 
 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-26 


Figure 5-25 
Cumulative, 50 m IPP1 stacks, PM10, Annual, WB 


 
IPP1: primary fuel (gas) 
IPP2: primary fuel (gas) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas)  


 
Note: all concentrations are less than 10% of the standard 
 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-27 


Figure 5-26 
Cumulative, 50 m IPP1 stacks, PM10, Annual, WHO 


 
IPP1: primary fuel (gas) 
IPP2: primary fuel (gas) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas)  


 
Note: all concentrations are less than 10% of the standard 
 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-28 


Figure 5-27 
Cumulative, 50 m IPP1 stacks, SO2, 1-hr, PME 


 
IPP1: backup fuel (diesel) 
IPP2: backup fuel (diesel) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas) 


 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-29 


Figure 5-28 
Cumulative, 50 m IPP1 stacks, SO2, 24-hr, PME 


 
IPP1: backup fuel (diesel) 
IPP2: backup fuel (diesel) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas) 


 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-30 


Figure 5-29 
Cumulative, 50 m IPP1 stacks, SO2, 24-hr, WB 


 
IPP1: backup fuel (diesel) 
IPP2: backup fuel (diesel) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas) 


 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-31 


Figure 5-30 
Cumulative, 50 m IPP1 stacks, SO2, 24-hr, WHO 


 
IPP1: backup fuel (diesel) 
IPP2: backup fuel (diesel) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas)  


 
Note: These results are based on the very unlikely scenario that both IPP1 and IPP2 
along with QPP will be firing backup fuel for the same 24-hr period.  Also it is 
important to consider that the 24-hr WHO Guideline Value for SO2 is extremely small, 
and much less than other international standards. 
 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-32 


Figure 5-31 
Cumulative, 50 m IPP1 stacks, SO2, Annual, PME 


 
IPP1: primary fuel (gas) 
IPP2: primary fuel (gas) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas) 


 
  







AIR QUALITY DISPERSION MODELING ANALYSIS 
QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 


 
 


 ZEPHYR ENVIRONMENTAL CORPORATION 5-33 


Figure 5-32 
Cumulative, 50 m IPP1 stacks, SO2, Annual, WB 


 
IPP1: primary fuel (gas) 
IPP2: primary fuel (gas) 


QPP: backup fuel (Arabian Light Crude) 
QCC: primary fuel (gas) 
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QURAYYAH IPP1; QURAYYAH, SAUDI ARABIA 
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APPENDIX A 
OFFSITE SOURCES EMISSIONS INVENTORY 


  







Qurayyah IPP1 Modeling


Offsite Emissions Inventory


(m) (m) (m) (m) (K) (m/s) (m) Diesel Gas Diesel Gas Diesel Gas


IPP2_1 Qurayyah IPP2, Unit 1 412406.0 2858914.0 0 60 408.15 16.75 5.80 2.22 1.11 223.19 0 35.3 6.66


IPP2_2 Qurayyah IPP2, Unit 2 412306.0 2859063.0 0 60 408.15 14.14 5.80 2.22 0.95 223.19 0 35.3 5.72


IPP2_3 Qurayyah IPP2, Unit 3 412211.0 2859209.0 0 60 408.15 15.23 5.80 2.22 1.07 223.19 0 35.3 6.41


QPP_1 Qurayyah steam power plant, boilers 1 & 2 411416.6 2860113.8 0 153 433.15 27.8 6.12


QPP_2 Qurayyah steam power plant, boilers 3 & 4 411303.2 2860295.7 0 153 433.15 27.8 6.12


QCC_1 Qurayyah Combined Cycle power plant, gas turbine 1 413370.3 2856643.5 0 84.5 433.15 22.31 5.40


QCC_2 Qurayyah Combined Cycle power plant, gas turbine 2 413345.9 2856673.2 0 84.5 433.15 22.31 5.40


QCC_3 Qurayyah Combined Cycle power plant, gas turbine 3 413323.2 2856711.6 0 84.5 433.15 22.31 5.40


QCC_4 Qurayyah Combined Cycle power plant, gas turbine 4 413290.1 2856762.2 0 84.5 433.15 22.31 5.40


QCC_5 Qurayyah Combined Cycle power plant, gas turbine 5 413270.9 2856793.6 0 84.5 433.15 22.31 5.40


QCC_6 Qurayyah Combined Cycle power plant, gas turbine 6 413249.9 2856828.5 0 84.5 433.15 22.31 5.40


QCC_7 Qurayyah Combined Cycle power plant, gas turbine 7 413223.8 2856872.1 0 84.5 433.15 22.31 5.40


QCC_8 Qurayyah Combined Cycle power plant, gas turbine 8 413204.6 2856900.1 0 84.5 433.15 22.31 5.40


QCC_9 Qurayyah Combined Cycle power plant, gas turbine 9 413185.4 2856931.5 0 84.5 433.15 22.31 5.40


QCC_10 Qurayyah Combined Cycle power plant, gas turbine 10 413160.9 2856969.9 0 84.5 433.15 22.31 5.40


QCC_11 Qurayyah Combined Cycle power plant, gas turbine 11 413143.5 2857004.8 0 84.5 433.15 22.31 5.40


QCC_12 Qurayyah Combined Cycle power plant, gas turbine 12 413121.7 2857040.6 0 84.5 433.15 22.31 5.40


QCC_13 Qurayyah Combined Cycle power plant, gas turbine 13 413097.2 2857075.5 0 84.5 433.15 22.31 5.40


QCC_14 Qurayyah Combined Cycle power plant, gas turbine 14 413078.0 2857101.6 0 84.5 433.15 22.31 5.40


QCC_15 Qurayyah Combined Cycle power plant, gas turbine 15 413058.8 2857133.1 0 84.5 433.15 22.31 5.40


Notes:


 * Separate emission rates based on diesel/gas firing provided only for IPP2; only a single emission rate was provided for QPP and QCC


Temperature Exit Velocity Stack Diameter


Source DescriptionSource ID


Easting (X) Northing (Y) Base Elevation Stack Height


6.66


6.66


6.66


6.66


6.66


6.66


6.66


6.66


6.66


6.66


6.66


6.66


0


0


0


0


0


203.9


203.9


6.66


6.66


6.66


0


0


0


0


0


0


1376.9


1376.9


0


0


0


0


1.11


1.11


1.11


1.11


1.11


1.11


1.11


1.11


1.11


1.11


1.11


1.11


Emission Rate (g/s)


PM10 SO2 NO2


67.5


67.5


1.11


1.11


1.11
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APPENDIX B 
DETAILED MODELING RESULTS 


 







2008 0 0 0 13 17


Qurayyah IPP1
IPP1 only
Gas


50 m stacks for IPP1


Year
SO2 NO2 PM10


H3H 1‐hr H2H 24‐hr Annual H3H 1‐hr HSH 24‐hr Annual H2H 24‐hr Annual
2007 0 0 0 15.50 4.22 1.02 0.70 0.17
2008 0 0 0 16.28 5.36 1.01 0.89 0.17
2009 0 0 0 15.74 4.79 1.17 0.80 0.20


60 m stacks for IPP1


Year
SO2 NO2 PM10


H3H 1‐hr H2H 24‐hr Annual H3H 1‐hr HSH 24‐hr Annual H2H 24‐hr Annual
2007 0 0 0 13.28 3.64 0.86 0.61 0.14
2008 0 0 0 13 17. 4 304.30 0 860.86 0 720.72 0 140.14
2009 0 0 0 13.56 3.83 0.99 0.64 0.17







2008 474 12 153 70 N/A 74 99 24 31 N/A N/A


Qurayyah IPP1
IPP1 only
Diesel


50 m stacks for IPP1


Year
SO2 NO2 PM10


H3H 1‐hr H2H 24‐hr Annual H3H 1‐hr HSH 24‐hr Annual H2H 24‐hr Annual
2007 554.01 151.57 N/A 87.62 23.97 N/A 1.51 N/A
2008 584.37 192.32 N/A 92.42 30.42 N/A 1.91 N/A
2009 564.63 171.99 N/A 89.30 27.20 N/A 1.71 N/A


60 m stacks for IPP1


Year
SO2 NO2 PM10


H3H 1‐hr H2H 24‐hr Annual H3H 1‐hr HSH 24‐hr Annual H2H 24‐hr Annual
2007 475.46 130.45 N/A 75.20 20.63 N/A 1.30 N/A
2008 474 12. 153 70. N/A 74 99. 24 31. N/A 1 531.53 N/A
2009 484.82 137.12 N/A 76.68 21.69 N/A 1.36 N/A







60 m ac IPP1


Qurayyah IPP1
Cumulative run (IPP1, IPP2, QPP, QCC)
IPP1 on gas
IPP2 on gas
QPP on Arabian Light Crude
QCC on natural gas


50 m stacks for IPP1


Year
SO2 NO2 PM10


H3H 1‐hr H2H 24‐hr Annual H3H 1‐hr HSH 24‐hr Annual H2H 24‐hr Annual
2007 588.21 136.74 30.34 91.97 20.41 5.24 6.75 1.61
2008 557.27 144.00 29.63 92.09 21.43 5.11 7.08 1.57
2009 456.41 137.39 35.38 69.64 20.47 6.05 6.76 1.87


60 m stacks for IPP1   st ks for 


Year
SO2 NO2 PM10


H3H 1‐hr H2H 24‐hr Annual H3H 1‐hr HSH 24‐hr Annual H2H 24‐hr Annual
2007 588.21 136.74 30.34 91.96 20.41 5.23 6.73 1.61
2008 557.27 144.00 29.63 92.05 21.43 5.09 7.08 1.57
2009 456.41 137.39 35.38 69.64 20.46 6.04 6.76 1.87







60 m ac IPP1


Qurayyah IPP1
Cumulative run (IPP1, IPP2, QPP, QCC)
IPP1 on diesel
IPP2 on diesel
QPP on Arabian Light Crude
QCC on natural gas


50 m stacks for IPP1


Year
SO2 NO2 PM10


H3H 1‐hr H2H 24‐hr Annual H3H 1‐hr HSH 24‐hr Annual H2H 24‐hr Annual
2007 1125.73 265.86 N/A 175.47 41.50 N/A 6.750 N/A
2008 1090.47 384.13 N/A 169.84 60.03 N/A 7.089 N/A
2009 1107.23 328.06 N/A 172.64 51.18 N/A 6.769 N/A


60 m stacks for IPP1   st ks for 


Year
SO2 NO2 PM10


H3H 1‐hr H2H 24‐hr Annual H3H 1‐hr HSH 24‐hr Annual H2H 24‐hr Annual
2007 1015.89 238.66 N/A 158.15 37.20 N/A 6.749 N/A
2008 994.93 339.62 N/A 154.96 53.01 N/A 7.088 N/A
2009 1010.22 300.07 N/A 157.28 46.75 N/A 6.768 N/A







IPP1 N/A N/A N/A N/A N/A N/A 0 009


Sensitive Receptor Modeling
IPP1 only
IPP1 stacks at 50 m
IPP1 on gas


Year Sensitive Receptor
SO2 NO2 PM10


H3H 1‐hr H2H 24‐hr Annual H3H 1‐hr H2H 24‐hr Annual H2H 24‐hr Annual


2007


SEC Community Camp N/A N/A N/A N/A N/A 0.07 N/A 0.02
QPP N/A N/A N/A N/A N/A 0.1 N/A 0.02
IPP1 N/A N/A N/A N/A N/A 0.04 N/A 0.007
QCC Supporting Camps and Offices N/A N/A N/A N/A N/A 0.1 N/A 0.2
QCC N/A N/A N/A N/A N/A 0.5 N/A 0.09
BEMCO Camp and Laydown N/A N/A N/A N/A N/A 0.1 N/A 0.01
SEC Cleaning and Cooking Camp N/A N/A N/A N/A N/A 0.3 N/A 0.04
Abqaiq N/A N/A N/A N/A N/A 0.004 N/A 0.0006
Half Moon Beach N/A N/A N/A N/A N/A 0.01 N/A 0.002
Ports/Industrial Facilities N/A N/A N/A N/A N/A 0.01 N/A 0.002
Al Durrah Development (Bahrain) N/A N/A N/A N/A N/A 0.03 N/A 0.004
Al Khaleej Makarem Village N/A N/A N/A N/A N/A 0.02 N/A 0.003
Uqair N/A N/A N/A N/A N/A 0.06 N/A 0.01


2008


SEC Community Camp N/A N/A N/A N/A N/A 0.07 N/A 0.01
QPP N/A N/A N/A N/A N/A 0.1 N/A 0.02
IPP1 N/A N/A N/A N/A N/A 0.05 N/A 0.008
QCC Supporting Camps and Offices N/A N/A N/A N/A N/A 0.9 N/A 0.2
QCC N/A N/A N/A N/A N/A 0.5 N/A 0.09
BEMCO Camp and Laydown N/A N/A N/A N/A N/A 0.05 N/A 0.009
SEC Cleaning and Cooking Camp N/A N/A N/A N/A N/A 0.2 N/A 0.04
Abqaiq N/A N/A N/A N/A N/A 0.004 N/A 0.0007
Half Moon Beach N/A N/A N/A N/A N/A 0.01 N/A 0.002
Ports/Industrial Facilities N/A N/A N/A N/A N/A 0.01 N/A 0.002
Al Durrah Development (Bahrain) N/A N/A N/A N/A N/A 0.03 N/A 0.005
Al Khaleej Makarem Village N/A N/A N/A N/A N/A 0.02 N/A 0.003
Uqair N/A N/A N/A N/A N/A 0.08 N/A 0.01


2009


SEC Community Camp N/A N/A N/A N/A N/A 0.1 N/A 0.02
QPP N/A N/A N/A N/A N/A 0.1 N/A 0.02
IPP1 N/A N/A N/A N/A N/A 0 10.1 N/A 0 009.
QCC Supporting Camps and Offices N/A N/A N/A N/A N/A 0.9 N/A 0.1
QCC N/A N/A N/A N/A N/A 0.5 N/A 0.09
BEMCO Camp and Laydown N/A N/A N/A N/A N/A 0.1 N/A 0.01
SEC Cleaning and Cooking Camp N/A N/A N/A N/A N/A 0.2 N/A 0.04
Abqaiq N/A N/A N/A N/A N/A 0.004 N/A 0.0007
Half Moon Beach N/A N/A N/A N/A N/A 0.02 N/A 0.003
Ports/Industrial Facilities N/A N/A N/A N/A N/A 0.01 N/A 0.001
Al Durrah Development (Bahrain) N/A N/A N/A N/A N/A 0.03 N/A 0.005
Al Khaleej Makarem Village N/A N/A N/A N/A N/A 0.02 N/A 0.003
Uqair N/A N/A N/A N/A N/A 0.06 N/A 0.01







IPP1 50 3 N/A 19 3 N/A N/A


Sensitive Receptor Modeling
IPP1 only
IPP1 stacks at 50 m
IPP1 on diesel


Year Sensitive Receptor
SO2 NO2 PM10


H3H 1‐hr H2H 24‐hr Annual H3H 1‐hr H2H 24‐hr Annual H2H 24‐hr Annual


2007


SEC Community Camp 183 29 N/A 29 5 N/A 0.02 N/A
QPP 298 44 N/A 47 5 N/A 0.1 N/A
IPP1 112 12 N/A 18 7 N/A 0.1 N/A
QCC Supporting Camps and Offices 555 107 N/A 88 2 N/A 0.1 N/A
QCC 330 70 N/A 52 17 N/A 0.1 N/A
BEMCO Camp and Laydown 178 32 N/A 42 12 N/A 0.1 N/A
SEC Cleaning and Cooking Camp 265 78 N/A 28 5 N/A 0.3 N/A
Abqaiq 19 2 N/A 3 0.3 N/A 0.4 N/A
Half Moon Beach 58 6 N/A 9 0.9 N/A 0.1 N/A
Ports/Industrial Facilities 55 5 N/A 9 0.8 N/A 1 N/A
Al Durrah Development (Bahrain) 51 8 N/A 8 1 N/A 0.7 N/A
Al Khaleej Makarem Village 55 8 N/A 9 2 N/A 0.3 N/A
Uqair 91 13 N/A 14 2 N/A 0.8 N/A


2008


SEC Community Camp 204 23 N/A 32 4 N/A 0.2 N/A
QPP 179 47 N/A 28 7 N/A 0.5 N/A
IPP1 121 15 N/A 19 2 N/A 0.2 N/A
QCC Supporting Camps and Offices 529 135 N/A 84 21 N/A 1 N/A
QCC 410 86 N/A 65 14 N/A 1 N/A
BEMCO Camp and Laydown 163 25 N/A 44 13 N/A 0.2 N/A
SEC Cleaning and Cooking Camp 280 79 N/A 26 4 N/A 1 N/A
Abqaiq 19 2 N/A 3 0.3 N/A 0.02 N/A
Half Moon Beach 51 7 N/A 8 1 N/A 0.1 N/A
Ports/Industrial Facilities 51 5 N/A 8 0.7 N/A 0.05 N/A
Al Durrah Development (Bahrain) 52 8 N/A 8 1 N/A 0.08 N/A
Al Khaleej Makarem Village 53 9 N/A 8 1 N/A 0.1 N/A
Uqair 158 24 N/A 25 4 N/A 0.2 N/A


2009


SEC Community Camp 19 2 N/A 35 5 N/A 0.4 N/A
QPP 67 7 N/A 38 9 N/A 0.6 N/A
IPP1 50 3 N/A 19 3 N/A 0 20.2 N/A
QCC Supporting Camps and Offices 53 9 N/A 88 21 N/A 1 N/A
QCC 57 8 N/A 44 13 N/A 1 N/A
BEMCO Camp and Laydown 101 15 N/A 43 12 N/A 0.3 N/A
SEC Cleaning and Cooking Camp 221 34 N/A 28 4 N/A 0.9 N/A
Abqaiq 241 55 N/A 3 0.3 N/A 0.03 N/A
Half Moon Beach 119 17 N/A 9 1 N/A 0.1 N/A
Ports/Industrial Facilities 559 133 N/A 8 0.5 N/A 0.04 N/A
Al Durrah Development (Bahrain) 281 82 N/A 8 1 N/A 0.1 N/A
Al Khaleej Makarem Village 177 24 N/A 16 2 N/A 0.1 N/A
Uqair 270 75 N/A 9 1 N/A 0.1 N/A







Al Durrah    144 18 4 1


Sensitive Receptor Modeling
Cumulative run (IPP1, IPP2, QPP, QCC)
IPP1 stacks at 50 m
IPP1 on diesel
IPP2 on diesel
QPP on Arabian Light Crude
QCC on gas


Year Sensitive Receptor
SO2 NO2 PM10


H3H 1‐hr H2H 24‐hr Annual H3H 1‐hr H2H 24‐hr Annual H2H 24‐hr Annual


2007


SEC Community Camp 463 95 N/A 72 16 N/A 4 N/A
QPP 475 118 N/A 91 20 N/A 1 N/A
IPP1 775 177 N/A 119 27 N/A 5 N/A
QCC Supporting Camps and Offices 1050 249 N/A 164 39 N/A 5 N/A
QCC 738 137 N/A 115 21 N/A 3 N/A
BEMCO Camp and Laydown 478 127 N/A 71 20 N/A 4 N/A
SEC Cleaning and Cooking Camp 376 103 N/A 61 16 N/A 4 N/A
Abqaiq 317 25 N/A 50 4 N/A 1 N/A
Half Moon Beach 181 21 N/A 32 4 N/A 1 N/A
Ports/Industrial Facilities 151 16 N/A 27 3 N/A 1 N/A
Al Durrah Development (Bahrain) 174 23 N/A 29 4 N/A 1 N/A
Al Khaleej Makarem Village 223 26 N/A 39 5 N/A 1 N/A
Uqair 413 39 N/A 70 7 N/A 1 N/A


2008


SEC Community Camp 450 95 N/A 81 16 N/A 3 N/A
QPP 435 109 N/A 72 19 N/A 1 N/A
IPP1 773 222 N/A 119 34 N/A 6 N/A
QCC Supporting Camps and Offices 1054 335 N/A 165 52 N/A 6 N/A
QCC 802 176 N/A 125 27 N/A 4 N/A
BEMCO Camp and Laydown 708 138 N/A 111 21 N/A 5 N/A
SEC Cleaning and Cooking Camp 398 94 N/A 80 14 N/A 5 N/A
Abqaiq 320 36 N/A 48 5 N/A 2 N/A
Half Moon Beach 178 23 N/A 32 4 N/A 1 N/A
Ports/Industrial Facilities 135 15 N/A 24 3 N/A 1 N/A
Al Durrah Development (Bahrain)Development (Bahrain) 144 18 N/AN/A 2626 4 N/AN/A 1 N/AN/A
Al Khaleej Makarem Village 209 28 N/A 37 5 N/A 1 N/A
Uqair 552 74 N/A 101 15 N/A 2 N/A


2009


SEC Community Camp 459 116 N/A 73 19 N/A 4 N/A
QPP 517 133 N/A 83 23 N/A 2 N/A
IPP1 766 219 N/A 118 34 N/A 6 N/A
QCC Supporting Camps and Offices 1110 313 N/A 173 49 N/A 6 N/A
QCC 626 169 N/A 98 26 N/A 4 N/A
BEMCO Camp and Laydown 440 139 N/A 68 22 N/A 4 N/A
SEC Cleaning and Cooking Camp 425 84 N/A 65 13 N/A 4 N/A
Abqaiq 271 27 N/A 40 4 N/A 1 N/A
Half Moon Beach 177 21 N/A 32 4 N/A 1 N/A
Ports/Industrial Facilities 157 14 N/A 28 2 N/A 1 N/A
Al Durrah Development (Bahrain) 142 24 N/A 30 4 N/A 1 N/A
Al Khaleej Makarem Village 199 24 N/A 35 4 N/A 1 N/A
Uqair 365 44 N/A 67 9 N/A 1 N/A







Al Khaleej Makarem Village N/A N/A 1 N/A N/A 2 N/A 1


Sensitive Receptor Modeling
Cumulative run (IPP1, IPP2, QPP, QCC)
IPP1 stacks at 50 m
IPP1 on gas
IPP2 on gas
QPP on Arabian Light Crude
QCC on gas


Year Sensitive Receptor
SO2 NO2 PM10


H3H 1‐hr H2H 24‐hr Annual H3H 1‐hr H2H 24‐hr Annual H2H 24‐hr Annual


2007


SEC Community Camp N/A N/A 5 N/A N/A 1 N/A 0.3
QPP N/A N/A 0.01 N/A N/A 0.5 N/A 0.1
IPP1 N/A N/A 23 N/A N/A 5 N/A 1
QCC Supporting Camps and Offices N/A N/A 18 N/A N/A 5 N/A 1
QCC N/A N/A 12 N/A N/A 3 N/A 0.7
BEMCO Camp and Laydown N/A N/A 7 N/A N/A 4 N/A 1
SEC Cleaning and Cooking Camp N/A N/A 19 N/A N/A 1 N/A 0.4
Abqaiq N/A N/A 1 N/A N/A 0.2 N/A 0.1
Half Moon Beach N/A N/A 1 N/A N/A 0.2 N/A 0.04
Ports/Industrial Facilities N/A N/A 0.4 N/A N/A 0.1 N/A 0.02
Al Durrah Development (Bahrain) N/A N/A 1 N/A N/A 0.3 N/A 0.08
Al Khaleej Makarem Village N/A N/A 1 N/A N/A 0.2 N/A 0.1
Uqair N/A N/A 4 N/A N/A 1 N/A 0.3


2008


SEC Community Camp N/A N/A 5 N/A N/A 1 N/A 0.3
QPP N/A N/A 0.01 N/A N/A 0.5 N/A 0.1
IPP1 N/A N/A 22 N/A N/A 5 N/A 1
QCC Supporting Camps and Offices N/A N/A 18 N/A N/A 5 N/A 1
QCC N/A N/A 12 N/A N/A 3 N/A 0.8
BEMCO Camp and Laydown N/A N/A 7 N/A N/A 4 N/A 0.4
SEC Cleaning and Cooking Camp N/A N/A 19 N/A N/A 1 N/A 1
Abqaiq N/A N/A 1 N/A N/A 0.2 N/A 0.1
Half Moon Beach N/A N/A 0.8 N/A N/A 0.2 N/A 0.1
Ports/Industrial Facilities N/A N/A 0.5 N/A N/A 0.1 N/A 0.03
Al Durrah Development (Bahrain) N/A N/A 1 N/A N/A 0.3 N/A 0.1
Al Khaleej Makarem Village      N/A N/A 1 N/A N/A 0.20. N/A 0.10.
Uqair N/A N/A 5 N/A N/A 1 N/A 0.3


2009


SEC Community Camp N/A N/A 6 N/A N/A 1 N/A 0.4
QPP N/A N/A 0.01 N/A N/A 0.6 N/A 0.1
IPP1 N/A N/A 21 N/A N/A 5 N/A 1
QCC Supporting Camps and Offices N/A N/A 17 N/A N/A 5 N/A 1
QCC N/A N/A 12 N/A N/A 4 N/A 0.7
BEMCO Camp and Laydown N/A N/A 6 N/A N/A 1 N/A 1
SEC Cleaning and Cooking Camp N/A N/A 21 N/A N/A 4 N/A 0.4
Abqaiq N/A N/A 0.9 N/A N/A 0.2 N/A 0.1
Half Moon Beach N/A N/A 0.9 N/A N/A 0.2 N/A 0.1
Ports/Industrial Facilities N/A N/A 0.5 N/A N/A 0.1 N/A 0.03
Al Durrah Development (Bahrain) N/A N/A 1 N/A N/A 0.3 N/A 0.1
Al Khaleej Makarem Village N/A N/A 1 N/A N/A 0.3 N/A 0.1
Uqair N/A N/A 4 N/A N/A 1 N/A 0.3
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IPP1 The currently proposed Qurayyah Independent Power 
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KSA The Kingdom of Saudi Arabia 
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Department  
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O&M Operation and Maintenance 


OPEC Organization of the Petroleum Exporting Countries 


PAH Polycyclic Aromatic Hydrocarbons 
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Pb Lead 


PCOD Project Commercial Operation Date 


PME Presidency of Meteorology and Environment  


PM10 Particulate matter with an aerodynamic diameter of less 


than 10 micrometers. 


POPs Persistent Organic Pollutants 


PPA Power Purchase Agreement 


PPE Personal Protective Equipment 


PPV Peak Particle Velocity 


QCC Qurayyah Combined Cycle Plant 


QPP Qurayyah Steam Plant  


QIPP Qurayyah Independent Power Project/Plant 


US EPA-


RCRA 


United States Environmental Protection Agency-Resource 


Conservation and Recovery Act 


RFP Request for Proposal  


SA Saudi Aramco 


SAGIA Saudi Arabia General Investment Authority 


SAPTCO Saudi Public Transport Company 


Se Selenium 


SE South-east  


SEA Social and Environmental Assessment 


SEC Saudi Electricity Company 


SME Small and Medium Enterprises 


SO2 Sulphur Dioxide 
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ST Steam Turbine 


SW South-west 


SWRO Seawater Reverse Osmosis 


TDS Total Dissolved Solid 


TKN Total Kjeldahl Nitrogen 


TOC Total Organic Carbon 


TPH Total Petroleum Hydrocarbons 


TSS Total Suspended Solids 


UAE United Arab Emirates 


UNESCO United Nations Educational, Scientific and Cultural 


Organization 


UKAS United Kingdom Accreditation Service 


VDV Vibration Dose Value 


WB World Bank 


WHO World Health Organisation 


WTO World Trade Organization 


WWTP Wastewater Treatment Plant 


Zn Zinc 


5 Capitals 5 Capitals Environment and Management Consultancy 


 


Unit  


°C Celsius scale 


g/s gram per second 


hr hour 
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K Kelvin scale 


km kilometer 


kV kilovolt 


lb/MBTU Pound per million British Thermal Units 


m meter 


mg/l milligrams per liter 


mg/Nm3 milligrams per (normal) cubic meter 


m/s meter per second 


mm/s millimeters per second 


m3/d cubic-meter per day 


m3/s cubic-meter per second 


MPN/100 ml Most Probable Number per 100 milliliters 


MW Megawatt 


µg/j  microgram per joule 


µg/m3 microgram per cubic meter 


ppm parts per million 


ppt parts per thousand  


UTM The Universal Transverse Mercator 
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Non Technical Summary 


ACWA Power International has commissioned a Social and Environmental 


Assessment (SEA) for the proposed 1963.5MW Qurayyah Independent Power 


Plant 1 (QIPP1), which will be located 100km south of Dammam, on the Gulf 


Coast of Saudi Arabia. The site is located 2km south of the existing SEC 


Qurayyah Steam Plant (QPP) and adjacent to the new SEC Qurayyah 


Combined Cycle Plant (QCC).  


The SEA has been prepared in accordance with PME (Presidency of 


Meteorology and Environment) national environmental regulations, 


guidance and standards for Saudi Arabia, the Equator Principles and the 


World Bank/IFC (International Finance Commission).  A checklist of 


applicable Principles and IFC Performance Standards is show in this 


Technical Summary (see Table 1 below). 


The environmental assessment has considered primary issues relating to the 


construction, commissioning, operation and decommissioning works 


associated with the following: 


! Ambient Air Quality in relation to stack emissions using AERMOD 


Modelling;  


! Marine Ecology and Water Quality (particularly thermal discharges 


using bespoke hydrodynamic and water quality models) in relation to the 


intake/outfall;  


! Environmental Management and Monitoring.  


In addition a number of secondary issues have also been assessed 


including noise, socio-economics, contaminated land and waste 


management, terrestrial ecology, landscape and cultural heritage.    


A comprehensive list of measures is described within the SEA Report to 


minimize or avoid potential environmental impacts, which has 


considered the cumulative effects of the existing power plants (QPP, 
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QCC) and future power plants (QIPP1, QIPP2) in the assessment and 


modeling.  Where necessary, mitigation and/or monitoring requirements 


are proposed. 


Scoping Report and PME Consultation 


Consultations have been undertaken with The Presidency of Meteorology 


and Environment (PME) and other government departments to identify 


potential concerns and benefits and these are recorded and addressed 


in this environmental assessment.  The local consultations have not been 


undertaken as the IPP1 site is located inside a secure industrial 


compound for power plants. There is no access by members by the 


public or nearby residential community.  


The environmental scoping was discussed with PME during a meeting 


held in April 2011 and copies of the Scoping and Preliminary Assessment 


Report were formally submitted.  A site meeting with PME at the proposed 


site of the Qurayyah IPP1 was undertaken on the 3rd May 2011, followed by 


a meeting/presentation by 5 Capitals.  


Air Quality 


A baseline ambient air monitoring study for Qurayyah IPP1 and the adjacent 


industrial area has been undertaken between March and May 2011 and 


indicated that ambient air quality is compliant with national and 


international standards for sulphur dioxide and nitrogen dioxide at ground 


level. A further baseline study undertaken over 6 months during 2010 confirms 


the relatively low background concentrations of NO2 and SO2 at Qurayyah. 


Air monitoring of volatile organic compounds (VOCs) during 2011 has 


indicated low background concentrations. However, indications are that 


ozone levels are elevated in the region, which may be due to the wider 


influences of industrial cities to the north, in the Eastern Province (KSA) and to 


the east (capital city, Manama).  


A comprehensive air modeling study has been undertaken for this 


environmental assessment using the US-EPA approved AERMOD software to 
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test the AWCAPower stack emissions in relation to the standards required by 


PME and World Bank/IFC. The resulting ambient air quality has been assessed 


in relation to a modeled configuration of 3 x 60m stacks and 3 x 50m stacks 


to determine the height required to comply with the relevant standards.  


The modeling has been undertaken to assess cumulative emissions from the 


existing QPP and QCC power plants and the planned QIPP1 and QIPP2 


plants.  The results have confirmed that using gas as the primary fuel results in 


100% compliance with NO2, PM10 and SO2 standards, including cumulative 


assessment of existing and future plants.  


The use of diesel as back-up fuel is restricted to 10 days per annum and a 


maximum of 5 consecutive days.  Under extremely unusual conditions of the 


plants operating on back-up diesel fuel simultaneously and specific 


meteorological conditions, that ground-level sulphur dioxide concentration 


may exceed short-term hourly and 24-hourly standards on a few occasions 


equivalent to <1% of the time for PME National Standards.   


There has subsequently been a modification to proposed layout, which now 


includes 6 x 60m stacks, although the mass emission and total power output 


of the plant remain unchanged. The additional stacks will provide enhanced 


dispersion of the emissions on the basis that the exit temperature and 


velocity remain unchanged (as per the modeling undertaken to date). The 


EPC detailed design will take into account smaller diameter stacks in order to 


ensure that the exit velocity and temperature are consistent with the 


comprehensive modeling undertaken for the SEA. It is confirmed that the 


stack height will be 60m, which is a conservative design, as the modeling has 


demonstrated that compliance can also be achieved with 50m stacks 


although the GLCs are marginally higher.  


Marine Ecology and Water Quality 


During 2011, an indicative shoreline investigation adjacent to the QIPP1 


site has been undertaken to look for signs of offshore habitats through the 


accumulation of fragments such as corals, seagrass, sponges, molluscs 


etc, within the strandline habitat. This has indicated that the offshore 
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habitats support mainly bivalves typically found in silty and sand 


environments. No fragments of corals or seagrass were observed.  


A marine survey undertaken at the adjacent QCC site in 2008, also 


confirmed the absence of coral and seagrass beds. This survey identified 


sand and rock habitats with filamentous algae.  


To supplement the site-specific information, a detailed marine deskstudy 


of the Gulf of Salwah, including Qurayyah, was commissioned as an 


alternative to a local marine survey. The security situation in early 2011 


and the strategic importance of Qurayyah, prevented the issuance of a 


permit required for a marine survey due to close proximity with 


neighbouring countries undergoing political unrest.  


The survey has concluded that there are no protected habitats (coral, 


seagrass or mangrove) that would be directly affected by the QIPP1 


project. The desk study has confirmed that the nearest mangrove is 


100km to the north, while the notable coral habitats are associated with 


islands north of Jubail, a distance of approximately 200km.  


The results from the water quality samples (2011) demonstrate high salinity 


levels (up tp 58ppt), which naturally restricts marine biodiversity, 


particularly coral and macro-invertebrate species.  


Marine Modelling of Intake and Thermal Discharge 


Marine modeling has been undertaken by UK experts, HR Wallingford, 


using bespoke hydrodynamic and 3D Water Quality models, including 


existing and future intakes and discharges for QPP, QCC, QIPP1 and 


QIPP2. The modeling has built upon the considerable knowledge of the 


environment at Qurayyah described by DHI in their reports for QCC 


(2008) and more recently the cumulative impacts of the four power 


plants assessed on behalf of SEC (2010).   
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Due to the complexity of the multiple intake and discharge locations at 


Qurayyah for existing and future plants, one of the main objectives of the 


modeling was to ensure that the new QIPP1 can operate successfully 


without impact on existing plants either during the construction and 


operational phases. In addition the modeling also assessed the thermal 


mixing zones and considered the potential impact on the seabed and 


associated fauna, albeit, in the absence of sensitive coral or seagrass 


communities.  


A total of 7 scenarios have been modeled, to identify the optimum 


location of the intake and outfall, in relation to other existing and future 


plants. These have included worst-case wind conditions from the south-


east and also Shamal winds from the north-west and calm conditions.  


Results of the Thermal Mixing Zone simulations indicate that due to 


thermal stratification, the proposed scheme maintains a suitable 


environment for benthic organisms and fish. In addition, the extent of the 


3deg C mixing zone covers a considerably smaller area on the seabed 


compared with the sea surface. The design of the intake will draw water 


from the mid-depth to avoid the wamer surface waters and the 


entrainment of fauna from the seabed.   


Modelling has shown that the intake (850m) and outfall (350m) 


configuration, under all scenarios, results in acceptable excess 


temperatures at the intakes of QIPP1/QIPP2/QPP and QCC.  


Environmental Management and Monitoring 


A framework Construction Environmental Management Plan (CEMP) is 


presented in this environmental assessment and will be further detailed by 


the EPC Contractor prior to commencement of site works. The CEMP will 


include details of organizational structure and reporting, environmental 


training and awareness programme, method statements, pollution 


prevention, monitoring and site auditing. The construction activities will also 


be subject to quarterly audits from an independent environmental company 


with corresponding reports to PME and the lending banks is accordance with 
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PME requirements and the Equator Principles.  


The CEMP will also include the monitoring required during the commissioning 


of the new plant such as monitoring of stack emissions and thermal 


discharge to the marine environment.  


Soil and Groundwater 


Soil and groundwater will be susceptible to contamination from various 


sources during the construction and operational phases of the project. 


The main sources of contamination are typically those places along the 


handling and processing of products where liquid waste and hazardous 


material can escape into the soil and groundwater. These are commonly 


associated with the transport, handling and storage of such materials 


and the potential threat of releases and spills into the ground.  


Baseline soil quality at the proposed QIPP1 site has been assessed by the 


collection of surface samples from a transect across the site.  These were 


tested for pH, heavy metals and total petroleum hydrocarbons (TPH).  Results 


show no signs of pollution.  The results suggest marginally elevated 


mercury above the target value at site 2 but no intervention/remediation 


actions are required to be undertaken as is within this value. 


Control/mitigation measures are proposed in order to prevent the risk of 


soil and groundwater contamination at the proposed development site. 


Secondary Issues 


Social Impacts 


The report has considered the social and economic aspects associated 


with the development and subsequent operation of the Qurayyah IPP1 


facility and have been assessed through consultation meetings with key 


stakeholders including PME and the Ministry of Museum and Antiquities. The 


site is enclosed within a fenced compound that is designated for power 


and supporting industry such as batching plants and temporary staff 


accommodation.   
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Due to the remote location of the Qurayyah complex and associated 


high security, several of the Equator Principles are not applicable as there 


are no affected residential communities or indigenous people in the 


area.   


The assessment confirms that the project will provide a positive impact to 


the regional economy of the Eastern Province of KSA.   


During the construction phase the potential for unofficial temporary 


settlements to arise in the site environment is not possible due to the high 


security and restricted access surrounding this major power utility site.  


Noise  


A noise survey to establish baseline levels at the site boundary of the 


QIPP1 site, was undertaken in April 2011. The results indicate that the 


current background environmental noise levels at four locations ranged 


from 52 to 65 dB (A).  The highest readings were were due to the BEMCO 


Camp site generators and therefore representative of off-site noise levels. 


During operation, the EPC contractor will be required to comply with a 65 


dbA standard 1m from the QIPP1 boundary fence line. The results show that 


the 65dBA sound contour does not exceed beyond the plant fence 


indicating that the facilitiy is expected to comply with the RFP standard 


without any special or non-standard acoustic improvements. However, 


several measures are proposed to ensure full compliance. It is noted that 


the nearest temporary BEMCO camps to the south and west would 


experience noise levels of 45- 47 dBA (although they are likely to have 


been removed prior to operation of IPP1). The SEC Community Camp 


5.5km to the north would be <45dBA. 


Noise modelling of start-up operations has also been undertaken and 


noise plots are shown for unattenuated and attenuated noise conditions. 


These scenarios demonstrate the need for mitigation measures, which 


are detailed in the report.  
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The external sound level due to the facility operation at the 


administrative building will not cause the sound level inside the control 


room to exceed the permissible level of 50dBA (ref: IFC 8-hour exposure in 


open office and control room of 45dbA). 


Solid Waste 


The construction and operation of the proposed QIPP1 Plant will result in 


the effective management of solid and hazardous materials in 


accordance with international best practise.  Waste generation will be 


minimised where possible and waste streams will be segregated to 


facilitate recovery, re-use and recycling where feasible and where there 


are locally available facilities.  


Good management and control can prevent the generation of 


significant amounts of waste during operation. It is recommended that 


prevention or reduction at the source, followed by reuse and recycling 


methods must be implemented on site to minimize the residual impacts of 


waste generation. These measures will be described and implemented 


through a site- specific construction and operational waste 


management section in the Construction Environmental Management 


Plan (CEMP) and Operation Environmental Management Plan (OEMP). 


Terrestrial Ecology 


A terrestrial ecology survey undertaken in April 2011 identified approximately 


20 species of succulents and low growing shrubs, perennials and annuals 


typically associated with coastal dune and sabkha habitats along the 


Arabian Gulf.  Common halophytic species on sand dune habitat included 


Tetraena qatarense, Tetraena simplex and Suaeda vermiculata.  The most 


predominant species on the sabkha habitat is Arthrocnemum glaucum, 


which is adapted to the high salinity levels in the low-lying salt depressions.  


The fenced location has prevented uncontrolled grazing by camel and 


goatherds and as a result the biodiversity of the site is relatively good 


including locally common parasitic plants.  
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The footprint of the site and particularly the laydown area should be 


minimized to retain areas of biodiversity on the site, although pioneer species 


will recolonise similar areas after construction has been completed.  


Restoration of sand dune habitat in non-operational areas of the site will be 


assisted by similar habitat on adjacent plots of land allowing natural 


recolonisation to occur when the IPP1 site is fully operational. 


Landscape and Visual Impact 


A landscape and visual assessment has established that the majority of the 


site cannot be viewed from public viewpoints due to the remoteness of the 


site and its inaccessibility for security reasons. The three 50m to 60m stacks for 


the proposed IPP1 plant may be partially visible from outside the security 


entrance, but would be partially visible in the context of the nearby 120m 


high QPP stacks and the fifteen 40m high QCC stacks, batching plant and 


overhead power lines crossing the landscape.  It is therefore considered that 


that the additional 6 stacks for IPP1 will not significantly impact upon the 


visual environment. 


Wastewater Management 


During construction, dewatered effluent will be pumped from the 


foundations into settlement channels to reduce sediment prior to 


discharge to coastal waters in accordance with PME standards.  Sanitary 


wastewater will be collected in septic tanks and removed by tanker to a 


designated Municipal site.  Storage of oils and chemicals will be in 


accordance with international best practices for pollution prevention 


and control.  


During operations there will be three distinct wastewater streams 


comprising chemical wastewater (from boiler blowdown), oily 


wastewater and sanitary wastewater.  These streams will be pre-treated 


separately prior to treatment at the on-site wastewater plant.  The 


treated effluent will comply with PME/WB/IFC standards prior to discharge 


with the cooling water. 
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Archaeology and Cultural Resources 


A desk study relating to archaeological and cultural resources has been 


undertaken. The only historical site noted in the area is the historic port of Al 


Uqair, which lies approximately 22km to the south of the QIPP1 site. 


Consultation with the Ministry of Antiquities and Cultural Resources and a site 


walkover has been carried out but has not identified any potential for 


artifacts or anthropogenic finds to be present on the QIPP1 site.  Despite this, 


a watching brief is proposed during construction in accordance with 


international best practice.  In the unlikely event of any anthropogenic 


remains or artifacts being discovered during site excavations, work would be 


halted temporarily and the authorities informed. These procedures will also 


be documented in the site specific CEMP.  


Traffic and Transport Network 


A transportation assessment has confirmed the availability of good logistics 


and existing routes by air, sea and road to transport equipment and 


materials to and from the QIPP1 site during construction works and long-term 


operation of the plant.  The city of Dammam, 100km to the north of 


Qurayyah has a commercial Port and international airport including freight 


facilities.  Main highways connect the city via Abqaiq to Quaryyah. 


 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


38 


Table 1 Summary checklist of international (World bank/IFC and Equator Principles) and national (PME) requirements associated 


with Qurayyah IPP1 project 


Aspect/requirement 
Relation to 


QIPP1 
Explanation  


Equator Principles  


Principle 1: Project categorisation (category A, B 


& C) 


Compliant The Qurayyah IPP1 (QIPP1) is likely to be Category B as 


the anticipated environmental and social impacts are 


not unprecedented, can be readily mitigated and may 


be reversed in the future. 


Principle 2: Social and Environmental Assessment 


(SEA) is required for category A or B project, 


which must comprise an assessment of social and 


environmental impacts including labour health 


and safety provision. 


Compliant 
• The SEA has been conducted for the QIPP1 project 


in accordance with international (WB/IFC/EP) and 


national requirements/standards/guidelines.  


• Social and environmental impacts including health 


and safety provision have been assessed, and 


mitigation measures have also been developed and 


put forward to minimise and/or mitigate any 


potential impacts identified. 
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Aspect/requirement 
Relation to 


QIPP1 
Explanation  


Principle 3: Projects located in non-OECD 


countries, the SEA should also refer to the IFC 


Performance Standards on Social and 


Environmental Sustainability and the relevant 


industry-specific Environmental, Health and 


Safety (EHS) Guidelines. 


Compliant Where applicable, the IFC eight (8) performance 


standards and EHS guidelines for Thermal Power Plant 


has been applied and incorporated in the assessments 


of the SEA. These will be discussed the section of WB/IFC 


requirements of this checklist document.  


Principle 4: For Category A and B projects 


located in non-OECD countries, an Action Plan 


(AP) should be prepared, which addresses the 


relevant findings, and describes/prioritise the 


actions needed to implement corrective actions 


and mitigation and/or monitoring measures 


necessary to manage the impacts and risks 


identified in the assessment. 


Compliant 
• The SEA has identified and assessed the potential 


issues/impacts, and classified/prioritised into Primary 


Issues and Secondary Issues. Each of these issues is 


discussed in detail in the sections of the SEA report. 


• The mitigation measures and/or corrective actions 


have then been proposed to be implemented to 


avoid or minimise the impacts identified.  


• An Environmental Management Plan (EMP) and 


Monitoring, for the construction and operational 


phases, are also developed and put forward as a 
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Aspect/requirement 
Relation to 


QIPP1 
Explanation  


framework for the project contractor and operator, 


who are required to provide the detailed 


CEMP/OEMP. 


Principle 5: For all Categories A and, as 


appropriate, Category B projects located in non-


OECD countries, the borrower should consult with 


project-affected communities. A Public 


Consultation and Disclosure Plan (PCDP) may be 


required by EPFIs. 


Not 


applicable 


This principle in particular in relation to affected 


community consultation, is not relevant to the proposed 


project as the following reasons: 


• The QIPP1’s location is remote, securely fenced and 


restricted area so cannot be approached by either 


members of the Public or local communities such as 


Bedouin.   


• No evidence of a local populace relying on the site 


or its immediate vicinity for either settlement or as a 


source of livelihood, and no any community nearby 


the site. 


• Temporary worker camps are under the control of 


SEC and no authorization given to approach them 
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Aspect/requirement 
Relation to 


QIPP1 
Explanation  


either informally or officially.   


• Whilst the land area is restricted, so too is the sea 


with a 5km exclusion zone around all the plants 


prohibiting any boat access. 


Principle 6: For all Category A and, as 


appropriate, Category B projects located in non-


OECD countries, the borrower will, scaled to the 


risks and adverse impacts of the project, establish 


a grievance mechanism as part of the 


management system in order to ensure that 


consultation, disclosure and community 


engagement continues throughout construction 


and operation of the project. 


Compliant 


to QIPP1’s 


contractor/ 


Project 


owner 


• Ref community consultation, please see the   


Principle 5 above.    


• The EMP will, however, be provided by the EPC for 


construction phase and by the Project Company for 


the operational phase of the project. These 


documents will include relevant environmental 


requirements and management system including 


grievance mechanism, monitoring, reporting and 


auditing programme to address IFC requirements. 


(See framework of an EMP in Section 9 of the SEA 


report).  


• A regular internal and external audit will be 
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Aspect/requirement 
Relation to 


QIPP1 
Explanation  


undertaken for the proposed project during 


construction and operational period, as normally 


required by lender bank(s). 


Principle 7: For all Category A and, as 


appropriate, Category B projects, an 


independent social or environmental expert not 


directly associated with the borrower will review 


the SEA, AP and consultation process 


documentation. 


Compliant 
• Typically, a team of independent experts is 


employed by lender bank(s), and/or the Project 


owner to review the SEA report and its relevant 


documentations.   


• For this project, an independent team (Black & 


Veatch), representing lender bank(s) has reviewed 


the SEA report and relevant documents.  


 


Principle 8: For all Category A and B projects, the 


borrower will covenant in financing 


documentation incorporated and linked to 


comply with all relevant host country social and 


environmental laws, regulations and permits in all 


material respects and the AP (where applicable) 


Compliant 
• The SEA lists all relevant national (PME) and 


international (WB/IFC/EPs) requirements/standards 


that the project will have to comply with. Where 


applicable, these requirements/standards have 


been addressed and incorporated in each of the 


identified issues/impacts assessment. 
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Aspect/requirement 
Relation to 


QIPP1 
Explanation  


during the construction and operations of the 


project, and to provide periodic reports at least 


annually, prepared by in-house staff or third party 


expert, in a format agreed by EPFIs as well as to 


decommission the facilities where applicable 


and appropriate. 


• With regards to a periodic report (i.e. 


monthly/quarterly/annual report), this will be done in 


a later stage of the project, through a regular 


internal (in-house expertise) and external audit (third 


party experts) during construction and operational 


phase, in accordance with the requirements of 


lender bank(s) and/or the project owner. 


Principle 9: For all Category A, and appropriate, 


for Category B projects, in order to ensure 


ongoing monitoring and reporting over the life of 


the loan EPFIs will require appointment of an 


independent environmental and/or social expert, 


or require the borrower retain qualified and 


experienced external experts to verify its 


monitoring information which would be shared 


with EPFIs. 


Compliant The Project Company will require the EPC to appoint 


independent environmental expert to undertake 


quarterly audits during construction. The O & M 


Company will also appoint an independent expert to 


undertake audits during the operational phase.  


 


Principle 10: Each EP Financial Institution Not This principle is applicable and required for a Financial 
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Aspect/requirement 
Relation to 


QIPP1 
Explanation  


adopting the Equator Principles commits to 


report publicly at least annually about its Equator 


Principles implementation processes and 


experience. 


applicable Institution, who adopts the Equator Principles to report 


publicly their EPs implementation. 


 


World Bank/IFC - The IFC Performance Standards consist of the following aspects: 


Performance Standard 1: Social and Environmental 


Assessment and Management Systems 


Compliant This is consistent with the EP 2- SEA (See Principle 2 


above). Ref management systems see explanation in 


Principle 6 above.  


Performance Standard 2: Labour and Working 


Conditions 


Compliant  
• This performance standard is consistent with the 


national Labour Law (Royal Decree No. M/51, 2005, 


which defines the regulation of employment, labour 


relations, worker contracts and work place 


conditions.  


• Theses requirements, stipulated in the IFC 


performance standards and national regulations, 


have been addressed in the SEA report, to provide a 


minimum legal basis for the engagement of the 
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Aspect/requirement 
Relation to 


QIPP1 
Explanation  


QIPP1 workforce, the working conditions and worker 


accommodation.  


Performance Standard 3: Pollution Prevention and 


Abatement 


Compliant Where possible, pollution prevention and abatement 


have been incorporated in the relevant areas, in 


particular the mitigation measures and an EMP 


framework proposed to minimise the impacts during the 


construction and operational phase, including air 


quality, marine ecology and water quality, noise, waste, 


wastewater management, soil/groundwater/land 


contamination, etc. 


Performance Standard 4: Community Health, Safety 


and Security 


Not 


applicable 


This is not relevant to the QIPP1 project as there is no 


community nearby the project site.  


(See also the above responses to various Equator 


Principles regarding to community aspect) 


Performance Standard 5: Land Acquisition and 


Involuntary Resettlement 


Not 


applicable 


No land acquisition and resettlement is required for the 


QIPP1 project because the site area is provided by the 


project owner (SEC), and there is no settlement/ 
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Aspect/requirement 
Relation to 


QIPP1 
Explanation  


dwellings within or nearby the site.   


Performance Standard 6: Biodiversity Conservation 


and Sustainable Natural Resource Management 


Compliant Where possible and appropriate, this has been 


incorporated in the assessments, in particular in the 


area of marine/terrestrial ecology, water quality, waste 


management (hierarchy), EMP framework.   


Performance Standard 7: Indigenous Peoples Not 


applicable 


There are no indigenous people or any local populace 


within or nearby the project site.  


Performance Standard 8: Cultural Heritage Compliant The cultural heritage and archaeology has been 


assessed in the SEA. The assessment indicated that 


there is no significant potential for artifacts or 


anthropogenic finds to be present on the QIPP1 site. 


The nearest historical site noted in the area lies 


approximately 22km from the QIPP1 site. (See details in 


Section 16 of the SEA report). 


IFC-EHS Guidelines 


EHS General Guidelines and Sector Specific 


Guidelines 


Compliant Where applicable, The SEA has referred and 


incorporated the relevant requirements/standards 
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Aspect/requirement 
Relation to 


QIPP1 
Explanation  


stipulated in the IFC-EHS guidelines. These include the 


EHS General guidelines and the sector specific 


guidelines for Thermal Power Plants. 


PME    


National (PME) standards/requirements with 


regards to the EIA/SEA study 


Compliant 
• As mentioned in the EPs (Principle 2) that the SEA is 


required to be conducted in accordance with 


national  (PME) and international standards/ 


requirements, the relevant PME regulations and 


standards have also been referred and 


incorporated in the assessment, where applicable.  


• When PME regulations differ from the levels and 


measures presented in the IFC-EHS Guidelines, the 


Project will be expected to achieve whichever is 


more stringent. 


PME consultation Compliant The meeting and consultation, including the site visit, 


with PME has been conducted to seek their views, in 


particular towards the QIPP1 Scoping and Preliminary 


Assessment report.  
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1 Introduction 


1.1 General background 


Saudi Electricity Company (‘SEC’) plans to develop a new independent 


power project (QIPP1) located at Qurayyah, in the Eastern Province of 


the Kingdom of Saudi Arabia (KSA), on the Arabian Gulf on a Build, Own 


and Operate (BOO) basis. The proposed gas-fired combined cycle 


power plant, would have a net power generation capacity of 1963.50 


MW and is estimated to cost US$1.8 billion.   


Qurayyah IPP1 (‘the Project’) is located in the Qurayyah complex, 


between the existing SEC Qurayyah Steam Plant (QPP) in the north and 


the new SEC Qurayyah combined cycle plant (QCC) in the south. IPP1 is 


the third in a series of power projects, at Qurayyah that is proposed in 


order to meet the future electricity demands. A further phase (IPP2) will 


be developed in the future, bringing the total generating capacity of the 


two plants to approximately 4,000 MW.  


ACWA Power International has appointed 5 Capitals Environmental and 


Management Consulting (‘5 Capitals’) to undertake an Environmental 


Impact Assessment/ Social and Environmental Assessment (EIA/SEA) for 


the proposed Qurayyah IPPI. This report will establish the environmental 


baseline and determine the impacts and mitigation measures according 


to the requirements of the local and International environmental 


authorities (Presidency of Meteorology and Environment, [PME]; World 


Bank and International Finance Corporation) and of the Equator 


Principles’ Financial Institutions (EPFIs).  


This report identifies the key elements and issues associated with the 


Project’s construction, operation, commissioning (and decommissioning) 


phases of the project.  


It is understood that the scheduled Project Commercial Operation Date 


(PCOD) will be 1st June 2014.   
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1.2 Key project objectives 


The Saudi Electric Company’s (SEC) key objective is to keep up with the 


increasing demand for power following the announcement of a number 


of major developments and the associated economic and social growth 


which necessitates, and is limited by, the provision of adequate and 


reliable supplies of electricity. 


In addition to the increasing demand for power supply, the main 


objectives of this plan have been described as increasing Saudi 


employment through economic growth, new investments, education, 


and the development of national capabilities and skills. 


1.3 Report Structure 


In order to comply with the requirements for assessment and international 


best practice, this report is presented in the following format: 


Volume 1- Non-Technical Summary and Main text (in Arabic and English) 


Volume 2- Technical Appendices 


Volume 1 comprises the Non-Technical Summary and main text of the 


report with the issues identified that the QIPP1 may impact upon 


(following scoping) each following a similar general structure: 


! Introduction and Project Background 


! Methodology 


! Legal Framework, Standards and Guidelines 


! Baseline Information 


! SEA/EIA Assessment Method 


! Assessment of Effects/Impacts, Mitigation Measures, and Residual 


Effects During Construction Phase; 


! Assessment of Effects/Impacts, Mitigation Measures, and Residual 


Effects During Operational Phase; 
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! Assessment of Effects/Impacts, Mitigation Measures, and Residual 


Effects During Commissioning/Decommissioning Phases, where 


relevant. 


Volume 2 comprises all Technical Appendices (Regulations and 


Standards; Marine baseline, water quality and modelling reports, Air 


Quality Management and other Technical Studies.) 


1.4 Project Background 


The population of Saudi Arabia has, most recently, been estimated at 


24.3 million (2007) with a projected annual growth of approximately 2.8%.  


Taking into consideration the population growth in addition to the rapid 


base of economic and industrial development, SEC has forecast that 


demand for electricity in the Kingdom is rising at an annual rate of 8% 


and is expected to triple to 121,000MW by 2032. 


1.4.1 Location and Conditions of the Project Site 


The area allocated for the proposed Qurayyah IPP1 Project is located in 


the Eastern Province of KSA, approximately 100km to the south of the City 


of Dammam, in the eastern 


province of KSA. This is the 


largest province in Saudi 


(710,000km2) with the 


Kingdom’s main oil and gas 


fields and refineries located in 


this region.  


The area allocated for IPP1 is 


currently located within a 


fenced-off site, controlled by SEC, and situated along the existing main 


road running parallel to the coastline.  The coordinates of the proposed 


site are specified in Table 1-1 (UTM Zone 39). 
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The proposed IPP1 site is located within the Qurayyah Complex and 


situated approximately 2km south of the existing SEC Qurayyah (steam) 


Power Plant (QPP) and adjacent the SEC Qurayyah Combined Cycle 


plant (QCC).  The total area for the proposed Qurayyah IPPs (IPP1 & 


future expansion IPP2 - excluding the corridor along the existing main 


road) is approximately 3.828 km2. The area reserved for the Qurayyah IPP 


Plant and all related facilities such as the Electrical Special Facilities (ESF) 


and the Fuel Connection Facilities (FCF) is approximately 613,027m2, 


6,442m2 and 169,031m2 respectively.  


The IPP1 site is currently undeveloped, however ancillary facilities 


associated with the adjacent QCC are located immediately on the IPP1 


site’s southern boundary.  


Apart from the existing power plants close to the proposed IPP1, 


residential accommodations/community camps (such as the SEC 


Community Camp) and supporting offices (such as the QCC Supporting 


Camps and Offices) are located in the Qurayyah complex.  


The area is a remote coastal area that does not include residential, 


commercial or agricultural activities. Except for a special residential area 


for QPP staff members, the nearest development is Abqaiq about 40 km 


northwest of QCC, Al Aziziyah about 40 km north of the site and west 


coast of Bahrain, about 35 km to the east in the Arabian Gulf direction. 


No developments are located south of the proposed QIPP1 location.  


Figure 1-1 presents a satellite image of the overall site area (QIPP1 and 


QIPP2).  
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Figure 1-1: Location of proposed IPP1 on the Arabian Gulf coast  
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The coordinates for the overall site area, are specified in the table below 


(UTM Zone 39):  


Table 1-1: Coordinates of the proposed QIPP (overall Site area) 


Point Longitude (N) Latitude (E) 


PA-1 25°49' 43. 58"N 50° 7' 38. 25"E 


PA-2 25°49' 57. 78"N 50° 8' 8. 85"E 


PA-3 25°51' 6. 34"N 50° 7'43. 44"E 


PA-4 25°50' 47. 24"N 50° 7' 2. 23"E 


PA-5 25°50' 36. 87"N 50° 6' 39. 85"E 


PA-6 25°49' 33. 22"N 50° 7'15. 88"E 


Figure 1-2 Drawing of the proposed Qurayyah IPP1, IPP2 and the 


associated temporary areas 


 


 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


54 


Figure 1-3: Proposed Qurayyah IPP1 site and adjacent landuse (existing and planned) 
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Figure 1-4 QIPP1 and Location of Existing Facilities 
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Table 1-2: Coordinates for the Power Plant, ESF and FCF 


Point Longitude (N) Latitude (E) 


Plant Area for IPP 1 (Power Plant Only) 


B-42 25°50'32.98"N 50° 7'13.51"E 


B-43 25°50'33.97"N 50° 7'15.65"E 


B-44 25°50'32.43"N 50° 7'16.53"E 


B-45 25°50'30.88"N 50° 7'17.40"E 


B-46 25°50'30.16"N 50° 7'15.84"E 


B-2 25°50'18.64"N 50° 7'27.21"E 


B-3 25°50'16.19"N 50° 7'29.16"E 


B-4 25°50'18.10"N 50° 7'33.29"E 


B-5 25°50'14.33"N 50° 7'35.41"E 


B-6 25°50'12.72"N 50° 7'31.92"E 


B-11 25°50'20.84"N 50° 7'49.46"E 


B-12 25°50'24.38"N 50° 7'47.46"E 


B-13 25°50'28.56"N 50° 7'56.47"E 


B-14 25°50'46.29"N 50° 7'46.44"E 


 


Fuel Connection Facilities (FCF) 


B-42 25°50'32.98"N 50° 7'13.51"E 


B-43 25°50'33.97"N 50° 7'15.65"E 


B-44 25°50'32.43"N 50° 7'16.53"E 


B-45 25°50'30.88"N 50° 7'17.40"E 


B-46 25°50'30.16"N 50° 7'15.84"E 
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Electrical Special Facilities (ESF) 


B-23 25°50'30.49"N 50° 6'54.06"E 


B-24 25°50'18.92"N 50° 7'0.60"E 


B-35 25°50'25.76"N 50° 7'15.37"E 


B-36 25°50'29.97"N 50° 7'11.22"E 


B-37 25°50'36.45"N 50° 7'6.91"E 


Temporary Site Installation Area 


Sufficient space for temporary installations is specified within the RFP 


document and includes areas for temporary construction, lay-down 


areas, temporary housing, etc.  The co-ordinates for the temporary areas 


are listed in the table below: 


Table 1-3: Coordinates for temporary installation area 


Point Longitude (N) Latitude (E) 


Area for IPP1 Temporary Site Installation 


B-6 25°50'12.72"N 50° 7'31.92"E 


B-7 25°50'8.91"N 50° 7'34.08"E 


B-8 25°49'47.35"N 50° 7'46.35"E 


B-9 25°49'52.37"N 50° 7'57.19"E 


B-10 25°49'59.27"N 50° 8'1.67"E 


B-11 25°50'20.84"N 50° 7'49.46"E 


 


ESF Temporary Site Installation Area 


B-24 25°50'18.92"N 50° 7'0.60"E 


B-25 25°49'58.71"N 50° 7'12.07"E 


B-26 25°49'45.86"N 50° 7'43.16"E 
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B-27 25°50'7.43"N 50° 7'30.89"E 


B-28 25°50'11.01"N 50° 7'28.85"E 


B-29 25°50'16.61"N 50° 7'24.40"E 


B-35 25°50'25.76"N 50° 7'15.37"E 


1.4.2 Site Condition and Surrounding Land Use 


5 Capitals’ Project team has visited the proposed Qurayyah IPP1 site on 


four occasions, December 2010, February 2011, March 2011 and April 


2011, in order to determine the general existing conditions of the site and 


its surroundings and to identify any potential sensitive receptors that 


should be considered within the assessment. The air monitoring stations 


were also set-up and tubes deployed for the air quality baseline 


assessment. All other surveys  (noise, terrestrial ecology and soil sampling 


etc) were also undertaken during these visits.   


The proposed site is fenced and located within the Qurayyah 


Compound. The IPP1 site is currently undeveloped, however ancillary 


facilities associated with the adjacent QCC are located immediately on 


the IPP1 site’s southern boundary. 


In general, the greenfield appears uncontaminated, although it was 


noted that there are poor environmental management practices from 


the storage of septic and fuel tanks on the adjacent BEMCO site.  
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Plate  1-1 Qurayyah Steam Plant (QPP) located 2km to the north of IPP1 


 


Plate  1-2 Qurayyah Combined Cycle Plant located to the south of IPP1 


 


Plate  1-3 Saudi Aramco Seawater Injection and Treatment Plant located 


5.5 km to the north of IPP1 


 


 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


60 


Plate  1-4 Intertidal area adjacent to QCC (south of IPP1) 


 


Plate 1-5 Grassy tussocks and sand flats on the IPP1 site, looking in the 


direction of the Arabian Gulf 


 


Plate  1-6 Area surrounding the site showing low-lying sabkha 


 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


61 


Plate  1-7 Above-ground gas pipeline adjacent to the main road 


 


Plate  1-8 Cement Batching Plant to the south west of IPP1 
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Plate  1-9 BEMCO Camp and Laydown area to the south west of IPP1 


 


Plate  1-10 Abqaiq - Saudi Aramco Residential Compound located 45 km 


to the west of IPP1 
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Figure 1-5 Surrounding Landuse of QIPP1 site 
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1.5 Key Sensitive Receptors 


The initial desk study using a satellite image obtained from Google Earth 


has identified potentially sensitive receptors, which could be affected as 


a result of the proposed IPP1. The following receptors are located within 


an approximate 45 km radius of the proposed Site: 


! Qurayyah Combined Cycle Power Plant (QCC); 


! QCC supporting camps and offices; 


! Qurayyah Steam Power Plant (QPP); 


! SEC Community Camp; 


! BEMCO Camp and Laydown; 


! Saudi Aramco Seawater Injection and Treatment Plant located 5.5 km 


to the north of IPP1; 


! Al-Khaleej Makarim Village located approximately 28km to the north; 


! Half Moon Bay located approximately 37km to the north; 


! Port and other industrial facilities, located approximately 38 km to the 


north east); 


! Bahrain is less than 35km away and Al Durrah Development is 


approximately 45km to the east.  


! Abqaiq - Saudi Aramco residential compound (population approx. 


1,950) and nearby airport, located approximately 40km to the west; 


! Uqair – an ancient fort of Islamic origin, located approximately 22km 


to the south of QIPP1. 
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Figure 1-6: Potential sensitive receptors within 45km of the QIPP1 site 
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1.6 Project Description 


The proposed gas-fired Qurayyah IPP1 will be developed as a combined 


cycle power plant with a total net capacity of 1,950 MW. SEC is 


developing the IPP1 on a build, own and operate (‘BOO’) basis. Natural 


gas will be used as a primary fuel for the operation of the plant and will 


be delivered via a new pipeline (“Fuel Connection Facilities” or “FCF”), 


which will be erected, owned and operated by SEC. The FCF will be 


designed and constructed based on Saudi Aramco (SA) design criteria 


and using SA approved contractors.  


The backup fuel will be diesel oil (liquid fuel) and it will be transported to 


the site by trucks. The Bidder will install necessary diesel storage tanks and 


associated unloading facilities. The new plant will be connected to the 


SEC Electricity Transmission System through a new substation, which will 


be erected by the Project Company and transferred after completion to 


SEC. The ESF includes a new 380/230 kV substation with all buildings, 


systems and cable tunnels to connect IPP1 to the grid as well as a 


reserved space and area to integrate and accommodate the future 


115kV GIS substation.  


The Company shall design and construct the following facilities for IPP1: 


! Seawater intake and outfall structures and pipelines; 


! Water supply and discharge systems (e.g. desalination, wastewater 


treatment) according to the needs and own consumption of the IPP1; 


! Primary and backup fuel facilities including unloading and storage 


facilities for diesel oil and diesel oil forwarding pumps and pipelines.  


The Scope of Works for IPP1 covers the following: 


! The survey and assessment of the IPP1 site on-shore and off-shore; 


! The development, design, engineering, financing, permitting, 


insurance, procurement, manufacturing, factory testing, transport to 
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Site, erection, construction, commissioning and performance testing, 


including site investigations, Site development and all related civil 


works for the IPP1 Plant; and 


! The operation and maintenance of the IPP1 Plant. 


Intake and Outfall Structures 


The minimum systems and component to be included in the seawater 


intake and supply system and cooling system shall include, but not be 


limited to, the following: 


! Seawater intake system including seawater supply pipelines, seawater 


screening and pump station with screening lines consisting of screens 


and travelling band screens as well as seawater pumps, wash water 


umps, valves, piping, local instrumentation; 


! Oil barrier and warning system for seawater intake, complete with 


floating boom, if applicable, monitoring, warning and alarm system, 


and other auxiliaries; 


! Online seawater intake and outfall quantity and quality monitoring 


system; 


! Electro-chlorination plant, complete, with storage tanks and dosing 


system, for pumping station, including chlorination of intake, 


corresponding to the seawater demand of the plant; 


! Seawater discharge and outfall structure including seawater outfall 


pipelines, seawater pumps, siphon pits, auxiliary systems (if 


applicable); 


! Discharge monitoring systems.  


The seawater discharge and outfall structure will include seawater outfall 


pipelines, seawater pumps, siphon pits and auxiliary systems (if 


applicable). The heated seawater from the condensers, the various heat 


exchangers of the close circuit cooling systems and brine/concentrated 


seawater from the desalination process will be discharged to the sea by 
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installing new buried discharge pipes leading up to a new outlet 


structure.  


Wastewater treatment Systems 


IPP1 will include a complete wastewater system for the collection, 


treatment, equalizing and the discharge of waste water and will also 


include, but not be limited to, the following systems: 


! Sanitary and domestic wastewater system including all necessary 


sewers, pipes, pumping stations, separate collection system, 


treatment systems as well as all required equipment for further internal 


use or/and irrigation use; 


Waste water collecting, treatment and transfer systems, as follows: 


! Industrial and process waste water treatment system including 


separate collection system; 


! System for separate collection and use/discharge of all industrial and 


process waste water streams that comply with the corresponding re-


use and/or discharge standards; 


! Oily waste water treatment system including separate collection 


system; 


! Neutralisation and detoxification for all chemicals containing waste 


water streams (e.g. chemical storage, boiler blow-down water, 


chemical cleaning effluents); 


! Cesspools for remote facilities, vacuum loader for transport of sewage 


to the sewage collection system (where required); 


! Storm water collection and transfer facilities; 


! Continuous monitoring systems for monitoring the seawater outfall 


prior to discharge of the treated effluents to the sea; and 
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! Systems that allow for the collection and treatment of sanitary and 


process water sewage coming from the ESF area and buildings and 


Fuel Connection Facilities area. 


Continuous Emission Monitoring System (CEMS) 


IPP1 will be equipped to continuously monitor and record the gaseous 


stack emissions. Measurements will be in accordance to the respective 


regulations and national standards. At least total particulates, NOx, SO2, 


CO and O2 at each stack outlet must be measured. 


Appropriate analysers of proven type, acknowledged by the local 


authorities, shall perform the continuous, quantitative analysis of flue gas 


for the purpose of emission monitoring. The emission monitoring system 


shall comprise essentially: 


! Sampling devices and sampling lines (all heated); 


! Preparation; 


! Analysis; 


! Monitoring in the DCMS system; 


! Computer for evaluation; and 


! Compartment with heating and air conditioning. 


! All equipment of the CEMS must be suitable for operation in dusty and 


humid environments as high ambient and flue gas temperatures.  


Generally the analysers and the sampling probe equipment shall be 


suitable for mounting in an easy accessible standard cubicle. However if 


this is not feasible, the equipment shall be mounted in a container or 


room. Depending on the prevailing environmental conditions the 


aforesaid housings shall be air-conditioned. 


Power failure and system failures shall be monitored and alarmed to the 


central control room by group alarm. 
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Measured values and certain status signals shall be processed by an 


emission evaluation computer via serial interface, to be installed within 


the central control room. The emission data shall be calculated, 


converted, printed out and stored according to the Kingdom’s 


requirements. 


1.7 Consortium’s Technical Proposal 


ACWA Power International consortium technical proposal has been 


designed to meet both the technical and environmental requirements as 


specified by the RFP, PME and World Bank / IFC EHS general and Thermal 


Power Plant Guidelines.  


The Qurayyah IPP 1 will comprises of three power groups, arranged in a 


Mulishaft-Arrangement, each consisting of 2 Gas turbines (GTs) with 2 


generators, coupled with their dedicated heat recovery steam 


generators (HRSG) and one steam turbine (ST) with generator. Each HRSG 


will have its own stack, therefore 6 stacks in total.  


1.8 Proposed Schedule 


The Consortium’s proposed schedule, which is inline with the RFP 


requirements are as follows: 


Milestones Date 


Lender Notice to Proceed May 2011 


Closing Date June 2011 


Notice to Proceed May 2011 


SEC electricity transmission facilities 


available 
500MW-1200MW (June 2014) 


Initial Commercial Operation Date June 2014 


Project Commercial Operation Date 1st June 2015 
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2 Requirements for Environmental Assessment 


2.1 RFP Requirements 


The Qurayyah IPP1 – Request for Proposal (Part II: Technical 


Specifications) issued on the 3rd November 2010 by SEC details the 


environmental assessment requirements. SEC has undertaken the key 


studies associated with the power plant, including a Preliminary 


Environmental Assessment Study, Air Dispersion Study, Recirculation Study, 


Bathymetric Survey and Geotechnical surveys (offshore and onshore).  


The purpose of these studies is to establish and identify the “key” 


potential environmental and social issues associated with the 


development of IPP1, while eliminating issues with little concerns.  


Chapter 4 of the RFP – Design Requirements for the Project, specifies the 


social and environmental impact assessment study requirements and 


include: 


! “The preferred Bidder shall start with the preparation of the Social and 


Environmental Impact Assessment Study (SEA) no later than the 


effective Date of the PPA. The preparation of the SEA and the 


possible necessary baseline investigations shall be shown in the 


Project Implementation Schedule. 


! The approved EIA Terms of Reference, which will set the scope of the 


SEA, shall be provided to the preferred Bidder prior to the 


commencement of the SEA study. Some of the key aspects, that the 


SEA will need to cover, are outlined below. 


The SEA Study preparation shall be done according World Bank 


procedures considering the WB OP 4.01. Following are the issues that shall 


be addressed: 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


72 


2.1.1 Ground contamination 


! Evaluation of soil investigation report and reporting on site history and 


visual observation; 


! Analysis of soil samples taken during site investigation for 


contaminants;  


! Establishing of guidelines and monitoring measures for contamination 


cleanup, mitigation of contamination, protection requirements 


against seawater and groundwater contamination, etc., including 


monitoring and recording of any contamination observed during 


construction of the Project. 


2.1.2 Environmental standards 


The following standards will be taken as the Project environmental 


standards: 


! Standards and requirements as stated in the RFP;  


! National environmental legislation, regulations and standards; and  


! World Bank standards, in case if the standards and requirements are 


not covered by the standards mentioned above. 


2.1.3 Social and Environmental Assessment 


The report shall comprise an assessment of the major issues and impacts, 


such as: 


! Ground contamination;  


! Atmospheric emissions and air quality;  


! Calculation of exhaust stack height;  


! Water discharge and quality, including seawater discharge;  


! Deposit of wastes;  


! Noise levels during construction and operation;  
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! Other environmental requirements;  


! Legislative requirements; 


! Environmental management plan to be compiled prior to 


construction activities and prior to operation to implement mitigating 


measures in a timely effective manner and to ensure that the 


construction and operation of the Project will be effected with low as 


reasonable environmental impacts; and 


! Project description, construction issues. 


The Company is requested to describe and evaluate the existing 


baseline conditions as much as reasonably possible by field surveys, data 


research etc. establish a baseline for the necessary impacts assessment 


for the construction and operational phase of the Project. 


2.1.4 Environmental Monitoring Plan 


Monitoring of parameters during both the construction and operational 


phases of the Project to ensure that impacts are evaluated correctly and 


that necessary mitigating measures are successful implemented. 


The following shall be regularly monitored at least: 


! Noise;  


! Soil condition; 


! Seawater quality monitoring; 


! Waste water discharges, waste water quality (continuous monitoring); 


! Gaseous emissions (continuous monitoring); 


! Ambient air quality; 


! Waste deposit; and 


! Public complaints. 


In addition, the Bidder shall submit, as part of the Bid, description and 


details of the following: 
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! Nominated environmental Consultant (acceptable to PME) for 


preparation of the EIA; 


! Exhaust gas plume dispersion and air quality study for the 


determination of the necessary dimensioning of emission reduction 


measures and stack heights for adequate dispersion of the flue gases 


to meet the specified ground level concentrations for pollutants; 


! Nature and estimated quantities of wastewater and solid wastes; 


! Description of wastewater treatment and solid wastes disposal 


methods and study to prove that permissible discharge limits are not 


exceeded; 


! Recirculation study to prove that the proposed Plant comply with the 


specified requirements in case, the conditions of operation differ from 


those assumed in the preliminary recirculation study; 


! Ambient noise distribution report proving that the applied abatement 


measures are sufficient to meet the required levels at plant boundary. 


The full Social and Environmental Assessment study should be adequately 


prepared and submitted with its associated environmental surveys and 


study to SEC promptly after their completion.  


2.2 PME: EIA Requirements 


The main legal requirements, standards and regulations pertaining to 


environment assessment in the Kingdom of Saudi Arabia, and in 


particular, the requirement for Environmental Impact Assessments, are 


established by the Rules for Implementation – General Environmental 


Regulations (GER 2001) issued by the Presidency for Meteorology and 


Environment (PME).  


The emphasis on considering the environmental aspects in the planning 


phase for projects and programs as well as the requirements for 


conducting an EIA are specified within the GER 2001 are as follows: 
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Article Ten 


“Environmental aspects shall be taken into consideration in 


planning for projects and programs, in the development plans 


of the various sectors and in the general development plan. 


These environmental aspects should be taken into 


consideration in a manner to achieve sustainable 


development objectives….” 


 


Article Eleven 


“A project owner or proprietor shall conduct environmental 


studies to evaluate the environmental impacts of the project 


and comply with the outcome of the environmental impact 


assessment study in accordance with environmental standards 


and guidelines specified in the Rules for Implementation or any 


subsequent amendments and supplements.” 


According to the GER 2001: Appendix 2.1 Guidelines for Classification of 


Industrial and Development Projects, projects are classified according to 


their impacts on the environment into three main categories. Thermal 


power plants with capacity over 30 MW are classified under “Third 


Category”.  Projects belonging to this Category “are expected to have 


serious negative effects on man and the environment and thus require a 


comprehensive environmental impact assessment”. 


2.3 Standards and Regulations 


The main law, standards and regulations pertaining to environment 


assessment in the Kingdom of Saudi Arabia, and in particular, the 


requirement for Environmental Impact Assessments is the Rules for 


Implementation – General Environmental Regulations (GER 2001) 


(Appendix 1) issued by the Presidency of Meteorology and Environment 
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(PME). The PME determines the following procedures that should be 


accounted for within EIAs (Appendix 2.5 of the GER 2001): 


! Presentation of the project; 


! Description of the project and its objectives: 


! Goals; 


! Need for the project; 


! Components of the project (onsite facilities attached to the project 


such as water treatment plants, water desalination plants, electrical 


power plants housing etc.); 


! Project construction phases;  


! The workforce required for implementation of the project (minimum 


and maximum);  


! The workforce required for operation of the project (minimum and 


maximum); and  


! Alternatives and options 


! Status of surrounding environment including the following: 


! Air quality; 


! Soil and topography; 


! Oceanography; 


! Surface and ground water; 


! Land environment (fauna and flora); 


! Marine environment (fauna and flora); 


! Land use of selected site and its surroundings; and 


! Land ownership (original owner). 


! The environmental assessment include the following: 
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! Identification of the general potential impacts of the project and 


suggested alternatives; and 


! Identification and analysis of the key effects of the project on: 


o Air quality; 


o The marine and coastal environment; 


o Surface and underground water; 


o Flora and fauna; 


o Land use and urban development; 


o Residential clusters;  


o General scenic view (landscape); and 


o Others. 


! Assessment of significant impacts: 


! Quantify and rate the significant impacts on natural resources;  


! Estimate the relative damage to the area and the extent of its 


potential; 


! Estimated lifespan of the facilities; and 


! Studies on the possible mitigation of anticipated impacts. 


! Summary of the significant impacts after mitigation processes. 


2.4 International (World Bank/IFC/Equator Principles) 


Requirements 


It is understood that the Project is likely to seek a proportion of financing 


from international lenders. Given the potential number of lenders 


necessary it is likely, therefore, that some of the banks will have signed up 


to the voluntary set of guidelines for managing environmental and social 


risk, known as the ‘Equator Principles’ which are described as follows: 
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Background to the Equator Principles 


On 4th June 2003, ten banks from seven countries signed up to the 


Equator Principles (EPs), a voluntary set of guidelines for assessing and 


managing environmental and social risks in project financing. Currently, 


over seventy major financial institutions from around the world have 


adopted the EPs. These financial institutions operate in more than 100 


countries worldwide. As a result, the Equator Principles have become the 


project finance industry standard for addressing environmental and 


social issues in project financing globally. 


At the start of 2006, the Equator Principles Financial Institutions (EPFIs) 


substantially reviewed the Equator Principles and these revised principles 


became effective from July 6, 2006. These principles apply to all new 


project financing that has a total capital cost of $10 million or more 


across all industry sectors (the previous threshold was $50 million). 


The Equator Principles consist of 10 principles and EPFIs will only provide 


loans to projects that conform to Principles 1-9 detailed below: 


Equator 


Principle 


Details 


Principle 1 Review and Categorisation 


EPFIs will categorise a project proposed for financing based on the 


magnitude of its potential impacts and risks in accordance with the 


environmental and social screening criteria of the International Finance 


Corporation (IFC). These categories are: 


• Category A- Projects with potential significant adverse social or 


environmental impacts that are diverse, irreversible or 


unprecedented; 


• Category B – Projects with potential limited adverse social or 


environmental impacts that are few in number, generally site-


specific, largely reversible and readily addressed through mitigation 


measures; and 
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• Category C – Projects with minimal or no social or environmental 


impacts. 


Principle 2  


 


Social and Environmental Assessment  


For a project being assessed as either Category A or B, the borrower must 


complete and disclose a Social and Environmental Assessment (SEA), 


previously called an Environmental and Social Impact Assessment (ESIA). 


The SEA must comprise an assessment of social and environmental impacts 


including labour health and safety provision. 


The SEA report is required to address the relevant potential impacts and 


risks that may include some, or all, of the following: 


a) Assessment of the baseline environmental and social conditions; 


b) Consideration of feasible environmentally and socially preferable 


alternatives; 


c) Requirements under host country laws and regulations, 


applicable international treaties and agreements; 


d) Protection of human rights and community health, safety and 


security (including risks, impacts and management of project’s use 


of security personnel); 


e) Protection of cultural property and heritage; 


f) Protection and conservation of biodiversity, including 


endangered species and sensitive ecosystems in modified, natural 


and critical habitats, and identification of legally protected areas; 


g) Sustainable management and use of renewable natural 


resources (including sustainable resource management 


through appropriate independent certification systems); 


h) Use and management of dangerous substances; 


i) Major hazards assessments and management; 


j) Labour issues (including the four core labour standards) and 


occupational health and safety; 
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k) Fire prevention and life safety; 


l) Socio-economic impacts; 


m) Land acquisition and involuntary resettlement; 


n) Impacts on affected communities, and disadvantaged or 


vulnerable groups; 


o) Impacts on indigenous peoples, and their unique cultural system 


and values; 


p) Cumulative impacts of existing projects, the proposed project 


and anticipated future projects; 


q) Consultation and participation of affected parties in the design, 


review and implementation of the project; 


r) Efficient production, delivery and use of energy; and 


s) Pollution prevention and waste minimization, pollution controls 


(liquid effluents and air emissions) and solid and chemical waste 


management. 


The SEA should also include: 


• An assessment of compliance with applicable host country laws, 


regulations and permits; and  


• Proposed mitigation measures relevant and appropriate to the 


nature and scale of the proposed project. 


Principle 3 


 


Applicable Social and Environmental Standards 


For projects located in non-OECD countries, as is the case for the Saudi 


Arabia, the SEA should also refer to the IFC Performance Standards on 


Social and Environmental Sustainability and the relevant industry-specific 


Environmental, Health and Safety (EHS) Guidelines, which are/= described 


in the later section of this report.  


The IFC Performance Standards consist of the following aspects: 


! Performance Standard 1: Social and Environmental Assessment and 


Management Systems; 


! Performance Standard 2: Labour and Working Conditions; 
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! Performance Standard 3: Pollution Prevention and Abatement; 


! Performance Standard 4: Community Health, Safety and Security; 


! Performance Standard 5: Land Acquisition and Involuntary 


Resettlement; 


! Performance Standard 6: Biodiversity Conservation and Sustainable 


Natural Resource Management; 


! Performance Standard 7: Indigenous Peoples; and 


! Performance Standard 8: Cultural Heritage 


Principle 4 


 


Action Plan and Management System 


For Category A and B projects located in non-OECD countries, the 


borrower should prepare an Action Plan (AP), which addresses the relevant 


findings, and describes/prioritise the actions needed to implement 


corrective actions and mitigation and/or monitoring measures necessary 


to manage the impacts and risks identified in the assessment.   


Principle 5 


 


Consultation and Disclosure 


For all Categories A and, as appropriate, Category B projects located in 


non-OECD countries, the borrower should consult with project-affected 


communities. A Public Consultation and Disclosure Plan (PCDP) may be 


required by EPFIs.  


Principle 6 


 


Grievance Mechanism  


For all Category A and, as appropriate, Category B projects located in 


non-OECD countries, the borrower will, scaled to the risks and adverse 


impacts of the project, establish a grievance mechanism as part of the 


management system in order to ensure that consultation, disclosure and 


community engagement continues throughout construction and operation 


of the project. 


Principle 7 


 


Independent Review 


For all Category A and, as appropriate, Category B projects, an 


independent social or environmental expert not directly associated with 


the borrower will review the SEA, AP and consultation process 


documentation. 


Principle 8 Covenants 
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 For all Category A and B projects, the borrower will covenant in financing 


documentation incorporated and linked to comply with all relevant host 


country social and environmental laws, regulations and permits in all 


material respects and the AP (where applicable) during the construction 


and operations of the project, and to provide periodic reports at least 


annually, prepared by in-house staff or third party expert, in a format 


agreed by EPFIs as well as to decommission the facilities where applicable 


and appropriate.  


Principle 9 Independent Monitoring and Reporting 


For all Category A, and appropriate, for Category B projects, in order to 


ensure ongoing monitoring and reporting over the life of the loan EPFIs will 


require appointment of an independent environmental and/or social 


expert, or require the borrower retain qualified and experienced external 


experts to verify its monitoring information which would be shared with 


EPFIs. 


Principle 10 


 


EPFIs Reporting 


Each EP Financial Institution adopting the Equator Principles commits to 


report publicly at least annually about its Equator Principles implementation 


processes and experience. 


The revised principles detail projects that are classified as Category A or B 


projects are required to complete and disclose a Social and 


Environmental Assessment (SEA).  This is defined as a process that 


‘determines the social and environmental impacts and risks (including 


labour, health and safety) of a proposed project in its area of influence’ 


(EP, Statement of Principles, July 2006).   


The Categorisation of the Qurayyah IPP1 Project with regards to the 


Equator Principles’ project categories is likely to be Category B as the 


anticipated environmental and social impacts are not unprecedented, 


can be readily mitigated and may be reversed in the future. 
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2.4.1 Sector Specific guidelines 


The World Bank Handbook (1998), was superseded in April 2007 by the 


World Bank Group EHS General Guidelines.  In addition, a number of 


sector specific guidelines have been revised or are undergoing peer 


review.  With regards to the proposed project, the sector specific 


guidance notes that have particular relevance are the ‘Environmental, 


Health, and Safety Guidelines for Thermal Power Plants’ (December 19, 


2008).  


The updated EHS Guidelines serve as a technical reference source to 


support the implementation of the IFC Performance Standards, 


particularly in those aspects related to Performance Standard 3: Pollution 


Prevention & Abatement, as well as certain aspects of occupational and 


community health and safety.  


When PME regulations differ from the levels and measures presented in 


the EHS Guidelines, the Project will be expected to achieve whichever is 


more stringent. 


2.4.2 The World Bank Environmental Safeguard Policies 


The World Bank (WB) has 10-major Social and Environmental Safeguards 


that are applicable in development projects. The World Bank considers 


these policies to be the cornerstone of is support to sustainable poverty 


reduction. The objective of these policies is to prevent and mitigate 


undue harm to people and their environment in the development 


process. These policies provide guidelines for bank and borrower staffs in 


the identification, preparation, and implementation of programmes and 


projects. The titles of these 10 policies are: 


! Environmental Assessment; 


! Natural Habitat; 


! Pest Management; 


! Indigenous Peoples; 
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! Physical and Cultural Resources; 


! Involuntary Resettlement; 


! Forests; 


! Safety of Dams; 


! International Waterways; 


! Disputed Areas 


Where relevant, these policies must be considered within the assessment 


of the impacts of the project.  


2.5 EIA Procedure  


The international SEA requirements largely follow the same principles 


noted within the PME GER 2001 with regards to the assessment 


methodology, although the Equator Principles, in comparison to the 


national standards, gives comparatively greater emphasis to the social 


assessment of projects.   


Given this relative similarity between EIAs and SEAs, in the interest of 


consistency, ‘SEA‘ is the term that will be referred to throughout the rest 


of this report.  In accordance with the Equator Principles and 


Performance Standards, the concepts described in these latter 


guidelines have been incorporated within the assessment and 


methodology. 
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3 Legal Framework, Standards and Guidelines 


The Environmental Assessment (SEA) study will adopt and comply with the 


below environmental standards to ensure that the proposed Project will 


meet the national and international requirements: 


! Standards and requirements as stated in the RFP; 


! National environmental legislation, regulations and standards; and 


! World Bank / IFC standards. 


As noted previously, the main KSA legislation with regards to the 


environment consist of the following, which the proposed plant will be 


required to comply with: 


!  General Environmental Law and Rules for Implementation 28 Rajab 


1422 H (15 October 2001); 


! General Environmental Law and Rules for Implementation 28 Rajab 


1422 H (15 October 2001) – Environmental Protection Standards. 


The Kingdom has ratified a number of regional and international 


conventions in various areas, especially in the field of environment. The 


Kingdom, represented by the regulatory authority, the Presidency for 


Meteorology and Environment (PME), essentially aims toward sustaining 


Article (32) of the Kingdom's Constitution, "to conserve, protect and 


develop the environment, and guard it from pollution". 


In addition, Saudi Arabia is a member of the International Labour 


Organisation (ILO).  The ILO is devoted to advancing opportunities for 


women and men to obtain decent and productive work in conditions of 


freedom, equity, security and human dignity. Its main aims are to 


promote rights at work, encourage decent employment opportunities, 


enhance social protection and strengthen dialogue in handling work-


related issues.  As such the SEA should consider the International Labour 
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Standards in the assessment of the social impact 


(http://www.ilo.org/ilolex/english/constq.htm).  


The international and regional conventions and protocols that are 


relevant to protection of environment will be acknowledged in relation to 


the environmental impact assessment of the proposed power plant, 


amongst which are the following: 


Table 3-1 International and Regional Conventions ratified by KSA 


! Basel Convention on Trans-boundary Movement of Hazardous Waste 


(1989); 


! Kuwait Regional Agreement for Cooperation on Protection of 


Marine Environment from Pollution and the regional cooperation 


protocols for combating marine pollution by oil and other harmful 


substances in emergencies (24 April 1978);  


! Convention on Biological Diversity (1992); 


! The Protocol on Marine Pollution due to Exploration and Exploitation 


of the Continental Shelf in the Arabian Gulf sea area;  


! Protocol on Protection of Marine Environment from Land-based 


Sources (Arabian Gulf);  


! Agreement on Conservation of Migratory Wildlife;  


! Stockholm Convention on Persistent Organic Pollutants (POPs) 


(2001); and  


! Vienna Convention (and its protocol) on Protection of Ozone Layer 


(1988). 


In addition to these, Saudi Arabia contributes to many regional and 


international organizations that are concerned with the protection of 


environment and conservation of natural resources, such as the United 


Nations Environment Program, World Health Organisation, United Nations 


Food and Agriculture Organization, World Meteorological Organization, 
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UNESCO, the Regional Organization for Protection of Marine Environment, 


the relevant organizations working under the Arab League and the Gulf 


Cooperation Council as well as the Gulf Area Oil Companies Mutual Aid 


Organization (GAOCMAO). 


The following sections detail the relevant standards detailing the main 


limits on emissions and discharges to the environment applicable in the 


KSA and with reference to World Bank standards. 


The relevant standards detailing the main limits on emissions and 


discharges to the environment applicable in Saudi Arabia and which are 


applicable with regard to the World Bank standards are presented within 


the environmental issues sections. 


3.1 Air Quality Standards 


The following table summarises the air emission standards that must be 


complied with, including RFP, PME, and new IFC Thermal Power 


(December 2008). Note that the World Bank specifies different emission 


standards if the airshed in which the project is emitting, is classified as a 


‘Degraded Airshed‘ and these limits are also noted within the table with 


the prefix ‘DA’. 


Following this table are the limits for the ambient air quality limits that 


should be attained. These limits will be identified in relation to the process 


contributions from the proposed plant in the air modelling to be 


completed as part of the SEA. 
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Table 3-2: Main stack emission limits 


WB/IFC-Thermal Power RFP (mg/Nm3- dry, 15% 


O2) 


Turbine 


Parameter 


Gas Diesel 


PME 


Gas Diesel 


    mg/Nm3 mg/Nm3 


SOx * * 
1 ug/j (2.3 


lb/MBTU) 


N/A Use of 1% or less S 


fuel 


DA- use of 0.5% or 


less S fuel 


NOx 50 120*** 
130 ng/j (0.3 


lb/MBTU) 


51 (25ppm) 152 (74ppm) 


PM10 - - 
43 ng/j (0.1 


lb/MBTU 


N/A 50  


DA -30 


CO 50 50    


Smoke 


Density 


2 


Bacharach 


2 


Bacharach 


   


Reference 


– O2 


15% 


Volume 


15% 


Volume 


 15% Dry Gas, 


Excess O2 


Content 


15% Dry Gas, 


Excess O2 


Content 


*  According to sulphur content in the fuel. 


** Targeting the lower guidelines values and recognising variability in approaches to 


the management of SO2 and the potential for higher energy conversion 


efficiencies. 


The ambient air quality standards, which should be achieved, are noted 


in the following table: 
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Table 3-3: Ambient air quality standards (ug/m3 unless otherwise 


specified) 


Parameter 
IFC/WB EHS General GLs 


/ WHO GLs, ug/m3 
PME 


 24 hour Annual 1 hour 24 hour Annual 


PM10 50  20   < 340 < 80 


PM2.5 
 


25  


10     


Nitrogen 


Dioxide 


200 (1 hour) 40  < 660  < 100 


Sulphur Dioxide 20  500 (10 


minutes) 


< 730  < 365  < 80 


Ozone 100  


(8 hour daily 


maximum) 


 < 295   


Carbon 


Monoxide 


  <40 


(mg/m3) 


< 10 


mg/m3 (8-


hours) 


 


Hydrogen 


sulphide 


  < 200 40  


Please note that, as per the IFC/WB EHS Guidelines, the WHO ambient air 


quality standards are applicable in the absence of the national ambient 


air quality standards.  Thus, PME standards are applicable for the IPP1. 


3.2 Water Discharge Quality 


The proposed plant will require cooling water for the power plant.  


Although the discharge/treatment options for the treated wastewater 


have not been confirmed yet, following are the applicable discharge 


standards for treated wastewater: 
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Table 3-4: IFC/WB and PME Discharge limits 


 IFC /WB EHS Guidelines PME 


Parameter 
Thermal Power Plant 


(December 2008) 


Allowable effluent levels 


(mg/l except pH and temp.) 


pH  6 – 9 6 – 9 


TSS 50 15 


Oil and Grease 10 8 


Total residual 


chlorine 


0.2 0.5 


Temperature Site specific requirement to 


be established by the EA; 


Elevated temp. areas due 


to discharge of once-


through cooling water (e.g. 


1 C above, 2 C above, 3 C 


above ambient water 


temperature) should be 


minimised by adjusting 


intake and outfall design 


through the project specific 


EA depending on the 


sensitive aquatic 


ecosystems around the 


discharge point. 


The Presidency will 


determine the thermal 


properties of the discharged 


water to fit the properties of 


the receiving water on a 


case by case basis 


Chromium 0.5 0.1 


Copper 0.5 0.2 


Iron 1  


Zinc 1 1 


Arsenic (As) 0.5 0.1 
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 IFC /WB EHS Guidelines PME 


Parameter 
Thermal Power Plant 


(December 2008) 


Allowable effluent levels 


(mg/l except pH and temp.) 


Cadmium (Cd) 0.1 0.02 


Lead (Pb) 0.5 0.1 


Mercury (Hg) 0.005 0.001 


Nickel (Ni)  0.2 


Cyanide (CN)  0.05 


Ammonia as 


Nitrogen 


 1 


Phenols  0.1 


Phosphate (total 


as P) 


 1 


Total Coliform  1000 MPN 
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Table 3-5: RFP Permissible emission limits for aqueous discharges into 


marine environment 


 


 


3.2.1 Mixing Zone 


In addition, PME has guidelines for receiving water quality which apply to 


the edge of the mixing zone and beyond for the discharge from any 


facility to the coastal water. These standards will be elaborated and 


some of the main parameters will be modelled in order to estimate the 


impact associated with the discharges and ensure the compliance with 


mixing zone discharge standards. 
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RFP Requirements for the Mixing Zone are as follows: 


Mixing Zone Temperature Description  


Temperature (at edge of 


mixing zone) 
K 


Less than or equal to 1K above 


receiving water 


TDS (edge of mixing zone) 
- 


Less than or equal to 5% above 


receiving water 


Maximum cooling water 


temperature rise  
K 


7 K (subject to approval by PME 


on a case by case basis) 


3.3 Noise Standards 


The proposed plant will also be required to comply with noise limits that 


are applicable in Qurayyah and will be compliant with the PME, RFP and 


World Bank General and Thermal Power EHS guidelines. 


Table 3-6: IFC/WB Noise level guidelines 


One Hour LAeq (dBA) 


Receptor Daytime 


07:00 – 22:00 


Nighttime 


22:00 – 07:00 


Residential, institutional, educational 55 45 


Industrial, commercial 70 70 


Table 3-7: RFP Permissible noise levels 


Area 
Maximum allowable limits for 


noise level (dBA) 


At 1m inside the Plant fence as well as 


1m outside the ESF fence (when all 


equipment running excluding 


background noise, which is noise emitted 


by others in the neighborhood) 


65 


At 1 meter away from open air 


installations 


85 
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At 1 meter distance of each equipment 


inside turbine buildings 


! ST Building 


90 


At 1 meter distance outside of buildings 85 


Within the Central Control Room (CCR) 50 


Within other machine rooms and 


workshop 


85 
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4 SEA / EIA Assessment Method 


4.1 Introduction 


The SEA methodology adopted within this report for the issues identified is 


outlined within each of the individual aspect sections and is specific to 


each of the technical subjects.  The majority of sections follow a typical 


standards, as is best practice internationally which includes the following:  


Available information is reviewed and assessed with relation to both 


national, World Bank and IFC standards, Equator Principles and related 


Performance Standards.  This information includes, as a minimum, a desk 


study review of available information, Consortium technical proposal, 


and standards, Internet information sources, and supplementary site data 


and laboratory analyses.   Detailed site surveys, monitoring and 


predictive modelling have also been undertaken and results are 


presented within the relevant chapters. 


4.2 Assessment of Impact Significance 


Assessing the significance of issues may include some or all of the 


following: 


! Potential impact in relation to PME or international (e.g. World Bank) 


environmental standards; 


! The sensitivity of the receiving environment or receptor locations; 


! The reversibility and/or duration of the potential impact; and 


! The potential concerns and issues identified by stakeholders. 


The determination of ‘significance’ incorporates judgments of the above 


together with the potential magnitude of the impact.  In addition, the 


frequency of impacts upon the receiving environment is a factor in 


determining the significance.  An impact that is moderate in size but 


continuous can be more significant than one that is infrequent or rare. 


Project impacts can also be considered direct or indirect: 
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Direct: Effects directly attributable to the plant activities or actions; & 


Indirect: Effects not directly attributable to the plant activities or 


actions. 


The determination of significance is therefore dependent upon decisions 


of the following factors: 


Significance Factors Description 


Extent/Magnitude Potential impact should be quantified with 


range limits wherever possible and relevant 


modelling should be undertaken in order to 


predict impacts for appropriate factors. 


Reversibility A reversible impact is one in which the 


condition which the impact effects can be 


returned to the baseline condition prior to the 


impact. 


Duration The length of time of an impact may be short, 


medium or long term.  Typically, with regard to 


SEAs, this is defined as 2-5 years, 5-15 years or 


beyond 15 years respectively. 


Standards Complying with the national and international 


standards, which may exist for a particular 


impact also helps define the potential 


significance of an issue.  With regard to the 


proposed project, this would consist of both 


PME and international guidelines. 


Sensitivity of 


receptors 


In many areas the sensitivity is further defined 


by consultation and baseline surveys, which 


help detail the existing environment.  Areas 


designated nationally or internationally should 


be considered as sensitive areas and impacts 


minimised wherever possible. 
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Impacts 


After consideration of these variables, an informed decision can be 


made as to the overall significance of the impact.  This will be reported 


within the SEA on the following scales, prior to, and after, mitigation 


measures: 


Table 4-1: SEA impact scale 


Impact Description 


Major negative or 


positive impact 


Where the development would cause a significant 


worsening (or improvement) of the receiving 


environment 


Moderate 


negative or 


positive impact 


Where the development would cause noticeable 


worsening (or improvement) of the receiving 


environment 


Minor negative or 


positive 


Where the development would cause very little 


worsening of the receiving environment 


No change Where no noticeable impact would occur on the 


receiving environment 


Primarily the project characteristics relate to: 


Physical presence: may include-  


! Visual presence; 


! Change/loss of land use; and 


! Disruption of other infrastructure. 


Use of resources: may include- 


! Water resource use; 


! Raw material use; and 


! Resource consumption. 
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Generation and disposal of waste: may include- 


! Gaseous or aqueous emissions and discharges; 


! Solid wastes; and 


! Noise and vibration. 


4.3 Environmental Issues and Structure of the Report 


On the basis of 5 Capitals’ experience and on the basis of the review of 


RFP and following the site visits on December 2010, April 2011 and March 


2011, it is evident that some issues are likely to be deemed of potentially 


greater significance than others. 


The issues associated with the construction and operation of the 


proposed plant have been identified and “classified” into Primary Issues 


and Secondary Issues, based upon experience of power plant operations 


in the Middle East Region.  These are noted below.  Each of these issues is 


discussed in detail in the following sections, with regards to the 


information gathered from desk studies or site surveys, modelling, where 


appropriate, and assessment methodology of potential issues and 


mitigation measures which are to be employed at the site. 


4.3.1 Primary issues 


The primary issues have been assessed as the following: 


• Marine Ecology and Water Quality; 


• Air quality;  


• Social and economic issues; 


• Soil, groundwater and land contamination; and 


• Environmental management plan and monitoring. 


4.3.2 Secondary Issues 


Secondary issues have been assessed as the following: 


• Solid and hazardous waste; 


• Landscape and visual impact; 
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• Terrestrial ecology;  


• Wastewater management; 


• Traffic and Transport 


• Noise and vibration; 


• Cultural heritage and archaeology. 


4.3.3 Baseline Surveys 


As an important part of the Social and Environmental Assessment, the 


baseline surveys provide a benchmark of the existing conditions by which 


the potential impacts of the proposed Qurayyah IPP 1 can be assessed 


for construction and operational phases. 


The environmental baseline surveys carried out as part of the SEA have 


consisted of the following: 


! Site Walkover surveys March, April 2011 onwards; 


! Social consultations – April 2011; 


! Terrestrial flora survey - April 2011; 


! Site acoustic survey - April 2011; 


! Soil contamination survey - March 2011; 


! Supplementary ambient air quality monitoring commenced 


February 2011. 


These surveys are described further within the relevant sections. 


In addition, SEC, as part of the Technical Addendums of the RFP, have 


provided the following further environmental information which has been 


reviewed within the course of this assessment:  


! Addendum 1 – Topographic Survey 


! Addendum 2 & 3 – Bathymetric & Geotechnical Survey 


! Addendum 4 – Air Dispersion Study 


! Addendum 6 – Geotechnical Study (Offshore) 
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! Addendum 9 – Recirculation Study 


! Addendum 13 – Final Recirculation  


! Addendum 14 - PEA & EIA TOR (WSP) 


! Addendum 15 – Geotechnical Report (Onshore) 


These studies are included on a CD as Technical Appendices to this 


report. 


4.3.4 Consultations  


The Equator Principles, IFC Performance Standards and International Best 


Practice require that social consultations be undertaken as part of the 


Social and Environmental Assessment process.  They are a key activity in 


order to adequately assess the potential issues or concerns that affected 


parties or stakeholders may have with a particular project.   


The active engagement of potentially affected communities is a key 


component of IFC Performance Standards 1, 4, 5, 7 and 8 and ensures 


that the development of the Project considers any impacts or practices 


which may affect local communities or which other stakeholders have a 


vested interest in.   


Principle 5 of the Equator Principles details that, for all ‘Category A’ 


projects, and as appropriate for ‘Category B’ projects, the Consortium is 


required to incorporate the communities’ concerns.   


Given the remote location of the Qurayyah IPP1 Power Plant and the 


secure nature of all the facilities in the Qurayyah Complex, and given 


that there are no indigenous communities in the area and that SEC 


already owns the land, several of the Equator Principles regarding 


Consultations and Communities are not relevant for the project. The 


poplulation residing in the Qurayyah complex or vicinity thereof, can be 


considered temporary or transient as they are either employed during 


the construction or operational phases.  
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5 Marine Ecology and Water Quality  


5.1 Introduction 


Given the nature and scale of the Project and its requirement to build an 


intake and outfall structure in the vicinity of two existing power plants, 


potential impacts associated with construction and operational activities 


are likely to occur.  


Combustion facilities using once-through cooling systems require large 


quantities of water that are discharged back to receiving surface water 


with elevated temperatures. In addition, the withdrawal of such large 


quantities of water and discharge with elevated temperatures and 


chemical contaminants may, depending on the location and design of 


the cooling water intake structures, affect aquatic organisms, including 


plankton, fish, crustacea, shellfish, and many other forms of aquatic life. 


The potential impacts of cooling water intake (and outfall) structures will 


be assessed, based on the results of the marine surveys. Marine dispersion 


modeling has however, been undertaken and the findings will be 


presented in the sections which follow.  


Effluents from thermal power plant include thermal discharges, 


wastewater (chemical, oil and sanitary) effluents, return cooling water 


and reject effluent from RO system. These effluents may also negatively 


impact on the receiving water.  


5.2 Methodology 


The assessment of impacts to the marine environment has been 


undertaken using a combination of desk studies, marine surveys, 


laboratory analysis and modelling studies.  As one of the key 


considerations in the construction of the IPP, this section has been 


arranged in the following manner:  
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Legal framework   


! Legal regulations regarding marine environment applicable to 


QIPP1 development at national and international level   


! RFP requirement  


Baseline information   


! Background to the local marine environment  


! Marine ecology surveys  


! Water quality surveys and laboratory analysis  


! Shoreline ecology surveys  


! Assessment of offshore geotechnical information  


Assessment of impacts  


! Assessment of alternative intake/outfall configurations  


! Water Modelling- Construction 


! Dredging  


! Water Modelling- Operation  


Mitigation  


Residual Impacts 


5.3 Legal Requirements 


5.3.1 The National Standards 


All water quality standards are to comply with the relevant PME 


regulations and standards, where applicable, International Guidelines 


have been used in conjunction with local standards to ensure suitability 


to local site conditions.  


The General Environmental Regulations 2001 detail within Appendix 1 


‘Environmental Protection Standards’ Sections 12 and 13 the parameters, 


which must be attained with regards to discharges to the marine 


environment and the ambient quality of the marine environment.  These 


parameters are noted within the table below:  
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The PME mixing zone standards (see definition below) detail the following:  


! pH: not to exceed 0.1 pH units from the ambient conditions at 


edge of mixing zone;  


! The following parameters are less than 5% change from the 


existing ambient conditions. 


Table 5-1 PME Mixing Zone chemical parameters 


Parameters 


Total Suspended Solids Dissolved Oxygen 
Chemical Oxygen 


Demand (COD) 


Total Organic Carbon 


(TOC) 


Total Kjeldahl Nitrogen 


(TKN) 


Chlorinated 


Hydrocarbons 


Oil and Grease 
Phenolics Ammonia 


Arsenic 
Cadmium 


Chloride 


Residual chlorine 
Total chromium 


Copper 


Total cyanide 
Lead 


Mercury 


Nickel 
Total phosphate 


Zinc 


Dissolved oxygen  
 


 


5.3.1.1 Water Discharge Quality 


The proposed plant will require cooling water for the power plant. The 


following are the applicable discharge standards for treated wastewater: 


Table 5-2: Discharge limits according to IFC/WB and PME Discharge 


Requirements  


 IFC /WB EHS Guidelines PME 


Parameter 
Thermal Power Plant 


(December 2008) 


Allowable effluent levels 


(mg/l except pH and temp.) 


pH  6 – 9 6 – 9 


TSS 50 15 


Oil and Grease 10 8 
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 IFC /WB EHS Guidelines PME 


Parameter 
Thermal Power Plant 


(December 2008) 


Allowable effluent levels 


(mg/l except pH and temp.) 


Total residual 


chlorine 


0.2 0.5 


Temperature Site specific requirement to 


be established by the EA; 


Elevated temp. areas due 


to discharge of once-


through cooling water (e.g. 


1 C above, 2 C above, 3 C 


above ambient water 


temperature) should be 


minimised by adjusting 


intake and outfall design 


through the project specific 


EA depending on the 


sensitive aquatic 


ecosystems around the 


discharge point. 


The Presidency will 


determine the thermal 


properties of the discharged 


water to fit the properties of 


the receiving water on a 


case by case basis 


Chromium 0.5 0.1 


Copper 0.5 0.2 


Iron 1  


Zinc 1 1 


Arsenic (As) 0.5 0.1 


Cadmium (Cd) 0.1 0.02 


Lead (Pb) 0.5 0.1 


Mercury (Hg) 0.005 0.001 


Nickel (Ni)  0.2 


Cyanide (CN)  0.05 
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 IFC /WB EHS Guidelines PME 


Parameter 
Thermal Power Plant 


(December 2008) 


Allowable effluent levels 


(mg/l except pH and temp.) 


Ammonia as 


Nitrogen 


 1 


Phenols  0.1 


Phosphate (total 


as P) 


 1 


Total Coliform  1000 MPN 


5.3.1.2 Mixing Zone 


In addition, PME has guidelines for receiving water quality which apply to 


the edge of the mixing zone and beyond for the discharge from any 


facility to the coastal water.  


The General Environmental Regulations of 2001, PME has defined the 


mixing zone as:  


“….a defined area of water directly adjacent to an area for  discharging 


contaminants where the receiving water quality standards may be 


exceeded and such an area is determined  pursuant to paragraph E of 


Article 13.  


Paragraph E further defines a mixing zone as the following:  


“Each direct discharge shall be adequately dispersed and mixed with 


the receiving waters. A mixing zone shall be designed to minimize 


adverse effects on the designated beneficial uses. The adequacy and 


area of the mixing zone shall be determined on a case by case basis by 


the Presidency.” 
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Table 5-3 RFP Requirements for the Mixing Zone  


Mixing Zone Temperature Description  


Temperature (at edge of 


mixing zone) 
K 


Less than or equal to 1K above 


receiving water 


TDS (edge of mixing zone) 
- 


Less than or equal to 5% above 


receiving water 


Maximum cooling water 


temperature rise  
K 


7 K (subject to approval by PME 


on a case by case basis) 


5.3.2 International Regulations  


The IFC World Bank’s ‘Environmental, Health, and Safety Guidelines:  Thermal 


Power Plants’ published on December 2008 details the requirements for 


marine discharges which will be applicable to the QIPP1.    


The IFC’s Performance Standard 3 are also applicable and note that the project 


should consider:  


“…a number of factors, including the finite assimilative capacity of the 


environment, existing and future land use, existing ambient conditions, the 


project’s proximity to ecologically sensitive or protected areas, and the potential 


for cumulative impacts”.  


Further standards, which are of particular relevance to the proposed QIPP1, 


are reflected in the fact that Saudi Arabia is a signatory to the Convention 


on Biological Diversity (the aims of which are also reflected in Performance 


Standard 6- Biodiversity conservation and Sustainable Natural Resource 


Management).  


With regards to the biodiversity on and affected by the site, the Performance 


Standard 6 defines two main divisions of habitat, modified and natural and 


details that the project ensures that-  


Modified Habitat  


In areas of modified habitat, the client will exercise care to minimize any 


conversion or degradation of such habitat, and will, depending on the nature 
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and scale of the project, identify opportunities to enhance habitat and protect 


and conserve biodiversity as part of their operations.  


 Natural Habitat  


In areas of natural habitat, the client will not significantly convert or degrade 


such habitat, unless the following conditions are met:  


! There are no technically and financially feasible alternatives  


! The overall benefits of the project outweigh the costs, including those to 


the environment and biodiversity  


! Any conversion or degradation is appropriately mitigated. 


5.3.3 RFP Requirements  


Intake and Outfall Structures 


The minimum systems and component to be included in the seawater 


intake and supply system and cooling system shall include, but not be 


limited to, the following: 


! Seawater intake system including seawater supply pipelines, seawater 


screening and pump station with screening lines consisting of screens 


and travelling band screens as well as seawater pumps, wash water 


umps, valves, piping, local instrumentation; 


! Oil barrier and warning system for seawater intake, complete with 


floating boom, if applicable, monitoring, warning and alarm system, 


and other auxiliaries; 


! Online seawater intake and outfall quantity and quality monitoring 


system; 


! Electro-chlorination plant, complete, with storage tanks and dosing 


system, for pumping station, including chlorination of intake, 


corresponding to the seawater demand of the plant; 
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! Seawater discharge and outfall structure including seawater outfall 


pipelines, seawater pumps, siphon pits, auxiliary systems (if 


applicable); 


! Discharge monitoring systems.  


The seawater discharge and outfall structure will include seawater outfall 


pipelines, seawater pumps, siphon pits and auxiliary systems (if 


applicable). The heated seawater from the condensers, the various heat 


exchangers of the close circuit cooling systems and brine/concentrated 


seawater from the desalination process will be discharged to the sea by 


installing new buried discharge pipes leading up to a new outlet 


structure.  


Table 5-4: RFP Permissible emission limits for aqueous discharges into 


marine environment 
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5.4 SEA Baseline 


5.4.1 Introduction 


The Arabian Gulf coastline of Saudi Arabia extends from Ras Al-Khafji in 


the northwest to Salwah in the southeast. On both physical and 


biological aspects, the coastline can be divided into two distinct sections 


of equal length. The northern section from Ras al Mishab to Rastanura, 


forms part of a gentle arc and the coastline trends roughly northwest to 


southeast and is exposed to waves generated by the prevailing winds of 


the Gulf. From Dammam southwards, the coastline lies parallel to the 


direction of the prevailing winds. Almost all of the southern section of the 


coastline lies within the Gulf of Salwah, and is protected from wave 


action not only by its orientation but also by the stretch of extremely 


shallow water between Saudi Arabia and Bahrain. These shallow waters 


reduce the tidal water movement and tidal amplitude.  


Tides at the site are very weak, with a daily variation in water level 


around 0.2m and current speeds barely exceeding 0.1m/s.  


Figure 5-1 Predicted Tidal Elevation at Qurayyah 


 


The wind regime over the region of the Arabian Peninsula indicates that 


three types of wind prevail during the year, winter and summer Shamal 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


110 


(Northern wind), Kaus (wind from the south-east) and winds that prevail in 


the coastal areas due to sea breezes. Shamal winds blow down the axis 


of the Arabian Gulf from the northwest in both summer and winter.  


The seawater temperature varies between 120C in winter and 350C in 


summer. Due to the high rate of evaporation salinity increases gradually 


from the southern to the northern parts of the region, including the coast 


of Bahrain. Tides enter the Gulf in the Strait of Hormuz and move in a 


counter-clockwise pattern north along the Iranian coast and south along 


the Saudi Arabian Coastline. Coastal tides in the Gulf of Salwah are semi-


diurnal. In the region between Ras Tanura and the entrance to the Gulf 


of Salwah, where Qurayyah is located, a pronounced pycnocline (sharp 


change in density with depth within a body of water) occurs and is 


formed by high salinity water from the Gulf of Salwah moving northward 


and underlying the less saline water of the open Gulf. Bottom water 


temperatures are generally in the range of 16 – 36 0C nearshore and 17-


34 0C offshore but can reach as low as 11.5 0C in inshore areas.  


Salinities range from 38 to 42% in the region north of Al Khobar, but 


increase dramatically southward. Open water salinities in the Gulf of 


Salwah range from 52% in the north to 59% in the south, with no 


indications of vertical salinity stratification. With the exception of silicate, 


dissolved inorganic nutrients in the western Gulf have very low 


concentrations which decrease with proximity to the shoreline, 


suggesting nutrient depletion of oceanic water as it moves through the 


Gulf.  


Analysis of the physical and chemical parameters of south Qurayyah, Al-


Uqair and south Salwah, suggest that these areas are hypersaline and 


the mean water salinity data obtained were 56.4%, 54.7% and 53.4% for 


south Salwah, Al-Uqair and South Qurayyah respectively and for these 


areas the mean water temperatures were recorded as 26.10C, 28.2 0C 


and 26.80C respectively.  
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5.4.2 Coastal Environment - Subtidal 


The intertidal area of Qurayyah is composed mainly of sand flats and 


sedimentary rock as can be seen in the following images.  


Plate  5-1 Shoreline of the QIPP1 Project Area 


 


Well-established oysterbeds are observed in the areas north of Qurayyah 


and Al-Uqair and oyster spats are seen nearshore seaweed communities 


of Sargassum. Mussels, Bivalves and other shells were abundant and 


observed along the strandline habitiat on the QIPP1 shoreline in 2011.  


Plate  5-2 Shells washed up on the QIPP1 beach 
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Plate  5-3 Mussels, Bivalves and shells washed up on the QIPP1 Shoreline 


Molluscs washed up on the QIPP1 shoreline 


 


Bivalves indet.  -Occasional specimens only 


 


Brachidontes variabilis (small mussels) - 


Abundant found on rocks and stones - occurs 


North western Gulf, South Eastern Gulf, Gulf of 


Oman 


 


Potamides conicus - Dominant species occurs on 


intertidal muddy sand - occurs throughout the 


Gulf 


 


Pinctada nigra (related to pearl oyster) 


Occasional under rocks mid to lower shore - 


occurs NWG and GO 


 


Acrosterigma sp. (bivalve) - Occasional in sand 


offshore  - occurs NWG and SWG 


Pseudpminlia gradata Frequent offshore and 


beached  - occurs throughout Gulf 


5.4.3 Major Marine Habitats 


At least four marine habitats, seagrass beds, coral reefs, algal 


communities and mangroves have been recognised in the Gulf of 


Salwah region, although only algal communities have been recorded at 


Qurayyah in the vicinity of the power plants.  In addition, the importance 
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of others, such as the intertidal mudflats, algal dominated shores and 


subtidal algal coral zones have been highlighted.  


The benthic environment in the vicinity of Qurayyah IPP1 site is primarily a 


vast low relief sand/silt substratum with variable thickness over a rocky 


sand stone plateau. The site is oligotrophic and although a suitable 


substratum is available, due to the high salinity, grain size of the sandy 


substrate and the deposition nature of the site, only algal growth occurs. 


There are no mangrove stands or beds of seagrass in the Qurayyah area.  


Research indicates that the only established mangrove stands are 


located near the Dammam-port area and research shows that all 


mangrove stands located further south have already been degraded 


due to land filling and degradation. In addition, the high salinity of the 


coastal waters limits the colonisation of several other species, which are 


further discussed in the follow section.  


Plate  5-4 Sandy Substrate in the vicinity of the QIPP1 area 
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Plate  5-5 Hard Substrate located over sandy substrate 


 


Plate  5-6 Algal Coverage over hard substrate 


 


Plate  5-7 Rocky substrate covered in Algae with shoal of sea berm fishes 


 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


115 


Seagrass: Although the subtidal region of the western Arabian Gulf is 


dominated by seagrass (primarily the species Halodule uninervis), 


seagrass habitats occur at 46% of the coastal and 30% of the offshore 


sites surveyed along the Saudi Arabian coastline. In general, seagrass 


communities indicate a distinct separation between stations in the 


northern zone of Ras Tanura, with high numbers of species and individuals 


compared to substantially lower numbers at south Salwah to Azziziyah, 


which includes the Qurayyah and Al-Uqair. A previous survey (2006) of 10 


sites in the region (>20km from the IPP1 site) indicated that seagrass only 


occurred at 1 site with over 50% cover of the species Halaphila 


stipulacea. This north-south separation, mentioned above is less 


pronounced for the sand/silt community. 


Coral Reefs: Coral reefs occur sporadically in the Arabian Gulf Waters. 


Although reef development is limited, especially in nearshore waters 


where physical stresses are high, coral reefs around some of the offshore 


islands (Karan, Kurayn, Jana, Jurayd) have been recorded as flourishing, 


with approximately 50 coral species occurring. These islands are 


however, located at a considerable distance (approximately 200km) 


from the QIPP1 site.  


In addition to these islands, a protected marine area off the coast of 


Jubail has been designated. This is also approximately 200km from the 


QIPP1 site and is the only marine reserve in the area.  


A desk study notes that hard and soft corals are conspicuously absent 


from the Gulf of Salwah. Coral reefs are unable to survive where salinities 


exceed 46% and therefore no species have been recorded in the 


Qurayyah area. The high salinity also restricted the principal taxonic 


groups of infaunal organisms and few species of molluscs and 


echinoderms were identified. A number of species are totally absent 


when salinities exceed 45%, these include echinoids, phoronids, 


penaeids, carideans and halacarideans.  
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Figure 5-2 Islands off the coast of Jubail which have rich coral 


communities – 200km from the QIPP1 site 


 


Figure 5-3 KSA Protected Marine Area off the coast of Jubail – 200km from 


the QIPP1 site 


 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


117 


5.4.4 Marine Resources 


In Dammam, there are many established small fishing ports and in Al-


Khobar both artisanal and commercial fishing activity is seen. Fishing 


around the Qurayyah area is very nominal with only a small fisheries port 


near Dhulum, Al-Ghazzar and Al-Uqair (22km south of the QIPP1).  


Due to the rocky nature of the area, trawling is not done but gill nets and 


other fixed nets are commonly used. The rocky nature of the area 


provides suitable habitats for rock lobsters and crabs. Hammour are 


found in the waters adjacent to the Qurayyah area.  


Shrimps: The distribution of the different penaeid species is directly 


related to the tolerance of the individual species to prevailing salinities. 


No established shrimp fisheries have been established south of Dammam 


due to lower species numbers.  


Marine Mammals: Although the Arabian Gulf is an internationally 


important population for the dugong, the Qurayyah area is likely to be 


included in the Lower Priority areas for protection and population 


management. The Qurayyah area does not have sufficient seagrass 


habitat and since the dugong are strictly herbivorous and seagrasses 


form their staple diet, the Qurayyah area does not provide a suitable 


habitat for their survival. They may however visit the area on occasion.   


Other marine mammals, which have been sited in the Qurayyah area, 


include the Humpback Whale, Bottlenose dolphin and Indo- Pacific 


humpbacked dolphin. Other dolphins and whales known to inhabit 


adjacent parts of the Indian Ocean are also likely to occur in the 


Qurayyah area. Dolphin sightings are regular in the nearshore deep 


water of Al-Uqair near Qurayyah.  


The nearshore areas recommended for protection are various bay 


complexes including, the southern Gulf of Salawah, Uqayr-Zakhniniya 


Complex, Tarut Bay Complex, Abu Ali Bay, Ad Dafi and Mussallamiya Bay 


Complex, and the Dafaniya-Manifa Bay Complex.  Most of the nearshore 
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bays are considered important marine resources, particularly as they 


contribute significantly to fisheries by providing nursery grounds for the 


young.  


Avifauna: Data on resident and migratory bird species of the Saudi Gulf 


coast is found in the publication entitled Birds of Eastern Province of Saudi 


Arabia (Bundy et al., 1989). The shorelines of the Saudi Gulf coast offer 


birds a zone rich in small crabs, isopods, crustaceans, molluscs, worms 


and other invertebrates. Approximately 25 species of birds rely on the 


shoreline as source of food and as a resting area when not hunting for 


food.  


The Salwah coast is an important area for supporting the breeding 


colonies of Socotra Cormorant in the country, with a minimum estimate 


of 30,000 breeding pairs in 1994/95. The birds breed in winter, and in 


summer thousands of terns also breed. Recent surveys have also shown 


that the largest concentration of terns is on Judhaim, with 900 pairs of 


Lesser Crested Tern Sterna bengalensis, 9,700 pairs of White-cheeked Tern 


(S. repressa) and 3,100 pairs of Bridled Tern S. anaethetus, 800 pairs of 


Lesser Crested Tern also breed on Zakhnuniyah island (offshore island 


near Qurayyah) alongside the colonies of Gull-billed Gelochelidon 


nilotica (12 pairs in 1994) and Caspian Tern Sterna caspia (3-5 pairs) on 


the Gulf of Saudi Arabia. About 100 pairs of Western Reef Egret Egretta 


gularis breed around the Gulf. In Saudi Arabia, the number of breeding 


pairs of Socotra Cormorant is thought to have declined dramatically 


however birds breeding on the Saudi islands in the Gulf of Salwa seem to 


switch islands regularly and may breed in large numbers one year and 


be absent others. 


The Gulf of Salwah has been identifies as an ‘Important Bird Area’ by 


Birdlife International. The area is proposed as a Resource Use Reserve in 


the NCWCD System Plan for Protected Areas, but has not yet been 


declared. The Qurayyah area is not formally protected and so no 


conservation measures are in force.  
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Sea Turtles: Two species of marine turtles commonly occur in the Arabian 


Gulf, the green turtle (Chelonia mydas) and the hawksbill (Eretmochelys 


imbricata). No turtles were sighted south of Ras Tanura (120km north of 


QIPP1) to the base of the Gulf of Salwa.  


Jellyfish: The formation of jellyfish blooms is a complex process that is 


usually seasonal, responding to nutrients, temperature, predation, 


currents and oxygen concentrations. Blooms of jellyfish are influenced by 


the nature of their life cycles, being produced by their benthic polyps 


usually in the spring when sunshine and plankton increase, so they 


appear rather suddenly and often in large numbers, even when an 


ecosystem is in balance. A jellyfish bloom has been previously recorded 


in the vicinity of QPP.   


Figure 5-4 Summary of Species located on the site 


Algae Fishes Molluscs Birds 


Sargassum sp. Diplodus 


noct 


Brachidontus 


sp 
Anthus similis 


Hydroclathrus 


sp 


 Pincetada sp Phalacrocorax 


nigrogularis 


Dictyota sp  Solen sp  


Laurancia sp    


Padina sp    


Hormophysea 


sp 


   


The result of the detailed marine study of the Gulf of Salwah has revealed 


that there are no sensitive habitats such as coral reef, nursery grounds for 


fish, sea grass and mangrove within 25km of the IPP1 Site while most are 


>100km. Site specific data support the low biodiversity including the 


following: 


! A marine survey of the adjacent QCC site, in 2008 confirmed that 


there are no coral outcrops, mangrove stands or beds of sea-grass in 
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this area. The habitats comprise vast low relief sand/silt substratum 


with a rocky sandstone plateau with filamentous algae. 


! A survey of the strandline habitat along the IPP1 site, in 2011, 


recorded low biodiversity of molluscs but no fragments of coral, 


sponge or seagrass. 


! The nearest sensitive habitats such as oyster beds have been 


recorded int eh north of Qurayyah as well as to the south (Al-Uqair), 


which are both located more than 20km from the proposed site.  


! The results from the water quality samples (2011) demonstrate high 


salinity levels (up tp 58ppt), which restrict marine biodiversity in this 


area. 
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5.4.5 Water Quality Survey 


Three seawater samples were collected from three locations at the 


coastline of Qurayyah in the March 2011. The results are also presented in 


the Table overleaf. 


Figure 5-5 Water Sampling Sites 


 


Table 5-5 Results of Seawater Samples at the coast of Qurayyah IPP1 (in 


mg/l unless otherwise specified) 


Parameter Unit Site 1 Site 2 Site 3 


pH  pH unit 8.10 8.21 8.27 


Salinity g/kg 58.7 59.1 59.5 


TSS mg/l 21 18 27 


Turbidity  NTU 6.7 18.0 4.0 


Oil and Grease mg/l <5 <5 <5 


TOC mg/l 25 9 14 


Chromium mg/l 0.001 0.001 0.001 
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Copper mg/l 0.002 0.003 0.007 


Iron mg/l 0.27 0.3 0.21 


Zinc mg/l <0.005 <0.005 <0.005 


Arsenic (As) mg/l 0.003 0.003 0.003 


Barium mg/l 0.020 0.023 0.019 


Cadmium (Cd) mg/l <0.0001 <0.0001 <0.0001 


Lead (Pb) mg/l <0.001 <0.001 <0.001 


Mercury (Hg) mg/l <0.0001 <0.0003 <0.0001 


Nickel (Ni) mg/l 0.002 0.002 0.001 


Vanadium mg/l <0.01 <0.01 <0.01 


Cyanide (total) mg/l <0.01 <0.01 <0.01 


Chloride mg/l 33900 34200 33200 


Silica mg/l 0.2 0.2 <0.1 


Sodium  mg/l 17400 19400 19300 


Ammonia as N mg/l 1.71 2.73 3.57 


Nitrate as N mg/l 0.05 0.03 0.06 


Total Nitrogen as N mg/l 4.1 5.2 7.2 


TPH (C10- C14); (C29- 


C7-40) 
µg/l <50 <50 <50 


TPH (C15-28) µg/l <100 <100 <100 


Summary of Water Analysis Results 


The ambient water quality results show slightly elevated levels of total 


suspended solids (TSS), however this is to be expected as the samples 


were taken from close to the shoreline where wave action would have 


increased the concentration of suspended sediments. The results show 


salinity levels in excess of 58g/kg. These figures are high but research (as 


documented above) shows that open water salinities in the Gulf of 


Salwah range from 52ppt in the north to 59ppt in the south, with no 
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indications of vertical salinity stratification. This has a significant impact on 


the marine life in the area.  


5.5 Assessment of Effects, Mitigation Measures and Residual 


Effects During Construction Phase 


5.5.1 Introduction  


The proposed QIPP1 and the scheme offered by the Consortium, 


complies with the RFP requirements for intake/outfall. This section 


considers the direct and indirect effects on the marine environment 


associated with development and construction of the Power Plant.  


Prior to mitigation measures, and subject to the baseline information 


gathered on the site, the potential impact during the construction stage 


could be of negligible to moderate negative impact. The significance of 


the issues determined are done through the use of advanced 


hydrodynamic modelling which has been used to determine the 


potential sedimentation load during the dredging stage.  
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Figure 5-6 Seawater Intake Pipeline Plan and Cross-Section 
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Figure 5-7 Seawater Discharge Pipeline Plan and Cross-Section 
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5.5.2 Assessment of Impacts/Effects 


5.5.2.1 Construction Modelling -Sediment Dispersion  


Dredging and Backfilling: The material to be dredged is of a sandy layer (with 


a silt content of 10%, particle size less than 63 µm in diameter) overlying a clay 


layer.  The total volume of material to be dredged is estimated to 


approximately 0.4 – 0.5 million m3. While the clay layer is composed of finer 


material than the sand, the action of the dredger will tend to cut the clay into 


balls or chips of clay rather than its constituent particles. Consequently, the 


rate of release of fines, released from the dredging of the clay is expected to 


be lower than the corresponding rate for dredging the sand. On this basis, and 


as the production rates for both materials are similar, only the dispersion 


resulting from dredging sand is presented.  


A small portion of this material is to be dredged by land-based excavator 


while the vast majority of the dredging is proposed to be undertaken by cutter 


suction dredger (CSD). The scheme that has been selected from the 


optimisation modelling assessment that was undertaken for the project, has 


intake and outfall lengths of 850m and 350m respectively. These optimised 


lengths significantly reduce the length of channel requiring dredging by the 


CSD and therefore the plumes dredged by the dredging equipment will be 


reduced. Plumes will arise from both the dredging and temporary placement. 


Following the laying of the pipeline, re-dredging and back-filling of the trench 


will also cause plumes. The plumes arising from the back-filling will be similar to 


those arising from the dredging.  


Modelling Scenarios  


On the basis of dredging methodology, 6 scenarios were simulated. Existing 


intakes and outfalls are located to the NW and SE of the proposed QIPP1 


intake and outfall. In general, the most adverse conditions for the intake and 


outfall to the NE of the proposed works would occur when there is a SE wind. 


The selection of a 6m/s SE and 6 m/s NW wind condition scenarios was made 


based on previous studies (DHI, 2011) and known wind data for the region as 
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identified in the recirculation study. The affect of the diurnal onshore-offshore 


winds is super-imposed onto the alongshore winds. These winds move 


sediment in the opposite direction. In practice, as the water depths are 


relatively shallow in the area of interest, the onshore-offshore winds result in 


more mixing and dispersion, rather than advection of the plume in any 


particular direction.  


The different release rates used in each simulation are based upon the 


assumed sandy material type. The locations of the simulated dredging have 


been chosen to represent adverse conditions the range of operations that will 


occur. Each simulation was performed over 4.5 days of spring tides. As the 


proposed trench is a relatively small feature and the worst case in terms of 


plume dispersion is at the start of dredging before the trench is deepened and 


currents in the trench reduce, the plume dispersion simulations were 


undertaken with existing bathymetry.  


Figure 5-8 Locations of releases represented in plume dispersion simulations   
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Table 5-6 Dredging of the proposed intake and outfall trench 


Simulation Modelling 


Scenarios 
Details of Simulations 


Dredging of the proposed outfall trench 


Simulation 1 Dredging by the small dredger, releasing fine sediment 


at a rate of 2kg/s, at the offshore end of the proposed 


outfall and pumping the dredged material 300m away 


to the NW,causing a further release of 2.3kg/s. The 


simulation is modelled with flows including a 6m/s wind.   


Simulation 2 As simulation 1 but this time representing the dredging 


roughly mid-way along the proposed outfall trench. 


Dredging of the proposed intake trench 


Simulation 3 Dredging by the large dredger, releasing fine sediment 


at a rate of 16kg/s, just offshore of the -5mLAT contour 


and pumping the dredges material 300m away to the 


SE causing a further release of 18k/s. The simulation is 


modelled with flows including a 6m/s wind.  


Simulation 4 Dredging by the small dredger, releasing fine sediment 


at a rate of 2kg/s, roughly mid-way along the proposed 


intake trench and pumping the dredges material 300m 


away to the SE causing a further release of 2.3kg/s. The 


simulation is modelled with flows including a 6m/s NW 


wind.  


Simulation 5 As simulation 3 but this time assuming sufficient wave 


activity as to prevent the deposition of fine sediment.  


Simulation 6 As simulation 4 but this time assuming sufficient wave 


activity as to prevent the deposition of fine sediment.  
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Plume Modelling Results 


Outfall Model Simulations: For the two model simulations along the outfall, the 


predicted suspended concentrations (SE wind direction) from small CSD 


increases for both the offshore and inshore locations are similar in pattern. The 


offshore release point (left) produces a slightly more extended plume than the 


inshore point.  For the inshore release (right), the plume does not extend far 


enough inshore to enable to bypass the QPP outfall. For the offshore release 


after 4.5 days, the plume gets deflected offshore by the discharge from the 


QPP outfall, which results in the plumes being pushed seawards.   


Figure 5-9 Predicted envelope peak depth-average increases in suspended sediment 


concentration above background, dredging by small CSD at offshore end (left) and 


mid-way (right) of proposed outfall trench, calm conditions 
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Figure 5-10 Predicted deposition after 4.5 days of simulation, dredging by small CSD at 


offshore end of proposed outfall trench, calm conditions 


 


Intake Model Simulations: The predicted increases in suspended 


concentrations extend predominantly in a SE direction (NW wind direction), 


parallel with the coast. The wind has a strong influence on the hydrodynamics 


in this region. For the offshore release (left), which the larger CSD was 


modelled, the predicted increases in concentration at the dredger and 


placement location are to 250mg/l and 350mg/l respectively. At 200m the 


model predicts concentrations lower than 100mg/l, and the predicted 


maximum concentration increases remain above 20mg/l for a distance of 


between 1.3 – 1.5 km from the point of release. The inshore release, the plume 


has a smaller extent due to the use of the smaller CSD.  
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Figure 5-11 Predicted envelope peak depth-average increases in suspended 


sediment concentration above background, dredging by large CSD (left) and small 


CSD (right), at position of the proposed intake trench, calm conditions 


 


Worst Case Scenarios 


While dredging in wavy conditions with wind blowing from a NW direction, the 


envelope of the increase in suspended sediment concentrations above 


background are predicted to be significantly larger. This is because the 


released fines can remain in suspension due to the increased bed shear 


stresses induced by the waves.  


Offshore release case: Concentration increases above background at the two 


points of release reach approximately 500mg/l. At a distance of about 1km, 


concentrations reach 200mg/l and below 100mg/l at a distance of 2-3km 


(prior to the implementation of mitigation measures). Concentrations of 


between 100mg/l and 200mg/l are predicted to occur at the QCC water 


intake, although this would be reduced by >90% through the use of silt curtains 


and reduced dredging activity during turbulent sea conditions.  
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Figure 5-12 Predicted envelope peak depth-average increases in suspended 


sediment concentration above background, dredging by large CSD (left) and small 


CSD (right), at position of the proposed intake trench, windy and wavy conditions 


(Worst Case Scenarios) 


 


Conclusions 


The construction of intake and outfall structures will involve the dredging of 


channels and creation of revetments, dependent on the scheme. This may 


potentially impact, directly and indirectly, on the marine habitat.  


The total loss of fines for the entire operation (dredging and backfilling) can be 


estimated to be in the region of 65,000 tonnes (prior to mitigation), which, 


assuming a dry density for settled fine material of 500kg/m3, corresponds to a 


volume of 130,000m3. Under calm conditions, it can be assumed that this 


volume will be distributed over a footprint extending up to 2km onshore and 


up to 10km along the shoreline. This will result in a layer of fine material (6-7mm 


thick) over this 20km2 area.  


The simulations undertaken show that a combination of advection by adverse 


wind conditions and wave heights, the plumes from dredging and disposal do 


reach the intakes to the NW and SE of QIPP1 plant.  


For a large CSD dredging close to the -5mLAT contour the combination of 


adverse wind conditions and wave heights is predicted to lead to increases in 
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suspended sediment concentration at the intake to the SE of the works of up 


to 200mg/l above background.  


For a small CSD, these conditions are predicted to lead to increases in 


suspended sediment concentration at the intake of 40mg/l above 


background. 


Smaller increases in suspended sediment concentration are predicted for SE 


wind at the intake the NW of the works for these wave conditions.  


The plumes are not expected to cause significant accretion in the intake and 


outfall channels.  


5.5.3 Mitigation Measures 


The dredging methodology currently suggests that a large CSD be used for 


the intake trench. Since the modelling study has shown that it is feasible to 


reduce the intake to 850m, it is proposed that the smaller CSD is used for 


dredging works.  


! The deployment of silt curtains must be deployed for offshore dredging 


works in order to minimise the dispersion of suspended sediments along the 


shoreline and further offshore.  


! Dredge material should be pumped through a pipeline to a reclamation 


area on land. The release of dredge material must not be disposed of at 


sea, as this would increase the envelope of sediment plumes.  


! Dredge material from the land excavation and ground works, should not 


be disposed of at sea without a specific permit.  


! No effluent wastes should be discharged into the marine waters. 


! The storage of fuels and chemicals for the construction stage of the QIPP1 


should be placed in aboveground fuel tanks, on a hard-standing and 


impermeable bund with a capacity of 110% of the tank size.  
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5.5.4 Residual Effects 


The impacts of the intake and outfall dredging include disturbance and loss of 


sediments and fines in the region of 65,000 tonnes, under calm conditions 


increasing as wind and wave conditions increase. With the adoption of the 


mitigation measures as mentioned above, the residual impact is likely to be of 


minor negative short-term impact.  


5.6 Assessment of Effects, Mitigation Measures and Residual Effects 


During Operational Phase 


5.6.1 Assessment of Impacts/Effects 


This section considers and assesses the direct and indirect effects on the 


marine environment associated with commissioning and operation of the 


Power Plant. The marine hydrodynamic and water quality modelling for the 


intake and outfall has been undertaken for the intake and outfall and includes 


cumulative impacts arising from the existing (QCC and QPP) discharges and 


future discharges IPP1 and IPP2 power plants.  


The IFC-EHS Guidelines- Wastewater and Ambient Water Quality, specify 


temperature of the wastewater prior to discharge does not result in an 


increase greater than 3 0C of ambient temperature at the edge of a mixing 


zone. The mixing zone has been defined by modelling in accordance with 


these requirements.  


Commissioning: During the initial testing of the Plant and cooling water systems 


it will be important to ensure that the initial effluent and cooling water 


discharges fully comply with PME and World Bank standards. 


Operation: The Operation of the Plant will be required to limit the temperature, 


salinity (and other parameters) that is discharged in order to minimise 


recirculation to the intake and in order to comply with RFP, PME and World 


Bank discharge limits.  In order to adequately assess this, an advanced 


hydrodynamic water quality model will also be necessary.  In addition, the 
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model will also need to assess the potential negative impacts on the marine 


ecology that are associated with discharges and potential fuel spillage to the 


receiving water and establish the size of the thermal mixing zone.  


The withdrawal of large volumes of seawater may cause aquatic organisms 


such as fish, invertebrates and filamentous algae to be drawn into the cooling 


water intake structures both resulting in the death of those organisms trapped 


in the screens and potential disruption to the continued operation of the plant.  


The plant has however, been designed with intake risers which prevent the 


withdrawal of large marine organisms. The impact is therefore considered to 


be of a minor negative impact.  


Effluent from thermal power plants will include thermal discharges, and 


treated wastewater effluents that may have negative effects on the receiving 


waters through eutrophication or the gradual build up of substances such as 


heavy metals.  


The potential of marine contamination due to the transportation, handling 


and unloading of heavy- and light- fuel oil as well as diesel (for emergency 


generators), produced wastewater and its treatment facilities, the handling of 


liquid, solid and hazardous waste and the chemical and fuel storage onsite will 


be assessed within this chapter.   


If not adequately designed or modelled, the potential impact of the 


intake/outfall upon the marine environment could be of minor to moderate 


negative impact, due to  


5.6.1.1 Operational Modelling – Cooling water dispersion  


Background: The three-dimensional (3D) computational water modelling was 


undertaken with the key objective of assessing the dispersion characteristics of 


the cooling water and potential for recirculation of the thermal plume on the 


existing QPP and QCC Power Plants (including the planned Qurayyah IPP1 & 


IPP2 Power plants). The aim is to find the optimal lengths of the intake and 
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outfall pipelines that satisfy national (PME) and international (IFC/World Bank) 


legislative requirements.  


The assessment includes the interaction of the cooling water plume with 


discharges from nearby outfalls, and will indicate the likelihood of thermal 


recirculation at the intakes of neighbouring facilities (QPP and QCC). The 


results of the study will be used to assess likely compliance of the IPP1 


discharge with PME environmental regulations, and also to assess whether 


levels of thermal recirculation are acceptable in terms of engineering 


requirements. 


A number of scenarios were selected for testing based on the findings of the 


DHI Water Modelling Report undertaken for SEC (Final Report January 2011). 


This detailed modelling study concluded that a 1,500m intake and 750m 


outfall would be acceptable while moving the intake 500m further offshore 


made little difference. Moving the intake 500m inshore resulted in slightly 


higher excess temperatures.  


In addition to a detailed modelling as undertaken by DHI (and mentioned 


above), a further study undertaken by HR Wallingford has reported that an 


intake/outfall configuraton of 850m/350m does not impact on the adjacent 


plants under all possible wind conditions. Silt dispersion during construction of 


IPP1 has been modelled to identify suitable methods that will minimise impacts 


at the existing water intakes and also reduce the area over which silt will be 


dispersed – even though the marine habitats are not highliy sensitive to silt due 


to existing habitat types.  


Metereological Conditions: The general meteorological wind conditions of the 


site are described based on information available from the King Fahd Airport 


(also supported by data from Bahrain Airport). The wind conditions of the site 


are governed by north-westerly winds through all months of the year. During 


winter, however, a south-easterly wind appears. The average wind speed is 5-


7m/s for the months of January through June and 3-6m/s for the months of July 


through December.  
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Seawater temperatures reach 200 C in winter and 350 C in summer with almost 


uniform distribution across the water column. As stated previously, salinity 


measurements taken at Qurayyah show concentrations in exess of 58ppt.   


Methodology/Modelling System: The 3D computational modelling studies 


were undertaken to assess the thermal recirculation potential to the intakes 


and to confirm the dispersion performance of the outfall discharge. HR 


Wallingford set up their model using the same conditions as DHI (although 


specific details were not available) and a robust calibrated and verified 


model was established.  The model has been set up with 11 quasi-horizontal 


planes through the water depth, which correspond to the bed (1) and the 


surface (11) with other surfaces spaced evenly through the water depth, 


giving a vertical resolution of approximately 1.2m in the vicinity of the 


proposed discharge. The vertical resolution was chosen based on experience 


of the thickness of plumes resulting from comparable discharges.  


Modelling Scenarios 


The scenarios modelled for the QIPP1 SEA were selected based on the 


frequency and significance of occurrence of the site conditions. The scenarios 


were assessed using DHI worst case i.e. Winter SE winds (6m/s) and Summer SE 


winds (11m/s). The wind situation under these conditions is strong enough to 


more than counterbalance the southward component of the tide-driven 


current, resulting in the discharge from the power plant outfalls having a strong 


northwards component. The results show high excess temperatures at QPP 


intake (2.70C), QCC intake (4.90C), IPP1 intake (2.90C) and IPP2 intake (3.00C) 


during summer conditions.  


The winter simulation showed even higher excess temperatures (6m/s) at the 


power plant intakes: QPP intake (5.10C), QCC intake (8.20C), IPP1 intake 


(6.10C) and IPP2 intake (5.20C).  


The scenarios assessed using north-westerly summer (shamal) wind conditions 


indicated no excess temperatures at the QPP intake. The excess temperatures 


at QPP, IPP1 and IPP2 range between 1.40C and 1.8OC.  
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The above results show that the wind scenarios that give rise to the highest 


excess temperatures were the cases with SE winds, particularly the 6m/s SE 


winter wind. The very high excess temperatures seen above are the result of 


the accumulation of heat in the power plant area. The relative magnitude of 


the southerly net tidal currents versus the wind generated northerly currents 


determines in this case the water exchange in the area and thereby the 


exchange of heat.  


Based on the results of the DHI report, thermal dispersion was simulated using 


the TELEMAC-3D model over the following five scenarios. As mentioned 


above, these were selected to consider specific seasonal and metocean 


conditions in conjunction with investigating the feasibility of an amended 


layout and discharge velocity. 


Baseline:  QPP & QCC only   Winter Condition (6m/s; SE) 


Scenario 1 QPP, QCC, QIPP1 and QIPP2 Winter Condition (6m/s; SE) 


Scenario 2 QPP, QCC, QIPP2 and QIPP2 Summer Condition (11m/s; SE) 


Scenario 4 QPP, QCC, Q IPP1 (amended layout) & QIPP2  Winter Condition 


(6m/s; SE) 


Scenario 5 QPP, QCC, QIPP1 (amended flow rate) & QIPP  Winter Condition 


(6m/s; SE) 


Scenario 6 Thermal Mixing Zone Simulations (not included in this section- see 


5.6.1.11) 


Scenario 7  QPP, QCC, QIPP1 (amended layout) & QIPP  Summer No 


Wind/Calm Conditions 


Scenario 8  QPP, QCC, QIPP1 (amended layout) & QIPP  Summer Shamal 


Condition NNW wind (5-15m/s) IPP1 Simulation 


On reviewing the model plots for scenario 1, a further 5 model plots were 


undertaken to assess the optimal lengths of the intake and outfall pipes.  


Finally a 5th scenario was included to test a higher flow for IPP1 (45m3/s 


increased to 50.5m/s) for the final run only. The model was set up to cover an 
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area of approximately 20km alongshore and 15km offshore, giving an overall 


coverage of the area of interest. The model extent is shown in Figure 5-11.  


The mesh contains over 15,000 elements, with a maximum size of 1km at the 


open sea boundary and a much smaller mesh in the areas closer to the shore 


as well as close to the intake and outfall pipes. The mesh was refined in these 


areas to ensure sufficient resolution of the key features, including intake and 


outfall flows. This has resulted in a mesh resolution of around 20m in the vicinity 


of the intakes. The intake and outfall modelling configurations used for the 


optimisation study are detailed in Table 5-7 below. 


Figure 5-13 Model Bathymetry and mesh (detail) 
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Table 5-7 Intake and Outfall Configurations for Qurayyah IPP1 & IPP2, QPP & QCC 


IPP1 


Baseline 


IPP1 


Model 1 


IPP1 


Model 2 


IPP1 


Model 4 


IPP1 


Model 5 


Description 


  


  


QPP 


  


  


QCC 


  


  


IPP2 
Baseline Winter – 


worst case 


Summer - 


worst case 


Optimise 


lengths 


(850m and 


350m) 


Winter – worst 


case 


Intake location 411934.1     


2860608.8 


413745.6     


2856965.5 


413948.3 


2860007.9 


413930.7 


2859020.9 


413930.7 


2859020.9 


413930.7 


2859020.9 


413798.2     


2858954.4 


413930.7 


2859020.9 


Intake flow rate 127m3/s 134m3/s 70m3/s 45m3/s 45m3/s 45m3/s 45m3/s 50.5m3/s 


Intake 


characteristics 


Channel Channel Piped Piped Piped Piped Piped Piped 


Ambient 


Temperature 


To match 


IPP1 


To match 


IPP1 


To match 


IPP1 


20degC 


(winter) 


20degC 


(winter) 


35degC 


(summer) 


20degC 


(winter) 


20degC 


(winter) 


Ambient Salinity 60ppt  60ppt  60ppt  60ppt  60ppt  60ppt  60ppt  60ppt  


Outfall location 412651.9     


2859633.6 


414567.5     


2856059.9 


413184.5 


2859204.3 


413235.0 


2859114.4 


413235.0 


2859114.4 


413235.0 


2859114.4 


413091.0     


2859059.7 


413235.0 


2859114.4 
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Outfall flow rate 127m3/s 134m3/s 70m3/s 45m3/s 45m3/s 45m3/s 45m3/s 50.5m3/s 


Outfall 


characteristics 


Open Open Piped Piped Piped Piped Piped Piped 


Outfall uplift 


temp 


6o C 6o C 7o C 6o C 6o C 6o C 6o C 6o C 


Outfall Salinity 60ppt  60ppt  60ppt  60ppt  60ppt  60ppt  60ppt  60ppt  


Exit velocity n/a n/a 1.5m/s 1.5m/s 1.5m/s 1.5m/s 1.5m/s 1.5m/s 


Wind condition To match 


IPP1 


To match 


IPP1 


To match 


IPP1 


SE 6m/s SE 6m/s SE 11m/s SE 6m/s SE 6m/s 
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Scenario Simulations and Testing 


The scenarios chosen were assessed using the DHI worse case i.e. winter SE 


winds (6m/s) and summer SE winds (11m/s).  


5.6.1.2 Baseline Scenario (Winter) Baseline only for QPP & QCC (referred to as 


Scenario 3 during project period) 


A representation of the ‘baseline’ scenario was undertaken. This consists of the 


layout as represented by SEC without the IPP1 and IPP2 plants operating and 


for the worst case condition which was defined as winter ambient sea water 


temperatures of 20oC and a constant 6 m/s wind from the SE. 


Table 5-8 Time-averaged excess Temperature (0C) at intakes (Baseline 


Scenario) 


 IPP1 


1000m 


IPP1 


850m 


IPP2 QPP QCC 


Sea-Surface 1.4 1.4 3.2 0.6 0.6  


Mid-depth 0.2 0.4 0.2 0.5 0.4  


Sea bed <0.1 0.1 0.1 0.5 0.3  


Depth- 


Average 


0.4 0.5 0.7 0.5 0.5 


Results 


The existing QPP and QCC baseline contribute to background depth-average 


excess temperatures of 0.5 0C at their intakes, 0.4 0C at IPP1 (with an intake 


length of 1000m, 0.5 0C at IPP1 (with an intake length of 850m) and 0.70C. Mid 


depth excess temperatures are 0.2 0C at IPP1 and IPP2; 0.5 0 C at QPP and 0.4 


C at QCC.  
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Figure 5-14 Predicted tidal average excess temperature (Baseline 


Scenario) 


 


5.6.1.3 Scenario 1 (Winter) IPP1 First Simulation – 1000m intake, 500m 


outfall with background QPP, QCC and future IPP2 


Scenario 1 replicates the worst-case scenario as identified in the DHI 


report. Therefore the baseline layout under the same ambient 


temperature (200C) and wind conditions (6m/s SE) is considered, with the 


addition of IPP1 and IPP2.  


Table 5-9 below shows the predicted tidal average excess temperatures 


for the sea surface, mid-depth, seabed as well as the Depth-average 


from the simulation.  


Table 5-9 Predicted tidal average excess temperatures at the intakes 


(0C), Scenario 1 


 IPP1 IPP2 QPP QCC 


Sea-Surface 4.1 4.5 0.7 0.6  


Mid-depth 0.7 1.0 0.5 0.5  


Sea bed 0.3 0.4 0.5 0.4  


Depth- 


Average 


1.3 1.6 0.6 0.5 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


144 


Results  


At QCC and QPP intakes, little temperature variation is predicted through 


the water depth, and the depth average excess temperature is 


predicted to be less than 10C. At the IPP1 and IPP2 intakes, excess 


temperatures above 4 0C are predicted at times, at the sea surface. The 


predicted excess temperatures decrease through the water depth and 


are not predicted to be greater than 0.5 0C at the seabed. The depth-


average excess temperature is predicted to reach about 1.3 0C at IPP1 


and 1.6 0C AT IPP2.  


These results suggest that the proposed IPP1 and IPP2 discharges will 


have little effect on the intakes at QPP and QCC, and that the majority 


of the temperature increase predicted in Scenario 1 at the IPP1 intakes is 


due to the QPP outfalls.   


In the tidal average, the discharge plumes from IPP1 and IPP2 are 


predicted to merge with that from QPP, producing a large body of 


heated water at excess temperatures above 3 0C. At the sea surface, this 


plume has a width around 1500m (roughly east-west), and the length 


more than 4000m parallel to the shore. Excess temperatures above 50C 


are predicted throughout the water depth, close to the QPP outfall and 


extending southwards along the shoreline at the IPP sites.  


The plume pattern at the QCC outfall shows no significant change. At 


QPP and QCC intakes, the time series show similar behaviour to that in 


the Baseline Scenario.  
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Figure 5-15 Predicted tidal average excess temperature, Scenario 1 


 


5.6.1.4 Scenario 2 (Summer) IPP1 Simulation – 1000m intake, 500m 


outfall) with background QPP, QCC and future IPP2 


The scenario simulates the worst-case summer conditions of an ambient 


water temperature of 35 0C and a constant wind of 11m/s from 


southeast. It should be noted that while this condition was modelled by 


DHI as worst case, a closer examination of the wind rose suggests that 


summer SE winds at 11m/s rarely, if ever, occur. Therefore the raised 


temperature at QPP would be a rare event, if at all.  


Results 


The excess temperatures at IPP1 and IPP2 are 00C while fully mixed waters 


at QPP and QCC intakes are 1.7 0C and 1 0C respectively.  


The areas of elevated temperature are predicted to be smaller than in 


the winter case and the shape of the plumes is different. Here, excess 


temperatures above 1.70C are predicted along a stretch of the coastline 


extending from QPP intake northwest throughout the area shown 


(approximately 4km). However, this strip is narrower than in the winter 


case (about 500m) and is predicted to extend throughout the water 


depth. This behaviour is likely to be caused by the increased wind 


strength in this scenario; the stronger wind will tend to push the plume 
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onto the stretch of shoreline, and cause the heated water to mix down 


through the water column. The time series confirm that no significant 


variation through the water depth is predicted and that excess 


temperature varies little at any of the intake locations in this scenario.   


Table 5-10 Predicted tidal average excess temperatures (0C) at the 


intakes (Scenario 2) 


 IPP1 IPP2 QPP QCC 


Sea-Surface <0.1 <0.1 1.7 1.0  


Mid-depth <0.1 <0.1 1.7 1.0  


Sea bed <0.1 <0.1 1.7 1.0  


Depth- 


Average 


<0.1 <0.1 1.7 1.0  


Figure 5-16 Predicted tidal average excess temperature, Scenario 2 


 


5.6.1.5 Scenario 4 (Winter) IPP1 Simulation – 850m intake, 350m outfall 


with background QPP, QCC and future IPP2.  


This scenario represents a possible alternative layout for IPP1 as provided 


by ACWA. In this scenario, both the intake and outfall have been 


relocated 150m closer to the shore. This scenario used the winter 


conditions under a 6m/s SE wind. Figure 5-17 Time-averaged excess 


temperature (0C) at intakes (Scenario 4) 
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 IPP1 IPP2 QPP QCC 


Sea-Surface 4.9 4.5 0.6 0.6  


Mid-depth 1.0 1.0 0.5 0.5  


Sea bed 0.4 0.4 0.5 0.4  


Depth- 


Average 


1.8 1.6 0.5 0.5 


Results 


The predicted plume extents for this scenario are very similar to those in 


Scenario 1, as are the time series plots at the QCC, QPP and proposed 


IPP2 intakes. At the IPP1 intake, surface excess temperatures are 


predicted to average 4.9 0C at times, and to fall below 4 0C only for brief 


periods; the depth-average is predicted to be at least 1.5 0 C and to be 


above 2 0C at times. The mid-depth excess temperature average is 


predicted to be 1 0C at IPP1 and IPP2 and 0.5 0C at QPP and QCC.  


Figure 5-18 Predicted tidal average excess temperature (Scenario 4) 


 


 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


148 


5.6.1.6 Scenario 5 (Winter) Same as Scenario 1 but with higher flow for 


IPP1 50.5m3/sec.  


Scenario 5 is similar to Scenario 1. The IPP1 intake and outfall flow rates 


have been increased to 50.5 m3 /s. The simulation was undertaken with a 


south-easterly wind of 6m/s.   


Table 5-11 Time -averaged excess temperature (0C) at intakes (Scenario 


5) 


 IPP1 IPP2 QPP QCC 


Sea-Surface 4.0 4.6 0.6 0.6  


Mid-depth 0.8 0.9 0.5 0.5  


Sea bed 0.3 0.4 0.5 0.4  


Depth- 


Average 


1.4 1.7 0.5 0.5 


Results 


The increase in flow at QIPP1 from 45m3/s to 50.5m3/s (based on Scenario 


1) adds 0.1 C to the excess temperatures at IPP1 and IPP2 and no 


change at QPP and QCC. 


The plume dispersion plots show no obvious difference from the original 


flow-rate simulated in Scenario 1. The time-series and predicted tidal 


average values also show similar behaviour that cannot be differentiated 


within the accuracy of the model predictions although it is 


proportionately consistent with the increase in discharge.  
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Figure 5-19 Predicted tidal average excess temperature profile along 


IPP1 intake line (Scenario 5) 


 


In addition to the above scenarios, which have been simulated for the SE 


wind conditions (summer and winter), scenarios have also been 


simulated for calm and summer shamal (NNW) conditions. Simulations 


have been presented for the combined effect of QPP, QCC, and both 


IPP1 and IPP2 as well as the underlying impact of both QPP and QCC 


without the IPPs. The incremental effects of the IPP (1 & 2) discharges 


have also been determined and results are presented below.  


5.6.1.7 Scenario 6 


Scenario 6 refers to an addendum of the Thermal Mixing zone simulations 


– See section 5.6.1.1 Operational Modelling – for an additional 


assessment determine the thermal mixing zones and potential impacts on 


the marine life in the vicinity of the plant (TN EBR4778-03). 


5.6.1.8 Scenario 7 (summer calm conditions- No wind) IPP1 Simulation – 


850m intake, 350m outfall with background QPP, QCC and future 


IPP2 


Under scenario 7, the depth-average excess temperature at QPP is 


predicted to be in the range 0.1 – 0.40 C and the depth- average less 
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than 0.2 0 C throughout the tide shown. At the QCC intake, the surface 


excess temperature is predicted to be 1.5-2.10c and the depth-average 


approximately 0.4 0 C.  


The analysis of results show that while the IPPs add to the overall thermal 


impact of the area, the majority of the impact is attributable to QPP and 


QCC (in fact under the no wond condition mainly QPP). This is due to 


their higher discharge rates and shoreline discharge configurations. 


Because the IPP discharge pushes the QPP plume further offshore, at 


times the IPP discharge reduces the temperature at QCC. At other times, 


though the IPP discharge increases the temperature by a few tenths of a 


degree such that, on average, the temperature at the QCC intake 


location is increased by 0.1 oC due to the IPPs in these conditions.  


The table below summarises the predicted excess temperatures at the 


sea-surface, mid-depth and sea-bed, averaged through the tide and 


depth, at four intake locations, for combined impact, impact without the 


IPPs (background) and the increment due to the IPPs. Figures showing 


the predicted excess temperatures at the four intake locatios over the 


spring tide (including IPPs) are not included in this report but can be 


located in the Appendices (Technical Note EBR 4778-03 – Addendum to 


Thermal Recirculation Assessment) 


Table 5-12 Predicted tidal average excess temperatures (0C) at the 


intakes  


 QIPP1 QIPP2 QPP QCC 


With IPPs 


Sea Surface 4.2  2.6 0.2 1.7 


Mid-Depth 0.3 0.1  0.1 1.3 


Sea- bed 0.1 <0.1 0.1 1.0 


Depth-


Average 


1.0 0.5 0.2 1.3 


Without IPPs 
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Sea Surface 3.2 1.7 0.2 1.6 


Mid-Depth <0.1 <0.1 <0.1 1.2 


Sea- bed <0.1 <0.1 <0.1 0.7 


Depth-


Average 


0.5 0.2 0.1 1.2 


Increment due to IPPs 


Sea Surface 1.0 1.0 <0.1 <0.1 


Mid-Depth 0.2 0.1 <0.1 0.1 


Sea- bed 0.1 <0.1 <0.1 0.2 


Depth-


Average 


0.5 0.3 <0.1 0.1 


Figure 5-20 Predicted tidal average excess temperatures for cumulative 


impact (left) and without IPPs (background) 
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Figure 5-21 Predicted tidal average excess temperatures for background 


conditions without IPPs 


5.6.1.9 Scenario 8 (summer shamal conditions - NNW wind (5-15m/s) IPP1 


Simulation – 850m intake, 350m outfall with background QPP, 


QCC and future IPP2. 


Scenario 8 has the same layout as Scenario 7 (850m intake and 350m 


outfall) but has been simulated during Summer Shamal conditions, which 


vary between 5m/s during the night (8pm – 8am) to 15m/s during the day 


(8am – 8pm).  


Under these wind conditions, the thermal plumes are predicted to move 


away from the QPP intake and to intersect the QIPP1 and QIPP2 intakes 


at times when the wind is lower (night-time). The depth-average excess 


temperature is close to 10C for a 12-hour duration. Lower excess 


temperatures are expected at the QIPP2 intake, with depth-average 


excess temperatures below 0.5 0C.  


The wind has an onshore component and the stronger winds confine the 


QPP plume close to the shore. This has a significant impact on the 


temperature at the QCC intake wher higher excess temperatures are 


predicted. As in the ‘no wind’ summer conditions (Scenario 7), a major 


part of the impact at QCC is attributable to the existing QPP discharge as 
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shown in the figure below. It is also evident that the contribution of the 


IPPs to the temperature at the QCC intake is negligible for most of the 


tide and negative at times (when the wind is lighter the IPP discharge 


pushes the QPP discharge offshore). For two short periods during the day, 


the IPP discharge causes an increase in temperature of about 10C at the 


QCC intake. The tidal average impact of the IPPs at QCC is 0.10C. 


 QIPP1 QIPP2 QPP QCC 


With IPPs 


Sea Surface 2.0  0.3  <0.1 2.1 


Mid-Depth 0.1 <0.1 <0.1 2.2 


Sea- bed <0.1 <0.0 <0.1 2.1 


Depth-


Average 


0.5 0.1 <0.1 2.2 


Without IPPs 


Sea Surface 1.2 0.2 <0.1 2.1 


Mid-Depth <0.1 <0.1 <0.1 2.1 


Sea- bed <0.1 <0.1 <0.1 2.0 


Depth-


Average 


0.2 <0.1 <0.1 1.2 


Increment due to IPPs 


Sea Surface 0.8 0.2 <0.1 <0.1 


Mid-Depth 0.1 <0.1 <0.1 0.1 


Sea- bed <0.1 <0.1 <0.1 0.2 


Depth-


Average 


0.2 <0.1 <0.1 0.1 
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Figure 5-22 Predicted tidal average excess temperatures for cumulative 


impact 


Figure 5-23 Predicted tidal average excess temperatures for background 


conditions, without IPPs  


5.6.1.10  Conclusions 


The 3-D hydrodynamic model has demonstrated thermal stratification 


through the water column due to the weak tidal movement and 


relatively small variation in tidal height from spring to neap tides.  
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Table 5-13 Predicted depth- and tidal-average excess temperatures (0C) 


at the intakes (all scenarios) 


 IPP1 IPP2 QPP QCC 


Baseline 0.4, 0.5 * 0.7 0.5 0.5  


Scenario 1 1.3 1.6  0.6 0.5  


Scenario 2 <0.1 <0.1 1.7 1.0  


Scenario 4 1.8 1.6 0.5 0.5 


Scenario 5 1.4 1.7 0.5 0.5 


Scenario 6 Addendum to thermal mizing zones - 5.6.1.1 


Scenario 7 1.0 0.5 0.2 1.3 


Scenario 8 0.5 0.1 <0.1 2.2 (5.6.1.9) 


* values marked with * are taken at the revised location for the IPP1 


intake, as used in Scenario 4 (850m intake length) 


Table 5-13 above indicates that in winter conditions (Baseline and 


Scenarios 1, 4 & 5) the temperature values at the QCC and QPP intakes 


are predicted to have little sensitivity to the IPP1 configurations studied 


here. This is because, as is clearly demonstrated by the baseline scenario, 


the temperature rise at the QCC and QPP intakes is due to self-


circulation and not to IPP1 and IPP2.  However, the summer condition 


and stronger wind examined in Scenario 2 was predicted to increase the 


excess temperatures at these locations. 


Depth- and tidal- average excess temperatures at the proposed IPP1 


and IPP2 intake locations are predicted to be around 0.5 0 C even in the 


absence of the IPP1 discharges (Baseline). With these discharges 


operating, the excess temperatures at the IPP1 intakes are predicted to 


increase to 10 C in winter conditions. In summer conditions, the predicted 


excess temperatures at these locations are low, because of the 


increased wind speed in the summer condition selected.  


Reducing the length of the IPP1 outfall and intake pipelines by 150m 


(Scenario 4) is predicted to have little effect on thermal recirculation at 
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the other intakes in winter conditions. However, in this case, the average 


excess temperatures at the IPP1 intake are predicted to be close to 20C.  


Increasing the IPP1 flow rate to 50.5m3/s, an increase of about 12%, is 


predicted to have a comparably proportional effect on the thermal 


dispersion behaviour of the combined outfall/intake system, within the 


accuracy of the model predictions.  


The result of the optimisation has shown that both the first and second 


optimisation scenarios result in acceptable temperatures at the intakes of 


IPP1, IPP2, QPP and QCC.  Therefore based on the modelling undertaken 


it is concluded that an intake of 850m and an outfall of 350m are viable 


for IPP1. The slightly anomalous summer temperatures would need to be 


investigated further although it is evident that the worst case as reported 


by DHI, would be a rare event, if occurring at all.  


Intake Design Recommendations  


The simulations indicate that under winter conditions, the higher excess 


temperatures are predicted to be found in the top 2.5m to 4m of the 


water column. In the summer case, the thermal plume is predicted to be 


mixed through the water depth, but confined closer to the shore. 


Since the 3D hydrodynamic model has demonstrated thermal 


stratification through the water column, also indicating that the thermal 


plume is located in the upper part, it is therefore recommended that the 


submerged intakes be located close to the sea bed, in order to draw 


water from the lower parts of the intake column. A submerged intake 


can therefore withdraw water selectively from the lower, cooler parts of 


the water column.  


In times of stronger stratification, when the surface excess temperatures 


are high, selective withdrawal from the lower, cooler parts of the water 


column will be possible, given a suitable intake design. When the 


stratification is weaker, the intake temperature is likely to be close to the 


depth-average. Since weaker stratification is produced by a fall in the 
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predicted surface excess temperature, this may constitute satisfactory 


intake performance.  


5.6.1.11 Operational Modelling - Environmental Modelling 


As noted previously, in addition to potential recirculation impacts from 


the proposed QIPP1 on the project itself and to and from the existing SEC 


plants which require assessment, environmental modelling should be 


assessed in order to determine the thermal mixing zones and potential 


impacts on the marine life in the vicinity of the plant.  


The SEA has therefore included, as part of its assessment, further thermal 


impact studies to determine the impact at a number of specified points. 


Excess temperatures have been calculated at the sea surface, at mid-


depth and at the sea-bed by isolating the effects of QIPP1 and QIPP2 


from Scenario 4 (as per the Cooling Dispersion Modelling Assessment) but 


reflecting the increased discharge of 50.5m3/s. Because the interaction 


between the thermal plumes is non-linear process, the linear scaling 


represents a simplification of the real effect.  


The figures below show the cumulative tidal average excess 


temperatures (left) and the contributions due to the QIPP 1& 2 


installations, with the baseline removed. The table below summarized the 


temperature exceedance areas (hectares) derived in the analysis, due 


to the QIPP discharges (1ha = 10,000m2). 
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Figure 5-24 Predicted Thermal Mixing Zones – Baseline (left) and with only 


QIPP1 and 2 installations (right) 
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Table 5-14 Predicted excess temperature exceedance areas (ha) 


increases due to QIPP1 installations 


Excess 


Temperatures 
Sea Surface Mid-Depth Sea-Bed 


>3 124 64 40 


1-3 750 36 17 


<1 7582 2530 1797 


Conclusion: It is evident that excess temperatures from the sea-bed to 


mid-depth exceed 3 0C for an area of 40ha and 64ha respectively and 


that 4327 ha (2530ha + 1797ha) experience temperatures less than 1oC. 


This will provide a suitable environment for benthic organisms, fish and 


marine mammals although the marine baseline has already indicated 


that habitats and species are already severely restricted as a result of the 


high salinity. The column of water from mid-depth and lower will 


however, provide a corridor for fish movement and other important 


species such as turtles. 


The IFC-EHS Guidelines- Wastewater and Ambient Water Quality, specify 


temperature of the wastewater prior to discharge does not result in an 


increase greater than 3 0C of ambient temperature at the edge of a 


mixing zone. The modelling has shown that these requirements have 


been achieved.  


5.6.2 Mitigation Measures 


The QIPP1 will be required to comply with PME and international 


discharge requirements, which includes a number of parameters that 


must be complied with prior to mixing.  Of particular significance are the 


restrictions for temperature change imposed upon the QIPP once 


operating.  The modelling undertaken as part of the SEA, has determined 


that, at the maximum permissible limits of these parameters (7C) the 


proposed IPP layout and intake/outfall options proposed by the 
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Consortium will have the minimum impact upon the marine environment, 


restricting the thermal plume and mixing zone both in area and to the 


upper sections of the water column, allowing for the movement of 


marine life through the mid-depth and sea bed.  


Continuous monitoring will be employed at the site to ensure that these 


limits are attained with defined operational management procedures 


employed at the site in order to reliably maintain these standards.  


Procedures will also be in place with regards to the storage of fuel at the 


site to ensure that failsafe procedures are followed with employees 


undergoing mandatory emergency plan training prior to commencing 


work at the site which will also be regularly reviewed (Also see CEMP 


section).  


The modelling undertaken and commissioned as part of the SEA has 


demonstrated that the selection of a piped intake and outfall with 


lengths of 850m and 350m respectively are viable for QIPP1.  


Since jellyfish have been previously recorded in the vicinity of QPP, the 


impingement and entrainment of fish, jellyfish, etc can be reduced by 


the installation of technologies such as seasonal barrier nets or mesh/wire 


screens. The reduced intake flow rate of QIPP1 also reduces the potential 


for entrainment of jellyfish and other marine species.   


5.6.3 Residual Effects 


As can be seen from the modelling (also see separate modelling report 


included as Appendix 2.1), the residual impact of the marine discharge 


upon the marine environment following the mitigation measures outlined 


above is of minor negative significance. 


With the adoption of the mitigation measures as mentioned above, the 


residual impact is likely to be of minor negative short-term impact. 
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6 Air Quality  


6.1 Introduction 


The construction, commissioning and operation of the proposed QIPP1 


may have potential negative impacts upon the ambient air quality of the 


local area.  This chapter describes the potential impacts and effects that 


may occur and identifies the measures that will be undertaken and 


implemented in order to mitigate these impacts.  


The assessment of impacts has been assessed against national Saudi 


(PME) and international (World Bank (WB) and International Finance 


Corporation (IFC)) standards, guidelines and regulations.  


Taking into consideration the baseline monitoring results, air dispersion 


modelling results and desk-study findings, this chapter proposes a number 


of measures, which will require implementation in order to mitigate and 


manage those impacts and comply with both national and international 


standards. 


6.2 Methodology 


The air quality impacts of the proposed Qurayyah IPP1 have been 


assessed using baseline information gathered through desk and field 


studies, analysis of the information provided by SEC and advanced air 


modelling (AERMOD) using preliminary design and technical information. 


The stack heights have been determined based on Good International 


Industry Parctice (GIIP) to avoid excessive ground level concentrations 


and minimise impacts. 


6.3 Legal Requirements 


6.3.1 PME and World Bank / IFC 


The Social and Environmental Assessment report has been prepared in 


accordance with the financial industry benchmark for determining, 
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assessing and managing social and environmental risk in project 


financing.  It is therefore compliant with the Equator Principles (EPs) in 


order to ensure that the financed project is developed in a manner that 


is socially responsible and reflects sound environmental management 


practices. 


Given that Saudi Arabia is a non-OECD country and Principle 3 of the 


Equator Principles (EP) states that the assessment for projects located in 


non-OECD countries will refer to the applicable IFC Performance 


Standards and then the applicable Industry Specific EHS Guidelines, the 


assessment in this chapter will take into account the following Guidelines: 


! IFC Environmental, Health, and Safety General Guidelines (April 30, 


2007) and specifically Air Emissions and Ambient Air Quality section 


and Construction and Decommissioning section. 


! IFC Environmental, Health, and Safety Guidelines: Thermal Power 


(19 December 2008). 


Principle 8 of the Equator Principles also states that for Category A and B 


projects, (which applies to the IPP), the borrower will covenant in 


financing documentation to comply with all relevant host country social 


and environmental laws, regulations and permits in all material respects.  


This assessment therefore takes into consideration the Saudi Arabian 


Environmental laws, regulations and guidelines including the General 


Environmental Regulation and its rules for implementation, (GER2001), as 


regulated by the Presidency of Meteorology and Environment. 


The new IFC Guidelines for Thermal Power Plants recommends the use of 


national legislated standards, or in their absence, the current World 


Health Organisation (WHO) Air Quality Guidelines.  National standards 


have therefore been adopted for assessment of ambient pollutant 


concentrations within this assessment although note is made below of 


the World Bank standards for further reference and to ensure that the 


strictest standard is adhered to. 
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Table 6-1 lists the guidelines of allowable air emission requirements for WB, 


IFC and PME. 


The following table summarises the air emission standards that must be 


complied with, including PME, World Bank/IFC EHS Guidelines: Thermal 


Power (2008).  


Note that the World Bank specifies different emission standards if the 


airshed in which the project is emitting, is classified as a Degraded 


Airshed and these limits are also noted within the table with the prefix 


‘DA’. 


Table 6-1: Main stack air emission limits, burning natural gas (mg/Nm3 


unless otherwise specified) 


WB/IFC-Thermal Power 


RFP (mg/Nm3- dry, 15% O2) 


Turbine 


Parameter 


Gas Diesel 


PME 


Gas Diesel 


    mg/Nm3 mg/Nm3 


SOx * * 
1 ug/j (2.3 


lb/MBTU) 


N/A Use of 1% or less S fuel 


DA- use of 0.5% or less 


S fuel 


NOx 50 120*** 
130 ng/j (0.3 


lb/MBTU) 


51 (25ppm) 152 (74ppm) 


PM10 - - 
43 ng/j (0.1 


lb/MBTU 


N/A 50  


DA -30 


CO 50 50    


Smoke 


Density 


2 


Bacharach 


2 Bacharach    


Reference – 


O2 


15% 


Volume 


15% Volume  15% Dry Gas, 


Excess O2 Content 


15% Dry Gas, Excess 


O2 Content 


DA = Degraded airshed (poor air quality); Airshed should be considered as being 


degraded if nationally legislated air quality standards are exceeded or, in their absence, 


if WHO Air Quality Guidelines are exceeded significantly. 


The ambient air quality standards, which should be achieved, are noted 


in the following table: 
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Table 6-2: Ambient air quality standards (ug/m3 unless otherwise 


specified) 


Parameter 


IFC/WB EHS General GLs / 


WHO GLs, (µg/m3)  
PME 


 24 hour Annual 1 hour 24 hour Annual 


PM10 50  20   < 340 < 80 


PM2.5 
 


25  


10     


Nitrogen Dioxide 200 (1 hour) 40  < 660  < 100 


Sulphur Dioxide 20  500 (10 


minutes) 


< 730  < 365  < 80 


Ozone 100  


(8 hour daily 


maximum) 


 < 295   


Carbon Monoxide   <40 


(mg/m3) 


< 10 mg/m3 


(8-hours) 


 


Hydrogen 


sulphide 


  < 200 40  


Please note that, as per the IFC/WB EHS Guidelines, the WHO ambient air 


quality standards are applicable in the absence of the national ambient 


air quality standards.  Thus, PME standards are applicable for the IPP1. 


6.3.2 Degraded Airshed 


The new IFC/WB EHS Guidelines for Thermal Power Plant specify new 


requirements for new plants that are proposed in degraded airsheds.  


The IFC define the characteristics of a degraded airshed as “an area 


where nationally legislated air quality standards are exceeded”.  


These are mainly related to an emissions offsets option.   


Note that the term ‘Airshed’ refers to the local area around a facility or 


complex of facilities that is directly affected by emissions from the facility 


or complex.  There are a number of factors that can potentially affect 
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the size of a relevant airshed, including plant characteristics, stack 


height, meteorological conditions and topography.   


Below, are the requirements as stated with the EHS guidelines: 


“Facilities in degraded airsheds should minimize incremental impacts by 


achieving emissions values outlined in [table provided]. Where these 


emissions values result nonetheless in excessive ambient impacts relative 


to local regulatory standards (or in their absence, other international 


recognized standards or guidelines, including World Health Organization 


guidelines), the project should explore and implement site-specific offsets 


that result in no net increase in the total emissions of those pollutants 


(e.g., particulate matter, sulfur dioxide, or nitrogen dioxide) that are 


responsible for the degradation of the airshed.  


Offset provisions should be implemented before the power plant comes 


fully on stream. Suitable offset measures could include reductions in 


emissions of particulate matter, sulfur dioxide, or nitrogen dioxide, as 


necessary through: 


! The installation of new or more effective controls at other units 


within the same power plant or at other power plants in the same 


airshed, 


! The installation of new or more effective controls at other large 


sources, such as district heating plants or industrial plants, in the 


same airshed, or  


! Investments in gas distribution or district heating systems designed 


to substitute for the use of coal for residential heating and other 


small boilers. 


Wherever possible, the offset provisions should be implemented within 


the framework of an overall air quality management strategy designed 


to ensure that air quality in the airshed is brought into compliance with 


ambient standards.  The monitoring and enforcement of ambient air 


quality in the airshed to ensure that offset provisions are complied with 
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would be the responsibility of the local or national agency responsible for 


granting and supervising environmental permits. Project sponsors who 


cannot engage in the negotiations necessary to put together an offset 


agreement (for example, due to the lack of the local or national air 


quality management framework) should consider the option of relying on 


an appropriate combination of using cleaner fuels, more effective 


pollution controls, or reconsidering the selection of the proposed project 


site. The overall objective is that the new thermal power plants should not 


contribute to deterioration of the already degraded airshed.” 


6.3.3 Request for Proposal (RFP) Requirements 


The Qurayyah IPP1, Request for Proposal, Part II: Technical Specifications 


(3rd November 2010) issued by SEC details the environmental 


requirements in relation to air quality: 


“The project shall comply with the Kingdom of Saudi Arabia’s General 


Environmental Regulations (2001), the IFC General Guidelines (2007), IFC 


EHS Guidelines for Thermal Power Plants (2008) and the Equator Principles. 


The maximum permissible air pollutant concentration at ground level as 


stipulated by PME, and IFC, are to be met. “ 


To meet the ground level concentrations stipulated by PME, and to 


enable future emissions from other sources, the maximum permissible 


emission levels, which are to be met within the specified temperature 


range between 60% and maximum continuous rating of each gas turbine 


and combined-combined cycle mode.  
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Table 6-3 Maximum permissible stack emissions 


Gas Turbine and HSRG 


Emission  Unit  


Gas Diesel  


NOx (as NO2) Mg/Nm3 (dry 15% O2) 50 120 1 


CO Mg/Nm3 (dry 15% O2 50 50 


SO2 Mg/Nm3 (dry 15% O2 2 2 


Smoke Density Bacharach 2 2 


Reference – O2 Vol - % 15 15 


 1- NOx emission for Back-up Fuel (Diesel) is based on maximum fuel bound nitrogen 


content of 0.015% by weight. 


2- According to sulphur content in the fuel 


The above emission values refer to the flue (exhaust) gas at dry condition, 


00C temperature and 1013mbar atmospheric pressure and are to be 


considered as one hour average basis and be achieved 95% of annual 


operating hours according to the Environmental, Health and Safety 


Guidelines for Thermal Power Plants (IFC, December 2008). 


“The Bidder shall carry out detailed exhaust gas plume dispersion and air 


quality modelling for the determination of the necessary heights of the 


stacks and for adequate dispersion of the stack gases to meet the air 


quality requirements. 


The determination of the stack heights should be based on Gas firing. In 


addition the calculation shall show the influence of back-up fuel (diesel) 


firing on air pollutant concentration at ground level.” 


For the stacks of the HRSGs, the stack height above ground level shall be 


minimum 60m, whereas the final stack height to be determined on Air 


Dispersion study results.  


The exhaust gas emissions of the existing QPP and QCC as well as the 


future Qurayyah IPP2 shall be taken into consideration for dispersion 


modelling and the calculation of the necessary stack heights of the 
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Qurayyah IPP1 Plant. Bidder’s design shall ensure the approval by PME as 


well as by the lenders. 


“In order to meet the environmental requirements the Bidder is required 


to implement following measures: 


! For the limitation of NOx when burning Gas in turbines, such turbines 


shall be equipped with dry low NOx combustion. When burning Liquid 


Fuel in gas turbines, the NOx emission shall be controlled by water or 


steam injection if required. 


! For the limitation of sulphur dioxide (SO2) shall be through the burning 


of gas and back-up fuel (diesel oil) with low sulphur content.  


! Determination of final stack height shall be based on calculations 


mentioned above. 


! The Plant shall be equipped to continuously monitor and record NOx, 


SO2, CO emissions at standard conditions and reference O2 contents 


of 15% dry, as well as monitoring of the actual O2 values in the flue 


gases, flue gas velocity, flue gas temperature etc. 


! Sufficient high stacks and sufficient high flue gas velocity and 


temperature to ensure required dispersion of pollutants, whereas the 


determination of final stack height shall be based on calculations 


mentioned above.” 
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6.4 SEA Baseline 


6.4.1 Introduction 


A baseline ambient air quality is currently being undertaken at Qurayyah 


IPP1 and its surroundings. Monitoring is carried out at six different locations 


to provide indicative long-term average values using passive ambient 


diffusion tubes. These tubes are typically plastic or metal tubes with an 


absorption chemical for a particular air constituent.  They are typically 


deployed in areas for between 3 and 5 weeks before being analysed at 


an accredited laboratory.  Prior to permanent monitoring stations being 


set up these provide the most practicable and established method by 


which baseline conditions can be measures. 


Diffusion tubes are particularly useful: 


! When simple, indicative techniques will suffice; 


! To give an indication of longer-term average concentrations; 


! For highlighting areas of high concentrations; and 


! Where installation of an automatic analyser is not feasible. 


The main parameters that were deemed relevant, due to industrial 


activities in the area were as follows: 


• Sulphur Dioxide; 


• Nitrogen Dioxide; 


• Ozone;  


• BTEX; and 


• Volatile Organic Compounds (VOCs). 


6.4.2 Selection of Sites 


In order to provide an indicative baseline across the proposed site for the 


Qurayyah IPP1 and potential areas impacted upon by air emissions, a 


number of sites are required to be monitored for ambient air quality.  A 


preliminary site visit on February 2011 provided an opportunity to identify 
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potential areas where tubes could be installed covering the area on and 


around the site.  A follow up visit in March 2011 allowed the fine-tuning of 


these sites to use existing structures and these sites in which the first set (3-


week) of tubes have been installed are located as presented on the 


figure below. 


Figure 6-1: Locations of the ambient air quality diffusion tubes 


 


NOX, SOX, Ozone - At each site two tubes for each parameter measured 


were deployed with one control tube that are left unexposed (in 


containment tubes or with tube ends left on).  This will provide three 


results for every parameter measured at each site, two measured 


ambient levels and one control measurement. 


VOCs- Two tubes for VOCs were deployed with one control tube left 


unexposed at 3 sites (Site 1, Site 2, Site 5) 


Table 6-4: Location for ambient air quality monitoring sites 


Site Latitude Longitude 


Site 1(105) 
N = 2584429 


25° 50' 39.444" N 


E = 05013009 


50° 7' 48.324" E 


Site 1 


Site 2 


Site 6 


Site 5 


Site 3 


Site 4 
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Site Latitude Longitude 


Site 2(106) 
N = 2584080 


25° 50' 26.880" N 


E = 05012210 


50° 7' 19.560" E 


Site 3(107) 
N = 2581761 


25° 49' 3.396" N 


E = 05013605 


50° 8' 9.780" E 


Site 4(108) 
N = 2582848 


25° 49' 42.528" N 


E = 0501271 


50° 7' 18.156" E 


Site 5(109) 
N = 2585722 


25° 51' 25.992" N 


N = 2585722 


50° 5' 20.220" E 


Site 6(110) 
N = 2580421 


25° 52' 49.516" N 


E = 05004942 


50° 2' 57.912" E 


 


The following section provides brief descriptions of the air monitoring sites, 


complete with site photos, showing the surrounding areas.  
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Table 6-5 Site description and Image of Air Monitoring Stations 


Image Description 


 


Site 1 


Site 1 has been placed 


along the northern corner of 


the site boundary fence, 


close to the beach.  


A full set of tubes has been 


deployed at this location. 


 


Site 2 


Site 2 is also located on the 


same fenceline as Site 1, but 


at a distance of 


approximately 900m from 


the first station. Site 2 is close 


to the main Qurayyah 


complex access road.  


A full set of tubes has been 


deployed at this location. 


 


Site 3 


Site 2 is located close to 


QCC and adjacent to the 


BEMCO camp and laydown 


area.  


A full set of NOx, SOx and 


Ozone tubes has been 


deployed at this location. 
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Image Description 


 


Site 4 


Site 4 monitoring station is 


located on an electricity 


pylon, close to the southern 


boundary of the QIPP1 site.  


A full set of NOx, SOx and 


Ozone tubes has been 


deployed at this location. 


 


Site 5 


Site 5 is situated at on the 


Qurayyah-Hofuf Road, and 


is located on a pylon, 5km 


(as the crow flies) to the 


northwest of the QPP1 site.  


A full set of tubes has been 


deployed at this location. 


 


Site 6 


Site 6 is located 


approximately 10km from 


the QIPP1 site (as the crow 


flies) to the northwest of the 


QIPP1 site.  


A full set of NOx, SOx and 


Ozone tubes has been 


deployed at this location. 
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6.4.3 Ambient Air Monitoring Results 


Baseline concentions of SOx and NOx measured between February and 


March 2011 are presented in Table 6-6 below.  


Table 6-6 Measured Baseline Concentrations (µg/m3) – NO2, SO2, Ozone 


Parameters Unit/(µg/m3 Site 1 Site 2 Site 3  Site 4 Site 5 Site 6 


NO2   


(Round 1) 


(µg/m3) 19.11 27.14 25.27 15.04 18.59 13.70 


(Round 2) (µg/m3) 23.07 25.38 28.87 34.42 16.31 17.94 


(Round 3) (µg/m3) 15.94 19.71 37.04 24.48 12.99 15.00 


Additional Ambient Air Quality results are located in Section 6.4.4 


The IFC/WB annual standard for NO2 is 40µg/m3 and the 24-hour standard 


is 200 µg/m3.  


SO2 (Round 1) (µg/m3) 33.34 13.22 29.94 71.6 9.33 19.43 


(Round 2) (µg/m3) 135.27 31.25 80.03 92.19 13.41 71.93 


Additional Ambient Air Quality results are located in Section 6.4.4 


The EHS /WHO 24 hour standard for SO2 is 125 µg/m3(target 1). 


Ozone (µg/m3) 141.65 143.76/ 156.05/ 116.43/ 138.42/ 136.27 


 (µg/m3) 149.78 118.86 94.87 163.22 84.46 73.73 


The EHS /WHO 24 hour standard for O3 is 160 µg/m3(target 1). IFC/WB 24 


hour standard for Ozone is 100 µg/m3 (8 hour daily maximum) and the 


PME 1 hour standard is 295 µg/m3.  


NO2: Concentrations for all 6 sites are well within the PME/WB/IFC 


Standards. The IFC/WB annual standard for NO2 is 40µg/m3 and the 24 -


hour standard is 200µg/m3.  


SO2: Concentrations for all 6 sites are variable but generally within the 


short-term WB/IFC SO2 standards. However the results are variable and 


suggest possible analytical interfernce, as there are no local sources of 


SO2 from the gas-fired QPP and QCC Power Plants. 
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The monitoring results cannot be used for compliance verification, as the 


monitoring period to date was 6 weeks but is ongoing, with the exception 


of measured short time exceedances (Periods of 1 hour or 24 hours).  


Ozone: Concentrations for all 6 sites ranged from 116.43 µg/m3 to 161.32 


µg/m3. The concentrations were highest at Site 5 (153.80 µg/m3) and Site 6 


(192.32 µg/m3), which may be because they are located along the main 


roads in the Qurayyah area, although impacts from nearby cities 


including Dammam and Manama are also possible. Motor vehicles are 


the main anthropogenic sources of ground-level ozone precursors.  


Table 6-7 Measured Baseline Concentrations (µg/m3) – VOCS, BTEX 


VOCs Unit 


(ng/m3) 


Site 1 Site 2 


66 19 


- - 


Acetic Acid (ng/m3) 


- - 


- - 


- - 


1- Butanol (ng/m3) 


120 - 


- 16 


- - 


2 –Butanone (ng/m3) 


- - 


  54 17 


- - 


Benzaldehyde (ng/m3) 


200 - 


- - 


- - 


Limonene (ng/m3) 


190 - 


- - 


- 5 


Uncecane (ng/m3) 


- - 


60 - Acetophenone (ng/m3) 


- - 
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  160 - 


- - 


- 12 


Nonanal (ng/m3) 


150 31 


190 - 


- - 


Benzoic Acid (ng/m3) 


1400 - 


- - 


- 18 


Decanal (ng/m3)) 


- 67 


35 - 


- - 


Dodecane (ng/m3) 


250 - 


- - 


- 8 


Naphthalene (ng/m3) 


130 - 


11 8 


<5 <5 


Benzene (ng/m3) 


14 6 


17 10 


<5 <5 


Toluene (ng/m3) 


140 7 


6.6 <5 


<5 <5 


Ethylbenzene (ng/m3) 


20 <5 


14 6 


<5 <5 


M,p Xylene (ng/m3) 


45 5 


5.9 <5 


<5 <5 


o-Xylene (ng/m3) 


18 <5 
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VOCs and BTEX were monitored at 3 sites (Site 1, Site 2, Site 5) across the 


QIPP1 project site.  No results are available for Site 5, however as the 


tubes were damaged and could not be analysed. Figures highlighted in 


light blue colour are the control tube values.  These indicate extremely 


low concentrations of VOCs at all sites, particularly BTEX. 


6.4.4 Additional Ground Level Conditions (GLC) Monitoring 


In addition to the above ambient air quality monitoring, a GLC 


Monitoring Study was undertaken between 25th July 2010 and 30th 


January 2011. The GLC Monitoring study involved sampling for Nitrogen 


Oxide (NO), Nitrogen Dioxide (NO2) and Sulphur Dioxide (SO2) at eight 


locations on a monthly basis for a period of six months.  


Table 6-8 Monitoring Locations and Parameters measured 


 


Figure 6-2 Air Monitoring Stations 
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Table 6-9 Summary Results - NOZ, and NO - Month 1 


 


Table 6-10 Summary Results – SO2 - Month 1 
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Table 6-11 Summary Results - NOZ, and NO - Month 3 


 


Table 6-12 Summary Results – SO2 - Month 3 
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Table 6-13 Summary Results - NOZ, and NO - Month 6 


 


Table 6-14 Summary Results – SO2 - Month 6 


 


Note: Additional Results and full report are located in Appendix 3  


Nitrogen Oxide (NO) 


The results of the monitoring show that the levels are generally low across 


all monitoring stations. The levels recorded during November and 


December 2010 were appreciably lower than in previous months, 


potentiall as as resut of reduced loads at the QPP and QCC during the 


winter months when electricity demand is at its lowest. Although it is not 
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possible to directly compare the results of the diffusion tube monitoring to 


the relevant ambiebt air quality standards, the results suggest that the 


NO levels are well within PME standards.  


Nitrogen Dioxide (NO2) 


The results of the monitoring show that NO2 levels are slightly elevated, 


which would be expected given the operation of the existing power 


plants in the local areas.  Although it is not possible to directly compare 


the results of diffusion tube monitoring to the relevant ambient air quality 


standards, the results suggest that the NO2 levels are well within the PME 


air quality standards. 


Sulphur Dioxide (SO2) 


The results of the monitoring show that generally there are elevated levels 


of SO2 within the local area, which would be expected given the 


operation of the QPP, which is a crude oil-fired plant with no sulphur 


capturing technology applied to the plant. The monitoring results show 


that there was a general decreasing trend in SO2 concentrations 


recorded from July to November, with an increasing trend at some of the 


monitoring stations between December 2010 and January 2011. 


Although it is difficult to compare the results of the SO2 diffusion tube 


monitoring with ambient air quality standards, it would appear likely that 


the SO2 concentrations would fall within longer-term standards such as 


the annual mean. It is possible, however, that the shorter standards such 


as the 10-minute and 1-hour standard could be exceeded on occasions, 


particularly when the QPP is operating at higher capacities. 


Conclusions 


The levels of NO observed during the air quality monitoring period 


appear to be low across all monitoring sites. On the basis of the air quality 


monitoring results, generally elevated concentrations of NO2 and SO2 


were observed. Although a direct comparison cannot be made, it 


appears likely that all parameters measured would fall within the PME 
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ambient air quality standards, with the possible exception of SO2 for short 


term averaging periods (e.g. 10 minute and 1-hour means). 


6.5 Assessment of Effects, Mitigation Measures and Residual 


Effects During Construction Phase 


During construction, the ambient air quality at local receptor sites may 


potentially be affected by increased dust, particularly during the 


earthworks phase and by exhaust fumes from construction vehicles.  


Apart from the adjacent power plants and associated 


community/residential camps and offices, the closest sensitive receptor is 


the Al Khaleej Makarim Village, which lies 28 km to the north of the 


proposed site.  This distance is considerably far away from the proposed 


plant, however, the impact on both surrounding residential communities 


as well as the workers/staff during construction and operation will be 


identified and assessed.  


This part of the study assesses the environmental impacts on the air 


quality associated with the construction phase of the proposed 


Qurayyah IPP1. Mitigation measures to eliminate the negative impacts 


will be recommended to predict the overall residual impacts associated 


with the development of the Project. 


6.5.1 Assessment of Impacts/Effects 


Issues related to air quality during the construction phase are mainly 


related to the dust caused by early construction activities and earth 


works such as ground breaking, earth moving, levelling, excavation, 


foundation work, using sand and cement for building, movement of 


vehicle and trucks. This effect is considered temporary and of a 


moderate negative significance. 


Gases (e.g. NOx, SOx and CO) and particulates emitted from the 


generators, vehicles and lorries are other issues are to be considered 
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during the construction phase.  The impacts of traffic emissions is 


considered temporary and of moderate negative significance. 


Emissions from hazardous materials stored and used on site, such as VOCs 


from oil or solvent storage.  Given that the quantities of these materials 


stored on site are relatively small, the effect is considered to be 


temporary and of minor to moderate negative significance. 


Given the absence of paved road on the proposed site, the emissions 


from vehicles transporting materials onto the site during construction 


phase have a potential for a temporary impact of moderate to major 


negative significance. 


6.5.2 Mitigation Measures 


The EPC will be responsible for the designing and implementation of a 


detailed Construction Environmental Management Plan, a framework of 


which is included within the Environmental Management and Monitoring 


section of this SEA. This should include a detailed list of the potential 


environmental aspects associated with the construction process. The air 


mitigation measures should be followed by contractors on site and 


should include at least the following: 


! Access roads from the entrance to the site will be compacted and 


sprayed with water to minimise the dust generated from the vehicles 


and trucks; 


! Ensuring that deliveries of equipment/plant to the site are efficiently 


managed to reduce the number of trips; 


! Minimisation of ground-works when high winds are present; 


! Any land grading, improvement or moving of materials should be 


undertaken during periods of low winds.   


! Large sand piles will be avoided where possible, with dust suppression 


sprays being utilized on any piles during periods where the wind 


speed exceeds 15km/h.   
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! A visual assessment of dust emissions should be undertaken on a 


regular basis. 


! The provision of wheel-washing facilities or high-pressure hose to 


ensure all vehicles leaving the site are in a satisfactory state of 


cleanliness. 


! Designated roads will be made clear to the drivers and signs for the 


directions and speed limit will be placed all along the roads.  


! Where sand and other dusty material (e.g. cement) is transported to 


the site, trucks will not be overloaded and will be appropriately 


covered / sheeted to eliminate the contamination to the air. 


! Sand and other materials will be stored in specific designated areas 


and will be properly stored in the site and will be water-sprayed or 


covered. 


! Exhaust fumes and particulates emitted from trucks and vehicles will 


be minimised by assuring the use of good condition vehicles.  These 


will be tested to ensure the compliance with local standards. 


! Lorries and trucks engines will be turned off while waiting on site to 


minimise the gas emissions.  This can be achieved by providing air-


conditioned shelters for drivers especially when loading/unloading. 


! Dusty materials stockpiles and dusty activities such as stone cutting 


and grinding to be sited away from the site boundaries and/or 


effectively screened.  


! Fires and material burning will not be allowed on the Project site. 


! Hazardous materials stored and used on site with potential gas 


emissions (e.g. VOCs) will be located in well-ventilated secure areas 


away from major transport routes. 


! Ensure that staff accommodation has adequate sanitary waste and 


domestic waste facilities and collection in order to minimize odour 
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issues and reducing the potential for spillages and ground/water 


contamination.  


6.5.3 Residual Effects 


Following to the implementation of an appropriate CEMP (which should 


at least include the mitigation measures outlined above, and others as 


noted within the Environmental Management and Monitoring section the 


overall residual effect are expected to be of a temporary/short-term 


duration and of minor negative significance. 


6.6 Assessment of Effects, Mitigation Measures and Residual 


Effects During Operational Phase 


6.6.1 Introduction  


During the operations of the plant, a number of activities and plant 


equipment will result in air emissions, which have the potential to impact 


upon the ambient air quality within and around the Qurayyah complex 


and surrounding areas. In order to adequately assess the potential 


impacts to the air environment during the operational phase of the 


proposed plant, it is therefore necessary to undertake predictive air 


dispersion modelling. A detailed air quality dispersion modelling 


assessment has therefore been undertaken by experienced modellers for 


both 50m and 60m stacks in order to determine impacts associated with 


the proposed power plant. 


Background to Air Modelling completed for 60m stacks based on 


configuration of 3x60m (issued with the RFP) 


The full report of the 60m stack modelling study is available in the 


Appendix 6 – Chapter 6 of the Preliminary Environmental assessment. The 


results (gas firing) show that no exceedences of the relevant AQSs are 


predicted to occur as a result of QIPP1emissions. The additional 


contribution to ambient pollutant concentrations is well below 25% of the 


relevant PME air quality standards.  
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The report also states that no exceedences of the relevant PME air 


quality standards are predicted for the operation of QIPP1 in 


combination with the existing power plants for SO2, NO2 and PM10 for 


primary gas firing.  


For QIPP1 Emergency Firing on Diesel, QIPP1 will be capable of operating 


on diesel during periods of natural gas supply interruption 


(abnormal/emergency operating conditions). It is estimated that these 


operating conditions would only prevail for a maximum of 10 days across 


a given year.  


Exceedences of the PME air quality standard for hourly mean SO2 


concentrations arising from emissions from QIPP1 alone would occur for a 


maximum of only 1% of meteorological conditions across a year 


(assuming worse case meteorological conditions), which corresponds to 


87.6 hours or just over a total of 3 and a half days per year. For the 


exceedences to occur, operation of the plant on diesel (maximum of a 


total 10 days per year) would have to occur with these meteorological 


conditions. 


Exceedences of the PME 1-hour air quality standard are predicted to 


occur as a result of emissions from the existing QPP. As can be seen in 


Appendix 6, the exceedence due to QIPP1 (when firing on diesel) is not 


predicted to occur at the same time of year as that of QPP and 


therefore, there would not be a direct additive impact; however, 


emissions from QIPP1 firing on diesel would exacerbate short-term ground 


level SO2 concentrations and may cause further exceedences of the 1-


hour (and potentially the PME air quality standard for 24- hour mean SO2 


concentrations) depending on when and for how long diesel was utilised. 


The results for the modelling for this scenario show that the additional 


contribution of QIPP1 to maximum predicted ground level NO2 and PM10 


concentrations is not significant. 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


187 


The key pollutants considered in this assessment are: NOx (as NO2), 


particles (as PM10) and SO2. Predicted ground-level concentrations are 


compared with PME, WB and WHO air quality standards and guidelines.  


Air quality modeling was conducted in two general stages for this 


analysis. Firstly, emissions from the Qurayyah IPP1 were modelled to 


identify stand-alone emissions.  Secondly, emissions from QIPP1 along with 


QPP, QCC and the planned QIPP2 industries were modelled together to 


predict the cumulative pollutant impact.  


Background to Air Modelling completed for 50m stacks based on 


configuration of 3x60m 


Modelling was conducted to identify the optimum stack height for the 


Qurayyah IPP1, which would ensure compliance with the relevant 


ambient air quality standards. The results of the modeling revealed that 


stack heights of 50m and 60m (for 3 stacks) complied with the national 


and international standards.   


Air quality impacts associated with the proposed IPP1 have been 


determined through detailed dispersion modelling using the American 


Meteorological Society/Environmental Protection Agency Regulatory 


Model AERMOD (Version 07026). AERMOD is the latest dispersion model 


approved by the US EPA for industrial applications and is widely used for 


projects requiring Equator Principles/International Finance Corporation 


(IFC) approval.  


Power Plant Configuration:  


Configuration 1: Three Power Groups each consisting of: 3 Gas Turbines, 3 


Heat Recovery Steam Generators (HRSGs), 1 steam turbine and 1 


common stack for each group. 


The modified configuration includes: Three power groups, arranged in a 


Mulishaft-Arrangement, each consisting of 2 Gas turbines (GTs) with 2 


generators, coupled with their dedicated heat recovery steam 


generators (HRSG) and one steam turbine (ST) with generator. Each 
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HRSG will have its own stack. There will be six stacks in total. 


Validity of the Air Dispersion Modelling 


Since the total mass emissions and total power output of the QIPP1 plant 


remains the same, regardless of the configuration, the modelling 


undertaken for Configuration 1 will therefore be valid if the exit velocity 


and exit temperature remain unchanged.  The EPC will therefore design 


the stack configuration to maintain the stack exit velocity and 


temperature, thereby ensuring that the modelling undertaken for the 


modified QIPP1 power plant configuration is valid. 


Details of the Power Group include: 


! The turbines will fire natural gas as the primary fuel, with diesel oil as a 


back-up for emergency situations. Diesel oil is to be used for no more 


than five days consecutively and no more than ten days over the 


entire year. Modelling was conducted for two stack heights, 50m and 


60m.  


! The exhaust gas from the GT of the power group 1, 2 and 3 is routed 


either to their dedicated heat recovery steam generator, which is 


designed as a dual pressure, natural circulation boiler without 


supplementary firing. 


! The steam turbine of each group is a dual pressure, condensing 


turbine directly connected to a water-cooled condenser. 


! If required, auxiliary steam will be taken either from the HRSG HP 


steam section during normal plant operation and/or start up 


operation.  


Modelling was conducted for both the gas-fired and diesel-fired 


scenarios for the short-term averaging periods and since diesel fuel will 


not be burned over a long enough period to significantly impact an 


annual concentration, only the gas–fired scenario was modelled for the 


annual averaging period.  
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6.6.2 Fuel Specifications 


6.6.2.1 Main Fuel (Gas) 


Gas fuel will be the main fuel for the operation of the proposed QIPP1 


that will be supplied by SEC and from Saudi Aramco.  Diesel will be used 


as a back-up fuel and Saudi Aramco and it will also be provided from 


Saudi Aramco.  


Design and performance of the Qurayyah IPP1 is based on the following 


gas analysis. The table below provides a typical specification for gas (A-


120). 


 Table 6-15:  Guaranteed gas specifications 


Test Guarantee  


High Heating Value (HHV), BTU/SCF MJ/CM) Min 930 (34.6) 


Hydrogen Sulphide, grains/100 SCF (ppm vol.) Max 1 (16) 


Total Sulphur, grains/100SCF (grains/100CM) Max 20 (706) 


Moisture, lb/MMSCF (kg/MMCM)  Max 7 (112) 


 


The gas quality in the table below shows the high and low limits for gas 


conforming to the fuel gas specifications at the Gas Delivery Point.  


Compliance of gas at the GDP within these limits is not guaranteed 


(source: The gas fuel specifications as per Annex 2.2-2: Gas Specifications 


(Mail Fuel) of Addendum 3). 
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6.6.2.2 Back-up Diesel Oil Specification 
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6.6.2.3 Local Meteorological Data 


AERMET (version 06341) was used to compile the meteorological data for 


this analysis. This dataset was based upon data collected from the King 


Fahd International Airport in Dammam, Saudi Arabia. The data is 


representative of the project site as it is within the same climatological 


regime and because there are no significant terrain features between 


IPP1 and King Fahd International Airport.  


Windroses for 2007, 2008 and 2009 are presented in the table overleaf; 


these show a prevailing northwesterly onshore wind reaching 10.8m/s for 


up to 15% of the year.  
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Figure 6-3 Windrose for King Fahd Airport 2007, 2008, 2009 
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6.6.2.4 Offsite Emission Sources 


Details concerning the emissions inventories for the three-offsite sources 


are presented below: 


Table 6-16 Offsite Emission Sources 


Offsite 


Sources 
Details 


IPP2 
IPP2 is planned to be identical to IPP1, situated just to the 


north of IPP1. Modelling for IPP2 has been for a stack height 


of 60m. The modelled emissions inventory for IPP2 is 


presented in Appendix 3.1. 


QPP 
Located to the north of IPP1, QPP is a 2500MW power plant 


consisting of four 625 MW boilers. There are two stacks at 


QPP, each stack venting two boilers. The modelled 


emissions inventory for QPP is presented in Appendix 3.1.  


QCC Located to the south of IPP1, QCC is a 3100 MW Power 


Plant consisting of 15 turbine stacks. The modelled emissions 


inventory for QCC is presented in Appendix 3.1.  


6.6.3 Sensitive Receptors 


A Cartesian receptor grid was utilized in the modelling analysis. Receptors 


were placed at the following intervals: 


a. Every 100m along the property boundary and within 500m of the 


facility; 


b. Intervals of 500m up to 2000m; 


c. Intervals of 1000m up to 5000m.  


The initial desk study identified several potentially important sensitive 


receptors within an approximate 45 km radius of the proposed Site. These 


sensitive receptors included both residential as well as industrial locations. 


Because all of the terrain in the Qurayyah area is flat, a detailed analysis 
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of the topography was not conducted for this project. All the receptors 


with the exception of Abqaiq, were modelled with an elevation of 0m. 


Abqaiq, a Saudi Aramco Camp in the interior of the Eastern Province of 


Saudi Arabia, was modelled with an elevation of 326m.  


Table 6-17 Sensitive Receptors 


ID Receptor Type Easting Northing 


1 QPP Industrial 411487.89 2860387.84 


2 QCC Industrial 413174.08 2856690.39 


3 
QCC supporting 


camps and offices 


Commercial/ 


Residential 
413122.08 2857809.22 


4 SEC Community Camp Residential 411333.36 2861541.30 


5 
BEMCO Camp and 


Laydown 
Residential 412040.37 2857442.99 


6 
Al-Khaleej Makarim 


Village 
Residential 400151.57 2884866.08 


7 Half Moon Bay Residential 400810.08 2893716.54 


8 


Abqaiq - Saudi 


Aramco residential 


compound 


Residential 364387.33 2868457.37 


9 
Uqair – an ancient fort 


of Islamic origin 
Residential 25°38'38. 06"N 50°12'56. 07"E 


10 
Port and other 


industrial facilities 
Industrial 419528.83 2893736.95 


11 


Al Durrah 


Development is around 


45km to the east. 


 


Residential 459805.06 2857771.92 


12 
SEC Cleaning and 


Cooking Camp 
Residential 410291.65 2860289.09 
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Table 6-18 Modelled Stack Parameters for Primary Fuel (Natural Gas) 


UTM Co-ordinates (m) Emission Rate (g/s) 


Source ID (turbines) 


Description 
East West 


Stack 


Height 


(m) 


Temp (K) 
Exit Velocity 


(m/s) 
Diameter (m) 


PM10 SO2 NO2 


IPP1 – 1 (Qurayyah IPP1, Unit 1) 412817 2858327 50/60 408.15 16.75 5.8 1.11 0 6.66 


IPP1 – 2 (Qurayyah IPP1, Unit 2) 412730 2858470 50/60 408.15 14.14 5.8 0.95 0 5.72 


IPP1 – 3 (Qurayyah IPP1, Unit 3) 42615 285 50/60 408.15 15.23 5.8 1.07 0 6.41 


 


Table 6-19 Modelled Stack Parameters for Back-up Fuel (Diesel) 


UTM Co-ordinates (m) Emission Rate (g/s) 


Source ID (turbines) 


Description 
East West 


Stack 


Height 


(m) 


Temp (K) 
Exit Velocity 


(m/s) 
Diameter (m) 


PM10 SO2 NO2 


IPP1 – 1 (Qurayyah IPP1, Unit 1) 412817 2858327 50/60 408.15 16.75 5.8 2.22 223.19 35.3 


IPP1 – 2 (Qurayyah IPP1, Unit 2) 412730 2858470 50/60 408.15 14.14 5.8 2.22 223.19 35.3 


IPP1 – 3 (Qurayyah IPP1, Unit 3) 42615 285 50/60 408.15 15.23 5.8 2.22 223.19 35.3 
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6.6.4 SEA Baseline 


6.6.4.1 IPP1 alone 


Modeling of IPP1 was initially undertaken without the cumulative impact 


of QPP, QCC or the planned IPP2, in order to determine the affect of IPP1 


on the local airshed. Modeling was conducted for stack heights of both 


50m and 60m.  The RFP specifies that the stack height is to be determined 


using the gas-firing scenario. All the predicted pollutant concentrations 


based on both gas-firing and diesel for both 50m and 60m however, 


have been considered. 


Modelling was undertaken for IPP1 for the following scenarios: 


a. Primary and Back-up Fuels (Natural Gas and Diesel) – 50m 


b. Primary and Back-up Fuels (Natural Gas and Diesel) – 60m 


Nitrogen Dioxide (NO2) 


NO2 Results: All predicted NO2 concentration are well below all 


applicable PME, WB and WHO Standards. The largest NO2 


concentrations were found to occur slightly to the south and east of IPP2.  


The controlling NO2 modelling results for the 50m and 60m stack scenarios 


are summarised in Table 6-20 below. 


Table 6-20 NO2 Modelling Results for Primary and Back-up Fuels, 50 & 


60m Stacks 


Controlling Predicted Concentration (µg/m3) 


H3H 1-hr (Diesel) 
a, b, c 


H2H 24-hr (Diesel) 


d,e,f 


Highest Annual g, h. i 


Year 


50m 60m 50m 60m 50m 60m 


2007  87.6 75.2 24.0 20.6 1.02 0.86 


2008  92.4 75.0 30.4 24.3 1.01 0,86 


2009  89.3 76.7 27.2 21.7 1.17 0.99 
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a. 1-hr PME AAQS: 660 µ/ m3 


b.  No 1-hr World Bank AAQS 


c. 1-hr WHO Guideline Value: 200 µ/m3 


d. No 24-hr PME AAQS 


e. 24-hr World Bank AAQS: 150 µ/m3 


f. No WHO Guideline Value 


g. Annual PME AAQS: 100 µ/m3 


h. Annual World Bank AAQS: 100 µ/m3 


i. Annual WHO Guideline Value: 40 µ/m3 


 


Plots of predicted NO2 Concentrations are provided below: 


Figure 6-4 IPP1 only, 50 m stacks, NO2, 1-hr, PME (Back-up fuel – diesel) 
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Figure 6-5 IPP1 only, 50 m stacks, NO2, 1-hr, WHO IPP1: backup fuel (diesel) 


 


Figure 6-6 IPP1 only, 50 m stacks, NO2, 24-hr, WB, Backup fuel (diesel) 
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Figure 6-7 IPP1 only, 50 m stacks, NO2, Annual, PME and WB, Primary fuel 


(gas) 


Note: all concentrations are less than 10% of the standard 


 


Figure 6-8 IPP1 only, 50 m stacks, NO2, Annual, WHO, Primary fuel (gas)    


Note: all concentrations are less than 10% of the standard 
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Particulate Matter (PM10) 


PM10 Results: All predicted PM10 concentrations are well below all 


applicable PME, WB, WHO standards. The largest PM10 concentrations 


were found to occur slightly to the south and east of IPP1. 


The controlling PM10 modelling results for the 50m and 60m stack 


scenarios are summarised in Table 6-21 below: 


Table 6-21 PM 10 Results, 50m & 60m stacks 


Controlling Predicted Concentration (µg/m3) 


H3H 1-hr (Diesel) a, b, c Highest Annual (gas) g, h. i 


Year 


50m 60m 50m 60m 


2007 1.5 1.3 0.17 0.14 


2008 1.9 1.5 0.17 0.14 


2009 1.7 1.4 0.20 0.17 


a. 24-hr PME AAQS: 340 µg/ m3 


b. 24-hr World Bank AAQS: 150 µg/ m3 


c. 24-hr WHO Guideline Value: 50 µg/m3 


d. Annual PME AAQS: 80 µg/m3 


e. Annual World Bank AAQS: 50 µg/m3 


f. Annual WHO Guideline Value: 20 µg/m3  


 


Plots of predicted PM10 Concentrations are provided overleaf: 
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Figure 6-9 IPP1 only, 50 m stacks, PM10, 24-hr, PME, WB, WHO, Backup fuel 


(diesel) (Note: all concentrations are less than 10% of the standard) 


 


Figure 6-10 IPP1 only, 50 m stacks, PM10, Annual, PME, WB, WHO, Primary 


fuel (gas) Note: all concentrations are less than 10% of the standard 
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Sulphur Dioxide (SO2) 


SO2 Results: All predicted SO2 concentrations are below all applicable 


PME standards, with some 24-hr concentrations predicted to be greater 


than WB and WHO standards (for both the 50 m and 60 m stack height 


scenarios). The largest SO2 concentrations were found to occur slightly to 


the south and east of IPP1, down the coast.  


It is noteworthy that very few exceedences of the 24-hr WB standard are 


predicted to occur. Under the worst-case scenario (50 m stack heights) 


the greatest number of predicted concentrations greater than the 24-hr 


WB standard (note this is not the number of exceedences, as not all 


concentrations greater than the standard constitute violations of the 


standard) at any one receptor is predicted to be only six. When one 


considers that the number is based on modeling that assumes diesel oil 


being burned every hour of every day for the entire year, and that diesel 


will be fired for no more than ten days per year in total, it is clear that 


there will be very few, if any, violations of the 24-hr WB standard. 


Table 6-22 SO2 Modelling Results, 50m & 60m stacks 


Controlling Predicted Concentration (µg/m3) 


H3H 1-hr (diesel) a, b, c H2H 24-hr (diesel) d,e,f Highest Annual 


(gas) g, h. i 


Year 


50m 60m 50m 60m 50m 60m 


2007 554.0 475.5 151.6 130.5 0 0 


2008 584.4 474.1 192.3 153.7 0 0 


2009 564.6 484.8 172.0 137.1 0 0 


! 1-hr PME AAQS: 730 µg/ m3 


!  No 1-hr World Bank AAQS 


! No 1- hr WHO Guideline Value 


! 24-hr PME AAQS: 365 µg/m3 


! 24-hr World Bank AAQS: 150 µg/m3 


! 24-hr WHO Guideline Value: 20 µg/m3 
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! Annual PME AAQS: 80 µg/m3 


! Annual World Bank AAQS: 50 µg/m3 


! No Annual WHO Guideline Value 


 


Plots of predicted SO2 Concentrations are provided below: 


Figure 6-11 IPP1 only, 50 m stacks, SO2, 1-hr, PME, Backup fuel (diesel) 
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Figure 6-12 IPP1 only, 50 m stacks, SO2, 24-hr, PME, Backup fuel (diesel) 


 


Figure 6-13 IPP1 only, 50 m stacks, SO2, 24-hr, WB, Backup fuel (diesel)  
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Figure 6-14 IPP1 only, 50 m stacks, SO2, 24-hr, WHO, backup fuel (diesel) 


 


6.6.4.2 Cumulative Modelling 


Cumulative modelling was then undertaken for the existing (QPP, QCC) 


and planned (IPP1, IPP2,) power plants in the Qurayyah Complex in order 


to determine the cumulative impacts of emissions in the area. The 


following scenarios were modelled: 


! IPP1 (natural gas/diesel; 50m/60m stacks) 


Nitrogen Dioxide (NO2) 


The 1-hr and 24-hr results are based on the following scenario: 


! IPP1 on backup fuel (diesel), 


! IPP2 on backup fuel (diesel), 


! QPP on backup fuel (Arabian Light Crude), and 


! QCC on primary fuel (gas). 
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The annual results are based on the following scenarios: 


! IPP1 on primary fuel (gas), 


! IPP2 on primary fuel (gas), 


! QPP on backup fuel (Arabian Light Crude), and 


! QCC on primary fuel (gas). 


NO2 Results: The predicted NO2 concentrations are well below all 


applicable PME, WB and WHO standards. The largest NO2 concentrations 


were found to occur slightly to the south and east of IPP1, down to the 


coast and out into the Gulf.  The controlling NO2 modelling results for the 


50 m and 60m stack scenarios are summarised in Table 6-23 below:  


Table 6-23 NO2 Modelling Results 50m & 50m IPP1 stacks 


Controlling Predicted Concentration (µg/m3) 


H3H 1-hr (Diesel) 
a, b, c 


H2H 24-hr (Diesel) 


d,e,f 


Highest Annual 


(Gas) g, h. i 


Year 


50m 60m 50m 60m 50m 60m 


2007 175.5 158.2 41.5 37.2 5.24 5.23 


2008 169.8 155.0 60.0 53.0 5.11 5.09 


2009 172.6 157.3 51.2 46.8 6.05 6.04 


! 1-hr PME AAQS: 660 µg/ m3 


! No 1-hr World Bank AAQS 


! 1-hr WHO Guideline Value: 200 µg/m3 


! No 24-hr PME AAQS 


! 24-hr World Bank AAQS: 150 µg/m3 


! No WHO Guideline Value 


! Annual PME AAQS: 100 µg/m3 


! Annual World Bank AAQS: 100 µg/m3 


! Annual WHO Guideline Value: 40 µg/m3 


 


Plots of predicted NO2 Concentrations are provided overleaf: 
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Figure 6-15 NO2, Annual PME & WB standards, Cumulative (IPP1- 50m 


stacks) 


IPP1: backup fuel (diesel), IPP2: backup fuel (diesel), QPP: backup fuel (Arabian Light 


Crude), QCC: primary fuel (gas) 


 


Figure 6-16 NO2, Annual WHO Standard, Cumulative (IPP1- 50m stacks) 


IPP1: backup fuel (diesel), IPP2: backup fuel (diesel), QPP: backup fuel (Arabian Light 


Crude), QCC: primary fuel (gas) 
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Figure 6-17 NO2 1-Hr PME Standard, Cumulative (IPP1 - 50m stacks)  


IPP1: backup fuel (diesel), IPP2: backup fuel (diesel), QPP: backup fuel (Arabian Light 


Crude), QCC: primary fuel (gas) 


 


Figure 6-18 NO2, 1-hr WHO Standard, Cumulative (IPP1 – 50m stacks) 


IPP1: backup fuel (diesel), IPP2: backup fuel (diesel), QPP: backup fuel (Arabian Light 


Crude), QCC: primary fuel (gas)  
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Figure 6-19 Cumulative, 50 m IPP1 stacks, NO2, 24-hr, WB,  


IPP1: backup fuel (diesel), IPP2: backup fuel (diesel), QPP: backup fuel (Arabian Light Crude), QCC: 


primary fuel (gas) 


 


Particulate Matter 10 (PM 10)  


All predicted PM10 concentrations are well below all applicable PME, WB, and WHO 


standards. The largest PM10 concentrations were found to occur slightly to the south 


and east of IPP1. 


The controlling PM10 modelling results for the 50m and 60m stack scenarios are 


summarised below: 


Table 6-24 PM10 Modelling Results, 50m & 60m stacks 


Controlling Predicted Concentration (µg/m3) 


H3H 1-hr (Diesel) a, b, c Highest Annual (gas) g, h. i 


Year 


50m 60m 50m 60m 


2007 6.8 6.7 1.61 1.61 


2008 7.1 7.1 1.57 1.57 


2009 6.8 6.8 1.87 1.87 


1. 24-hr PME AAQS: 340 µg/ m3 


2. 24-hr World Bank AAQS: 150 µg/ m3 


3. 24-hr WHO Guideline Value: 50 µg/m3 


4. Annual PME AAQS: 80 µg/m3 
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5. Annual World Bank AAQS: 50 µg/m3 


6. Annual WHO Guideline Value: 20 µg/m3  


 


Plots of predicted PM10 concentrations are provided below: 


Figure 6-20 PM10, Annual PME, WB & WHO Standard & 24-hr PME, 24-hr WB, 


Cumulative (IPP1 - 50m stacks)  


IPP1: backup fuel (diesel), IPP2: backup fuel (diesel), QPP: backup fuel (Arabian Light Crude), QCC: 


primary fuel (gas) 
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Figure 6-21 Cumulative, 50 m IPP1 stacks, PM10, 24-hr, WHO  


IPP1: backup fuel (diesel), IPP2: backup fuel (diesel), QPP: backup fuel (Arabian Light Crude), QCC: 


primary fuel (gas) 


 


Sulphur Dioxide (SO2) 


All predicted annual concentrations are below the PME and World Bank standards; 


however, there are some predicted exceedences of PME, WB and WHO standards 


for both the 24-hr and 1-hr averaging periods. The largest SO2 concentrations were 


found to occur to the south and east of IPP1.  


A detailed examination of the model output reveals that IPP1s contribution to these 


high concentrations is approximately equal to the sum of the contributions of the 


other sources. This is consistent with the discussion of IPP1’s impact alone). 


Therefore, this modelling demonstrates that if all sources in the Qurayyah region are 


operating under worst-case conditions at the same time, the potential exists for 


some exceedences of short-term SO2 standards. Given, the infrequency with which 


IPP1 will fire diesel fuel, it is quite unlikely that these exceedences will occur. 


The controlling SO2 modelling results for the 50m and 60m stack scenarios are 


summarised in Table 6-25 below: 
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Table 6-25 SO2 Modelling Results, 50m & 60m stacks 


Controlling Predicted Concentration (µg/m3) 


H3H 1-hr (diesel) a, b, 


c 


H2H 24-hr (diesel) 


d,e,f 


Highest Annual 


(gas) g, h. i 


Year 


50m 60m 50m 60m 50m 60m 


2007 1125.7 1015.9 265.9 238.7 30.3 30.3 


2008 1090.5 994.9 384.1 339.6 29.6 29.6 


2009 1107.2 1010.2 328.1 300.1 35.4 35.4 


! 1-hr PME AAQS: 730 µg/ m3 


!  No 1-hr World Bank AAQS 


! No 1- hr WHO Guideline Value 


! 24-hr PME AAQS: 365 µg/m3 


! 24-hr World Bank AAQS: 150 µg/m3 


! 24-hr WHO Guideline Value: 20 µg/m3 


! Annual PME AAQS: 80 µg/m3 


! Annual World Bank AAQS: 50 µg/m3 


! No Annual WHO Guideline Value 


 


Plots of the predicted SO2 Concentrations are provided overleaf: 
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Figure 6-22 Cumulative, 50 m IPP1 stacks, SO2, 1-hr, PME  


IPP1: backup fuel (diesel), IPP2: backup fuel (diesel), QPP: backup fuel (Arabian Light Crude), QCC: 


primary fuel (gas) 


 


Figure 6-23 Cumulative, 50 m IPP1 stacks, SO2, 24-hr, PME  


IPP1: backup fuel (diesel), IPP2: backup fuel (diesel), QPP: backup fuel (Arabian Light Crude), QCC: 


primary fuel (gas) 
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Figure 6-24 SO2 Annual PME Standard, Cumulative (IPP1 - 50m stacks)  


IPP1: backup fuel (diesel), IPP2: backup fuel (diesel), QPP: backup fuel (Arabian Light Crude), QCC: 


primary fuel (gas) 


 


 


Figure 6-25 Cumulative, 50 m IPP1 stacks, SO2, Annual, WB 


IPP1: backup fuel (diesel), IPP2: backup fuel (diesel), QPP: backup fuel (Arabian Light Crude), QCC: 


primary fuel (gas) 
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Figure 6-26 Cumulative, 50 m IPP1 stacks, SO2, 24-hr, WB 


IPP1: backup fuel (diesel), IPP2: backup fuel (diesel), QPP: backup fuel (Arabian Light Crude), QCC: 


primary fuel (gas) 


 


6.6.5 Assessment of Impacts/Affects  


The stack point source emissions from the Qurayyah IPP 1, given the use of gas fuel, 


will be predominantly NO2, with relatively small emissions of SOx and particulates. The 


results of the ambient air quality study are within the applicable standards, and the 


predicted GLC for the modelled emissions were well below the PME and WB 


standards, the impacts/effects of emissions associated with the operation of the 


plant is considered permanent and theoretically would be of minor to moderate 


negative significance.   


Assuming gas firing, a stack height of 50m for the turbine stacks at IPP1 resulted in 


predicted pollutant concentrations that fully comply with PME, WB, and WHO air 


quality standards.  


When IPP1 fires diesel fuel the potential exists for exceedences of short-term (i.e. 1-hr 


and 24-hr) SO2 standards when IPP1 is considered in tandem with nearby sources; 
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however, given the infrequency with which IPP1 will burn diesel (no more than ten 


days per year), the likelihood of these exceedences occurring is small.  


The results of the air dispersion modelling undertaken for the proposed Qurayyah 


IPP1 in relation to surrounding receptors indicates that the predicted NO2, PM10, 


and SO2 from the proposed Qurayyah IPP1 in addition to the background ambient 


air quality are way below the PME and WB ambient air standards.  In addition, given 


the isolated location of the proposed Project site and the absence of any adjacent 


communities in the area is considered of minor negative significance. 


Gas emissions (e.g. VOCs) due to the storage and usage of hazardous material such 


as fuels (i.e. at least 5-days back-up fuel demand should be stored onsite), solvents 


may have an impact on the air quality, if stored in unsuitable conditions.  This effect 


is considered minor to moderate negative significance. 


Dust and gas emissions will be generated from the transportation of equipments and 


materials to / from the site.  This effect is considered permanent and of minor to 


moderate negative significance. 


The early operation period, commissioning period, would be associated with 


potentially elevated emissions levels during the testing period.  This effect is 


considered temporary and of moderate negative significance; 


6.6.6 Mitigation Measures 


The following mitigation measures will be implemented in order to mitigate the 


potentially negative impacts associated with the operation of the proposed 


Qurayyah IPP1:  


! During commissioning, the stack emissions will be tested for NOx, SOx and 


PM10 to ensure that the control systems are operating correctly and that 


emission values comply with PME and WB/IFC standards; 


! During operation there will be continuous monitoring of stack emissions, 


particularly NOx, SOx, CO2, and PM10, to ensure compliant conditions are 


maintained through appropriate process controls.  In addition the monitoring of 


other stack parameters such as oxygen, carbon monoxide and temperature will 


also ensure that the plant is operated efficiently to maintain compliance with the 


specified air emission standards and ambient air quality standards; 
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! Stack monitoring data collected during commissioning and the subsequent 20-


year operation period will be reported to PME and the lending banks on a 


regular basis and will be subject to inspection by external environmental auditors 


to verify the performance and compliance status; 


! NOx emissions from the plant when burning Gas in turbines will be reduced to 


meet the emissions standards specified by the applicable standards by installing 


dry low NOx combustion.  When burning Liquid Fuel in gas turbines, the NOx 


emissions will be controlled by water or steam injection if required.  


! Fugitive emissions from the QIPP1 site during operation will be controlled by an 


inspection and maintenance programme that will be detailed within the 


Environmental Management System  (equivalent to ISO 14001) that will be 


developed at the start of operations and maintained throughout the 20 year 


plant operational period. 


! Regular maintenance of plant at the proposed facility will also be carried out in 


order to optimise and minimise emissions.  


6.6.7 Residual Effects 


An assessment has been carried out to determine the potential air quality 


associated with the proposed QIPP1 plant. The key pollutants considered in the 


assessment were: NOx (as NO2), particles (as PM10) and SO2.  


Following to the implementation of the mitigation measures outlined above, the 


overall residual effect associated with the operational phase of the Qurayyah IPP1 


are expected to be of minor to moderate negative significance. 


The mitigation measures outlined for CO2, which will be considered in the future and 


noted above have not been applied internationally at the size of the proposed 


power plant.  Should technologies change or options become more mainstream 


with regards to the options, the Consortium will consider these further.  Greenhouse 


gas emissions can therefore be considered of moderate to major negative 


significance though with the potential ability to offset in the future. 


In conclusion, detailed dispersion modelling of emissions from the proposed QIPP1 


indicates that the impact on local air quality will be negligible.  
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7 Soil, Groundwater and Land Contamination 


7.1 Introduction 


Soil and groundwater will be susceptible to contamination from various sources 


during the construction and operational phases of the project. The main sources of 


contamination are typically those places along the handling and processing of 


products where liquid waste and hazardous material can escape into the soil and 


groundwater. These are commonly associated with the transport, handling and 


storage of such materials and the potential threat of releases and spills into the 


ground.  


This section describes the potential impacts of the QIPP1 project on soil and 


groundwater at the proposed QIPP1 project site. 


7.2 Methodology 


The assessment of the potential impact of the IPP project is based on the desktop 


study as well as actual soil information’s that gathered from the baseline surveys, 


sampling, testing and investigations proposed for the project area. As local (KSA) 


standards and guidelines for soil protection are currently unavailable, internationally 


recognized Assessment Values for Soil and Groundwater contamination set by the 


Dutch Ministry of Housing, Spatial Planning and Environment will be applied.  


In order to develop this section, 5 Capitals has reviewed the following most 


relevant studies: 


! Review of relevant national standards and guidelines identified within the 


new IFC / World Bank or IFC Performance Standards; 


! Review of Dutch Ministry of Housing, Spatial Planning and Environment 


guidelines for assessing soil and groundwater; 


! Primary baseline study, Soil sampling and analysis at proposed IPP site 


! Review of geo-technical studies conducted by Gulf Consult, Al Khobar, KSA; 


! Prevailing site condition in terms of soil  


! Walkover survey conducted by 5 Capitals; 
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! Site assessment to identify sensitive receptors, and 


! Consultant’s research and desktop review. 


The desk study includes assessment of the proposed design, procedures for 


construction and operational issues that may impact on both the society and 


environment. Based on the findings of the assessment, measures will be identified in 


order to mitigate any negative effect and promote the positive effects associated 


with both construction and operational phases. Based on the findings of the 


assessment, measures identified in order to mitigate any negative effect and 


promote the positive effects associated with both construction and operational 


phases.  


7.3 Legal Requirements 


National / PME Regulations 


The GER (2001) specifies the following requirements with regards to protecting soil 


and groundwater from environmental harm: 


! Article 13.2: Preserve the soil and land and limit in deterioration or 


contamination. 


! Article 13.2: To take all precautions required to prevent and control 


contamination and degradation of soil and land, remediate degraded and 


contaminated soil and use best available means and technologies for this in 


purpose in accordance with the standards and criteria. 


International / IFC Regulations 


In addition sector-specific guidance documents on pollution prevention good 


practices produced by the IFC should be referred to in the assessment, where 


relevant. These include: 


! IFC EHS Guidelines for Thermal Power Plants (2008); and 


! IFC ‘Environmental Health and Safety Guidelines (EHS) Guidelines: 


Contaminated Land’ (2007). 
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The General EHS guidelines detail that the ‘…Transfer of pollutants to another phase, 


such as air, soil, or the sub-surface, should be minimized through process and 


engineering controls.’ 


Section 1.8 of the IFC’s General EHS Guidelines details the specific requirements 


with regards to contaminated land. It notes that: 


“Contamination of land should be avoided by preventing or controlling the 


release of hazardous materials, hazardous wastes, or oil to the environment. 


When contamination of land is suspected or confirmed during any project 


phase, the cause of the uncontrolled release should be identified and corrected 


to avoid further releases and associated adverse impacts.- risk management 


source receptor pathway.” 


7.4 SEA Baseline 


Site geotechnical Investigation the proposed IPP project was undertaken in 


December 2010 by Gulf Consult, Al Khobar, Saudi Arabia. In addition to the 


engineering analysis, the site and geotechnical investigation study consists of 


desk-based study, site walkover, and sampling and laboratory analysis of 3 


surface soil tests. 


7.4.1 Geology 


The proposed IPP site is situated in the Eastern Province of Kingdom Saudi 


Arabia. In this region the subsurface is made up of Eolian Sand. Eolian processes 


pertain to the activity of the winds and may erode, transport and deposit 


materials and are effective agents in regions with sparse vegetation and a large 


supply of unconsolidated sediments. These processes are important in arid 


environments featuring sand dunes, salt flats and gypsum. At the drilled 


locations also eolian sand dunes was encountered. The geological map of 


Saudi Arabia showing the geological deposits across the region is shown below: 
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Figure 7-1 Geological Map of Saudi Arabia 


 


The coastal area of the Qurayyah includes broad areas of supratidal salt flats 


designated as 'sabkha' (salt-flat or salt-crusted desert). The sabkha in the region 


runs parallel to the coast and provides evidence of sea level changes. Sabkha 


can be found to the east of the IPP1 site and extends for approximately 5km 


inland. During the rainy season, pools of water evaporate on the sabkha 


evaporate leaving salt-crusts 7 to 8cm thick. These crusts are later dissolved 


when the surface is flooded or washed by rain.  A Sabkha is soft saline flat sand 


that is periodically flooded in coastal plains and is very close to the water table. 


The Sabkha is formed due by the capillary pressure of ground water that drives it 


to the surface. The water is then evaporated in the upper subsurface from the 


high temperature in the region and deposits its dissolved salts, which results in 


the Sabkha. In the coastal sabkha area, calcareous silt, mudstone, gypsum and 


sand with considerable salt contents are found. 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


222 


Figure 7-2 Evidence of Sabkha adjacent to the Qurayyah area 


 


 


 


 


 


 


 


 


 


 


 


 


Based on the geotechnical study, following points can be concluded 


Figure 7-3 Soil Parameters across the IPP1 site 


Layer Soil Description Depth 


I Loose Sand 0.00 to 2.5 


II Medium dense Sand 2.5 to 8.0 


IIIA Dense Sand 8.0 to 15.0 


IIIB Very Dense Sand 8.0 -15.0 


IV Hard Clay >13.0 


 


Sabkha in the vicinity of the Qurayyah Complex 


and extending 5km inland 
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7.4.2 Site Topography  


The ground surface at the project site is uneven. In the IPP1 plant area, ground 


elevation varies between +0.580m to +5.037m in relation to Mean Sea Level (MSL). In 


the area allocated for ESF and site installation facilities (to the south of the project 


area), ground elevation varies between +0.08m and 11.062m. On the western 


boundary, bordering the proposed IPP2 site, the ground elevation at this location is 


+6.665m MSL.  


7.4.3 Groundwater 


The climate has significant impact on the hydrological profile in the project area. 


Groundwater level influenced by seasonal variations in rainfall and surface 


evaporation rates. For excavations below ground water table, dewatering would be 


required to keep the working area dry. Installing a sump well and pumping method 


can lower groundwater for a limited depth of 0.5m to 0.8m. However a well-point 


system is recommended at the site for lowering ground water more than the above-


mentioned depth. 


As part of the geotechnical investigation, ground water and its depth study has 


been performed for Qurayyah IPP by Gulf Consult in September – November 2010. 


The groundwater depth was measured by installing piezometers in two (2) boreholes 


distributed in the project area. The water depth was measured at different time 


interval over 24 hours after the termination of boreholes. At the investigated 


locations, there is large variation in ground elevation and accordingly there is 


variation in measured depth to ground water level. The ground water depth varied 


between 0.75m to 8.00m below ground level existing at the time of investigation. 


Ground water level will be influenced by seasonal variations & tidal waves. 


Maximum expected variation is ±1.0m w.r.to Mean Sea Level. 


The geotechnical study concluded that the Groundwater levels vary from 0.75m to 


8.00m below ground level. Groundwater at the site is naturally hyper saline given the 


close proximity to the sea. The site has not been subjected to any groundwater 


contaminating land uses. Therefore no monitoring of ground water has been 


conducted.  
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The details of piezometer installation and groundwater level recorded for QIPP1 are 


attached as Appendix 6.2.  


7.4.4 Soil Quality Investigation 


In order to establish a baseline of the environmental soil quality in the proposed IPP 


project site, samples were taken at different locations. Prior to the sampling, a site 


walk over has been carried out to determine whether there is any contamination on 


the site. During the site walkover no suspect locations were observed within the IPP 


project site.   


Samples were taken at three (3) locations from the IPP site. The samples were 


collected along the transect line inside the site boundary. This area is fenced and 


only permitted vehicles allowed. Due to strict security and site condition constrain 


(site fence), samples were collected at three locations only. Samples were taken 


from the surface soil and collected in decontaminated plastic bag. 


The location of soil sampling is indicated in Table below. 


Table 7-1 Location of soil samples  


Location co-ordinates Sample 


ID 
N E 


S1 25° 50' 39.552" N 50° 7' 48.180" E 


S2 25° 50' 27.096" N 50° 7' 19.668" E 


S3 25° 50.566'N 50° 7.553'E 
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Soil sampling locations can be seen in the figure below. 


Figure 7-4Soil samples locations at the proposed Qurayyah IPP site 


 


The following table notes the parameters that were tested for the soil samples 


collected from the proposed IPP project site. 


Table 7-2 Soil Monitoring Parameters 


Parameters 


pH Total Petroleum Hydrocarbons (TPH) 


Arsenic Copper 


Barium Mercury 


Boron Selenium 


Cadmium Zinc 


Nickel Chromium 


Beryllium Iron 
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Lead Molybdenum 


Vanadium Total Cyanide 


Nitrate Sulphate 


Avg. Phosphorous Carbonate as CaCO3 


Nitrate Salinity 


Chloride Total Polychlorinated Biphenyls (PCB) 


BTEX Polycyclic Aromatic Hydrocarbons 


(PAH) 


Bromide Moisture Content 


Total Alkalinity as CaCO3  


 


Assessment Criteria for soil quality environmental results 


As specific Saudi standards and guidelines for soil protection are currently 


unavailable, internationally recognized assessment values for soil contamination set 


by the Dutch Ministry of Housing, Spatial Planning and Environment have been 


applied. The baseline results are compared against standard values and guidelines. 


In the Netherlands (Dutch), environmental quality values have been established 


based on the philosophy of protecting ecosystems, environmental functions and 


ensuring the multi-functionality of soil and groundwater quality. These are discussed 


below: 


! Target Value: average background concentration or detection limit; 


exceeding this value indicates a possible diminishing of the functional abilities 


of the soil for humans, plants or animals.  


! Intervention Value: concentration level above which there is a serious or 


threatening diminishing of the functional abilities of the soil for humans, plants 


or animals. 


! Intermediate Value: a soil sample is moderately polluted when the 


intermediate value for a certain compound is exceeded. 
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With reference to these standard values, the target values for soil represent the level 


at which environmental sustainable soil quality is present. For shallow groundwater 


(<10 m), the environmental quality objectives for soil and water have been adopted 


as target values. 


Constituent levels greater than the target value indicate that the soil has lost some 


of its multi-functional properties and can be considered as contaminated soil. If the 


contamination level is exceeding the intermediate value, further investigation should 


be carried out. However, if the intermediate value is not exceeded, it can be stated 


that contamination has not developed into a point where corrective measures 


need to be taken to possibly remediate the soil. Lastly, the soil intervention values 


indicate when the functional properties of the soil are seriously impaired or 


threatened.  


It should be noted that the target values are not specific clean up criteria. They 


represent targeted objectives.  Also, in the latest (2009) version of the Dutch 


Standard, Target values for soils have been removed for all compounds except 


Metals. 


The values mentioned in the Dutch guidelines are dependent of the presence of 


Organic Matter and Clay (Luteum) percentage in the soil. The organic matter in 


'Standard Soil' is 10% and contains 25% luteum content. Therefore, a value of the 


same for Organic Matter and Luteum content is applied in assessment of soil if is 


‘standard soil’. The proposed Qurayyah IPP site is located close to marine water and 


is dominated by Sabkha and sand dunes therefore, organic matter and luteum 


content will be lower than the ‘standard soil’ constituent. Accordingly, 10% organic 


matter and 25% luteum content is not applicable in this.  


An assumption of 5% luteum content and 2 % organic matter constituent in soil has 


been made for the proposed Qurayyah IPP soil constituents. These values for the 


assessment of the soil contamination have been calculated based on the Organic 


Matter and Luteum Content percentage in the surface soil samples. Applying these 


two different factors (organic matter and luteum) for soil provides similar results for 


contaminant levels for assessment of soil quality. 
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Table   Results of soil samples – Part 1 


Parameter Sample 


ID 


Matrix 


pH Moisture 
Total 


Alk. 
SO4 Nitrate Chloride Total P Total CN Bromine 


Total 


PAH 
Tot. PCB TPH BTEX B 


 Unit 
Mg/kg % Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg 


Mg/k


g 
Mg/kg 


DS 


Target/Intervention 
       5/50  1/40  15/1500   


Site 1 soil 8.6 1.8 32 9930 36.5 3790 56 <1.0 5.0 <0.5 <0.1 <50 <0.5 <50 


Site 2 soil 8.4 2.7 18 5230 2.2 150 83 <1.0 <1.0 <0.5 <0.1 <50 <0.5 <50 


Site 3 soil 9.3 1.7 61 450 3.4 180 67 <1.0 <1.0 <0.5 <0.1 <50 <0.5 <50 
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Table Results of soil samples - Part 2 


Parameters Sample 


ID 


Matrix 


Sb As Ba Be Cd Cr Co Cu Fe Pb Hg Mo Ni Se V Zn 


 
Unit Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg Mg/kg 


Mg/k


g 


Mg/k


g 
Mg/kg 


DS 


Target/Intervention 
3/15 18/34 56/221  0.5/7.6 60/228 3.4/90 19/104  58/361 


0.22/7.


3 
3/200 15/90   69/357 


Site 1 soil <5 <5 <10 <1 <1 5.0 <2 <5 1480 <5 <0.1 <2 6 <5 <5 <5 


Site 2 soil <5 <5 52 <1 <1 8.0 <2 <5 2420 <5 1.1 <2 10 <5 9 5 


Site 3 soil <5 <5 14 <1 <1 6.0 <2 <5 2180 <5 <0.1 <2 9 <5 6 7 
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The results of the soil samples are presented in the tables above, the 


values exceeding the target value are highlighted with orange. Results 


shows that the soil samples collected show no signs of pollution. The result 


show marginally elevated mercury metal above the target value at site 2 


but no intervention/remediation actions are required to be undertaken 


as is within these value. Also as stated above, a target value are not 


specific clean up criteria and is representation of targeted objectives.  


7.5 Assessment of Effects, Mitigation Measures and Residual 


Effects During Construction Phase 


7.5.1 Assessment of Impacts 


There is a range of construction related activities that could pose a threat 


and lead to changes in the chemical properties of the soil, resulting in 


potential contamination. Impacts can occur from the spillage of liquid 


materials used during construction, improper management of generated 


construction waste, and cross contamination of soil at the site. Adequate 


waste management and soil and groundwater protection measures must 


be outlined in the CEMP prior to the start of construction activity. These 


control measures are required in order to prevent the risk of soil and 


groundwater contamination at the proposed development site. 


! Spillage: During the construction phase, the risk of accidental 


spillage and leakage of various chemical products, paints, oils, 


fuels, lubricants, vehicle oil changing or refueling, sanitary 


wastewater from worker compounds and cleaning agents is 


present. Impacts of this can take place at the storage areas of the 


construction site as well as during the transportation of such 


materials on site. Improper methods of storing, transferring, and 


handling of these products can result in spillage to the ground and 


result in soil contamination. Depending on the volume of the spill 


and the characteristics of the pollutants, the contamination may 


reach the groundwater. Once contamination has reached the 
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groundwater, the volume of contaminated soil and groundwater 


can increase quite rapidly. This is a function of the physical and 


chemical properties of the contaminants and the velocity of the 


groundwater. Also given the presence of sea in adjacent area, 


there is potential of ground and groundwater contamination due 


to runoff during rainy seasons. Prior to mitigation, these impacts 


could be temporary to permanent and be considered of 


moderate to major negative significance. 


! Waste Management: Construction of IPP project involves activities 


that generate solid and hazardous waste on-site. Waste 


generated during these activities poses a threat to the soil and 


groundwater on site. Of special concern is the management of 


hazardous waste generated during the construction phase. 


Although the hazardous fraction of construction waste such as 


used oil, machinery lubricants, paints and sludge, represents a 


relatively small proportion of the total amount of construction 


waste, it requires special attention. If the temporary storage and 


handling of such waste on the construction site is inadequate prior 


to being removed for disposal, the risk of soil and groundwater 


contamination increases. Prior to mitigation, these impacts could 


be temporary to permanent and be considered of minor to 


moderate negative significance. 


! Cross Contamination of Soil: During Construction work Cross 


contamination is the transfer of contaminated earth from one 


location to another, thereby exacerbating an existing 


environmental problem through poor management. Currently the 


general soil conditions on site appear to be good (in the limited 


scope of the SEA soil analysis). Soil analysis at the proposed project 


site was investigated as part of the baseline survey described 


above. The survey concluded that no contamination is present in 


the soil samples taken at the site.  However, isolated points of 
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contamination, perhaps through localised spills such as by the oil 


container may occurred on site. If this contaminated soil was 


relocated during construction activity, a chance of further 


spreading of the contaminants can occur, which could lead to a 


negative environmental impact. In addition, if contaminated soil is 


dispersed through dust generation as a result of construction 


activities like ground excavation, then further spreading of 


contaminants will also occur. This impact is considered of 


moderate negative significance prior to the implementation of 


appropriate measures. 


7.5.2 Mitigation Measures 


! As far as the construction of the proposed project is concerned, 


the CEMP will cover all the necessary measures to be taken prior 


to and during the construction phase. This will include outlining the 


appropriate waste storage protocols and soil and groundwater 


protection measures required to prevent the occurrence of 


spillage to the ground, and the risk of contamination. The EPC 


employed on site will be required to design and operate a CEMP 


during the construction phase. This is a requirement of the 


Performance Standard 1 in determining an ‘action plan’ and 


management system. A key part of this document will be the soil 


and groundwater protection measures on the site, which should 


include the following measures: 


o Effective management of supply chain, including selection 


of material suppliers which minimise packing where 


possible; 


o Wherever possible, reduce the quantity of chemicals and 


fuel stored on site to minimum practical level. Infrequently 


used chemicals should be ordered before they are 


needed; 
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o Storage of chemicals, fuels, lubricants and paints on 


dedicated locations such as paved ground surfaces to 


prevent leakage into the ground; 


o Storage of hazardous liquid waste and chemicals, such as 


oils, etc. in contained areas where oil drums have dripping 


collectors to avoid spillage to the ground.; 


o Spillage and leakage prevention measures including 


regular inspection of containers; 


o Clean up of any spillage with spill absorbents; 


o Established spill emergency and contingency plan; 


o Mandatory training program for employees to increase their 


awareness of chemical management protocols including 


proper handling and storage of chemicals, and emergency 


response and contingency plans. 


o Contaminated aggregate wastes or excavation material 


shall be disposed through registered/approved waste 


vendor at appropriate facilities. 


! In order to avoid the risk of cross contamination, the identified 


contaminated soil should be excavated separately, and stored or 


disposed off in accordance with environmentally adequate 


measures for waste management. Furthermore, if contaminated 


soil observed during construction activity, the same protocol must 


be taken with separate excavation, in order to ensure that cross 


contamination does not take place. 


! Implementation of good housekeeping practices during 


construction activities including procedure and requirements for 


proper handling, storage, and transport of hazardous chemicals 


and waste 
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! Procedures for emergency response and contingency plan must 


be in place. A mechanism has to be provided to immediately 


remediate the effected area in the event of a spill or leakage of 


chemicals, fuels, paints, and any hazardous material. A framework 


for emergency response and contingency plan is provided in the 


Environmental Management Plan section. It is suggested that the 


EPC must incorporate this in their CEMP and implement throughout 


the site.  


! The EPC, sub-contractors employed for the construction period will 


be required to put in place adequate training programmes, safety 


induction sessions with regards to the transportation and handling 


of hazardous materials. 


! All hazardous construction waste and chemicals, such as oils, 


should be stored in well-equipped, leak-tight enclosures where oil 


drums have dripping collectors to avoid spillage to the ground. 


The storage tanks of fuels /chemicals shall be properly maintained 


and stored in bunded area of 110% of their storage capacity.  


! Washing of equipment, machineries, and vehicles will not 


permitted on site and on un-paved road. 


! Refuelling should only be carried out in designated areas following 


specified procedures, not at machinery work locations, to reduce 


potential spillages. A dedicated refuelling area near to the 


servicing area will be established. Refuelling areas should be 


communicated to all site personnel by signs and notice boards. 


! All servicing, refuelling, stockpiles, waste disposal and storage 


areas should be located as far as possible from the marine water 


to reduce potential of pollution via spillage or windblown debris. 


! Excavated materials will be kept in the stockpile for as short a time 


as possible. 


! No hazardous material should be stockpiled.  
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! Minimize the size and height of the stockpile as far as possible. 


! The EPC will also be required to carry out dedicated risk 


assessment sessions to identify risks relevant to particular activities 


involving the use of hazardous materials and, put in place, 


appropriate risk reducing measures. The figure below provides an 


overview of determining risk assessment with regards to 


contamination.  


 


7.5.3 Residual Impact 


! Following the implementation of the mitigations detailed above 


and further measures which are outline in the environmental 


management plan followed during construction, the potential 


impacts of soil and groundwater on site is expected to be 


significantly reduced to minor negative impact. 


7.6 Assessment of Effects, Mitigation Measures and Residual 


Effects During Construction Phase 


7.6.1 Assessment of Impacts 


During the operational phase, possible emissions to the soil and 


groundwater can be expected from a number of sources. During 
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material transportation, handling and storage as well as during cleaning 


activities and the case of emergencies, spillage to the ground may 


occur.  


! The operation of IPP involves usage of usage of oil to run diesel 


generator (D/G) during emergency. Operation of D/G set involves 


the storage, transportation, and handling of such as diesel oil, 


cleaning materials, etc. These materials if not handled 


appropriately will have a negative impact on ground and 


groundwater and this impact would be of moderate to major 


negative significance. 


! Waste oils generated following the maintenance and operation of 


the plant and machinery have the potential for contamination of 


soil and water should they be released into the environment in an 


uncontrolled manner. Prior to mitigation the potential impact 


would be of moderate negative impact.  


! The use of solvents/cleaning fluids on IPP site is likely to be fairly 


limited during operations. Given the limited volumes that are 


predicted to be generated, the impact of these onto the 


environment could be of minor to moderate negative impact. 


Although these materials will be used in small quantities 


throughout the plant, however attention must be paid to proper 


storage, handling and transportation of these.  


! The accidental release from sanitary or industrial wastewater 


treatment units may contaminate the soil and groundwater. Prior 


mitigation the potential impact would be of moderate negative 


significance. 


7.6.2 Mitigation Measures 


The threat to soil and ground water quality during the operational phase 


is more or less similar to the construction phase. Therefore, similar control 


techniques and mitigation measures should in place to tackle such risks. 
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Furthermore, O&M company on site should incorporate necessary 


protection measures to prevent soil and ground water contamination 


from any possible source. Best house keeping practices should be 


adopted to ensure proper measures are in place.  


The O&M should implement the mitigation measures listed below. Day to 


day measures included in the EMP should determine the storage of 


hazardous chemicals or storage in particular as key concerns with 


maintenance, storage requirements, refueling procedures and spill clean 


up procedures being particular issues which should be adequately 


covered in the EMP. 


! The Operational Environmental Management Plan that is a 


requirement of the IFC Performance Standards will need to 


ascertain the potential risks to the soil and groundwater media 


during the operations of the plant and assign appropriate 


mitigation measures. Determination of risk can be assessed simply 


by the establishment of risk factors, detailed in the figure above. 


! Storage areas for hazardous material should be sealed, covered 


and paved with secondary containment such as bunded walls, 


leak tight collection reservoirs, leak tight flooring, and correct 


shelving / cabinets in order to prevent spillage and leakage into 


the ground. 


! The storage tanks of fuels /chemicals should be properly 


maintained and stored within a bunded area of 110% of their 


storage capacity.  


! A dedicated storage for large volumes of solid and liquid 


(especially for hazardous waste) material from several sources is 


recommended. This storage area should be provided with leak 


tight flooring, secondary containment as bunded walls, leak tight 


collection reservoirs and correct shelving / cabinets to prevent 


spillage. 
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! Proper procedures, such as regular inspections, audits, and 


monitoring, will be put in place to ensure that all necessary 


mitigation measures are being implemented. 


! Leakage monitoring system should be installed in order to 


determine any leakage issue at an early stage and minimize any 


relevant environmental issues associated with the leakage. 


7.6.3 Overall residual impacts 


! Following the implementation of the mitigations detailed above 


and further measures which should be outlined in the 


environmental management plans followed during operation, the 


potential impacts on soil and groundwater on site is expected to 


be significantly reduced to minor negative impact. 
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8 Social and Economic Issues 


8.1 Introduction 


The scale and nature of the proposed project and the emphasis that the 


Equator Principles and associated IFC Performance Standards place 


upon community involvement emphasise this important aspect of the 


Social and Environmental Assessment process.  It is vital to incorporate 


the viewpoints of relevant stakeholders in such a nationally and 


regionally important development and mitigation of the social or 


environmental concerns of these stakeholders should be incorporated 


within the design at an early stage as possible. 


This section focuses upon the social and economic aspects associated 


with the development and subsequent operation of the Qurayyah IPP 


facility. It looks initially at the baseline socio-economic environment within 


which the development will proceed, before examining the potential 


impact of the development during the various stages of the project life 


cycle. Where necessary and possible, opportunities to pursue measures 


have been then developed and put forward to minimise and/or mitigate 


any potential impacts identified. 


The remote location of Qurayyah is in a fenced, restricted area and 


cannot be approached by either members of the Public or local 


communities such as the Bedouin. Temporary worker camps are under 


the control of SEC and no authorisation was granted to approach the 


workers either formally or informally. While the land area is restricted, so 


too is the sea with a 5km exclusion zone around all the plants prohibiting 


access.  
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8.2 Methodology 


The baseline analysis of this chapter is principally desk based, drawing at 


this stage from secondary sources such as the World Bank, the United 


Nations, the Central Intelligence Agency (CIA), US Census Bureau and 


Saudi federal data sources. This stage will look at key indicators relating 


to factors such as population, the economy, the labour market and 


social development, at a national and, where data is available, a 


regional level. Where relevant, experience from numerous site visits and 


primary data collected during consultation with interested parties have 


also augmented the secondary baseline data.  


Once this baseline has been established, more detailed consideration 


can be given to the impact of the development at both the local level 


and at a more strategic level.  Analysis during this stage draws upon 


experience gained by the consulting team during visits to the 


development area and upon consultation with interested parties. As the 


development will have differing socio-economic impacts throughout the 


life-cycle of the project, the analysis has been structured to reflect the 


key development stages of: 


! Construction 


! Commissioning 


! Operation 


! Decommissioning 


In reflection of the requirements of the IFC Performance Standards, core 


components of the analysis include: 


! A review of any indigenous communities within the proposed 


development site and its immediate environs, incorporating their 


views on settlement, grazing rights and other activities where 


applicable. 
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! A review of any settlements arising from construction of the IPP 


facility; 


! An assessment of local labour market impacts; 


! An outline assessment of any health and safety implications of the 


facility; 


! An assessment of impact upon local services; 


! The suitability of the site in light of the social / development profile 


of the site environs. 


8.3 Legal Requirements 


The Labour Law (Royal Decree No. M/51, 2005) defines the regulation of 


employment, labour relations, worker contracts and work place 


conditions. This law contains provisions intended to protect the interests 


of both employers and employees with the aim of establishing a stable, 


equitable and sustainable work environment. This law will therefore 


provide a minimum legal basis for the engagement of the IPP1 


workforce, the working conditions and worker housing.  


These law also specifically addresses such issues as protection against 


occupational hazards; major industrial accidents and work injuries; and 


health and social services. 


These laws will apply to the construction and operational workforce as 


well as applying to both the project company staff and all contractors. 


IFC Requirements 


The following IFC Performance Standards aim to identify and ensure that 


social and economic impacts of a project are addressed in the relevant 


areas, in particular: 


The Project Company and EPC will comply with the following IFC 


Performance Standards: 
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Table 8-1 IFC Performance Standards relating to Community Consultation 


and Related Topics 


Applicable Requirements for Working Conditions and Management of 


Worker Relationship 


Performance Standard 1: Social and Environmental Assessment and 


Management Systems 


Performance Standard 2: Labour and Working Conditions  


Human Resources Policy The client will adopt a human resources 


policy appropriate to its size and workforce 


that sets out its approach to managing 


employees consistent with the requirements 


of this Performance Standard. 


Working Relationship The client will document and communicate 


to all employees and workers directly 


contracted by the client their working 


conditions and terms of employment, 


including their entitlement to wages and any 


benefits. 


Working Conditions and 


Terms of Employment 


The client will provide reasonable working 


conditions and terms of employment that, at 


a minimum, comply with national law. 


Workers’ Organizations The client will enable alternative means for 


workers to express their grievances and 


protect their rights regarding working 


conditions and terms of employment. 


Non-Discrimination and 


Equal Opportunity 


The client will not make employment 


decisions on the basis of personal 


characteristics unrelated to inherent job 
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requirements. 


Grievance Mechanism The client will provide a grievance 


mechanism for workers (and their 


organizations, where they exist) to raise 


reasonable workplace concerns. The client 


will inform the workers of the grievance 


mechanism at the time of hire, and make it 


easily accessible to them. 


Performance Standard 4: Community Health, Safety and Security; 


General Requirements The client will evaluate the risks and impacts 


to the health and safety of the affected 


community during the design, construction, 


operation, and decommissioning of the 


project and will establish preventive measures 


to address them in a manner commensurate 


with the identified risks and impacts. 


Infrastructure and 


Equipment Safety 


The client will design, construct, and operate 


and decommission the structural elements or 


components of the project in accordance 


with good international industry practice 


Hazardous Materials 


Safety 


The client will prevent or minimize the 


potential for community exposure to 


hazardous materials that may be released by 


the project. 


Environmental and 


Natural Resource Issues 


The client will avoid or minimize the 


exacerbation of impacts caused by natural 


hazards, such as landslides or floods that 


could arise from land use changes due to 


project activities. 


The client will also avoid or minimize adverse 


impacts due to project activities on soil, 
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water, and other natural resources in use by 


the affected communities.  


Community Exposure to 


Disease 


The client will prevent or minimize the 


potential for community exposure to water-


borne, waterbased, water-related, vector-


borne disease, and other communicable 


diseases that could result from project 


activities. 


Emergency 


Preparedness and 


Response 


The client will assess the potential risks and 


impacts from project activities and inform 


affected communities of significant potential 


hazards in a culturally appropriate manner. 


Security Personnel 


Requirements 


When the client directly retains employees or 


contractors to provide security to safeguard 


its personnel and property, it will assess risks to 


those within and outside the project site 


posed by its security arrangements. 


Performance Standard 5: Land Acquisition and Involuntary Resettlement 


This standard is not applicable as the QIPP1 plant is located within an 


already established industrial complex containing other power plants. 


There are no indigenous people in the Qurayyah area and therefore the 


resettlement of people will not occur.  


Performance Standard 7: Indigenous Peoples 


This standard is not applicable as the plant is located in an area, which 


cannot be approached by any members of the public or local 


communities.  


IFC’s EHS Guidelines for Thermal Power Plants also address industry-


specific impacts on the social and economic aspects of the site and 


surrounding context, specifically: 


! Occupational Health and Safety; and 


! Community Health and Safety. 
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8.4 SEA Baseline 


8.4.1 Population / Demographics 


Whilst the population of KSA have been quoted differently in various 


sources, this section mainly refers to the population information obtained 


from the Central Department of Statistics and Information (CDSI) of the 


Kingdom.  According to the General Census of Population and Housing 


Census 1431 (2010), which was implemented under the Council of 


Ministers Decision no. 244, the population of the Kingdom was 


approximately 27.1 million in 2010, of which about 8.4 million or 31 % of 


total population were non-nationals. 


The population is projected to rise by at least 15% to approximately 31 


million within five years, mainly due to imports of skilled labour for major 


projects meant to diversify the Gulf kingdom's oil-based economy, 


according to a Reuter’s poll reported on 23 February 2011. 


A summary of population information of the kingdom is present in Table 


8.1 below. 
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Table 8-2 Population Data Summary  


Criteria Data (2010) 


Population Total number: 27,136,977  


Saudi citizens: 18,707,576 


Non-Saudis: 8,429,401 


Number of Male and female Saudi citizens: 9,527,173 males and 


9,180,403 female 


Non-Saudis: 5,932,974 males and 


2,496,427 female 


Age Structure* 0-14 years: 29.4%  


15-64 years: 67.6%  


65 years and over: 3%  


Median Age* Total: 25.3 years 


Male: 26.4 years 


Female: 23.9 years 


Population growth rate (among 


the population in 2004 and 2010 


census)  


3.2% 


(1.54% overall population growth rate 


for 2011 est. *) 


Population density  14 person/sq km 


The proportion of the working 


population to total population 


(2009) 


32.1 


Rate of infant mortality (per 1,000 


live births) (2009) 


14% 


Life expectancy at birth* Total population: 74.11 years 


Male: 72.15 years 


Female: 76.16 years (2011 est.) 
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Criteria Data (2010) 


Urbanisation*  Urban population: 82% of total 


population (2010) 


Rate of urbanisation: 2.2% annual rate 


of change (2010-15 est.) 


Source: The Central Department of Statistics and Information (CDSI) 


(web), and  * CIA the World Factbook, updated March 16, 2011 


The population of Eastern Province, where the site lies, was 


approximately 4.1 million in 2010, rising from about 3.36 million in 2004.  A 


significant majority of this population dwell in the key urban areas of 


major cities such as Damman, Hofuf, Jubail, Khobar, Dhahran, Afar Al-


Batin.  


Whilst the availability of accurate population growth data specific to the 


region is limited, we understand that with substantial growth of industrial 


and commercial sectors and plans for large-scale of social and 


infrastructure developments within the region, population growth within 


the province is likely to significantly exceed the national average.  


8.4.2 Economy 


With a GDP of approximately $434.4 billion (2010 est. the official 


exchange rate of CIA World Factbook), Saudi Arabia is by a substantial 


margin the largest economy in the Arab world.  As can be anticipated, 


the economy of the Kingdom is heavily focused upon hydrocarbon-


based industry, with this accounting for almost half of overall GDP.  The 


Kingdom possesses more than 20% of the world's proven petroleum 


reserves, ranking as the largest global exporter of petroleum, and playing 


a pivotal role in OPEC management of world oil markets. Petroleum 


sector accounts for approximately 80% of budget revenues, 45% of GDP 


and 90% of export earnings, thus providing the country with its main 


source of both Government revenue and foreign currency.  
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Outside of the hydrocarbon sector and associated industry, which 


contributes 61.9%, the next largest contributor to the economy is the 


service sector with about 35.4%, and another contribution of 2.7% comes 


from agriculture.  Unlike the hydrocarbon sector, this exists chiefly to 


service the domestic market and accounts for very little export earning.  


As mentioned above, the Kingdom retains strong government controls 


over major economic activities, with over 60% of GDP derived from the 


public sector and publicly held companies.  Nonetheless, the 


government is encouraging private sector growth, particularly in the 


power generation, telecommunications, natural gas exploration and 


petrochemicals sectors to diversify the Kingdom’s economy and to 


employ more Saudi nationals.  


As part of its effort to attract foreign investment and diversify the 


economy, Saudi Arabia acceded to the WTO in December 2005.  A key 


component of the strategy to reduce dependence on oil exports and to 


increase employment opportunities for the swelling Saudi population has 


been the plans to establish six "economic cities" in different regions of the 


country to promote development and diversification.  The extent of the 


progress made towards encouraging private sector growth is reflected 


by the ranking of Saudi Arabia as 11th out of 183 economies (countries) in 


the 2011 annual World Bank survey on ease of conducting business, 


placing the Kingdom at the forefront of the Arab world in this regard and 


ahead of several European nations.  


The Kingdom’s development and diversification has also been toward 


the Eastern Region in particular the Dammam-Dhahran-Al-Khobar 


triangle area which become a major hub for shipping, oil, commerce 


and industry with massive infrastructures provided including the new King 


Fahd International Airport located about 30 miles to the west of 


Damman. Not only the oil-based sector boosts the region’s economy, the 


growth of non-oil industries has also played a vital role in this province.  
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Furthermore, The SME Economic Forum 2011 will take place in Damman 


on March 29th - 30th 2011. This Forum is one of the Kingdom's most 


strategic business initiatives towards supporting SME success and is 


endorsed by His Royal Highness Prince Mohamed Bin Fahad Al Saud - 


Governor of Eastern Province, and supported by the Saudi Arabian 


General Investment Authority (SAGIA). The forum will gather key industry 


experts from the region to highlight and discuss the role of government 


bodies in supporting small and medium enterprises, and financing of 


SMEs through different channels and institutions, according to the Eye of 


Riyadh press release (web) dated March 28th, 2011. 


Official GDP is approximately $434.4 billion, placing associated GDP per 


capita at roughly $24,200. However, the comparatively low living costs in 


the Kingdom mean that this is not a true reflection of living standards with 


rates increasing by approximately 35% once normalised for comparative 


purchasing power. The inflation rate (consumer prices) of the Kingdom 


has been estimated at 5.7%, a rate which exceeds that currently being 


experience elsewhere in the region. This figure, which is subject to 


upward pressure as living costs in the Kingdom increase (most 


significantly in relation to property costs and basic foodstuffs), is 


narrowing the gap in costs between the Kingdom and its GCC 


neighbours. 


The Kingdom’s economic data is summarised in Table 8-3 below. 


Table 8-3 The Kingdom’s Economic Data Summary (All data as of 2010 


Est., unless otherwise specified) 


Criteria Data  


GDP (official exchange rate) $434.4 billion 


GDP (Purchasing Power Parity) $622.5 billion  


GDP per Capita  $24,200 
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Criteria Data  


GDP Real Growth Rate 3.8% 


Inflation (Consumer Prices) 5.7% 


Exports $235.3 billion 


Imports $99.17 billion 


Budget Revenues: $185.1 billion 


Expenditures: $173.1 billion 


Source: CIA the World Factbook, updated March 16, 2011  


 


The Kingdom’s annual GDP growth rate is shown in Figure 8-1.  
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Figure 8-1 Saudi Arabia Annual GDP Growth Rate (adjusted by inflation) 


 


Source: Adapted from Tradingeconomics.com; Saudi Arabia Central 


Department (web) 


 


Notwithstanding the risks associated with unrest in the region and 


potential concerns over political continuity in the Kingdom; moving 


forward, official GDP growth estimates remain relatively high at 3.8% in 


2010 and is seen expanding by 3.9% in 2011. Over the next five years, 


government spending plans, which aim to invest up to $1.3 trillion 


(primarily in the non-oil sector), are intended to promote the continued 


growth potential for Saudi Arabia and to decrease its vulnerability to 


market shocks. This is further underpinned by the prospects of increasing 


oil production, combined with the positive outlook for oil prices over 2011. 


  


8.4.3 Labour Market 


The labour market of Saudi Arabia is subject to significant challenges, 


with considerable unemployment and skills shortage in key sectors. 


Official records estimate unemployment among Saudi males at 10.8% in 


2010, however, numerous sources recognise this as a significant 


underestimate, with some placing unemployment as high as 25%. This has 


elevated the Kingdom to a ranking of 119th out of 200 countries jobless 
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rate worldwide, whilst other Arab nations such as Qatar, Kuwait, and UAE 


unemployment rates are recorded at 0.5%, 2.2% and 2.4% respectively.  


The Kingdom’s unemployment is particularly acute in the large youth 


population, which generally lacks the education and technical skills the 


private sector needs. 


Despite this high level of unemployment, the aforementioned skills 


mismatch has created a large demand for expatriate (non-national) 


labour, particularly in high skills sectors. These expatriates account for 


about 80% of the total labour force. A further pool of low skill expatriate 


labour exists to serve a requirement for manual labour and service sector 


support staff, of which there is also an apparent shortage.  


Economic diversification and expansion is hoped to result in an increase 


in employment opportunities for the high number of nationals, 40% of 


which are youths under 15 years old, joining the labour market in the next 


few years. The need for this to proceed in tandem with a process of 


enhanced education and training to increase the match between the 


skills of the Saudi workforce and the needs of employers appears to be 


increasingly recognised, although the gross enrolment rate in primary 


education officially recorded in 2009 reached to 99%.  


However an effort in improving labour force skills, especially in Saudi 


youths has been apparent in recent years and can be seen through 


increasing government spending on job training and education.  


Table 8-4 gives a summary of available labour market data of the 


Kingdom: 


Table 8-4 Labour Market Summary 


Criteria Data 


(all data 2010 est., unless otherwise specified) 


Labour Force 7.337 million 
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Criteria Data 


(all data 2010 est., unless otherwise specified) 


Labour Force - by Sector Agriculture: 6.7% 


Industry: 21.4% 


Services: 71.9% (2005 est.) 


Unemployment Rate 10.8%% (among Saudi males only  - official 


estimate; some estimates range as high as 25%) 


   Source: CIA the World Factbook, updated March 16, 2011. 


8.4.4 Social Development 


In the context of the Arab world, the welfare of Saudi Arabia’s citizens 


ranks reasonably highly. The 2010 United Nations Human Development 


Index (HDI) gives Saudi Arabia a score of 0.752, placing it within the High 


Human Development category and above the average level for the 


Arab States data grouping.  Graphical analysis of the change in HDI in 


the Kingdom over the past 30 years also indicates that the growth of the 


HDI in Saudi Arabia has outstripped the average rate for the Arab world. 


The Saudi Arabia’s HDI trends 1980 to present are shown in Figure 8-2. 
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Figure 8-2 Human Development Index Trends 1980 – 2010 


 


Source: UNDP, International Human Development Indicators (web)  


It is evident, however, that the HDI does not necessarily paint a full 


picture of the state of social development in Saudi Arabia as it is skewed 


significantly by the higher level of GDP in the Kingdom relative to many 


other (non-GCC) Arab states.  The Kingdom ranks less well in areas such 


as literacy and life expectancy, where it is ranked lower in the individual 


criteria rankings than it is overall.  


However, what is also clear is that developments in both healthcare and 


education in recent years have been substantial and that the situation in 


the Kingdom is an improving one.  General education is now important 


although kindergarten is not compulsory unlike other educational levels 


i.e. primary school (6 years), intermediate school (3 years), and high 


school (3 years) for both genders, with girls schools established 


throughout the Kingdom by the late 1990s.   


Similarly, in an effort to modernize and expand Saudi Arabia's healthcare 


system the government has allocated funds for the construction of 92 new 
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hospitals, with a capacity of 17,150 beds, along with a number of primary 


health care facilities. In addition, the government has budgeted for the 


establishment of a number of sports clubs and sports cities to promote 


healthy lifestyles. Social services will include the building of social centres 


and social welfare and labour offices. The funds will also further support 


poverty reduction programs. The 2010 government allocations for health 


and social affairs were $16.3 billion accounting for 50.9% higher than actual 


spending in 2009, according to US-Saudi Arabian Business Council.  


The result of this enhanced expenditure and relaxation of previous 


restrictions is a significant narrowing of the gender and regional disparities 


which were the root cause of the Kingdom’s relatively poor ranking on 


selected development indicators.  


8.5 Assessment of Effects, Mitigation Measures and Residual 


Effects During Construction Phase 


8.5.1 Assessment of Impacts/Effects 


The primary potential for social impact arising during the construction 


phase (and continuing through the operational phase) is associated with 


the displacement of any local population and their activities from the site 


and from any spill-over effects on the site environs.  


As the site is fenced and located within the Qurayyah Compound which 


is designated mainly for power and its associated industry and also from 


information obtained during the site visits and investigation, we have not 


witnessed any evidence of a local populace relying on the site or its 


immediate vicinity for either settlement or as a source of livelihood.  


There is an existing BEMCO camp adjacent to the south west of the site. 


This camp has been accommodating BEMCO’s workers as an EPC 


contractor for expansion of the Al-Qurayyah Combined Cycle Power 


Plant (Phase C), which is scheduled for completion in 2013.  
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In addition to above, consultations with local stakeholders confirm that 


there is no history of Bedouin settlement of the site. As such, at this stage 


the development of the site is unlikely to directly result in the 


displacement of a local populace or in a loss of income to these. 


Our analysis suggests that the primary economic impact during 


construction is likely to result from any local employment that is created 


during this phase. Given the significant unemployment levels within Saudi 


Arabia any creation of jobs is likely to prove welcome. As well as the 


direct monetary uplift to the families of those employed, money paid to 


local workers will also stimulate the local economy via the multiplier 


effect, whereby money earned on the project expended locally will re-


circulate within the local economy. Whilst we have no evidence 


quantifying the multiplier effect within the Kingdom, studies undertaken in 


Europe and the US suggests the impact of expenditure on a local 


economy prior to leakage to be in the order of 4:1.  


Notwithstanding the above, our experience of similar sites within the 


Kingdom suggests that a lack of necessary skills within the immediate 


local population will be identified and as such it is probable that a 


significant proportion of work on the site will be undertaken by expatriate 


workers, some of whom will already be working in Saudi Arabia.  To the 


extent that this results in the repatriation of wages, the impact on the 


local economy will be reduced. However, given the existing industrial 


base in Eastern province such as Damman, Al Khobar, Dhahran, Jubail 


there is potential for local take up of jobs on the site to exceed that seen 


on comparable developments.  


Notwithstanding the above, in addition to the direct monetary impact of 


employment created during construction, there also exists the potential 


for the project to promote the dissemination of construction skills from 


expatriate workers into the local labour force. To the extent that the IPP 


proves a catalyst for regional development, any skills acquired are likely 


to prove readily marketable in the aftermath of the project construction.  
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A further secondary impact is likely to arise from spending on local goods 


during the construction phase. Whilst construction materials are likely to, 


as a minimum, need to be sourced from a major city i.e. Damman or Al 


Khobar, spending by workers does offer an opportunity for funds to be 


absorbed into the local economy.  


During the construction phase the potential exists for unofficial temporary 


settlements to arise in the site environment.  


8.5.2 Mitigation Measures 


As there is no identified displacement of residence, or loss of grazing land 


or other income generation opportunity associated with the site, the 


impact is judged negligible and no mitigation is suggested at this stage.  


The project should however seek to employ local workers where these 


are willing and available and where appropriate should offer training to 


enhance the development of skills within the local workforce. A 


Recruitment Policy will be incorporated into the Construction 


Environmental Management Plan, which will set out the proposed 


measures to maximise the benefits to the local population and economy.  


Unplanned settlements in the site are unlikely due to the industrial 


environment, which is judged to be unsuitable for building and is also 


heavily monitored by security personnel.  


It is also anticipated that the worker housing provided for the Qurayyah 


IPP site will be of high quality with appropriate amenities.  Strict controls 


over the provision of temporary worker housing are likely to prevent any 


unplanned settlements from developing.  Sub-contractors working on the 


project will be bound to provide appropriate accommodation for their 


workers.        







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


258 


8.5.3 Residual Effects 


It is considered, that, following the mitigation measures outlined above, 


the residual impact during construction is likely to be negligible to minor 


positive. 


8.5.4 Assessment of impacts during Commissioning Phase 


No significant phase specific socio-economic impacts have been 


identified for this phase. It is, however, of note that it is at this point that 


any training of local workers for the operation phase should take place. 


Actions to do so will aid the retention of jobs within the local economy 


and thus help enhance the economic benefits to the local area.  


8.6 Assessment of Effects, Mitigation Measures and Residual 


Effects During Operational Phase 


8.6.1 Assessment of Impacts/Effects 


At a strategic level the operation of the plant offers significant potential 


to support the continued growth of the local and regional economies, 


providing a significant component of the power supply needed to meet 


the demands of regional growth. This serves not only to support the 


continued economic growth envisaged for the region but also one of the 


foundation stones of the employment and social growth planned within 


the Kingdom.  


As with the construction phase, a significant economic impact during 


operation will result from any local employment created by the project. 


Whilst the likely nature of these impacts, and the effect of expatriate 


workers, is largely unchanged from the construction phase, they are likely 


to be amplified somewhat by the greater time-scales involved in the 


operation of the site. The increased time-scales involved also offer an 


opportunity for greater dissemination of skills into the local workforce and 


via this for the role of local workers to increase over time. A targeted 


system of local recruitment and investment in the human capital of the 
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local workforce will enhance this process and consequently increase the 


benefit to the local economy.  This is assessed as of moderate to major 


positive impact 


There is the potential for an ongoing impact on the local area and its 


current inhabitants from the operation of the facility and the associated 


impact on local services. The operation of the plant and the increase in 


population associated with this will help support the local area by 


incrementally increasing demand for facilities and services. This demand 


increase is indirectly likely to increase the availability of these facilities, 


likely to include expanded retail, healthcare, religious and educational 


offerings, presenting a significant opportunity for social benefit to the 


local population as whole.  This can be deemed to be of moderate to 


major positive impact. 


Notwithstanding the above, in the short term the expanded population 


may place pressure on existing facilities, as supply of these is likely to lag 


the increase in demand. In the short term, this is assessed of minor to 


moderate negative significance, falling to minor negative significance in 


the medium to long term. 


For the potential health and safety issues resulting from the operation of 


the facility, these are unlikely to impact negatively on an indigenous 


population or local communities in the area, as there is no any evidence 


of such population relying on the site or its immediate vicinity.   


8.6.2 Mitigation measures 


The project should seek to employ local workers where these are 


available and where appropriate should offer training to enhance the 


development of skills within the local workforce. 


As the potential impact is positive beyond the immediate term, no 


mitigation is required. However, in order to maximise benefit, any facilities 


directly created by the site should be offered to the local population 


where this would not impact upon the operations of the site.   
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Given the sparsely populated nature of the area immediately 


surrounding the site and its existing industrial nature the impact on people 


in the immediate area is considered to be negligible. Measures to ensure 


the occupational health and safety of the on-site work force, which will 


provide health and safety guidelines for staff, personnel and sub-


contractors should in turn create an environment in which exposure to 


potential hazards and safety issues is minimised. The residual impact of 


this on-site consideration of health and safety should further reduce any 


impact on the local population. 


8.6.3 Residual Effects 


Following the mitigation measures outlined above, the negative aspects 


are minimised to minor negative significance, with the moderate to 


major positive significance aspects being further enhanced by the 


proposed measures taken by the Consortium during the operational 


phase. 


8.6.4 Assessment of Impacts/Effects during the Decommissioning Phase 


As the social and economic environment in which the decommissioning 


of the site will occur is largely indefinable and likely to be significantly 


different from that which currently prevails, no meaningful insight into the 


socio-economic impacts of this can be realised. As such, no socio-


economic impacts have been identified for this phase. 
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9 Environmental Management Plan 


9.1 Introduction 


Environmental Management Plan (EMP) is the key to ensuring that the 


environmental quality of the site and study area does not deteriorate 


due to the construction and operation of the project. The EMP comprises 


a set of measures to be taken in different stages such as construction, 


commissioning and operation to eliminate, offset or reduce adverse 


environmental impacts to acceptable levels.   


The EMP needs to be implemented right from the project inception and 


should continue through to the decommissioning of the plant.  


9.2 Requirement of a Management Plan 


9.2.1 RFP Requirements 


An EMP is required under and as part of the SEA as stated within the 


Qurayyah IPP1 Technical Specifications: 


“Environmental management plan to be compiled prior to 


construction activities and prior to operation to implement 


mitigating measures in a timely effective manner and to ensure 


that the construction and operation of the Project will be effected 


with low as reasonable environmental impacts” 


In addition, an Environmental Monitoring Plan is required for both 


construction and operational phases of the Project to ensure that the 


impacts are appropriately assessed and the mitigation measures have 


been applied properly during the early phases of the proposed IPP 


project and during the lifetime in which it is operating.  


It is also important that the management plans are iterative in nature and 


should be amended and configured prior to and during both phases as 


circumstances or activities change on site.  
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The purpose of the monitoring plan is to ensure the compliance with local 


and international requirements and, with regard to the IPP construction 


and operation, monitoring should potentially include but not be limited to 


the following: 


! Noise and vibration; 


! Soil conditions; 


! Seawater quality monitoring; 


! Waste water discharges, waste water quality (continuous 


monitoring); 


! Gaseous emissions (continuous monitoring); 


! Ambient air quality; 


! Waste deposit; and 


! Public complaints. 


As part of the RFP requirements, it is stated, 


The plant shall be equipped with facilities for continuously 


monitoring and recording of NOX, SO2, CO, particulates, CO2 


emissions at standard conditions and reference O2 contents of 


15% dry, as well monitoring of the actual O2 values in the flue 


gases, flue gas velocity, flue gas temperature etc. 


9.2.2 Equator Principles (EPs), IFC and WB Standards and Guidelines 


Principle 4 of the Equator Principles covers the requirements for an Action 


Plan and Management System for all Category A and Category B 


projects located in non-OECD countries. The Qurayyah IPP project may 


be considered a Category B project. As noted previously, Saudi Arabia is 


a non-OECD country as defined by the World Bank.  


Principle 4: Action Plan and Management System states the following: 
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“For all Category A and Category B projects located in non-OECD 


countries, and those located in OECD countries not designated as 


High-Income, as defined by the World Bank Development 


Indicators Database, the borrower has prepared an Action Plan 


(AP) which addresses the relevant findings, and draws on the 


conclusions of the Assessment. The AP will describe and prioritise 


the actions needed to implement mitigation measures, corrective 


actions and monitoring measures necessary to manage the 


impacts and risks identified in the Assessment. Borrowers will build 


on, maintain or establish a Social and Environmental Management 


System that addresses the management of these impacts, risks, 


and corrective actions required to comply with applicable host 


country social and environmental laws and regulations, and 


requirements of the applicable Performance Standards and EHS 


Guidelines, as defined in the AP”. 


The Action Plan may range from a brief description of routine mitigation 


measures to a series of documents (e.g., resettlement action plan, 


indigenous peoples plan, emergency preparedness and response plan, 


decommissioning plan, etc). The level of detail and complexity of the 


Action Plan and the priority of the identified measures and actions will be 


commensurate with the project’s potential impacts and risks. Consistent 


with Performance Standard 1, the internal Social and Environmental 


Management System will incorporate the following elements: (i) Social 


and Environmental Assessment; (ii) management program; (iii) 


organisational capacity; (iv) training; (v) community engagement; (vi) 


monitoring; and (vii) reporting.  


In addition, an Environmental Management System that addresses the 


management of these impacts, risks, and corrective actions is required to 


comply with applicable laws and regulations, and requirements of the 


IFC and EHS Guidelines (WB/IFC) as defined in the AP (Equator Principles, 


Principle 4). 
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As defined in the Performance Standard 1: Social and Environmental and 


Management Systems:  


‘The client will establish and maintain a Social and Environmental 


Management System appropriate to the nature and scale of the 


project and commensurate with the level of social and 


environmental risks and impacts.’ 


9.3 Objective of Management Plan 


The main objective of the EMP is to ensure that the various adverse 


impacts associated with the project are properly mitigated. The 


objective of the EMP at various stages of the project planning and 


implementation are as follows: 


Construction Phase 


! To prevent and reduce the negative environmental impacts of the 


project by implementation of mitigation measures, and 


! To ensure that the provisions of the EMP are strictly followed and 


implemented. 


Operation Phase 


! To prevent deterioration of environmental components viz. air, 


water, soil, noise etc., and 


! To improve the safety of the end users and communities. 


The EMP consists of mitigation measures, monitoring programme and 


institutional arrangements to be taken during the construction and 


operation phase of the project to eliminate adverse environmental 


impacts, to offset them and to reduce them to acceptable levels.  


9.4 Meeting the EMP Objective 


The following commitments are important for effective implementation of 


EMP and have been adopted to address the various objectives of EMP: 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


265 


! Commitment to address environmental health, safety and social 


impacts: 


o To improve environmental conditions, including areas such 


as environmental and social impacts, measures have been 


included as part of the EMP. 


o Commitment for constant dialogue with the interested stakeholders 


o The stakeholder consultation process was carried out right 


from the scoping stage of the project. Continuous dialogue 


with local stakeholders including agencies have been 


established on various environmental issues to obtain their 


feedback, Consultation would continue throughout the 


implementation stage of the project. 


! Commitment to meet legal requirements 


o The legal clearances and permits those are necessary or 


mandatory for the commencement of the project will be 


met. The conditions stipulated by the various statutory 


authorities will be complied with.  


! Commitment related to capacity building:  


o For effective implementation of the proposed measures, a 


sustainable institutional arrangement has been suggested 


to the EPC and O&M Company. An assigned Environmental 


Coordinator will be based on site. The coordinator will 


ensure that all environmental measures are implemented 


on site and that all matters in this regard are dealt with 


promptly and efficiently. 


9.5 Construction phase 


This EMP serves as a basis for the preparation of the dedicated 


Construction Environmental Management Plan (CEMP) for the Qurayyah 


IPP project. In order to ensure compliance with environmental legislation, 
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both national and international, a suitable CEMP will be developed to 


manage environmental risks during the construction phase. The 


complete CEMP will need to be prepared by the EPC and all sub 


subcontractors will be obliged, to follow all rules and procedures that are 


outlined. This also includes following and enacting proper management 


structures and procedures. The CEMP should be prepared according to 


the applicable national and international environmental laws.  


The key benefit of a CEMP is that it: 


! Establishes a baseline against which environmental performance 


can be assessed; 


! Provides a system for the formal identification of potential 


environmental impacts associated with construction processes; 


! Enables the identification of objectives and targets; and 


! Provides a framework for monitoring and measuring of 


performance during construction. 


9.5.1 CEMP Framework 


The CEMP will be required to cover all infrastructure components of the 


proposed Qurayyah IPP project and will provide detailed specifications 


for individual activities. The purpose of these is to reduce the severity of 


impacts of the construction of the Qurayyah IPP through avoidance, 


prevention or reduction and rectification. The actions to be set out in the 


CEMP are intended to act as a guide and tool for anticipating, recording 


and ameliorating any potential or actual impacts that may arise. In this 


regard, the Management Plan will be designed to specify timing and 


technical aspects of optimising or reducing positive and negative 


impacts, respectively and the CEMP should evolve as the Qurayyah IPP 


construction progresses to ensure that its content reflects the current 


construction programme. 
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The content of this Chapter should be used as a basic framework to 


provide a foundation upon which the development of a CEMP can be 


achieved. The requirement for a full and detailed CEMP should be 


incorporated within the Request For Proposals (RFP) for an EPC for the 


Qurayyah IPP and this should be followed and implemented by all 


contractors and subcontractors during the construction phase.  


The following section describes the anticipated key contents of the full 


CEMP. 


• Environmental Management Staff: Roles and Responsibilities 


Documentation detailing the management structure that includes the 


organisational structure encompassing all staff responsible for 


environmental work should be outlined within the CEMP. The CEMP 


should outline the respective roles and responsibilities with regard to the 


environment and identify the site’s responsible Environmental Manager. 


Descriptions of individual environmental team responsibilities should also 


be detailed and include, but not be limited to, the following team 


members: 


! Project Manager 


! Project Environmental Manager; 


! Contract Manager; 


! Contractor’s Environmental Manager; 


! Site Waste Manager; 


! Sub-Contractors’ Environmental Representatives; 


! Environmental Coordinator; 


The assigned EPC will be required to employ a dedicated and 


experienced Environmental Coordinator at all times on site, to ensure the 


CEMP mitigation measures are followed and resolve issues as and when 


they may arise.  
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• Applicable Legislation, Policy and Environmental Principles 


The CEMP will be required to include a section that: 


! Specifies the overall policy statement for the project which may 


include aspects such as environmental induction training for all 


contractors, subcontractors and staff and other health and safety 


aspects; 


! Identifies the applicable national and international legislative 


requirements, guidelines and standards such as legislation in 


relation to pollution control, endangered species, hazardous 


waste standards, heritage and archaeology, contaminated land, 


etc; 


• Environmental Requirements and Compliance 


This section of the CEMP will be required to cover compliance 


requirements, monitoring and auditing procedures, roles and 


responsibilities and remedial actions and should be agreed with the PME 


and as per the planning permit. As such it will therefore include: 


! Procedures for monitoring construction processes against the 


national and international standards and with regard to the 


project environmental objectives; 


! Procedures for dealing with major pollution incidents that could 


unexpectedly occur during the construction phase (including the 


reporting to the relevant authorities) and which are particularly 


related to air quality (e.g. dust), cultural heritage (e.g. 


archaeological finds), ecology (e.g. protected fauna/flora), 


ground/soil quality (contamination issues), noise and vibration, 


water resources, etc; 


• Site Description and Existing Conditions 


The CEMP will be required to include the following: 
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! Location of the Project, including a site plan, showing construction 


site boundaries; 


! Position of the project in relation to any sensitive receptors such as 


the communities, archaeological sites, etc; 


! Access roads to the sites; 


• Description of the Construction Works 


This section of the CEMP will be required to describe a detailed 


programme of the construction activities of the Qurayyah IPP project 


and will include: 


! Proposed dates and sequences of the planned works with relation 


to the environmental and social issues outlined within this report in 


order to minimise disturbances to the local communities; 


! Details of proposed normal working hours and intended start up 


and close down times; 


! List of the equipment to be used; 


! List of required equipment and site services such as water supply, 


sanitation, solid waste facilities, power supply, etc; 


! Details of the storage facilities required, e.g. for fuels, hazardous 


substances, chemicals, etc. and describe the method and 


minimum requirements for building these storage facilities; 


! Vehicle access routes/points; 


! Methods of the delivery/removal of materials/wastes and 


equipment; 


! Details of proposed site accommodation; 


! Location of storage facilities for pipe sections, tools and 


equipment. 


• Environmental Training and Awareness Program 
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Training and awareness programmes are an extremely important part of 


the CEMP and of the overall project development. All staff and labourers 


working on site will be required to attend an environmental awareness 


and training program prior to commencing work, which will include: 


! Induction training for general environmental awareness and the 


content of the CEMP; 


! Site induction training that will highlight the specific environmental 


requirements and activities being undertaken at the worksite 


including hours of operation, noise and vibration limits, necessary 


mitigation measures, soil and water control measures, sensitive 


receptors and local community issues, traffic access, site entrance 


and exits, etc;  


! Dealing with and handling hazardous and non-hazardous wastes; 


! The importance of waste recycling and associated procedures; 


! Training on the emergency preparedness plan; 


! Training on incident notification, investigation and reporting; 


! Induction training for construction site visitors. 


It is recommended that this be incorporated with a safety training 


programme which will also be required for all employees working on the 


Qurayyah IPP site.  


• Identifying the Environmental issues 


A summary of the environmental issues and aspects will be included 


within the CEMP and prepared based on the findings and various risks 


identified in the SEA. This summary will be updated to reflect any 


additional risks resulting from the contractors/subcontractors selected 


methods of working, changing site conditions, etc. Given the nature of 


the project and as per the social and environmental assessment, risks 


would be identified within the CEMP which would include the categories 


for the environmental aspects outlined within this SEA. 
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• Monitoring, Recording, Inspection and Auditing Program 


Daily inspections of work areas by the Supervisor and weekly inspections 


as a minimum by the Environmental Coordinator will also need to be 


conducted to identify any issues or non-compliance with the CEMP and 


to monitor the daily work practices.  A weekly inspection checklist should 


also be prepared and regularly completed and will be provided to the 


External Auditors for evaluation involving all the subcontractors to discuss 


environmental issues and their rectification should be held. 


External audits will also need to be undertaken quarterly by an external, 


independent environmental auditor in order to satisfy the Equator 


Principles requirements. This audit should take place in order to ensure 


the following: compliance with all standards and regulatory 


requirements, CEMP, method statements and to audit the contractor 


and subcontractor activities, non-conformances, check monitoring 


records and the inspection checklists, documentation and records and 


to identify the requirements of correction actions. The outcomes of the 


audit will also need to be documented including the recommendations 


and corrective actions. 


• Communication 


Communication, both internally and externally, is an important aspect of 


successful project delivery. Internal communication includes arranging 


regular meetings for the Project team to review and co-ordinate project 


progress with regards to environmental and community issues. External 


communications, with the local representatives will also need to be 


conducted regularly. 


In addition, as a mechanism by which community members can have 


grievances aired, the site along the Qurayyah IPP will need the provision 


of contact numbers on sign boards easily viewable on the plant 


boundaries in order for the local community to contact the Project team. 
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• Document Control and Review 


All documents relevant to the CEMP will be controlled onsite. The 


controlled documents include the CEMP report, procedures, audit 


reports, incident reports, records, and community complaints. The EPC 


Environmental Coordinator will be responsible for the quarterly review of 


the CEMP, its procedures and its implementation on site. If any new 


machinery or process is introduced on site, the existing CEMP will be 


updated accordingly. 


• Management Structures and Procedures 


All personnel in the EPC Project Team, from Project Manager to site 


personnel are responsible for protecting the environment by ensuring that 


environmental protection measures are in place and maintained and 


established systems are followed. 


The following Table offers a general representation of the likely 


management general structure and assigned responsibilities. The EPC 


must assign these responsibilities to the concerned personnel and 


incorporate within the CEMP. 
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Table: Roles and Responsibilities – Construction Phase 


Role Environmental Responsibilities 


Project 


Manager 


 


1. Be familiar with the contents of CEMP;   


2. Ensure resources (personnel and financial) are provided to prepare and implement the 


CEMP; 


3. Overall responsibility for environmental performance; 


4. Approve reports of environmental issues and non-conformance to the client in the 


regular reporting and when an issues arises; 


5. Facilitate proactive communication between all role-players in the interest of effective 


environmental management;   


6. Implement temporary work stoppages where serious environmental infringements and 


noncompliance occurred; 


7. Enforcing compliance with EMP and all legal regulations; 


8. Ensuring all employees undergo environmental training; 
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Role Environmental Responsibilities 


Environmental  


Coordinator 


9. Conducting inspections to monitor environmental performance and compliance with 


EMP by contractors; 


10. Checking EMP compliance with legal requirements on regular bases; 


11. Environmental inspections execution on regular bases;  


12. Setting up program for regular monitoring; 


13. Ensuring the environmental meetings are held on regular bases; 


14. Communicate and advise PM and subcontractors on environmental aspects; 


15. Reporting, investigating and following up incidents; 


16. Setting corrective action plan for any non-compliance including action plan for 


prevention of such misconduct or incident; 


17. Follow up community complaints; 


18. Development, implementing and management of environmental training 


19. Be personal example; 


Contractor 


Project 


Manager 


20. Responsibility for overall environmental performance of the contractor and 


subcontractors; 


21. Allocate sufficient resources to ensure compliance and effectiveness of EMP; 


22. Enforcing compliance with EMP and all legal regulations; 


23. Communicating environmental aspects with PM and HSE managers; 


24. Be a personal example. 
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Role Environmental Responsibilities 


Sub Contractor  
25. Follow the requirements of EMP and those of the site; 


26. Coordinate with site client environmental inspects and direct understood to satisfy client 


requirements;  


27. Must not wilfully or recklessly  interface with or misuse anything  provided interest to 


complete or update the given project scope; 


28. Advise and Communicate environmental aspects with EPC Environmental coordinator, 


Site manager; 


Site Manager 
29. Enforce environmental measures on lower levels; 


30. Ensure compliance with EMP directly on site; 


31. Communicate environmental aspects with Environmental coordinator and lower level 


management and personnel; 


32. Report all incidents and non-compliance to PM and Environmental coordinator; 


33. Be a personal example. 


Foremen 
34. Execution of regular control and visual check up compliance with EMP during relevant 


activities; 


35. Enforce environmental procedures directly during relevant activities. 


36. Report all incidents and non-compliance to Site manager; 


37. Understanding environmental aspects and procedures relevant to activities under his/her 


supervision; 
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Role Environmental Responsibilities 


Construction 


Workers 


38. Undergo environmental training; 


39. Understand environmental procedures and environmental aspects relevant to activities; 


40. In case of any accident or non-compliance report that immediately to foreman. 


Visitors 
41. All visitors must comply with CEMP with all instruction given by site staff authority for the 


protection of environmental issues; 
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9.5.2 Procedural Mitigation Measures, Regulations and Procedures 


In the following section, procedural and regulative mitigation measures 


for application on the construction site are illustrated. These include 


additional more standard mitigation measures applicable to all 


construction sites.  It should be noted that all these mitigation measures 


will be included in the CEMP. Mitigation measures outlined in the relevant 


section of the SEA will also be implemented and included within the 


CEMP. 


9.5.2.1 Soil and Groundwater 


! Develop and implement dedicated management plan for usage 


of chemicals and hazardous waste on site. 


! Store chemicals, hazardous substances and waste only in 


designated areas. 


! Conduct regular inspection of storage areas and all containers, 


barrels used to store hazardous waste against any spillage and 


leakage. 


! Any spillages will be immediately cleaned up as per procedures 


established in the spill response plan. 


! All stationary diesel and petrol operated construction equipment 


will have impervious drip trays placed beneath them during 


operation. 


! All equipment handling hazardous materials will be properly 


checked against leaks, excessive evaporation and spills on a daily 


basis. 


! Spill absorbing material needs be readily available near refuelling, 


chemical storage area and any potential spillage area for quick 


use. 
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! Handling all chemicals at site in accordance with relevant 


instructions (MSDS); 


! Reduce quantity of chemicals and fuels on site to minimum 


practicable levels; 


! Only personnel with adequate training should be allowed to 


handle fuel and chemicals; 


! Maintenance of oil leaks and servicing of operational fluid should 


take place prior to equipment arrival onsite. Machinery should also 


be washed / degreased prior to arrival on site. Prohibitions of all 


machinery wash downs in undesignated areas; 


! Vehicles and equipment should be regularly inspected and 


maintained to confirm they are not leaking or dripping; 


! Adequate control measures must be taken to ensure that all 


servicing, refuelling, storage and waste disposal will be carried out 


in designated, sealed areas on site to reduce the potential of 


marine pollution via spillage or windblown debris; Adequate 


control measures such as drip trays shall be provided in vehicles 


used in the construction activities; 


! Issues which may cause soil erosion should be considered; 


! Materials will be managed through procurement processing to 


ensure that, as far as possible, only the necessary stockpile 


material for the project is stored on site. This will reduce the 


amount of material to be deposited within the landfill upon 


decommissioning; 


! Minimize the size and height of the stockpile as far as possible; 


Avoid long storage of material in stockpile 


! Ensure all workers (including subcontractors, delivery drivers, etc) 


are aware of their responsibilities to minimize soil pollution; 
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! Good housekeeping practice is required when dealing with 


chemicals, oil, and grease. 


9.5.2.2 Waste Management 


Waste generated from construction activities and earthworks includes 


excavation waste. Specific measures are outlined within the SEA as to the 


management of excavated material and minimising the potential 


impact on surrounding lands and communities.  Other construction 


wastes may include:  


! Wood, bricks, metals, steel and aluminium, cement; 


! Domestic waste generated from the worker accommodation and 


canteens which may be on site will include organic waste, glass 


and plastic bottles, plastic and aluminium containers and 


aluminium cans; 


! Paper and cardboard will be generated from miscellaneous 


sources, e.g. packaging; 


! Flammable chemicals, hazardous and non-hazardous waste and 


oily waste such as thinner, solvents, paints, batteries and cleaners 


will be produced in small quantities; and 


! Sanitary waste.  


A Waste Management Plan will be required to be prepared in detail by 


the EPC and will include the following mitigation measures: 


! Develop and implement waste management plan based on a 


minimization approach and high quality housekeeping practices 


and conduct a review on a monthly bases. 


! Consider low waste design (potential waste stream arising from 


constructions to be avoided or reduced through design 


considerations) 
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! Efficient material management needs to be implemented 


(includes accurate ordering, procedures quality control so no 


material is wasted) 


! Design a hazardous waste storage area (bundling walls, 


impervious concrete, spill kit, fence and lockable door, hazard 


warning signs) 


! Strictly prohibit littering; 


! Strictly Prohibit waste dumping to land or into waters; 


! Minimize the time and extent of waste storage on site; 


! Soil excavation waste – where the soil generated is 


uncontaminated, it will be re used onsite or at nearby projects 


such as road works or for foundation use. If excavated soil exhibits 


signs of contamination, further soil testing may be necessary and 


the material will be disposed of appropriately by licensed 


contractors; 


! Reusable construction waste that is in good condition, such as 


wood, metal, etc will be reused again on site or recycled 


whenever possible; 


! Where applicable, wastes generated from the food area will be 


segregated and then collected by an approved subcontractor for 


recycling purposes; 


! Where possible, materials should be ordered in bulk to reduce 


packaging. Suppliers will be requested to use minimal packaging; 


! “Buy-back” arrangements will be made with key suppliers so that 


any surplus chemicals or materials can be returned; 


! Refillable containers will be used, where possible, for collection of 


waste fluids such as waste oil, hydraulic oils, and used grease; 


! If recycling facilities are available within the region, recycling bins 


for paper, cardboard, plastics and aluminium should be provided 
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with clear indications of what type of materials should be placed 


inside and in what condition; 


! Paper and cardboard will be collected for recycling by an 


approved subcontractor; 


! Hazardous and oily waste will be collected in designated areas 


and in appropriately designed containers or tanks and will be 


collected periodically by an approved subcontractor to be 


disposed in a proper manner; 


! The design and maintenance of waste tanks or containers will be 


in compliance with local and international standards to prevent 


the contamination of the surrounding environment; 


! Recycling bins for papers, cardboard, plastics and aluminium will 


be provided with clear signs and writing on them; 


! Proper Segregation of Non-hazardous waste and hazardous waste 


will be made; Non-hazardous waste is not mixed with Hazardous 


waste; 


! Hazardous waste will be segregated from the non-hazardous 


waste at the source and will be stored in an appropriate, secure, 


hard-standing area and with appropriate signage until they are 


collected by an approved subcontractor; 


! Liquid waste should be collected in tanks designed according to 


international standards and bunded equal to 110% of the 


capacity of each tank; 


! Good housekeeping practice is required; 


! Flammable waste will be stored appropriately in order to prevent 


and reduce fire risk; 


! Auditing during construction phase is required to ensure that the 


waste management plan is implemented and followed by all the 


staff. 
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9.5.2.3 Water Quality, Drainage and Hydrology 


This plan will be prepared to minimise the negative effects and impacts 


on water quality associated with the construction activities. It will consider 


the prevention pollution and preparedness plans and the risk associated 


with the following: 


! Above ground oil storage tanks; 


! Work near the coastline; 


! Storage and disposal of used oil; 


! High pressure water and steam cleaners; 


! Control of spillage and fire fighting runoff; 


! Pollution incident response planning; 


! Storage and handling of drums and containers. 


Following are the mitigation measures that need to be incorporated 


within the CEMP to minimise the potential impacts on storm water: 


! Detailed EHS management plans will be prepared prior to 


commencing dredging works; 


! Direct pumping any liquid waste or material to the coastal water 


will not be allowed before complying with discharge parameters; 


! Portable toilets (for initial site set up works only) and good quality 


temporary toilet facilities will be provided for construction worker 


use in order to prevent water pollution resulting from worker-


generated sewage effluents; 


! Minimising works in highland areas during high precipitation 


seasons; 


! Installation of portable toilets and good quality temporary toilet 


facilities will need to be provided for construction worker use in 


order to prevent water pollution resulting from worker-generated 


sewage effluents; 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


283 


! Drums and barrels will be stored in designated bunded safe-area 


within the compound or on hardstanding/drip trays if temporarily 


stored during work hours; 


! All drums and barrels will be properly labelled; 


! All roads will be kept clean and tidy to prevent the build up of oil 


and dirt that may be washed during rainfall; 


! The washing of any concrete mixing plant or ready-mix lorries will 


be carried out so as to prevent cleaning effluent from being 


allowed to flow into any watercourse or drain; 


! Washing of containers, equipment and vehicles will only be 


carried out at designated washing areas; 


! Storage compounds for fuels, oils or other liquid chemicals will be 


sited away from communities. They would have an impermeable 


base and bund with a capacity of 110% of the volume of the 


container; 


! Emergency response procedures will be established to deal with 


instances of leakages or spillages of potentially contaminating 


substances; 


! Spill kits will be located at appropriate locations; 


! Mixing effluent streams – ground water, vehicle wash water, 


domestic grey water, sewage effluent etc., is prohibited and shall 


not be permitted anywhere on-site; 


! Staff will be trained in the use of the spill kits; 


! An emergency spill response team will be established. 


9.5.2.4 Noise and Vibration 


Noise associated with the construction activities such as pile drivers, earth 


moving and excavation equipment, concrete mixers, cranes and the 


transportation of equipment, material and people may have an impact 
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on adjacent communities and environments. A program of monitoring 


and measurement will be undertaken to ensure that noise and vibration 


levels at nearby sensitive receptors are within limits, standards and 


guidelines. 


Mitigation measures to reduce the noise impact include: 


! Planning activities with the greatest potential to generate noise to 


be planned during periods of the day that will result in least 


disturbance; 


! Noise control devices will be used such as exhaust muffling 


devices for combustion engines; 


! Switch off the equipment and machineries when not in use i.e. ‘no 


idling’ 


! All equipment will be properly maintained in good working order; 


! Regular maintenance of the equipment in order to ensure that 


these are in good condition. Equipment may need oiling and 


greasing or even replacement of parts; 


! Equipment and its mufflers must be regularly serviced, and 


immediately services if damaged; 


! Keep acoustic covers closed on all machine engines which 


generate excessive noise levels are to remain closed at all times; 


! Avoiding or minimising project transportation through community 


areas; 


! Strict controls on the sequencing of works and providing noise 


protection will be developed on an activity-by-activity basis; 


! Working hours will be specified clearly; 


! Workers on site should wear adequate PPE (personal protection 


equipment) when working in close proximity to heavy noise 


sources; 
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! Cutting operations or other noisy tasks will be minimised through 


off-site fabrication whenever practicable. 


! Equipment and its mufflers must be regularly serviced, and 


immediately services if damaged. 


! Acoustic covers on all machine engines that generate excessive 


noise levels are to remain closed at all times. 


! Limit operation times of noisy equipment, vehicles and activities to 


between 7.00hr to 20.00hr, where possible; 


! Conduct regular inspection and spot checks of all noise 


generating equipment. 


9.5.2.5 Soil Erosion 


Issues which may cause soil erosion should also be considered and 


includes such measures as: 


! Scheduling to avoid heavy rainfall periods (i.e. programme 


construction during the dry season) to the extent practical for 


particular activities including earthworks; 


! Contouring and minimising length and steepness of slopes; 


! Limiting access road gradients to reduce runoff-induced erosion; 


! Where the surface of access and site roads has become 


excessively compacted by heavy vehicle traffic, they should be 


lightly ripped to encourage infiltration rather than run-off. 


! Providing adequate drainage systems to minimise and control 


infiltration. 


9.5.2.6 Air Quality and Emissions 


Issues related to air quality during the construction phase are mainly 


related to the dust caused by early construction activities and earthworks 


such as ground breaking, earth moving, levelling, excavation, foundation 


works, using sand and cements for building, and the general movements 
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of vehicle and lorries. Other than this, gases (e.g. NOx, SOx and CO) and 


particulates emitted from the vehicles and lorries will also be required to 


be considered within the CEMP. 


In order to mitigate the impacts of construction activities on the air 


quality, as noted within the relevant section, measures such as the 


following should be incorporated in the CEMP and implemented on site: 


! Construction routes in the area between the coast and the road 


should be compacted and sprayed with water to minimise the 


dust generated from the vehicles and lorries; 


! Designated routes will be made clear to the drivers and signs for 


the directions and speed limit will be placed and clearly visible; 


! Where sand and other dusty material (e.g. cement) is transported 


to the site, lorries will not be overloaded and will be appropriately 


covered to eliminate the contamination to the air including 


ensuring tail gates are well fitted; 


! Sand and other materials will be stored in specific designated 


areas and will be properly stored in the site and will be water-


sprayed if there for considerable periods of time or during high 


wind conditions; 


! Gases and particulates emitted from lorries and vehicles will be 


minimised by assuring the use of well-maintained vehicles that are 


regularly serviced; 


! No burning of wastes will be allowed throughout the Qurayyah IPP 


construction/operational phases. 


! Cover vehicles carrying dry excavated material and other waste. 


! Restrict speed of vehicles to 15 km/h of on haul roads and un-


surface areas of the site. 


! Construct wind fences if this is appropriate for the site. 


! Minimize number and size of stockpiles. 
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! Cover or dampen all stockpiles of aggregate or soil. 


! All vehicles and machinery must be frequently maintained and 


serviced to manufactures specifications. 


! Plant and equipment used on an intermittent basis will be shut or 


throttled down when not in use to reduce emissions. 


! All vehicles and machinery must be fitted with emission control 


equipment. 


! All vehicles and machinery must use clean fuels if accessible. 


! Vehicles to be immediately inspected and if necessary, serviced if 


excessive smoke or emissions are visibly being emitted. 


9.5.2.7 Traffic 


! Schedule major material supply traffic for off-peak hour traffic. 


! Extensive road, traffic and site signage on the main road entrance 


/ exits to the site should be raised and maintained prior to 


commencement of work, particularly where both private and 


commercial vehicles are in operation. This should be established 


with particular commitment to areas that will receive high volumes 


of traffic both on and off site, for example site entrance, vehicle 


refuelling areas, parking, and turning areas. 


! Coordinate with local authorities for wide-load or abnormal heavy 


loads. 


! Set-up temporary traffic control management and signs on roads 


where construction traffic is expected and congestion to other 


motorists will be likely. 


9.5.2.8 Biodiversity (Ecology) 


The CEMP should include measures to protect the biodiversity and should 


include: 
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! Minimisation of laydown areas and construction routes on the site 


and retaining existing vegetation wherever possible; 


! Pesticides will be avoided as much as possible. If they are 


required, they will be strictly limited and carefully managed; 


! Ensure that wastes from sites are cleared and workers are 


informed of the requirement to not hunt or injure local wildlife such 


as raptors; 


! Only native vegetation should be planted on site with regards to 


landscaped areas. 


! Establish procedures for the occasion any species (including 


archaeological findings) are found on the construction site 


including procedures for reporting, identification and potential 


relocation. 


9.5.2.9 Archaeology and Cultural Heritage 


9.5.2.10 The IPP Project site and the immediate adjacent area are not 


identified as of high archaeological and cultural heritage 


importance. However, during earthworks, note will be made of 


any artefacts which are uncovered and action taken. Further 


mitigation measures outlined in the relevant section of the SEA 


will be implemented and included within the CEMP.  


9.5.2.11 Community Complaints 


! All community complaints should be documented. A complaints 


register must therefore be established. The EPC must address all 


complaints, and responses should be prepared within an 


adequate time frame. If the complaint is serious, corrective 


measures should be taken. 


! Provision of consultation should be explored. Consultations will be 


carried out in case any community grievance is expected.  
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9.5.2.12 Contingency Plan (Emergency / Incident Planning and Response 


Contingency plans are general action plans to tackle emergencies that 


may occur within a construction site. This will enable lives to be protected 


and damage to be kept to a minimum in an emergency at the 


construction site. Contingency plans also serve as a guide to the workers 


at the construction site to respond to emergencies in an orderly and 


effective manner.  


The most common environmental emergency in construction site is the 


Oil and Chemical Spill, which is a potential cause to ground 


contamination, ground water and water pollution. Spills of Hazardous 


Materials, includes: 


! Gasoline 


! Diesel 


! Adhesives 


! Hydraulic oil 


! Lubricating oil and grease 


! Cleaning solvents 


! Paint and paint thinners 


! Concrete from release agents 


The Contingency Plans (emergency response plan) must be prepared to 


cover any potential risks of accidents or spills and will be made known 


and available to all workers within the construction site. Key personnel will 


know and understand their responsibilities as well as coordinate their 


response actions with their subordinates. 


This plan serve as a guidelines to organize a prompt and effective 


response to oil spills affecting or likely to affect the area of the site and to 


ensure preparedness, response and reporting following an oil and 


chemical pollution incident. 
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For this purpose the following specific actions are listed; 


! Preparedness, 


! Response, 


! Reporting. 


Preparedness 


Each individual will be introduced to their prospective Supervisor and 


Environment Coordinator within their introduction and training. 


Emergency services shall be notified as necessary by the Supervisor or 


Environment Coordinator.  


A variety of equipment and personal protective equipment may be 


needed to support a chemical or oil spill incident response. A list of 


equipment is detailed below: 


• Sand 


• Sand bags 


• Buckets and shovels 


• Storage containers 


• Spill kit 


Sand stocks will be dry and buckets and shovels readily available. 


Mechanical loading shovels, excavators and dump trucks may also 


available for sand distribution and clean up. Storage containers for 


contaminated materials and earth will be bund, located in the waste 


storage area, and labeled and treated as hazardous waste. All 


equipment will be stored in a safe location on site in close proximity to 


the storage and waste areas. This material is to be used to contain and 


clean up pollution/spills, care will be taken to dispose of any absorbent 


materials properly. The Supervisor and Environment Coordinator will keep 


stocks well maintained and replenished. 


Response 
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In the event of a chemical or oil spill the following measures should be 


employed: 


! Notify Supervisor or Environment Coordinator. 


! Only attempt containment and cleanup operations of spilt 


substances when it can be performed safely. 


! If spilled material is flammable, eliminate sources of ignition near 


spill area. 


! Evacuate personnel and neighbours if they are at risk. 


! Secure the area and establish perimeter control at a safe distance 


from the spill. 


Oil Spill Response Options 


Remedial action to collect and remove all materials contaminated by 


the oil spillage or leakage event is to be taken immediately. The following 


actions are required 


! Any oil remaining on the water surface is to be collected using oil 


spill kit. The spill is to be surrounded by the kit and then the area of 


the spill is to be slowly reduced by enclosing the absorbent. The 


booms or absorbent pads will absorb the oil. Once all of the oil on 


the water surface has been collected by the booms/kit or the 


booms themselves are to be appropriately stored and disposed. 


! All contaminated materials are to be handled as hazardous 


waste. The contaminated material shall be collected and 


appropriately stored. A hazardous waste vendor will collect this.  


! Contaminated materials should be stored in plastic barrels with 


tightly closing lids. These barrels are to be stored in a concrete 


lined bund if available. In absence of such a bund at the site as a 


short-term storage alternative, a double plastic lined bund should 


be used. Barrels should be placed on plastic or wooden pallets in 
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the temporary double plastic lined bund and not directly on the 


plastic. 


! Conventional metal barrels should not be used, however if there 


are no alternatives the materials may be stored in them providing 


they are covered with plastic sheet tightly fastened to prevent 


Aeolian distribution and again are stored in an appropriately 


bunded location to prevent leakage should the barrels suffer 


corrosion. 


All contaminated materials from the shoreline that cannot be collected 


and disposed of are to be cleaned in-situ. This cleaning is to be 


undertaken by an approved service providers. 


Chemical Spill Response Options 


The following actions are to be taken in case of a chemical spill; 


! Only attempt containment and cleanup operations of spilt 


substances when it can be performed safely. 


! If spilled material is flammable, eliminate sources of ignition near 


spill area. 


! Liquid spills – If the spill is liquid its path will be blocked or diverted 


and then soaked up using an absorbent material such as sand. 


! Gaseous spills/leaks – A gaseous leak must be stopped at the 


source as soon as possible and will then disperse in the air. 


! No spills will be rinsed away. 


! Contaminated soils and clean-up materials from spills will be 


handled properly using personal protective equipment, stored in a 


suitable container that is then labelled and stored in the 


appropriate location for subsequent disposal. 


! Any stockpiles of remnant contaminated materials will be covered 
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! Contaminated materials should be stored in plastic barrels with 


tightly closing lids. These barrels are to be stored in a concrete 


lined bund if available. In absence of such a bund at the site as a 


short-term storage alternative, a double plastic lined bund should 


be used. 


! Barrels should be placed on plastic or wooden pallets in the 


temporary double plastic lined bund and not directly on the 


plastic. 


! Conventional metal barrels should not be used, however if there 


are no alternatives the materials may be stored in them providing 


they are covered with plastic sheet tightly fastened to prevent 


Aeolian distribution and again are stored in an appropriately 


bunded location to prevent leakage should the barrels suffer 


corrosion. 


All contaminated materials from the shoreline that cannot be collected 


and disposed of are to be cleaned in-situ. This cleaning is to be 


undertaken by an approved service providers. 


Reporting 


Any person involved in the construction works that witnesses an incident 


must be able to report the incident to the responsible supervisor.  The 


Environmental Coordinator shall be responsible for ensuring a report is 


filed describing the cause of the incident, action taken, the incident and 


recommended actions for ensuring the incident will not reoccur. A 


process flow that will be followed is shown in figure below. 


Figure 9-1 Incident Response  







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


294 


 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


295 


9.6 Operation phase 


The environmental management plan for operational phase serves as a 


general tool for managing all environmental aspects related to the 


operation processes of the Qurayyah IPP. The following section provides 


an outline of the environmental management framework, which will be 


required during the operational life of the IPP project. 


9.6.1 Operational Environmental Management Plan (OEMP) Framework 


The OEMP establishes a framework for the identification and 


implementation of environmental protection, mitigation, monitoring and 


institutional measures that will be taken during the operational phase of 


the proposed Qurayyah IPP project which should be in accordance with 


the procedures outlined in the Equator Principles and IFC/EHS Guidelines. 


The purpose of preparing and implementing the OEMP is to eliminate the 


potential adverse environmental impacts associated with the operation 


of the proposed project that have been identified within the SEA and 


then mitigating them or, at the least, offsetting to acceptable levels. 


The OEMP will also need to identity the monitoring objectives, specify the 


monitoring requirements and measures which will include all the 


parameters required to be monitored, methods, sampling locations, 


measurement frequency, detection limits and the threshold where an 


corrective actions are required (see section below).  


The OEMP to be developed prior to PCOD should be site specific and 


clearly state what issues are of specific relevance to the site.  It will need 


to: 


! Fulfil statutory requirements; 


! Highlight the applicable environmental guidelines, regulations/the 


legislative framework; 


! Establish operational Environmental Objectives; 
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! Establish significant Environmental Aspects; 


! Develop and implement relevant procedures; 


! Develop a programme of continuous environmental improvement 


! Clearly specify roles and responsibilities; 


! Highlight the procedures to be considered in the event of an 


environmental monitoring trigger level being breached or an 


unforeseen impact arising. 


The OEMP will also identify the operational briefing and training 


requirements. Training can be provided in different forms such as 


induction sessions, training packs detailing good practices, or ‘toolbox 


talks’. 


In addition, it is important for the OEMP to accommodate changes in 


conditions and respond to any need for further assessment requirements. 


Changes are most likely to arise if (i) a new environmental sensitivity is 


identified as a consequence of changing environmental conditions and 


more detailed survey work or (ii) changes are introduced to the 


installations/development design. 


Documentation and Communication protocols will also be required to 


be identified within the OEMP. Communication protocol will include (i) 


incident/emergency communication procedure, (ii) internal 


communications, external communications, (iii) management of 


external/internal inquiries.  


International good practice of EMP structure details that the following 


items should be included: (source: Practitioner – Environmental 


Management Plan, Best Practice Series, The Institute of Environmental 


Management and Assessment, Vol. 12, December 2008): 


! Introduction – including summary of the project and aim of the 


OEMP; 


! Project team roles and responsibilities 
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! Summary of procedures – to be followed in the event of an 


emergency or breaching of EMP measures; 


! Consents and permissions – this should provide a record of the 


consents with which the project is taking place; 


! Environmentally significant changes – detailed procedures to be 


followed if any significant changes are encountered once a 


project commences on the ground which would result in any 


changes to the OEMP; 


! Register of site-specific environmental actions – this information, 


forming the core of the document, should be detailed for each 


action; a tabular format is often used to provide clarity and ease 


of reference.  In addition, it should include (i) a programme that 


indicates when measures should be implemented and (ii) 


monitoring – to detail monitoring equipment/methods and 


schedule; 


! Liaison and consultation requirements; 


! Register of variation – a tabular format document to record 


changes to procedures, design and mitigation and the 


implications of these changes and authorised personnel; 


! Technical schedule – to provide further details on measures, e.g. 


monitoring methodologies to be followed, maps delineating 


boundaries/areas applicable to certain measures. 


9.6.2 Procedural Mitigation Measures, Regulations and Procedure 


The procedural measures during operation phase will be more or less 


similar to the construction phase. Therefore, similar control techniques 


and mitigation measures should in place to tackle such risks. It should also 


be noted that mitigation measures outline in the SEA will also be 


implemented and included in the OEMP wherever require.  
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9.7 Environmental Monitoring Plan 


The objective of an environmental monitoring plan is to establish the 


baseline indicators to assess the overall performance and effectiveness 


of the environmental management programs. A monitoring program has 


the underlying objective to ensure that the intended environmental 


mitigations are realized and that this results in desired benefits to the 


target population causing minimal deterioration to the environmental 


parameters. The environmental monitoring program will help 


management to redefine the environmental program objective and 


reallocation of the budget for implementing pollution control systems, 


employees’ awareness and training programs, implementing pollution 


prevention opportunities, etc. The broad objectives of the Environmental 


Monitoring Plan are – 


! To evaluate the performance of mitigation measures proposed in 


the EMP; 


! To evaluate the adequacy of Environmental Assessment; 


! To suggest ongoing improvements in the management plan 


based on the monitoring and to devise fresh monitoring on the 


basis of the improved EMP; 


! To enhance environmental quality through proper implementation 


of suggested mitigation measures; 


! To meet the requirements of the existing environmental regulatory 


framework and community obligations. 


The detail monitoring plan framework will be determined in consultation 


with the regulator in KSA (PME) and the lending banks, which enables the 


Qurayyah IPP to comply with the RFP and regulatory requirements for 


monitoring during the operational phase and in order to monitor 


environmental aspects during the construction stage. The final IFC/WB 


EHS Guidelines for Thermal Power Plants identifies the typical air emission 


monitoring parameters, and the frequency for thermal power plants. 
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These guidelines/requirements should be considered while preparing a 


project-specific monitoring plan. 


The IFC Environmental monitoring programs for this sector are presented 


in the table below. Monitoring data should be analysed and reviewed at 


regular intervals and compared with the operating standards so that any 


necessary corrective actions can be taken. Additional guidance on 


applicable sampling and analytical methods for emissions and effluents 


that should be considered is provided in the IFC’s General EHS 


Guidelines. 


Table 9-1 IFC / WB Monitoring guidelines 


 


The RFP specifies the monitoring requirements during both construction 


and operational phase. The following items at a minimum are to be 


regularly monitored and must be incorporated within the monitoring 


plan: 


! Noise; 


! Soil condition; 


! Seawater quality monitoring; 
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! Waste water discharges, waste water quality (continuous 


monitoring); 


! Gaseous emissions (continuous monitoring); 


! Ambient air quality; 


! Stack emission testing (for PM, SO2, NOx and heavy metals on 


annual basis); 


! Waste deposit; and 


! Public complaints. 


A general monitoring plan for the proposed Qurayyah IPP project is also 


suggested in following sections. It is suggested to incorporate these in 


individual monitoring plan developed during construction and operation 


phase.  


9.7.1 Monitoring Program for Construction Phase 


Compliance Monitoring 


The construction phase compliance monitoring should be carried out on 


a regular basis, using various techniques and at different intervals. This will 


ensure that all activities are carried out in compliance with existing local 


and international standards and according to the proposed CEMP. 


Recommended construction phase monitoring activities are described 


below. 


! Air Quality: The main air quality concern during construction 


activities is generation of airborne dust. Standard air quality 


equipment for dust monitoring involves the use of sampling tubes 


and pump, laboratory analysis; which produces average 


measurements of atmospheric dust levels. Construction phase dust 


generation will likely include periodic air borne dust generation, 


which will therefore make it very difficult to monitor actual 


situational dust levels.  
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! Due to the ample mitigation measures available to abate dust 


emissions, however, it is proposed to use simple observation 


monitoring of dust generation and dispersion. If dispersion is 


observed to be widespread, Environmental coordinator can 


ensure abatement through additional/applied dust suppression 


measures. Therefore construction phase air quality monitoring will 


consist of: 


o Documented morning and afternoon observations of dust 


generation and impacted off-site receptors, and a 


description of dust suppression actions taken to abate 


adverse dispersion. 


o Noise: It is suggested that noise levels will be measured on 


quarterly basis to assess the implementation of mitigation 


measure to control noise. Record should be maintained 


and action taken to mitigate the problem should be 


documented. Monitoring locations can be selected as the 


work is progressing because the project will be carried in 


stages. 


o Water Quality, Wastewater discharges and wastewater 


quality: General construction techniques for handling 


dewatering water is to collect it in pool, use the water in soil 


and groundwater compaction/settling techniques or to 


truck the water off site. Therefore discharge to the marine is 


not expected. However, monitoring is required for 


wastewater discharge into marine.  


o Waste Management: Waste management practices will be 


monitored on a monthly basis to ensure the proper 


implementation of the measures proposed in the EMP and 


compliance with relevant standards. A log on waste 


management should be maintained to record information 


on waste reuse, recycling and disposal to demonstrate 
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achieved levels of waste minimization. The waste log should 


includes the following information: 


! Bi-weekly quantities and types of waste taken off site, 


the approved handler, and where the waste was 


disposed; 


! Estimates of the quantities and types of waste 


recycled, reused, or recovered; 


! List of persons that approved waste removal; 


! Indication if waste disposal has met intended 


construction phase recycling, recovery or reuse 


targets. 


! Monitoring of Ecological Status: Any ecological impacts such as 


injuries, removal, dead in the direct vicinity of the project site 


during site clearance, land preparation, cut and fill activities need 


to be monitored and recorded. Further, impact on inter-tidal and 


sub-tidal marine flora and fauna species present close to the 


shoreline need to be monitored and recorded during construction 


of outfalls and associated facilities. 


Emergency Monitoring 


! Emergency monitoring will be conducted following any incident 


to check whether appropriate measures have been taken to 


minimize environmental impacts. The Environmental coordinator 


will carry out the monitoring and, if required invite a PME 


representative to cooperate. 


9.7.2 Monitoring Program for Operation Phase 


The monitoring program during the operation phase provides a means of 


validation of the implementation and effectiveness of the mitigation 


measures incorporated in the IPP project and developed during the SEA 


process, while allowing residual impacts to be predicted. This information 
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can be used to refine the existing mitigation and, if necessary, aid in the 


development of additional mitigation measures. 


Compliance Monitoring 


Compliance monitoring will be conducted through regular 


environmental inspections, audits, control feed-back mechanisms, 


document control, and reviews to check if activities and operations are 


in compliance with proposed KSA / IFC standards or indicators proposed 


in this SEA. 


Environmental compliance monitoring will be carried out on several 


different levels, namely: 


! Trained technicians and/or environmental consultants will carry 


out the continuous and/or field and laboratory monitoring of 


physical measurements (e.g. air, water, marine, noise); 


! In some cases compliance monitoring will be carried out under 


the supervision of foremen, who will be specially trained in 


environmental procedures relevant to their fiduciary operation. An 


example of this is monitoring of waste generation, handling and 


disposal; 


! Environmental coordinator will be conducting daily inspections, 


spot checks, and overall compliance reviews (inspection of the 


monitored data verse standards and other indicators) on a regular 


periodic basis. 


If any non-compliance is found during any of control mechanisms, the 


adequate correction measures will be taken. Each non-compliance will 


be followed-up by an investigation will be carried out to identify source 


and/or reason of non-compliance. Based on follow up investigation 


results the adequate prevention measures will be implemented to ensure 


that non compliance will not reoccurrence. 
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Residual Monitoring 


In order to check the implementation and effectiveness of the mitigation 


measures it is necessary to monitor specific environmental parameters 


that have been identified and assessed in the SEA.  


The RFP specifies the monitoring requirements during both construction 


and operational phase. The following items at a minimum are to be 


regularly monitored.  


! Noise; 


! Soil condition; 


! Seawater quality monitoring; 


! Waste water discharges, waste water quality (continuous 


monitoring); 


! Gaseous emissions (continuous monitoring); 


! Ambient air quality; 


! Stack emission testing (for PM, SO2, NOx and heavy metals on 


annual basis); 


! Waste deposit; and 


! Public complaints. 


It must be mentioned that frequency, locations and parameters will be 


determined in consultation with the regulator in KSA (PME) and the 


lending banks, which enables the Qurayyah IPP to comply with the RFP 


and regulatory requirements for monitoring during the operational phase. 


A detailed monitoring programme will be prepared and incorporated in 


the OEMP by the O & M Company.  
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Risk Assessment and Management 


The content of this section should be used as a basic framework of risk 


assessment during construction and operation phase of the IPP project. 


The risk assessment should be conducted during construction and 


operation phase, wherever required for the Qurayyah IPP. 


The risk assessment addresses the impacts to the environment that could 


occur as a result of mishaps or failures during the construction, operation, 


and decommissioning phases of the project. These could be failure of 


equipment or material or processes. Examples of mishaps are; 


! Spills 


! Leaks 


! Fires 


! Explosions; etc. 


To account for, control and avoid such potential hazards, this section 


provides for; 


! Identify the hazards, 


! Assess and prioritize risks and hazards, 


! Decide on control measures, 


! Implement the control measures, 


! Monitor and Review. 


Figure below defines the process for EPC and O&M Company. 
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Figure 9-2 Risk Management Process Cycle 


 


These steps cover identification of the major hazards to people and the 


environment, analysis of the related risks, as well as implementing 


measures to control these risks to improve in case these measures fail. 


Risk Assessment shall be carried out in the following circumstances; 


! When there is a change in the workplace, e.g. new plant, 


equipment, etc. 


! When there is a change in procedures and/or processes 


! Induction of new personnel 


! After an incident 


! When there is a change in the legislations 


! Prior to start of work 


! At regular intervals 


! When carrying out high risk activities 
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9.7.3 Identification of Hazards 


The first Risk Assessment Process step is to systematically identify the 


potential health, safety, and environmental hazards and effects of 


activities and operations. Hazards and effects need to be identified as 


early as possible and is tracked through the life cycle of each activity. It is 


imperative that sensitive environmental components and conditions are 


identified and priority protection areas delineated. 


Hazards can be identified and assessed in a number of ways: 


! Using checklists, 


! By referring to codes and standards, 


! By undertaking more structured review techniques, 


! Previous experience in the area, including that of third parties, 


! General observation and HSE awareness, 


! Audits, 


! Accident / incident investigations, 


! Drills and exercises, 


! EHS/Environmental meetings. 


Action to be taken by individuals on identifying a hazard include – 


! Eliminating or controlling the hazard immediately, 


! Isolating the hazard to prevent an accident, and 


! Reporting the hazard using the standard form. 


It must be noted that all hazards are to be reported, including those 


eliminated or controlled immediately. Any situation where an Equipment 


Incident could cause injury or other significant loss under different 


circumstances should first be reported as a Near Miss. 
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Analysis of Risk 


Every reported hazard is analysed to decide how serious it is, and this is 


done by using the risk matrix, based on the knowledge and experience 


of the person(s) conducting the analysis.  


The risk matrix is used to analyze the probability of occurrence 


(frequency) and severity of consequence or potential consequence, 


producing a rating as a code. The code is then classified into four (4) risk 


groups: low, moderate, high, and extreme risk. The level of risk is 


indicative of how much effort and urgency must be put in to controlling 


the problem. 


Table 9-2 Potential EHS Impact and Potential Incidence Consequences 


Rating 


Area 


impacte


d (a) 


Insignificant 


consequenc


es (Score = 1) 


Minor 


consequences 


(Score = 2) 


Moderate 


consequences 


(Score = 3) 


Major 


consequenc


es (Score = 4) 


Catastrophic 


consequenc


es (Score = 5) 


Atmosp


here/Wa


ste/Othe


r 


Temporary 


nuisance 


from noise, 


dust, odour, 


other air 


emissions, 


greenhouse 


gases, 


vibration, 


visual 


impact. 


Results in the 


generation of 


significant 


quantities of 


non-


hazardous 


wastes. 


Minor 


environmental 


impact due to 


contained 


release of 


pollutant 


(including 


odour, noise 


and dust) fire 


of explosion 


with no lasting 


detrimental 


effects. No 


outside 


assistance 


required. 


Significant use 


of water, fuels, 


and energy 


and other 


natural 


resources. 


Creation of 


noise, odour, 


dust, other 


controlled/unc


ontrolled air 


emissions, 


greenhouse 


gases, 


vibration, and 


visual impact 


at significant 


nuisance level. 


Results in the 


generation of 


significant 


quantities of 


hazardous 


wastes. 


Major 


environment


al impact 


due to 


uncontained 


release, fire, 


or explosion 


with 


detrimental 


effects. 


Outside 


assistance 


required. 


Catastrophic 


environment


al impact 


due to 


uncontained 


release, fire 


or explosion 


with 


detrimental 


effects. 


Outside 


assistance 


required. 


Extensive 


chronic 


discharge of 


persistent 


hazardous 


pollutant. 


Results in the 


generation of 


significant 


quantities of 


intractable 


wastes. 
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Human 


health 


and 


safety 


Minor injuries, 


which may 


require self-


administered 


first-aid. 


Injured 


personnel 


can continue 


to perform 


normal 


duties. 


Injuries 


requiring on-


site treatment 


by medical 


practitioner. 


Personnel 


unable to 


continue to 


perform 


normal duties 


Serious injuries 


requiring off-


site treatment 


by a medical 


practitioner or 


immediate 


evacuation to 


hospital. 


Potential long 


term or 


permanent 


disabling 


effects. 


Single fatality Multiple 


fatalities 


Other potential EHS Impacts will be identified and scored. 


 


Table 9-3 Probability of Occurrence 


Likely Frequency 
Description 


Environment Health and Safety 
Probability 


Frequent Continuous or will 


happen frequently 


Occurs several times 


a year at location 
5 


Often 
5-12 times per year 


Occurs several times 


a year in similar 


industries in the KSA 


4 


Likely 1-5 times per year Has occurred at least 


once in the UAE 


3 


Possible Once every 5 


years 
Has occurred in 


industry (World-wide) 


2 


Rare Less than once 


every 5 years 
Never encountered in 


the industry 


1 
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Table 9-4 Risk Assessment Matrix 


Consequence   


Probabilit


y 


Insignificant 


- 1 


Minor - 


2 


Moderat


e - 3 


Major - 


4 


Catastrophic 


- 5 


Rare-1 1 2 3 4 5 


Possible-2 2 4 6 8 10 


Likely-3 3 6 9 12 15 


Often-4 4 8 12 16 20 


Frequent-


5 Almost 


Certain 


5 10 15 20 25 


15 to 25 Extreme Risk 
Activity or industry should not proceed in 


current form 


8 to 12 High Risk 


Activity or industry should be modified to 


include remedial planning and action and 


be subject to detailed EHS Assessment 


4 to 6 
Moderate 


Risk 


Activity or industry can operate subject to 


management and / or modification 


1 to 3 Low Risk 
No action required unless escalation of risk is 


possible. 
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The Risk Assessment Matrix helps to focus attention on the risks that matter 


by considering the following two questions: 


! What is the probability of that incident occurring? 


! What is the likely consequence of that occurrence? 


Use of the Risk Assessment Matrix will – 


! Enhance appreciation of HSE risk and achieve “As Low As 


Reasonably Practicable” ALARP at all levels in IPP operations, 


! Assist in setting clear risk based strategic objectives, 


! Provide the basis for implementation of a risk based EHS 


Management System, 


! Provide a consistency in evaluating risk across all IPP activities. 


9.7.4 Deciding on Control Measures 


A 'control' is anything used to manage risks e.g. procedures, work permits, 


Personal Protective Equipment (PPE), training, and on-site supervision. 


Once the hazards of activities have been identified and assessed, 


controls must be put in place to manage the risks. It is also important to 


put steps in place to be able to recover from an unplanned hazard and 


return to normal operating conditions. 


Information on hazards, effects, the risks connected to these and 


requirements to limit ('control') them such as limits of safe operation are 


prepared and recorded by Management. 
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Table 9-5 Hazard Controlling Measures 


Control Use Description and example 


Preventive 


measures 


To reduce the 


likelihood of hazards 


or to prevent or avoid 


the release of a 


hazards 


a. Examples include guards or shields 


(coatings, inhibitors, shutdowns), 


separation (time and space), 


reduction in inventory, control of 


energy release (lower speeds, safety 


valves, different fuel sources) and 


administrative (procedures, warning, 


training, drills). 


Improvement 


measures 


To reduce or limit the 


consequences arising 


from a hazardous 


event or effect 


Active systems: 


b. Intended to detect and abate 


incidents, for example, gas, fire and 


smoke alarms, shutdowns, deluge 


Passive systems: 


c. Intended to guarantee the primary 


functions, for example, fire and blast 


walls, isolation, separation, 


protective devices, drain systems 


Operational (non physical) systems: 


d. Intended for emergency 


management, for example 


contingency plans, procedures, 


training, drills 


Recovery Measures Includes top events 


All technical, operational and 


organizational measures which can – 


e. Reduce the likelihood that the first 


hazardous event or ‘top event’ will 


develop into further consequences. 


f. Provide life saving capabilities 


should the ‘top event’ develop 


further. 
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Any hazard and its associated risk are controlled by either reducing 


probability of occurrence or by reducing the effects. This may be 


achieved by one or more of the following steps as in figures below: 


Table 9-6 Hazard and Safety Hierarchy of Controlling Hazards 


 


Table 9-7 Environmental hierarchy of Controlling Hazards 
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Note that these measures are listed from most effective to least effective. 


Efforts should be made to use the most effective possible measures to 


achieve results and several measures may be for each situation. 


Once the control measures have been designed, the hazard can be re-


analyzed on the risk matrix to ensure that risk has been reduced to 


acceptable levels. 


Implementing the Control Measures 


! EPC/O&M shall inform all relevant personnel about the control 


measures being implemented 


! EPC/O&M shall provide adequate supervision to ensure that the 


new control measures are being implemented and used correctly 


! Any maintenance in relation to the control measures shall be 


defined in the Work Procedures. 


! Risk should be reduced to ALARP. Consideration shall be given to; 


o Legal requirements 


o International standards/guidelines 


o Availability of resources 


o Costs and benefits 


o The status of scientific and technical knowledge 


! The purpose of the implementation plan is to document how the 


chosen options will be implemented. These plans shall include; 


o Proposed actions 


o Resource requirements 


o Responsibilities 


o Timing 


o Performance measures 
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o Reporting and monitoring requirements 


9.7.5 Monitor and Review 


Monitoring and review is an on-going process and should not be 


considered as a one-off activity. 


! Ongoing review is essential to ensure that everything planned is 


implemented. It is imperative that the Risk Management be 


considered a continuous process since the environment is always 


changing, e.g. the consequences of an event could change over 


time and/or the suitability or cost of mitigating the event. 


! Monitoring and review also involves learning lessons from the Risk 


Management Process. 


! To compare the plans with the actual implementation provides a 


good performance measurement. Such results shall be 


incorporated into Performance Management, Measurement and 


Reporting System. 


9.7.6 Record the Risk Management process 


Procedures will be established and maintained to document the process 


and results of risk assessment and management. The recording shall 


include the following: 


! Statutory requirements and codes applicable to the HSE aspects 


relevant to operations, products, and services, 


! Identified hazards and effects in relation to HSE, Production, 


Services, Properties, and company reputation, 


! Established risk criteria, 


! Risks of consequence severity and likelihood of identified hazards, 


! Risk reduction measures. 


The relevant documentation should be used in quality control, auditing, 


reviewing and continuous improvement of performance. As a follow-up 
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of risk assessment, performance criteria for critical activities and tasks 


should be established in order to stipulate their implementation. 


10 Solid and Hazardous Waste  


10.1 Introduction 


Waste is an undesired by-product of every industrial development. Waste 


contributes to a number of environmental problems, for example 


emissions of greenhouse gases, heavy metals and other environmentally 


hazardous chemicals. If not properly contained, the landfill may leak and 


contaminate groundwater, while volatile organic gases will contribute to 


global climate change, and toxic fumes will threaten the health of 


people. With proper management, a large amount of materials thrown 


away can be recovered and either reused directly or disassembled and 


their components reutilized. 


The construction and operation of the proposed IPP will necessitate the 


proper management of solid and hazardous materials used or created 


on site.  This also includes the generation of domestic waste and storage 


of hazardous and non-hazardous materials or wastes and the proper 


management of excavated material. During construction, large 


quantities of excavated material, if not adequately stored could result in 


significant impacts upon the surrounding environment- both social in 


nature should the piles be placed within communities, land or roadways, 


and the environment. 


10.2 Methodology 


This section assesses the impacts associated with the generation, 


handling, storing and dealing with waste material during construction 


and operational phases in relation to these environmental aspects. An 


assessment of the impact of the IPP project in terms of solid and 


hazardous waste has been undertaken based on a desktop study, site 


visit, and an overall understanding of executing similar project. The desk 
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study includes assessment of the proposed design, procedures for 


construction and operational issues that may impact on both the society 


and environment.  In order to develop this section, 5 Capitals has 


reviewed the following most relevant studies: 


! Review of relevant national standards and guidelines identified 


within the new IFC / World Bank or IFC Performance Standards; 


! Prevailing site condition in terms of waste management;  


! Walkover survey; 


! Site assessment to identify sensitive receptors, and 


! Consultant’s internet search and desktop review. 


Based on the findings of the assessment, measures identified in order to 


mitigate any negative effect and promote the positive effects 


associated with both construction and operational phases. General 


waste management practices are evaluated with respect to legal 


requirements and where applicable, mitigation measures leading to the 


improvement of waste management and waste minimization are 


recommended. 


10.3 Legal Requirements 


10.3.1 National / PME Requirements 


The national (PME) General Environmental Regulations (GER 2001) 


environmental requirements employed for assessing environmental 


impacts resulting from waste generation is based on The General 


Environmental Regulations 2001, Appendix 4, concerning ‘Hazardous 


Waste Control Rules and Procedures' is the applicable environmental law 


in the KSA. According to this, 


! The GER 2001 makes specific reference to the control of solid 


waste materials and in particular waste materials which are 
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classified as hazardous in terms of their impacts on the 


environment; 


! Article 14 (Hazardous Waste Management) of the GER (2001) 


identifies PME as the responsible authority for the regulation of 


waste materials;  


! According to GER Article Appendix 4, producers of hazardous 


waste shall ensure that the waste has ‘no adverse effects on 


man’s health, safety and welfare or on the environment and 


natural resources’ (Article VII, Section b); 


! GER Appendix 4 (2001) “Hazardous Waste Control Rules and 


Procedures” provides details regarding the classifications of waste 


and the obligations placed on producers, transporters and waste 


disposal authorities to ensure environmental pollution is avoided. 


Prior to shipping any hazardous waste outside the facility, the 


generator of hazardous waste shall comply with the requirements 


for packaging, record keeping and duty of care obligations; 


! The operators of the IPP need to make particular note of the 


requirements of Article VIII in the GER 2001, which detail the 


procedures the waste that generators should comply with. 


10.3.2 IFC Requirements 


Section 1.6 of the IFC General EHS Guidelines is entitled Waste 


Management and is applicable to all projects that generate, store or 


handle any quantity of waste; whilst Section 1.5 of the IFC EHS Guidelines 


covers Hazardous Materials Management. The waste management 


guidelines state that facilities that generate and store wastes should 


practice the following: 


! Establish waste management priorities at the outset of activities 


based on an understanding of potential; 
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! Identify EHS risks and impacts and consider waste generation and 


its consequences; 


! Establish a waste management hierarchy that considers 


prevention, reduction, reuse, recovery, recycling, removal and 


finally disposal of wastes; 


! Avoid or minimize the generation waste materials, as far as 


practicable; 


! Identify where waste generation cannot be avoided but can be 


minimized or where opportunities exist for, recovering and reusing 


waste; and 


! Where waste cannot be recovered or reused, identify means of 


treating, destroying, and disposing of it in an environmentally 


sound manner. 


In addition, as KSA is classified as a non-OECD country, Performance 


Standard 3 pertaining to Pollution Prevention and Abatement is relevant. 


Section 4 specifically details that waste should be minimised, reused or 


recycled where possible, and treated and disposed of in an 


environmentally sound manner. 


Similarly, the Basel Convention on the Control of Transboundary 


Movements of Hazardous Wastes and their Disposal (ratified in 1990) 


obliges its Parties to ensure that hazardous and other wastes are 


managed and disposed of in an environmentally sound manner. Parties 


are expected to minimise the quantities that are moved across border, to 


treat and dispose of waste as close as possible to their place of 


generation and to prevent or minimise the generation of wastes at 


source. Strong controls have to be applied from the moment of 


generation of a hazardous waste to its storage, transport, treatment, 


reuse, recycling, recovery and final disposal. 
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10.4 SEA Baseline 


Solid waste generation in KSA is growing rapidly due to rapid industrial 


and construction growth. Setting of Qurayyah IPP project generates 


waste (solid and hazardous) that will contribute some pressure on the 


landfill site.  


Waste management sites and facilities in Saudi Arabia are operated and 


managed by private companies or the local municipalities, with PME 


currently providing an advisory role in their operation. When new sites are 


proposed and constructed, PME plays an important role in advising the 


operators on the environmental protection requirements for the facility. 


Collection of baseline information for a waste generation analysis within 


a SEA is not common practice. However, the scale of the Qurayyah IPP 


project, and the likely of waste types that will be generated justify some 


secondary baseline investigation into available landfill and waste 


treatment facilities. 


The site itself is currently fenced off and therefore is not subject to fly-


tipping. Some spare construction materials were observed on site 


however no issues are considered likely to be associated with the existing 


site. 


10.4.1 Waste Characterization  


Waste can exhibit certain characteristics according to the process 


stream from which it is generated and any pre-treatment processes that 


are undertaken. Different solid waste requires different management and 


disposal techniques according to the potential risk that the material 


poses to human health or the environment. In order to categories these 


different risks to these receptors it is often useful to demarcate the 


streams into 3 main categories that effectively equate to the level of the 


management and disposal which are required for each. The 3 categories 


can be simplified as the following: 
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! Hazardous waste - materials which pose a potential hazard to the 


environment or health of employees or the general public; 


! Non-hazardous wastes - solid materials which are not hazardous 


and degrade, chemically or biologically, in the environment; and 


! Non-water soluble wastes - materials which do not breakdown in 


the environment, and are otherwise inert. 


Hazardous waste refers to waste with properties that pose danger or can 


be potentially harmful to human health or the environment. It exhibits any 


of the following characteristics: 


! Ignitibility - Ignitable waste can create fires under certain 


conditions, are spontaneously combustible, or have a flash point 


less than 60 °C (140 °F). Examples include waste oils and used 


solvents. 


! Corrosivity - Corrosive waste are acids or bases (pH less than or 


equal to 2, or greater than or equal to 12.5) that are capable of 


corroding metal containers, such as storage tanks, drums, and 


barrels. 


! Reactivity - Reactive waste are unstable under "normal" 


conditions. They can cause explosions, toxic fumes, gases, or 


vapours when heated, compressed, or mixed with water. 


Examples include lithium-sulphur batteries and explosives. 


! Toxicity - Toxic waste are harmful or fatal when ingested or 


absorbed (e.g., containing mercury, lead, etc.). 


The proposed QIPP1 project may use or generate hazardous materials in 


all the above four categories.  


10.4.2 Waste Management Hierarchy 


Waste management hierarchy is the key element of waste 


management. Diverting the waste stream in these ways means that 


waste storage, treatment and waste disposal options can be reduced. 
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Minimizing the amount of waste to be stored and disposed not only 


protects the environment but it has the potential to cut down costs that 


may be incurred by the main contractor or the proponent for handling 


and disposing of the waste.  


The waste hierarchy, typically expressed in the “3 R’s” of waste 


management and this ideal, can be shown in the following figure: 


Figure 10-1 Waste Hierarchy 


 


In general, waste generation is evaluated according to the waste 


minimization approach. This approach is common to various national 


and internal guidelines and principles and involves the following steps in 


decreasing order of importance. 


! Prevention; 


! Reduce; 


! Reuse and recycling; 


! Recover; 


! Land filling. 


Options to prevent or reduce waste should be considered primarily. 


Where waste cannot be avoided or further reduced at source, materials 


can be reused either for the same or for a different purpose. Disposal to 
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landfill is the least favoured option in the waste hierarchy and is the last 


resort after all other options have been considered. 


Such an approach is also used in other areas of the world. The US-EPA's 


Waste Minimization Program overall goals include the following: 


! Complete elimination of, or substitution for priority chemicals, 


wherever possible; 


! Minimizing the amount of priority chemicals used whenever 


elimination or substitution is not possible; 


! Maximizing recycling whenever elimination, substitution, or 


minimization is not possible, creating closed loop materials 


management systems that eliminate or constrict release 


pathways; 


! Promoting cradle-to-cradle waste management instead of cradle-


to-grave waste management. 


10.5 Assessment of Effects, Mitigation Measures and Residual 


Effects During Construction Phase 


10.5.1 Assessment of Impacts/Effects 


The main issues related during construction phase of the proposed IPP 


project include the generation of substantial quantities of waste and its 


management. Waste is generated at different stages of the construction 


process. This includes the special need for handling, storage and disposal 


of waste. 


Construction Waste Generation 


To make an assessment of the impacts resulting from waste generation 


during construction of the Qurayyah IPP project, an estimate has been 


made of the total amount of generated waste.  


The method used for construction waste estimation is the computation of 


total amount of construction waste according to area size. It should be 
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noted that this method only provides a rough estimation, however, this is 


sufficient to gain perspective on the scale of waste generation in order to 


make an analysis. Approximately 20-40 kg of waste is generated per one 


square meter. This generation rate depends on the construction material, 


type, and size of the project. In general, it can be assumed that during 


the construction of industrial projects, approximately 30 kg of waste per 


square meter will be generated. Using this value and applying the 


proposed project built-up area (plan area, FCF and ESF) size of 788,500 


m2, the total weight and volume can be estimated as follows: 


Total Weight = 788,500 m2 x 30 kg/m2  = 23,655,000 kg = 23,655 tonnes 


Typical density of construction waste varies between 180 and 350 kg/m3 


(Tchobanoglous et al., 1993) based on the type of construction, material 


use and other variables. Industrial plant construction can be 


characterized as a heavy type of construction, and as such a high 


density range has been applied for volume estimation. 


Total Volume = 23,655 tonnes / 300 kg/m3  = 78500 m3 


The duration of the construction phase is expected to last for 36 months. 


The construction waste generation will not be distributed evenly over this 


period however for the purpose of analysis we can assume that 


approximately 600 - 1000 tonnes of waste will be generated monthly. 


Construction Waste Management 


Construction of proposed project involve activities such as site clearance 


leveling, filling up to desired levels, excavation, constructing boundary 


wall and site offices, taking power and water connections, making outlet 


connections to existing drainage and sewerage network, temporary 


sewerage and drainage network construction, Structural and formworks, 


MEP, etc. Waste will be generated which falls into all the three categories 


detailed in the above. Waste generated during these consists of 


concrete, asphalt paving, lumber, boards; rock, soil and fines; lumber, 


steel scrap, plastics, packaging materials, wood, general rubbish and 
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domestic waste, municipal waste from the construction labourers, and 


certain hazardous waste streams. Concrete appears in two forms in the 


waste. Structural elements of facility have reinforced concrete, while 


foundations have mass non-reinforced concrete. Excavation of earth 


and rock generates muck. Other wastes include top soil, clay, sand, and 


gravel. Other miscellaneous materials that arise as waste include glass, 


plastic material, scrap metal, cardboard, plastics, empty boxes, sanitary 


wastes, and general garbage generated from the construction workers 


housing. Construction waste is bulky and heavy and is mostly unsuitable 


for disposal by incineration or composting. Except the hazardous fraction, 


which is discussed in subsequent section, the construction material is 


mainly inert and does not pose a threat to human health or the 


environment. However, proper management is required in order to 


reduce associated secondary impacts such as resource use, dust 


emissions, habitat destruction, etc. These types of waste could be 


managed through a sound waste management plan at the construction 


site. Necessary recycling, waste minimization through controlling 


purchase of materials and their quantities and reuse are some key factor 


that will not only minimize generation of waste but also reduce the cost 


of disposal and purchase of raw materials. Due to the fact that the 


construction waste excluding hazardous fraction does not pose a serious 


threat to human health and the environment, general good 


housekeeping practices during construction will ensure the associated 


impacts can be assessed as minor to moderate negative significance 


prior to the implementation of appropriate measures. 


Although the hazardous fraction of construction waste represents a 


relatively small portion in the total amount of construction waste, it 


requires special attention. Typical construction hazardous waste streams 


contain: 


! Used oil; 


! Hydraulic fluid;  
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! Soil contaminated with toxic or hazardous polluted hydraulic fluid; 


! Resins and paints; 


! Roofing cement; 


! Adhesives; 


! Machinery lubricants;  


! Waste solvents/chemicals - used in the concrete forming process 


or from excess paints/solvents etc. used over the site; 


! Sludge - generated by sanitary facilities and following pre-


treatment by septic tanks which will be employed at housing 


camp. 


! Clean-up materials (such as rags) contaminated with the items 


listed above;  


! Drums, containers and tins with remains of hazardous substances, 


etc. 


The hazardous fraction of the construction waste can potentially cause 


significant adverse impacts on human health and the environment if 


managed improperly. These impacts however, can be minimized to 


acceptable levels with the full compliance of regulations for the 


management of hazardous waste. This mainly includes procedures for 


adequate handling, establishment of secure temporary storage areas, 


and disposal of waste by approved contractors. These measures are 


sufficient to prevent contamination of soil and groundwater and 


associated secondary impacts. Consequently, without mitigation 


hazardous waste could have a moderate negative significance impact. 


The EPC, sub contractors will be required to ensure the proper handling, 


storage and disposal of hazardous waste, according to best 


environmental practices and guidelines. 


In order to minimize the impacts resulting from waste generation in the 


construction phase, the total amount of construction waste must be 
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reduced to the greatest possible extent. This can be achieved through 


implementation of efficient “waste management”.  


! Prior to the start of construction activities, a CEMP needs to be 


prepared by the EPC. A dedicated “waste management plan” 


can be included as part of the CEMP. It is understood that the EPC 


contractor employed on site will be required to design and 


operate a CEMP during the construction phase. This is a 


requirement of the Performance Standard 1 in determining an 


‘action plan’ and management system. This CEMP must include 


procedures leading to the minimization of waste.  


! In general, prevention can be achieved through proper planning 


with dedicated low-waste design, efficient material use involving 


careful selection and accurate ordering of materials, and 


effective process control. Reuse and recycling allows the recovery 


of usable components for subsequent use or for sale. Disposal of 


waste in landfills must be considered as being the least desired 


option. It can be accepted only for waste streams that cannot be 


recycled or reused. Practical examples of reduction or recycling 


opportunities, include the following: 


o Waste concrete and masonry can be reused in road 


construction and base fillings; reasonable levels of utilisation 


is 80 to 90%; 


o The amount of waste timber can be reduced through 


proper measurements, and re-used for general construction 


purposes; it is estimated that 50 to 60% of this waste stream 


can be recycled;  


o Waste metal can easily be recycled, 100% of this waste 


stream can be eliminated; 
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o A conservative estimate is that 80% of oils can be 


refurbished or reused through environmentally friendly 


energy recovery; 


o Ordering materials that have reusable packaging or in bulk 


form, can significantly reduce waste from this stream.  


! The construction waste management plan needs to establish 


good housekeeping practices to ensure that waste and its 


hazardous fraction are being separated, properly handled, stored 


and subsequently transported, recycled or disposed of by a 


contractors. Good housekeeping practices include the followings. 


It is strongly recommended to include these measures in the 


construction waste management plan.  


o Separation of waste to allow subsequent recycling; 


o Proper non hazardous waste storage in designated areas to 


prevent waste from spreading; 


o Proper hazardous waste storage in adequate bunded 


containers stored in dedicated, covered storage areas with 


impervious, leak-tight floors, and sufficient containment 


capacity, equipped with spill kits; 


o Spillage and leakage prevention measures including 


regular inspection of containers; 


o Clean up of any spillage with spill absorbents,  


o Established spill emergency and contingency plan; 


o Procedures and rules for hazardous waste handling; 


o Prohibition of littering; 


o Collection of litter around the construction site on a regular 


basis; 
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o Mandatory training program for employees to increase their 


awareness of waste management protocols including 


proper handling and storage of waste, and emergency 


response and contingency plans. 


! The storage of waste should meet and comply with the following 


waste storage requirements: 


o Food waste: Must be stored within a close metal or plastic 


skip or bin, in order to prevent vermin gaining access. 


o Lightweight waste e.g. paper, cardboard, plastics; These 


must be stored within a covered skip; this can be in close or 


an open skip and shall be provided with secured 


tarpaulin/netting sufficient to prevent any material being 


blown away. 


o Heavy waste: These can be contained within an open skip, 


and provided that segregation occurs effectively enough 


to remove all lightweight material with the potential to be 


blown away has been removed. 


o Hazardous waste: Hazardous waste must be contained 


within impervious skip with sufficient containment to prevent 


any spills in the surrounding. This should be tightly closed, 


leak proof. Storage containers should be bunded where 


necessary. The bunded base should have the capacity to 


contain 110% of the total volume of stored materials. This 


area must be placed away from any sources of ignition. 


! All storage area must be well organized and waste appropriately 


managed through segregation of hazardous and non-hazardous 


waste. Waste within each category should be further segregated 


by type (paper, plastic, metal, etc.) and whether the material is 


recyclable or non-recyclable. Construction waste should be 
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separated into combustible and non-combustible, and all 


flammable substances must be kept away from sources of ignition. 


! For litter (food waste, domestic trash), an adequate number of 


bins should be strategically placed throughout the site at locations 


where construction workers and staff consume food. These will be 


regularly collected and taken to the main waste storage area. 


Maintain a high quality of housekeeping and ensure that materials 


are not left where they can be washed or blown away to become 


litter. Conduct ongoing awareness with staff of the need to avoid 


littering. 


! Waste containers should be clearly marked with appropriate 


warning labels to accurately describe their contents and detailed 


safety precautions. Labels will be waterproof, securely attached, 


and written in English and Arabic. Wherever possible, chemicals 


will be kept in their original container. 


! Proper Segregation of Non-hazardous waste and hazardous waste 


will be made; In any case, Non-hazardous waste should not be 


mixed with Hazardous waste. 


! Where possible, materials should be ordered in bulk to reduce 


packaging. Suppliers will be requested to use minimal packaging. 


! Suppliers will be requested to use minimal packaging. Chemicals 


should be ordered in returnable drums. “Buy-back” arrangements 


will be made with key suppliers so that any surplus chemicals or 


materials can be returned. 


! Refillable containers should be used, where possible, for collection 


of waste fluids such as waste oil, hydraulic oils, and used grease. 


! Hazardous and oily waste collected in designated areas or in 


appropriately designed containers or tanks will be collected 


periodically by an approved subcontractor to be disposed in a 


proper manner; 
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! Waste generated during construction should only be transported 


off-site for disposal by an appropriately licensed vendor. This 


contractor will follow the proper protocols to ensure that all waste 


handling and disposal from the site is carried out according to 


accepted environmental regulations. A record for all streams of 


generated waste should be kept onsite by EPC. This will be readily 


available for PME or concerned authority. 


! Regular training of site personnel in proper waste management 


and chemical handling procedures should be conducted at 


regular intervals. 


10.5.2 Residual Impact 


! Following the implementation of the mitigations detailed above 


and further measures which is outline in the environmental 


management plan followed during construction, the potential 


impacts of waste on site is expected to be significantly reduced to 


minor negative impact. 


10.6 Assessment of Effects, Mitigation Measures and Residual 


Effects During Operational Phase 


10.6.1 Assessment of Impacts/Effects 


The proposed IPP project will generate waste during process operation. 


These include the generation of both hazardous and non-hazardous 


wastes. A special attention need to be given to generation of hazardous 


waste streams. These waste, if not adequately managed and disposed 


could result in significant impacts upon the surrounding environment. At 


present, it is difficult to describe in detail the exact quantities of waste 


that will be generated from the operation of the proposed IPP project. 


However, in order to assess the potential impacts of waste generation, 


the different waste streams are described in general, according to the 


processes that may be involved. 
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Waste streams during operation are separated into the following 


subgroups: 


! Domestic Waste (including administration waste);  


! Industrial Non-Hazardous Waste;  


! Industrial Hazardous Waste. 


These subgroups are further divided into recyclable and non-recyclable 


waste.  


! Domestic Waste: The operation of the proposed IPP project will 


generate domestic waste along with industrial waste. The 


domestic waste generation will result from the operation of the 


residential, administration, canteen, and institutional facilities and 


from activities of the employees, which are not associated with 


the production process. This waste can be classified as recyclables 


and non-recyclables. Recyclable waste includes paper, tin cans, 


plastics, cartons, rubber, and glass, while non-recyclables will 


consist mainly of food residues and other organic waste. The 


quantity of domestic waste that will be generated depends upon 


the number of personnel employ onsite. At this stage, number of 


employees that will be employed during operation is not clear. It is 


expected number of workers employed during operation period 


will be several hundred. Prior to mitigation this impact if disposed 


of improperly, and dependent on the sensitivity of the location, 


could be of minor to moderate negative significance. 


! Industrial Non-Hazardous Waste: Industrial non-hazardous waste 


refers to those waste generated from IPP operation activities that 


do not exhibit any characteristics which can potentially harm 


human health or the environment. This type of waste can be 


classified further as recyclables and non-recyclables. Industrial 


non-hazardous waste generated from the Qurayyah IPP project 


operation include empty containers, sludge generated from 
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sanitary sewage plant, general clean-up materials, packaging 


materials that result from operation, manufacturing or laboratory 


operations, and inert insoluble solid materials such as glass, rubber, 


and plastics, etc. The sanitary sludge may have high levels of 


bacteria, nitrates and salts that can result in water especially 


being contaminated and can cause illnesses, such as hepatitis A 


or E. coli, if ingested. If the sludge is disposed of in unsuitable 


areas, such as near aquifers or coastal waters, although the 


quantities would be fairly small in comparison to a municipal 


works. Prior to any mitigation measures this can be deemed to be 


of minor to moderate negative significance. 


! The Hazardous fraction of the waste can potentially cause 


significant adverse impacts on human health and the 


environment if managed improperly. These impacts however, can 


be minimized to acceptable levels with the full compliance of 


national and international regulations for the management of 


hazardous waste. Typical hazardous waste streams from Qurayyah 


IPP contain: 


o Used oil, oily rags, chemicals, solvents from general 


maintenance; 


o Used and un-used chemical containers; 


o Miscellaneous wastes such as spent, batteries, waste 


cables, etc. 


o Sludge from the Wastewater Treatment Plan, 


demineralization unit and neutralization pit; 


o Soil contaminated with hazardous polluted fluid (in 


spillage); 


Off all these, waste oil generated during operation and maintenance of 


the proposed IPP’s plant and machinery have the potential for 


contamination of soil and water should they be released into the 
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environment in an uncontrolled manner. Prior to mitigation the potential 


impact would be of moderate negative impact. 


Overall the impact of hazardous waste, without mitigation could be of 


minor to moderate negative impact. 


10.6.2 Mitigation Measures 


Good management and control can prevent the generation of 


significant amounts of waste during operation. It is recommended that 


prevention or reduction at the source, followed by reuse and recycling 


methods must be implemented on site to minimize the residual impacts 


of waste generation. These measures must be described and 


implemented through a dedicated waste management section in 


Operation Environmental Management Plan (OEMP) develop for the 


propose IPP project operation. The mitigation measures as suggested in 


the following should be referred to, which includes the development of a 


waste management as well as the proper handling, storage, 


segregation, transport, and disposal of all waste. 


! Segregation and storage of different types of waste in different 


containers, skips to enhance reuse or recycling of materials and 


their proper disposal 


! Use high quality raw material to reduce the amount of waste; 


! Send used oil for regeneration; 


! Reduce packaging of material, order in bulk, require from supplier 


to minimize packaging; 


! Recycle paper, metal, plastic and packaging; 


! Implement a recording system for the amount of wastes 


generated on-site; 


! Proper procedures, such as regular inspections, audits, and 


monitoring, will be put in place to ensure that all necessary 


mitigation measures are being implemented. 
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! Sewage sludge is detailed within the RFP as having to be ‘treated 


or dried for use as fertilizer’ (Section 4.1.9.3). The ability to use this 


material for fertilizer on or treatment will need to be assessed by 


the Contractor as to its feasibility within the context of the 


available site. 


! Waste solvents and oils used at the site will be collected in suitably 


bunded and protected areas and reused where possible. Used 


lubrication oils are particularly suitable for reuse and it is 


understood that a number of suitable facilities exist in Saudi 


Arabia, although it is not known whether one is in the vicinity of the 


project site. Such waste will be collected and transported by 


appropriately licensed transporters to licensed hazardous waste 


sites where reuse is not an option. 


! The generated hazardous waste in the form of oily rags, used 


chemical containers, etc. from plant will be stored separately as 


hazardous waste. This will be sent for offsite disposal through an 


approved waste vendor ensuring no environmental impact. 


Hazardous waste shall be disposed only to designated 


municipality landfills only. Record of the hazardous waste 


generated and sent disposal shall be maintained in the facility. 


! General household and domestic waste generated from the 


worker and operator will be stored in area clearly marked. 


Separate trash bin with colour code and label at different 


locations in the plant facility; 


! The OEMP should consist of procedures for handling, storage, 


transport and disposal of waste. These procedure based on 


general good housekeeping practice will ensure that all waste 


handling activities will be carried out in an environmentally friendly 


way preventing or at least minimizing the potential impacts. Good 


housekeeping practices include the following measures: 
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! Designated locations for waste storage should be suitably 


designed and fenced to prevent accidental releases to the 


environment.  


! All waste should be properly labelled, including whether 


hazardous or non hazardous. 


! Hazardous waste must be stored in separate covered areas with 


impervious floors with secondary containment such a bunded 


walls;  


! Only trained personnel will be allowed to handle hazardous waste; 


! Implementation of spillage and leakage prevention measures 


such as a development of manuals for proper waste handling, 


regular inspection of containers and storage areas; 


! Separation of waste to allow subsequent recycling; 


! Provide waste bins for waste separation; 


! Regularly collect litter from premises; 


! Mandatory training program for employees to increase awareness 


of waste management including proper waste; Training and 


orientation on waste minimization, segregation and proper good 


housekeeping practice at the beginning of work and at regular 


interval should be conducted; 


! Separation and storage of waste in designated and labelled 


areas throughout the facility; 


! Record of the waste generation and disposal shall be maintained 


in the facility; 


! Maintained good cleanliness and good dismantling process to 


control waste generation. 
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10.6.3 Residual Effects 


! Following the implementation of the mitigations detailed above 


and further measures which should be outlined in the 


environmental management plans followed during construction 


and operation, the potential impacts of solid and hazardous 


waste on site is expected to be significantly reduced to minor 


negative impacts. Overall the residual impact minor negative 


impact could actually be transformed into a moderate positive 


impact. 
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11 Landscape and Visual Impact 


11.1 Introduction 


The area allocated for the proposed Qurayyah IPP1 Project is located in 


the Eastern Province of KSA, approximately 100km to the south of the City 


of Dammam City, on the shore of the Arabian Gulf. The Eastern Province 


is the largest province in Saudi (710,000km2) with the Kingdom’s main oil 


and gas fields and refineries located in this region.  


Qurayyah IPP 1 is located within a fenced-off site, controlled by SEC in 


the Qurayyah complex, between the existing SEC Qurayyah Steam Plant 


(QPP) in the north and the more recent SEC Qurayyah Combined Cycle 


Plant (QCC) in the south.  


This section assesses the existing and surrounding landscape of the 


proposed plot in the Qurayyah complex with relation to the proposed 


development during the construction and operation phases. Both direct 


(the project site) and indirect (e.g. transport to and from the site) impacts 


will be qualitatively assessed using a standardised methodology as noted 


below.   


11.2 Methodology 


The methodology by which the impact of the proposed complex upon 


the landscape of the surrounding area is assessed is based upon the 


following precepts: 


! Desk- based assessment of existing information available; 


! Site surveys undertaken during February, March and April 2011; 


Photos have been taken of the site and surrounding area, although these 


have been limited due to security requirements of the Qurayyah 


Complex.   


Photographs of the existing power plants in the area have thus only been 


taken from a distance since taking close up photosis not permitted. The 
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photos however, seek to provide the predominant scenery in the area 


and the main adjacent power plants with relation to their visual aspects 


and the current composition of the surrounding landscape.  


The construction method of the proposed plant has also been assessed 


with regards to the potential impact upon the landscape during this 


phase, using information that is currently available about the design of 


these aspects.  


11.2.1 Legal Requirements 


While slightly more ephemeral with regard to the determination and 


classification of ‘impacts’, as a general definition, visual impacts can be 


defined as those impacts of the development upon views in the 


landscape and overall impact on visual amenity. Landscape impacts are 


defined as those impacts upon specific landscape elements which give 


rise to the landscape character of the site and its surroundings; and 


impacts upon any special interests in and around the site.  


No standards exist with regard to landscape or visual impact in any of 


the applicable IFC sector specific guidance, specifically Thermal Power 


Plants.  In the absence of specific standards with regards to landscape or 


visual impact, the proposed project has been based upon guidance in “ 


The guidelines for Landscape and Visual Impact Assessment’ (2nd Edition) 


published by the Landscape Institute and Institute of Environmental 


Assessment (2002). 


11.3 SEA Baseline 


During February, March and April 2011, several site visits were made to 


the Qurayyah complex, with particular reference to the proposed site 


and immediate adjacent areas. The general environment in the 


Qurayyah complex can be described as a purpose-built industrial area, 


specifically for power plants and associated infrastructure, built within 
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2km from the Arabian Gulf and stretching for approximately 10km 


(including the Saudi Aramco Sea-injection Plant).  


The complex, which currently encompasses the SEC Qurayyah Steam 


Plant (QPP) in the north and the SEC Qurayyah Combined Cycle Plant 


(QCC) in the south, also includes support infrastructure, site offices and 


worker accommodation, laydown areas and gas pipeline corridors.  As 


such the predominant theme in the areas is functionality, with little or no 


landscaping typically associated with administration and office or 


accommodation buildings. No areas designated for leisure or parks have 


been identified. A public beach however, is located 7km to the north of 


QIPP1.  


The accommodation facilities provided for the staff working for QPP or 


QCC include portacabin-type structures, many of which are located 


close to the beach. Community camps include SEC Community Camp, 


QPP and SEC Cleaning and Cooking Camp, QCC Supporting Camp and 


BEMCO camp.  


It has been noted that Infrastructure associated with the removal of 


sanitary effluent is insufficient and upgrading is recommended to remove 


the potential health risks to both the environment (marine and ground 


water quality and soil quality) and staff population.  


Administration and office blocks also consist of temporary portacabin 


units, which are located close to the power plants.  
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Figure 11-1 Landscape Viewpoints 


 


The following section provides a number of images taken on and around 


the proposed QIPP1 site together with descriptions of the surrounding 


landscapes.  


Table 11-1 Landscape and Visual Assessment of the QIPP1 site 


Image taken from the site 
Description of the QIPP1 site 


and adjacent Areas 


 


Sabkha salt depressions (dark sandy areas) 


are clearly visible to the west of the complex 


and extend 5km inland. 


Aerial view of Qurayyah 


Complex 


This plate shows an aerial view of 


the Qurayyah Complex, 


indicating the proximity of QIPP1 


to QPP to the north and QCC to 


the South. 


The image clearly shows the 


transportation routes through 


the site and the connectivity 


with adjacent areas.  


The large open area stretching 


between QIPP1 and QPP is 


earmarked for a future 


expansion plant, namely, QIPP2.  
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Aerial view of the QIPP1 site 


This plate shows an aerial view of 


the QIPP1 site, indicating the 


proximity to the QCC Supporting 


Camps and Offices and the 


BEMCO Camp and Laydown 


area.  


The area demarcated in the 


picture incorporates the future 


expansion of QIPP2.  


 


 


 


Saudi Aramco Seawater 


Injection and Treatment Plant  


The plant is located 5.5 km to 


the north of IPP1 and is visible 


from the main Dammam- 


Qurayyah access Road.  


 


Qurayyah Steam Plant (QPP) 


located 2km to the north of IPP1 


The plates above, taken from 


the Qurayyah access road, 


which run parallel to the coast 


and through the Qurayyah 


Complex, show the 120m stacks 


of the Qurayyah Power Plant, 


which is located 2km north of 


IPP1.  


As can be seen from the 


photographs, native desert 


vegetation grows naturally 


around the power plant, which is 


fenced off from the surrounding 


area. Electricity pylons are visible 


in the distance behind QPP. 
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South-westerly view of QPP from 


the QIPP1 sabkha salt flat 


Sand tracks provide access for 


trucks and other heavy-duty 


vehicles to the material 


stockpiles The road traverses 


through the sabkha salt flats on 


the QIPP1 site. No signage is 


visible on the site, therefore 


other markings are visible from 


trucks not sticking to the 


designated roads.  


The 120m stacks of QPP can be 


clearly seen in the distance.  


 


Shoreline view from the QIPP1 


site towards QPP 


The 120m QPP stacks are clearly 


visible in the distance from the 


QIPP1 shoreline although a 


distance of approximately 2km 


away.  


The image also shows a gently 


gradient on the beach and 


sandy nature of the beach and 


the high water mark and the 


lack of vegetation.  


 


 


View from the QCC Camp and 


Office looking towards QPP 


The photo above, taken in a 


northwesterly direction, shows 


the view from the QCC 


Supporting Camp and Offices 


towards the QPP Power Plant, 


which is approximately 2km 


away.  


In the foreground, adjacent to 


the white office portacabins, it is 


evident that pipes are leaking 


liquid effluent onto the open 


ground, potentially polluting the 


soil and ground water.  


Undesignated vehicle tracks 


traverse the site in front of the 


office buildings.  
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Aerial view of SEC Community 


Camp  


The SEC Community Camp is 


located to the north of QPP and 


is a self-contained camp for the 


staff of QPP.  


 


 


Elevated gas pipeline running 


the length of the Qurayyah 


Power Plant Complex 


As is visible in the photograph 


above, an elevated gas 


pipeline supplying gas to the 


power plants, runs parallel to the 


main Qurayyah access road. 


The presence of this pipeline 


creates a physical barrier 


through the area.  


 


View of Gas Pipeline running 


parallel QCC 


Image shows QCC in the 


distance with the elevated gas 


pipeline running parallel to the 


main access road through the 


Qurayyah complex.  


The photo is taken from the main 


road, heading in a southerly 


direction towards the QCC 


plant.  
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View along Shoreline from the 


QIPP1 site 


The image provides a southerly 


view from the QIPP1 coastline. 


The QCC Supporting camp and 


Office complex is located very 


close to the beach and just 


above the high water mark.  


Vehicle tracks are also visible 


alongside the shore possibly 


impacting on the intertidal 


ecology and disrupting the 


visual aesthetics of the site. 


 


BEMCO Camp and Laydown 


BEMCO Camp and Laydown 


area situated to the southwest 


of QIPP1 contains numerous 


stockpiles of materials and 


construction materials.  


Situated close to the electricity 


pylons, the camp and laydown 


area extend a distance of 1km 


in length and approximately 


200m in width. 


 


BEMCO Camp and Laydown 


area 


An aerial view of the BEMCO 


camp, which clearly shows that 


the camp is located on sabkha.  


The laydown area contains 


stockpiles of materials and is 


located parallel to the main 


access route through the site.   
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Landward view along the QIPP1 


Northern Boundary 


Landward view along the QIPP1 


boundary showing route through 


part of the sabkha habitat.  


The upper dune system is visible 


from this point and a change in 


the topography and vegetation 


on the site is evident.   


 


Seaward view along the 


QIPP1 Northern Boundary  


Seaward view along the 


Northern boundary showing 


unrestricted views of the lower 


dune habitat, in the direction of 


the Arabian Gulf.  


The gradient of the site slopes 


towards the sea. 


 


View along the boundary of the 


QIPP1 site 


The image shows a designated 


road running parallel to the site 


boundary. Vegetation also 


naturally grows along the 


fenceline providing a habitat for 


birds, insects and reptiles.  
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Herd of camels outside of the 


Qurayyah Complex 


A herd of camels graze the 


vegetation outside the 


Qurayyah complex.  


Since the entire site is fenced off, 


the camels are unable to enter 


the Qurayyah complex and 


therefore remain outside.   


 


Landscape outside the 


boundaries of QIPP1 


The image shows an area of 


sabkha outside of QIPP1, which 


has been cleared of all 


vegetation and has extremely 


low biodiversity.  


Erosion is occurring on the outer 


edges of the depression.  


11.4 Assessment of Effects, Mitigation Measures and Residual 


Effects During Construction Phase 


11.4.1 Assessment of Impacts/Effects 


During the construction period, the activities on site have the potential to 


impact upon the general character of the local area. As can be seen 


from the images and plates within this section, the area has already 


been impacted upon by the construction and operation of the power 


plants and associated facilities. During the construction stage, when 


foundation work and excavation works commence, the area will 


undergo further changes as trucks, drilling rigs and other machinery are 


transported to the site. Given the industrial designation of the site, 


however, and the distance from any nearby permanent sensitive 
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receptors (such as Abqaiq, Half-Moon Bay, Uqair etc), it is considered 


that the visual impact of the machinery working on the site will be of 


minor negative significance.  


Stockpiles and storage yards, if not adequately managed, can be 


considered to be of detriment to the visual impact during the proposed 


construction period. Given the relative isolation and nature of the site, 


however, this is considered to be of minor negative importance.  


In common with the Waste Management section, during the construction 


period, if domestic and construction waste is not adequately managed 


and stored properly on the site, this has the potential to be of minor to 


moderate negative significance to the visual impact of the site and 


adjacent areas.  


Given the highly industrialised nature of the Qurayyah complex and the 


QIPP1 site, the construction of the facilities associated with the 


development, including stacks, storage tanks, pipelines and other 


infrastructure, is expected to ‘blend’ in somewhat with the development 


and therefore likely to be of only minor negative significance.  


During the construction of the marine works, machinery such as dredgers, 


cranes etc will be required for the intake/outfall pipes. This is likely to 


obstruct views towards the Arabian Gulf. Considering the nature of the 


industrial area and that large intake and outfall structures already exist 


on the shoreline in the Qurayyah area, impacts of a minor significance 


are therefore expected. 


The transportation of construction materials to and from the site will 


involve the main transport routes (see Transportation section) from 


Dammam, including roads and port. Given the industrial nature of the 


area and the current use of the roads around the Qurayyah area to 


transport basic materials necessary for the primary and secondary 


industries, it is considered that the marginal increase of vehicles during 


the construction period would be of minor negative significance.  
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The movement of soil around the site and general vehicle movements 


together with ground preparation works may result in a localised increase 


in visible pollution, comprising vehicle/generator exhausts and/or dust. 


While also covered within the Air environment section, this can be 


considered to be a visual impact of minor to moderate negative 


significance.  


11.4.2 Mitigation Measures 


The visual impact of machinery and vehicles on site will be mitigated to a 


certain extent by the proper and efficient sequencing of construction to 


minimise vehicle movements and time of deployment. In addition all 


vehicles, generators and machinery on site, will be required to be 


regularly maintained by the EPC and any other subcontractors on site, 


with records of the work undertaken and scheduled. Any vehicles, which 


come to site, will be inspected prior to entry to the site to ensure that 


visible emissions are not excessive. Daily inspections will be required to 


determine if any vehicles, generators or equipment are emitting 


excessive smoke, with any non-complying machinery being taken out of 


commission to be repaired.  


During periods of high wind activity, excavation works and ground 


moving equipment will be required to be minimised by the EPC as far as 


possible. Stockpiles of materials may also need to be sprayed with water 


in order to minimise the airborne particles and which should also be 


included within the dust suppression strategy followed during the 


construction period. 


During the construction period, the EPC will be required to ensure that 


the site has proper housekeeping practices operating, in order for 


stockpiles and storage yards to be as well maintained as possible. This will 


be a key requirement of the Construction Environmental Management 


Plan and training regime to be followed on site by all construction 
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workers. Necessary storage areas will be required to be designated and 


demarcated, with equipment and materials clearly laid out.  


Waste generated on site, as well as being disposed of within designated 


areas on site, will be required to be transported by licensed operators 


offsite and to registered landfills or equivalent. As noted within the Waste 


management section, records and receipts of such waste will also be 


required to be kept by all subcontractors and the EPC. 


Worker accommodation and site facilities will be required to be 


adequately designed in order to blend in with the surrounding 


environment, with landscaping features where appropriate also 


incorporated within the design (in accordance with Socio-economic 


section). In addition, sanitary facilities should be efficiently designed for 


appropriate storage capacity and collection in addition to preventing 


any onsite contamination.  


11.4.3 Residual Effects 


Following the instigation of the mitigation measures noted above, it is 


expected that the residual impacts on the landscape and visual 


environment from the construction of the proposed QIPP1 will be of 


negligible to minor negative significance.  


11.5 Assessment of Effects, Mitigation Measures and Residual 


Effects During Operational Phase 


11.5.1 Assessment of Impacts/Effects 


During operation, the proposed QIPP1 will impact upon the landscape 


and visual impact of the Qurayyah complex in a number of ways. The 


following section outlines the main predicted impacts. 


The plant design calls for the construction and operation of stacks and 


buildings, which will reach up to a maximum height of 60m. These will be 


visible from several kilometres away from the site. As required by national 


Saudi regulations the stacks will be coloured red and white and have 
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flashing lights operating at all times. However, given the remoteness of 


Qurayyah Complex and the nature of the surrounding industries and 


much higher stacks of the Qurayyah Power Plant, it is considered that the 


potential impact will be of negligible to minor to negative significance. 


Additional traffic during the operational period of the proposed QIPP1 is 


likely to consist of employees and consumable materials for the plant 


(discussed further in transport section).  However, given the nature of the 


main Dammam-Abqaiq-Qurayyah complex highway and the existing 


industries in the Eastern Province of KSA, it is envisaged that the 


additional traffic during operations will be of negligible negative impact. 


The back-up fuel will be transported to the site by trucks and will be 


stored on the site in diesel storage tanks. Given the infrequency with 


which QIPP1 will burn diesel fuel (no more than 10 days per year) and 


that diesel will be stored on site, it is envisaged that minimal truck 


deliveries will be required.  


11.5.2 Mitigation Measures 


No mitigation measures are available to reduce the visual impact of the 


stack proposed for the plant, especially given the regulatory requirement 


of lights and red and white colouration.  However, given the location 


and designation as an industrial facility adjacent to large existing 


industrial development it is considered that the plant will fit within the 


existing character of the area.  The heights of the stacks are considerably 


much lower than those belonging to QPP and therefore will not be too 


intrusive.  


In order to provide a pleasant working environment on the site and 


adjacent to existing SEC plants, natural vegetation on the site will be 


planted or allowed to grow. Areas along the fence-line are likely to be 


kept clear for security purposes.  


The plant and grounds will be well maintained with the aim of ensuring 


that the proposed QIPP1 be considered as ‘best practice’.  
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All buildings will be painted in a colour appropriate to the surrounding 


area.  It is believed at this stage that the majority of buildings will be of a 


similar colour to the existing plant, enabling the plant to further blend with 


the SEC site.  


11.5.3 Residual Effects 


Following the mitigation measures outlined above, the landscape 


impacts during operations will be of negligible to minor negative impact. 
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12 Terrestrial Ecology 


12.1 Introduction 


5 Capitals conducted the terrestrial habitat and vegetation survey for the 


Qurayyah IPP 1 project in March 2011 at various locations within the 


boundaries of the project site. The site is located in the Arabian Gulf 


desert and semi-desert region. The ground surface at the project site is 


uneven and consists of sandy dunes interspersed with areas of low-lying 


sabkha. The sabkha is characterised by salt flats and during the rainy 


season, pools of water evaporate leaving salt-crusts 7cm to 8cm thick.  


Towards the shoreline, the soil is fine and sandy and the shore is 


distributed in places with seashells (bivalves, small mussels, cones) and 


strewn with filamentous algae.  


In the IPP1 plant area, ground level elevation varies between +0.5m to 


5.0m in relation to Mean Sea Level. On the boundary bordering the 


proposed QIPP2 site, the ground elevation at this location is 6m. In the 


area allocated for ESD and site installation facilities, ground elevation 


varies between 0.1m and 11 m.  


The vegetation on the site is characterised by sparse vegetation 


comprising of halophytic shrubs and succulents, dune annuals and 


perennials, parasitic plants, sedges, reeds and grasses. A total of 15 lower 


dune (seaward) species have been identified, 19 upper dune (landward) 


species and 4 salinity tolerant species located in the Sabkha habitat 


have been recorded on the site.  


A rapid quantitative vegetative analysis was undertaken in order to 


determine broad habitat types, plant biodiversity and ecological 


processes disturbed as a result of the site’s proximity to the two existing 


power plants. Most of the recorded species in this site are typically 


halophyte (salt-tolerant species), which indicates a highly saline 


environment.  
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Plants have developed the adaptability in this saline habitat by 


developing succulent leaves that serve for water storage and resistance 


of dry conditions.  


The Dominant halophytic species on the Qurayyah IPP1 site include: 


! Arthrocnemum bacciferum 


! Halopeplis perforlata 


! Suaeda vermiculata 


! Tetraena simplex 


! Tetraena quatarense. 


Dominant Dune plants (annuals and perennials) on the site include: 


! Convolvulus cephalopodus 


! Senecio glaucus 


Dominant grasses on the site include: 


! Platago Boissieri 


! Cyperus conglomeratus.  


The chapter describes the terrestrial ecology throughout the QIPP1 site, 


principally the land-based fauna and flora, but excluding the sub-tidal 


habitats described in the Marine Section. It assesses the impacts 


associated with construction and operational activities, proposes 


measures in order to mitigate the negative impacts and promote the 


positive ones.  


12.2 Methodology 


This aspect of the environmental assessment has been enabled through 


a combination of desk studies and field surveys. Desk studies for the site 


have concentrated on the Qurayyah complex, which may indirectly be 


impacted upon by construction and operational activities, including 
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transport to and from the site and emissions (although the latter aspect is 


specifically addressed within the Air Environment Section) from the plant. 


A walkover visit in February 2011 noted low-lying vegetation across most 


of the proposed site.  An additional survey was then undertaken in March 


2011 to record and document the species found on the site. The 


vegetation was classified using the DAFOR scale for genera/species 


(dominant, abundant, frequent, occasional, rare) for the site. 


Plants were identified using, ‘Flora of Eastern Saudi Arabia’ by James 


Mandaville (1990), which predominantly examines the flora encountered 


within the Eastern Province, in which the Qurayyah complex is located. 


The book was sponsored by the National Commission for Wildlife 


Conservation and Development and Conservation and Development 


and provides the most detailed commercially available flora information 


available for this region of Saudi Arabia.  


The baseline section therefore identifies the key areas of habitat on the 


QIPP 1 site, which potentially may be impacted indirectly during the 


construction and operational phases.  


12.3 Legal Requirements 


Relevant Environmental Legislation 


Existing laws of Saudi Arabia provide a comprehensive framework of 


legislation under which the Kingdom can fully meet its obligations as a 


signatory to the Convention on Biological Diversity (CBD). In Table 12-1, 


laws are presented in the chronological order in which they were 


promulgated. 


Table 12-1 Promulgated Biological Laws in Saudi Arabia 


Title 
Date of 


Promulgation 


Agricultural and Veterinary Quarantine 1975 
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Regulations 


The Uncultivated Land Act 1978 


The Forests and Rangelands Act 1979 


The Water Resource Conservation Act 1980 


The National Commission for Wildlife 


Conservation and Development Act 


1986 


The Fishing Exploitation and Protection of Live 


Aquatic Resources in the Territorial Waters of 


Saudi Arabia Act 


1987 


The Wildlife Protected Areas Act 1995 


The Wild Animals and Birds Hunting Act 1999 


The Act on Trade in Endangered Wildlife Species and 


their Products 


2000 


Environmental Code 2002 


 


In addition, any assessment of impacts upon terrestrial ecology should be 


made with due consideration to the IFC Performance Standard  - 


Biodiversity Conservation and Sustainable Natural Resource 


Management.  


12.4 SEA Baseline 


The project site and surrounding areas are typical of the dry coastal 


habitat of the Arabian Gulf desert consisting of sandy substrate and 


sparse vegetation.  Significant areas within the Qurayyah complex have 


already undergone considerable disturbance and change due to 


construction activities of the existing powerplants.  
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Table 12-2 View of the QIPP1 site showing the lower dune habitat  


 


 


Table 12-3 Vegetation Analysis and recorded species in the area 


 Lower Dune Upper 


Dune 


Sabkha 


Habitat 


Photo 


Halopyhytic Shrubs and Succulents  


Anabasis setifera 
O O -  


Arthrocnemum glaucum 
- - F  


Halopeplis perfolata - - A Y 


Heliotropium bacciferum O O -  


Limonium axillare - - O Y 


Suaeda vermiculata A F F Y 


Tamarix Arabica - R -  


Tetraena simplex F F -  


Tetraena quatarense 
D D - Y 


Dune Perennials and Annuals  


Arnebia hispidissima 
R O -  


Convolvulus cephalopodus - F - Y 


Fagania sp R O -  


Hippocrepis bicontorta R R -  


Neurada procumbens 
- O -  


Reseda arabica R - -  


Rumex pictus R - -  
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Dominant, Abundant, Frequent, Occasional, Rare 


The following section provides a further description of these areas and 


identifies the species in different habitats. These include Halophytic 


Shrubs and Succulents, Dune Annuals and Perennials, Parasitic Plants and 


Sedges, Reeds and Grasses and shoreline vegetation.  


The terrestrial environment on the proposed IPP1 site consists of a limited 


variety of vegetation, characterised mostly by halophytic shrubs, 


succulents, dune plants, parasitic plants and grasses. All the species can 


be considered common to the Eastern Province, and indeed the Arabian 


Peninsula. None of these species are noted as endangered or 


threatened by the IUCN (International Union for Conservation of Nature) 


with the species prevalent on the arid land of this region.   


Senecio glaucus O O - Y 


Tribulus arabicus R O -  


Parasitic Plants  


Cistanche tubulosa O O - Y 


Cynomorium coccineum - R -  


Edges, Reeds and Grasses 


Cyperus conglomeratus O 


 


O -  


Cyperus jeminicus R - -  


Plantago boissieri - F - Y 


Stipagrostis sp - 0 0  


Grasses indet. - O -  


TOTAL NO. SPECIES 15 19 4  
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12.4.1 Lower and Upper Dune Habitat  


The dune habitat on the site contains the most diverse vegetation of the 


three habitats found on the site. A total number of 34 species (15 for lover 


dune species and 19 for upper dune species) have been identified. 


Desert annuals are able to adapt to their environment and can 


complete their life-cycle from seed to seed production within a matter of 


weeks. The plants take advantage of the cooler winter conditions for 


active growth, spending the summer in the highly tolerant seed state.  


Figure 12-1 Lower Dune Habitat (seaward side) 


 


The plates above show the dune habitat on the QIPP1 site. A long-billed 


pipit (Anthus similis), which inhabits desert and semi-desert regions, is 


identified close to the fenceline (left).  The pipit is known as a passerine 


bird, which forms one the most diverse terrestrial vertebrate orders. The 


plate on the right shows the extent of vegetation coverage across a 


portion of the site. Common succulents species include Suaeda 


vermiculata, Tetraena Simplex and Tetraena qatarnese, common annual 


and perennials include Convolvulus cephalopodus, common sedges 


and grasses include plantago boissieri and cyperus congolmeratus.  
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Figure 12-2 Upper coastal dune habitat (Landward side) with the 


halophytic Chenopad Arthrocnemum glaucum in the foreground 


 


Figure 12-3 Tetraena qatarense 


 


Tetraena qatarense and many halophytic chenopods, use succulence 


as a means of dealing with excess salt in their organs, as this is stored in 


enlarged water-filled vacuoles. The plant is able to shed its leaves when 


the salinity of the substrate increases above a certain threshold level. The 


shrubs then remain dormant for many years, until the next rainfall occurs 


which temporarily dilutes salinity, enabling the shrubs to develop new 


leaves and resume growth. Tetraena simplex and qatarense are 


common species on the site.  







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


361 


Figure 12-4 Convolvulus cephalopodus 


 


Convolvulus cephaloppodus which is endemic to Saudi Arabia is a 


frequent species on the site and is located on the upper dune habitat.  


Figure 12-5 Senecio glaucus 


 


Senecio glaucus is an annual member of the Asteraceae and species of 


the genus Senecio that grows in the desert. 
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Figure 12-6 Parasitic plant Cistanche tubulosa, surrounded by patches of 


grass (Plantago boissieri) 


 


Cistanche is a genus of haloparasitic desert plants in the family 


Orobanchaceae. The plants lack chlorophyll and obtain nutrients and 


water from the host plants roots. The plants are traditionally used as 


medicines and foods in the Far East.  


Figure 12-7 Parasitic Cynomorium coccineum  
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Cynomorium is a leafless parasitic plant that has been identified within 


QIPP 1 and close to the fenceline. The Cynomorium is parasitic on the 


roots of salt-tolerant plants.  


Tetraena qatarense is the host plant of Cynomorium coccineum and 


Cistanche tubulosa and the connection between the parasitic plant and 


the host plant is located a few feet underground as the plant has a 


deep-ranging root system. The visible part of the plant is the 


inflorescence, composed of many small flowers on a 15cm to 30cm tall 


club-like spike. The plant is also known to have herbal properties.  


Table 12-4 Moth recorded on the site 


 


12.4.2 Sabkha 


Saltpans, locally known as sabkha, are found across the site and inland 


for a distance of approximately 5km.  They are characterized by sparse 


halophytes embedded in a crust of evaporite deposits, tidal deposits and 


windblown sediments. Sabkha depressions are usually seasonally 


inundated and form primarily through evaporation of seawater, which 


seeps upwards from the shallow water table. There are often specialized 


fauna of benthic invertebrates as a result of the high salinities and 
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temperatures and a complex microbial community. Although the 


productivity of sabkha is low, their seasonal presence can be significant.  


Plants species associated with sabkha are restricted mainly to the 


margins with the halophytes predominating. The moderately salt-tolerant 


Tetraena qatarense is able to germinate on the sabkha surface after 


heavy rainfall (although not observed on the QIPP1 site), because this 


leads to a temporary reduction in salt concentrations. The species also 


often covers wide expanses in which other species are occasionally 


interspersed.  


The plate below shows areas of sand and silt lying just above the water 


table, which is located at a depth of 0.7m below the surface. Littoral 


areas of sabkha are sparsely vegetated and mostly dominated by 


halophytic succulent plants such as Arthrocnemum glaucum Suaeda 


vermiculata and Limonium axillare.  


Figure 12-8 Coastal habitat showing areas of sabkha on the QIPP1 site 
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Figure 12-9 Halopeplis perfolata 


 


Halopeplis perfolata is an abundant species in the sabkha habitat 


located on the site. It is also one of the most salt tolerant halophytes in 


the Arabian Peninsula. 


Figure 12-10 Limonium axillare 


 


Limonium axillare is a salt-tolerant plant that inhabits that sabkha habitat 


on the QIPP1 site.  
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Figure 12-11 Undesignated sand tracks traverse through sabka flats 


causing unnecessary degradation 


 


The extent of the sabkha vegetation has been disrupted due to the 


presence of ‘sand tracks’ regularly plied by construction vehicles.  


12.4.3 Shoreline Habitat 


The coastline extends a distance of 700m parallel to the proposed QIPP1 


site and demonstrates sandy beaches with accompanying communities 


(mainly halophyte bushes from the families of Chenopodicae and 


Zygophyllacea and grasses (Gramiineae). In some areas, the extent of 


the coastal vegetation has been disrupted due to the presence of ‘sand 


tracks’ along the beach, which are regularly used by vehicles 


(construction trucks and operation vehicles).  


The intertidal zone adjacent to the site is potentially important for 


breeding sea birds and other migratory species flying between Africa 


and Eurasia. The intertidal habitat and species has already been 


discussed in the Marine Chapter. A number of offshore islands in the 


Arabian Gulf waters are also important for breeding although will not be 


further discussed in this report as they are approximately 200km from the 


QIPP1 site and therefore not considered to be of any value to this report.  
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Figure 12-12 A view of the QIPP1 shoreline looking in the direction of the 


BEMCO Camp 


 


Figure 12-13 View of the Shoreline with QPP in the distance 
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Figure 12-14 View of the Shoreline with QPP in the distance 


 


Figure 12-15 Seashells that have washed up on the shore 
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12.5 Assessment of Effects, Mitigation Measures and Residual 


Effects During Construction Phase 


12.5.1 Assessment of Impacts/Effects 


The baseline studies have shown that the site exhibits low biodiversity, 


with little vegetation or fauna and has been adversely affected by the 


proximity to two existing power plants (QPP and QCC) and associated 


worker camps/ laydown areas and high soil salinity. Further site 


clearance, excavation and grading may disturb the fauna and flora on 


or near the site.  


In addition to the preliminary works, construction waste also has the 


potential to impact on the terrestrial ecology of the site. The removal of 


sand due to levelling and grading of the site may reduce the seed bank 


for future growth. Given the low density of flora on the site, construction 


activities can be assessed to be of minor negative significance.  


Salinity of the groundwater in the adjacent areas may be increased by 


the dewatering activities on the site. This is considered to be of minor to 


moderate significance.  


The equipment and machinery used on the site during construction will 


generate fairly high volumes of noise that will disturb fauna and avifauna. 


This can be assessed as of minor negative significance.  


Dust fall during the construction stage would increase due to movement 


of trucks, site excavation and all other preliminary works. This is 


considered to be temporary in nature and of minor negative 


significance.   


Land will be utilised for temporary laydown areas and for the storage of 


construction waste and debris. Given that the land has already been 


adversely affected by the construction and operation of surrounding 


industrial developments, the effect will be of minor negative significance.  
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The coastal ecology survey identified a total of 3 species (mainly 


halophyte bushes from the families of Chenopodicae and 


Zygophyllacea and grasses (Gramiineae) within the coastal shoreline 


area. The construction activities, including the dredging and excavation 


work may pose a threat to these native species. In addition, the extent of 


the coastal vegetation has been disrupted due to the presence of ‘sand 


tracks’ regularly used by the construction vehicles. This is  


Although the species are listed as common, the effect is considered to 


be of minor negative significance.  


12.5.2 Mitigation Measures 


In common with WB/IFC Performance Standard 6 relating to the 


conservation of biodiversity and existing natural resources (SEA for 


Equator Principles projects) and for the site Construction Environment 


Management Plan, the loss of native vegetation should be offset through 


re-vegetation of the site. At the construction stage, the topsoil should be 


removed and stored safely and spread over the site once construction 


has been completed.  


The laydown areas of the site should be minimised in size wherever 


possible, and preferably in areas with little or no vegetation wherever 


possible. The contractor should ensure that no encroachment to the 


nearby land should occur and stick to clearly defined transportation 


routes and construction should be limited to demarcated areas.  


Hazardous materials used during the construction stage should be 


adequately managed, in order to minimise the potential risk of spillage.  


Transportation on and to/from the site will be minimised through efficient 


transport management in order to minimise noise and vehicle pollution. 


Machinery will be therefore be maintained on a regular basis to ensure 


smooth efficient running to control emissions and leakages etc.   


Transport routes will be identified and training will emphasize that 


employees should keep to the designated routes in order to protect the 
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existing vegetation and reduce encroachment on adjacent land, 


reduce dust fall across the site due to the movement of trucks on 


undesignated sand tracks and also protect the visual aesthetics of the 


landscape.  


Signage and careful supervision of contractors should be implemented 


across the site.  


In addition, any labour accommodation facilities should be provided 


which promote fair labour practices in the construction industry. The 


provision of facilities should include dedicated areas for food 


preparation, personal hygiene, healthcare and also provide suitable 


waste management facilities, sewage collection and removal facilities 


and Health, Safety and Security programs. Inspection schedules should 


also be included in the independent audits to ensure that standards are 


achieved and maintained.  


12.5.3 Residual Effects 


The residual impacts following mitigation measures outlined above are 


expected to be of minor negative significance.  


12.6 Assessment of Effects, Mitigation Measures and Residual 


Effects During Operational Phase 


12.6.1 Assessment of Impacts/Effects 


Landscaping incorporating indigenous vegetation into the landscaping 


may have a permanent positive impact on the biodiversity of the area 


by providing suitable habitats for birds and other fauna. Indigenous 


vegetation would also minimise the need for herbicides and pesticides 


and would also reduce irrigation requirements. Replanting of vegetation 


or the seeds retained from the stockpiling of topsoil, would enhance the 


biodiversity of the site as well as improve the visual aesthetics of the site. 


This could potentially also positively affect on the staff living and working 


in the area.  
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The use of non-organic herbicides and pesticides may potentially impact 


on both the groundwater and coastal water quality, may be toxic to 


birds and also impact on the local vegetation, thereby increasing the 


secondary poisoning of non-targeted species. This can be deemed to be 


of minor negative significance.  


Hazardous materials stored and used during the operation stage on the 


site may have the potential for spillage and to contaminate the 


groundwater and/or marine environment. Since the majority of the 


materials are stored in large quantities, there is a potential for an impact 


of moderate negative significance, if the spillages occur on the site.  


The storage of ‘inert’ operational waste, if not properly arranged and 


managed, has the potential to impact on the visual aesthetics of the site, 


impact negatively on the health and safety of the employees and affect 


the fauna and flora in the affected areas. This is considered of minor to 


moderate significance.  


The emissions associated with the power plants may have an impact on 


the terrestrial ecology. This, however, will be discussed in the Air Quality 


Chapter. The impact on the terrestrial ecology can be determined as of 


minor negative significance due to the low biodiversity on the site.  


Undesignated roads along the shoreline could possibly impact on the 


tidal zone ecology, however, since the marine and shoreline biodiversity 


is also low, this can be determined to be of minor negative significance. 


This practice should however be prohibited as contamination from 


vehicle oil leaks can potentially affect marine water quality and marine 


life.  


Since human settlement attracts pests, the health of employees in the 


accommodation facilities can be negatively affected by the spread of 


disease as a result of the inefficient management of vermin and feral 


pigeons. This can be considered to be of minor negative significance.  
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12.6.2 Mitigation Measures 


Although the terrestrial ecology on the site is not of high ecological 


value, it remains important however to consider ways to minimize the 


impact on the site and surrounding area during plant operations.   


Landscaping on the site should include indigenous/native plants that 


have minimum water and fertilizer requirements. In addition, the 


temporary areas used for laydown and storage, should be sclarified if 


compacted, in order for the re-colonisation of native species. An 


integrated pest management plan should be developed which uses 


organic pest management products in preference to large-scale 


pesticides.  


Transport routes on site and training will emphasize that vehicles and 


employees should keep to the designated routes in order to prevent 


unnecessary land encroachment, thus protecting the natural resources 


and reducing dust emissions.  


An efficient waste management plan will prevent inert waste from 


polluting the QIPP1 site and adjacent areas and will also provide options 


for sustainable management of waste. Recycling facilities should be 


provided for staff/residents in order to maximise the re-use and recycling 


of materials and waste.  


Appropriate storage of hazardous materials, should be designed in 


accordance with the IFC and World Bank guidelines, preventing any 


major spillages on the site.  


Since human settlement attracts pests and also has a large impact on 


birds, consideration should be given to developing a plan to manage 


the feral pigeons identified on the site and any other pests attracted by 


the accommodation camps etc.  
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12.6.3 Residual Effects 


Following the mitigation and management techniques outlined above 


and which should be further described in the Operational Environmental 


Management Plan where necessary, the residual impacts are expected 


to be of negligible to minor negative significance. 
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13 Wastewater Management 


13.1 Introduction 


This section identifies the main issues associated with wastewater during 


the construction and operation phases of the proposed Qurayyah IPP1. 


Wastewater would be likely to consist of domestic/sanitary wastewater, 


process wastewater, (oil-contaminated/chemical contaminated 


wastewater) and/or storm water run-off, each of which are assessed in 


this chapter.  


The cooling water discharge that will be generated by the plant is 


assessed in the Marine Environment section.  Some aspects of 


wastewater associated with other sections, including sludge from the 


wastewater treatment plant  (WWTP) are detailed within the hazardous 


and solid waste section. 


The detailed design of the wastewater treatment plant/facilities will be 


undertaken by the EPC in accordance with the PME/IFC wastewater 


discharge standards.  


13.2 Methodology 


The study has been carried out by initially identifying the relevant 


national and international regulations/standards and requirements 


related to wastewater during the construction and operational phases of 


the proposed plant.   At this stage of the SEA, estimates are not yet 


available from the Consortium for wastewater volumes and proposed 


treatment processes. However, the wastewater that will be generated by 


the proposed facility is required to be collected and then treated by an 


appropriate and adequate treatment facility in accordance with the 


national and/or international requirements/standards.   


This section seeks to provide an indication of the main considerations in 


relation to wastewater arising from the proposed facility that the 
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Consortium will ensure are adequately mitigated and will not cause any 


impact to the marine environment.  


13.3 Legal Requirements 


13.3.1 RFP Requirements 


The RFP has specified the permissible limits for the effluent discharging to 


the sea, which the proposed QIPP1 plant is required to comply with. 


These limits are identical to the PME allowable discharge standards 


detailed in the Marine Environment section.   


Further to the permissible effluent limits, the following requirements 


regarding to wastewater and its management associated with the 


proposed QIPP1 have also been specified in the RFP: 


Wastewater system 


A complete wastewater system for the collection, treatment, equalizing 


and discharge is required to be provided by the Consortium, which shall 


include, but not be limited to: 


• Sanitary/domestic wastewater system including all necessary 


sewers, pipes, pumping stations, separate collection system, 


treatment system as well as required equipment for further internal 


use and/or irrigation use; 


• Wastewater collection, treatment and transfer system include: 


o Industrial and process wastewater treatment system including 


separate collection system;  


o System for separate collection and use/discharge of all 


industrial and process waste water streams that comply with 


the corresponding re-use and/or discharge standards; 


o Pre-treatment of the wastewater generated from the pre-


treatment section of the desalination units based on SWRO or 


thermal desalination technology including separate collection 


system and adequate sludge dewatering equipment; 
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o Oily waste water treatment system including separate 


collection system; and 


o Neutralization and detoxification for all waste water streams 


containing chemicals (e.g. chemical storage, boiler blow-


down water, chemical cleaning effluents). 


• Cesspits for remote facilities, vacuum loader for transport of 


sewage to the sewage collecting system (where required); 


• Storm water collection and transfer facilities; 


• Continuous monitoring systems for monitoring the seawater outfall 


prior to discharge of the treated effluents to the sea as specified in 


the Quality Monitoring Systems section of the RFP. 


• The Qurayyah IPP1 plant systems shall allow for the collection and 


treatment of sanitary and process water sewage coming from 


Electrical Special Facilities (ESF) area and buildings, and Fuel 


Connection Facilities (FCF) area. 


 


In addition, the RFP also requires the following in relation to 


wastewater:  


• Wastewater treatment systems shall include an oil drain, a 


chemical drain and a sewage treatment plant; 


• Industrial wastewater should be segregated and treated 


separately from the domestic/sanitary wastewater due to its 


toxicity or inhibitory compounds. Wastewater streams with similar 


contaminants can be combined and treated together; 


• Wastewater should be collected and delivered through sewers or 


pipes. Pipes or sewers shall be made of customary and proved 


materials, and designed adequately in accordance with the 


quantity of the wastewater generated; 


• Sanitary/domestic wastewater should be treated at least by 


screening and primary sedimentation, biological clarification 
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(activated sludge basins), (secondary) sedimentation, and 


disinfection before discharging to the sea. The treated effluents 


should be re-used for irrigation purposes, if required; 


• The sludge from the wastewater treatment plant (WWTP) should 


be either treated or dried for use as fertilizer; 


• Oil separators should be utilised to treat oil-contaminated 


wastewater; 


• All treated effluents can be discharged to the sea subject to 


compliance with the discharge requirements/standards. The 


project is required to demonstrate that their discharge will not 


cause impacts to the marine environment.  


13.3.2 PME and World Bank/IFC requirements  


The permissible discharge parameters of the national (PME) standards 


stipulated in the GER 2001-Environmental Protection Standards, and the 


IFC effluents guidelines specifically indicative for thermal power plants, 


issued in December 2008, must be adhered to for the coastal discharges 


of the proposed IPP plant, where the most stringent of the parameters 


shall be applicable. These permissible values are detailed in the Marine 


Environment Section of this report.  


In addition, the IFC EHS General Guidelines (April 2007) detail further for 


the management of wastewater from the processes and the utilities 


operations, sanitary wastewater and stormwater management. The 


indicative parameters for treated sanitary sewage discharges are also 


specified. Where applicable, these recommended management and/or 


mitigations would be incorporated into the assessment/study. 


13.4 SEA Baseline 


At present, there is no existing sanitary and/or storm water 


collection/treatment facilities in the immediate vicinity of the proposed 


IPP site.  The Consortium for the project is required to provide such 
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facilities to treat the wastewater associated with the proposed plant in 


accordance with the relevant national (PME) and/or World Bank/IFC 


requirements/standards or guidelines.  


Typically, sanitary wastewater from the labourers on-site would be 


generated during the construction period, whilst during the operational 


phase there would be the domestic wastewater from office and plant 


personnel, and oil-contaminated and/or chemical containing 


wastewater that may arise from cleaning or washing purposes.  


With regard to meteorological conditions that generate storm water, the 


Eastern region, like most of the Kingdom experiences low and erratic 


rainfall. Rainfall is sparse with an average annual precipitation of 


approximately 100 mm (4 inches) in many regions of the Kingdom. 


For Eastern region, in particular Dammam where the proposed site lies, 


the average annual rainfall ranges from 60 to 80 mm, according to the 


National Center for Atmospheric Research–Annual Report 2008 (web) as 


shown in Figure 13-1 below.  


Figure 13-1 The distribution of annual rainfall recorded by rain gauges 


across Saudi Arabia. 


 


 


 


 


 


 


 


 


 


Source:  adapted from the National Center for Atmospheric Research,  
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    http://www.nar.ucar.edu/2008/RAL/goal_1/priority_2.php 


Despite the low annual rainfall, an event of heavy rainfall can sometimes 


occur and lead to flash floods particularly in the arid areas. There is a 


small number of sudden events of extreme adverse weather with heavy 


rainfall and flooding which occurs in the Eastern region, according to the 


recent report prepared by a Professor (Dr. Hasanean) of the Department 


of Meteorology, Faculty of Meteorology, Environment and Arid Land 


Agriculture, King Abdulaziz University of Saudi Arabia.  


It should also be noted that, from observations on the site visits, there is no 


noticeable adi passing through or near by the proposed site area. 


Groundwater level largely varies between 0.75m to 8.00m below current 


ground level due to the uneven ground surface of the project site as 


noted in the Soils and Groundwater section.  It is noted in the 


geotechnical study that this groundwater level appears to vary due to 


seasonal variation in rainfall and surface evaporation rates. 
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Figure 13-2 The flow diagram of QIPP1 wastewater system 


 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


382 


 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


383 


 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


384 


13.5 Assessment of Effects, Mitigation Measures and Residual 


Effects During Construction Phase 


13.5.1 Assessment of Impacts/Effects 


During construction the main issues are mainly with regard to storm water   


events and the sanitary waste generated by construction activities on 


site.  


•  Storm water has the potential to run off into areas containing 


hazardous materials and either leach these into the soil or carry 


these off the site, potentially contaminating other areas, 


groundwater, or coastal waters.  However on the basis of the rare 


heavy rainfall and the fact that a small number of rainy days per 


year occurred in this region/area, the storm water run off issue can 


be assessed as minor negative impact prior to mitigation.               


• For the sanitary wastewater, a significant number of workers at the 


peak period of the construction would be likely maximum of 6,000 


people. The number of workers on the site would normally increase 


once the new construction activities commenced. The quantities 


of sanitary wastewater can be estimated approximately of 600 


m3/day assuming an average of 100 litres/person/day. This will be 


generated and stored on-site and at the housing facilities, which 


may cause contamination to soil, groundwater or coastal waters if 


not properly handled/managed.  Prior to mitigation, this can be 


deemed to be of a moderate negative impact. 


• The detailed design of the wastewater treatment plant/facilities 


will be undertaken by the EPC in accordance with the PME/IFC 


wastewater discharge standards.  The EPC have confirmed that 


that the WB/IFC design standards will be achieved prior to the 


treated effluent being mixed with cooling water. The wastewater 


streams generated during the construction phase phase will be 
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monitored as part of the Construction Environmental 


Management Plan (CEMP). 


13.5.2 Mitigation Measures 


During construction, the following mitigation measures will be taken: 


• Chemical toilets will be available on site and septic tanks will be 


installed at the labour accommodation and administration 


buildings. The number of septic tanks will be increased in 


proportion to the increased number of workers on site. These will 


be regularly emptied by a licensed waste contractor and 


transported to an approved Municipal sanitary waste facility off 


site.  The EPC contractor will keep records of these disposals in 


order to give an indication of how quickly they are filling and for 


inspection/surveillance purposes. If possible, tanks with meters on 


them should be utilised.  The septic tanks will be above ground 


where possible, though if buried will have to be placed in secure 


areas where vehicles cannot pass over and possibly rupture them.   


• Site inspections shall be undertaken regularly by the EPC 


contractor to ensure that all wastewater generated is properly 


managed, and no leakages or spillover occur on the site area. 


Immediate action shall be taken if any spillage/leakages of the 


septic tanks occurred.      


• Sludge will be dealt with by a licensed contractor and disposed 


off at a licensed facility.  Sanitary treatment works should be 


contacted prior to construction to ensure they have the capability 


to treat this additional effluent. 


• In common with the IFC EHS Guidelines, effort will be made in 


training employees including all sub-contractors at the site to 


minimise water consumption for ablutions and to ensure an 


understanding of wastewater issues. 
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•  In addition, the EPC contractor shall develop procedures for the 


demobilisation of the septic tanks once the site construction 


phase ended to ensure that appropriate procedures/methods 


would be employed and no contamination to the site area occurs 


during this demobilisation period.   


13.5.3 Residual Effects 


• Following the mitigation measures outlined above, the negative 


impacts resulting from sanitary wastewater during the construction 


phases are minimised to be of minor significance.  


• Storm water, given that sever storm events are uncommon and 


that high levels of run-off will rarely occur, and that hazardous 


materials and wastes on site will be properly stored and spills 


cleared up quickly, the residual impact can be assessed as of 


minor to negligible negative significance. 


13.6 Assessment of Effects, Mitigation Measures and Residual 


Effects During Operational Phase 


13.6.1 Assessment of Impacts/Effects 


The main issues related to wastewater during the operational phase of 


the proposed QIPP1 plant typically are domestic (including sanitary) 


wastewater, oil-contaminated and/or chemical containing wastewater 


and storm water run-off. The potential impacts that may result from these 


issues can be assessed as follows:   


• The number of workers that will be employed on site during the 


operational phase of the plant would be a likely maximum of 150 


people.  Assuming 200 litres/person/day for daily activity used in 


the administration office and the provided accommodations, this 


will generate domestic and sanitary wastewater of approximately 


30 m3/day, a comparatively small volume.  If this wastewater is not 
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collected and treated and is allowed to leach into the ground, it 


can then be deemed to be of moderate negative impact. 


• Industrial process of the power plant facilities or the RO plant will 


generate wastewater from various streams.  Some of these 


streams are likely to contain hazardous components such as oil-


contaminated and/or chemical containing wastewater.  Prior to 


mitigation or being collected and treated appropriately, the 


potential impacts resulting from this type of wastewater can be 


deemed to be of moderate to major negative. 


• Storm water quantities arising from process and non-process areas 


are unavailable at this time given that the detailed engineering 


and configuration designs are being finalised. However, given the 


limited quantities of hazardous materials that will be stored on site 


and the fact that the annual days of heavy rain in this region is 


low, the potential   polluting storm water run-off issue during the 


operational period can be assessed as of minor to moderate 


negative impact prior to mitigation measures. 


• The Operational Waste Streams will remain segregated for pre-


treatment (oily wastewater, chemical wastewater and sanitary 


wastewater) prior to secondary biological treatment to comply 


with the allowable discharge standards of the PME/WB/IFC. 


13.6.2 Mitigation Measures 


Full details of the wastewater collection and treatment systems that will 


be employed during the operational phase of the IPP are not available 


at this stage.  However in order to ensure that all wastewater generated 


from the proposed plant is complied with the national (PME) and/or 


international (World bank/IFC) requirements/standards, the following are 


the mitigation measures needed to be adopted: 


• During operations, the proposed IPP will fully comply with the RFP 


requirements of sanitary waste collection and treatment including 
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necessary sewers, pipes and pumping stations in a separate 


system.   


• Domestic and sanitary wastewater will be collected and treated 


in a wastewater treatment plant (WWTP), which will be provided 


by the EPC contractor for the proposed IPP plant. The WWTP will 


include, but not be limited to, the screen(s), primary sedimentation 


tank, biologic clarification with activated sludge basins, secondary 


sedimentation tank and effluent disinfection prior to discharge into 


the sea or alternatively re-use for irrigation purposes. The discharge 


parameters of the treated effluents must be complied with the 


relevant national and/or international standards/requirements.   


• Process wastewater (oil-contaminated wastewater) will be 


collected and treated separately. Oil separator(s) will be utilised to 


trap the oil waste contents before being transported and disposed 


off site at an approved/ designated disposal facility by a licensed 


specialist operator. 


• Wastewater containing chemicals resulting from various streams 


(e.g. chemical storage, boiler blow-down water, chemical 


cleaning effluents) will be pre-treated by neutralization and/or 


detoxification prior to being collected and treated at the WWTP 


on site. This will ensure the treatment process will function properly 


and the effluent discharges comply with the relevant standards.  


• All wastewater is envisaged to be treated in the wastewater 


collection systems/treatment facilities, and that they will undergo 


neutralisation and detoxification and will, when in compliance 


with effluent discharge parameters, be discharged to the sea, or 


to be re-used for irrigation purpose, if required.  


• Although storm water run-off is an infrequent event, storm water 


collection system (e.g. holding pits) shall be designed and installed 
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for collecting the run-off, particularly for the first 30mm of rainfall 


from storm events. 


• Continuous monitoring systems shall be employed for monitoring 


the quality of the effluents to ensure that they comply with the 


permissible discharge limits prior to discharge to the sea, or are 


within the re-use requirements for irrigation purpose.  


13.6.3 Residual Effects 


Following the implementation of the mitigation measures detailed above 


(including RFP requirements), it is expected that the residual impacts may 


be assessed as the following: 


• Given that all domestic/sanitary wastewater generated on site will 


be collected and treated by an appropriately and adequately 


sewage treatment plant as well as sludge treatment facility will be 


built on site, the residual impact can therefore be deemed to be 


of minor to negligible negative significance. 


• Similarly, given the process wastewater (oil-contaminated 


wastewater) will be collected and treated separately with 


appropriate means (e.g. oil-separators), and disposed off site by a 


licensed specialist operator, the residual impact of process water 


can be assessed as of minor negative significance. 


• Following the mitigation described above particularly the pre-


treatment (neutralisation and detoxification) for the chemical 


containing wastewater prior to be treated in the WWTP on site, the 


residual impact of this type of wastewater can be deemed to be 


of minor negative significance.  


• A storm water drainage system will be appropriately designed and 


hazardous materials and wastes will be suitably stored in secure 


areas. Therefore the residual impact can be assessed as of minor 


to negligible negative significance. 
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14 Transportation Impacts 


14.1 Introduction 


This chapter of the SEA Report focuses upon the transportation related 


impacts associated with the development and operation of the 


Qurayyah IPP facility. It looks initially at the baseline transportation 


infrastructure in place within the region in which the site lies, particularly 


that within its immediate vicinity, and also at site access arrangements. 


The second stage of analysis goes on to consider any potential 


development-related impacts arising during the various stages of the 


project life-cycle. Where necessary and possible, opportunities to pursue 


measures to minimise and/or mitigate any impacts have been 


developed and put forward.  


14.2 Methodology 


The baseline analysis of this chapter is principally desk-based, drawing 


from secondary sources such as the Saudi Ministry of Transportation, the 


Ministry of Municipalities and Rural Affairs, relevant local municipalities, 


and the operators of key elements of infrastructure. Wherever necessary 


and possible, this secondary data has been supplemented with 


observations made during site and local area surveys undertaken by the 


consulting team. Details of site access arrangements are taken from 


available information on the layout of the site.  


Once the baseline conditions have been established, the impact of the 


development on the surrounding transport infrastructure is then assessed. 


This has been a predominantly desk-based activity but draws upon 


observations made during visits to the development area. As the 


development will have differing impacts throughout the life-cycle of the 


project, the analysis reflects the key development stages of Construction; 


Commissioning; Operation and Decommissioning.  
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The analysis in this chapter relates primarily to primary transport impacts, 


that is, demands placed on transportation infrastructure by the 


development. Issues relating to secondary impacts arising from the 


transportation needs of the development, such as Noise, Vibration and 


Air Quality, are dealt with separately in the relevant sections of this report. 


14.3 SEA Baseline 


The scale of the Kingdom (±2.2 million km2 in area - ranked 14th globally) 


and its consequently low density of population (11 people km2 - ranked 


205th globally) dictate that adequate provision of transport infrastructure 


is a significant challenge. The rapid development of the nation’s 


economy in recent years has both been assisted by, and given rise to, 


greater investment in infrastructure. This baseline information section 


provides a summary of both existing transportation infrastructure and the 


infrastructure, which is at an advance planning stage, with a focus on 


the immediate vicinity of the site and the wider region. An overview of 


the site access arrangements is also given in this section.  


14.3.1 Road Network 


The primary point of vehicular access to the site will be via a simple 


priority junction with an access spur built to the main road to the west of 


the site, with the existing pipeline running in culvert at the point of 


intersection with the main road. A secondary access road will lead from 


the roundabout to the southwest of QCC to the QIPP area, also providing 


access to the site installation area. 


The main road in the vicinity of the site is a surfaced single-carriageway 


offering access to areas north and south of the site. To the north of the 


site the road offers linkage to feeder roads to the north and west. These 


offer onward access to the 617 coastal road to the Dammam - Khobar 


area. Access to the east is to National Highway 10, which offers further 


access to Dammam - Khobar as well as points to the southwest. Highway 
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10 offers further linkage to Highway 40, offering access to Riyadh, and to 


Highway 85, which provides onward linkage to Qatar and the UAE.  


14.3.2 Port Facilities 


The primary point of entry for goods being shipped to the site is likely to 


be King Abdulaziz Port in Dammam, the Kingdom’s principal Gulf port, 


situated approximately 110km to the north of the site. The port offers 39 


berths, covering a range of discharge options including for General 


Cargo, Ro/Ro, and Container vessels. Further port facilities are available 


at King Fahad Industrial Port in Jubail.  


Should specialist loading equipment not available in the Kingdom be 


required, it is possible to access the site by road from the region’s largest 


shipping hub at Jebel Ali, in the UAE.  


14.3.3 Air Transport 


Air linkage in the vicinity of the development is provided by King Fahd 


International Airport in Dammam. Handling approximately 4.5 million 


passengers annually the airport also offers access to regional markets, as 


well as limited direct access to key markets in Europe, the United States, 


and Asia. The airport also provides important migrant labour links with 


flights to the Indian sub-continent and Southeast Asia. Additional air 


service in the vicinity of the site is available from Bahrain International 


Airport, which offers more a more extensive network of both regional, 


Asian, and European destinations.  


14.3.4 Public Transport 


The provision of public transport services in the Kingdom falls under the 


remit of the Saudi Public Transport Company (SAPTCO). This currently 


focuses upon services linking major urban areas within the Kingdom and 


internationally and with providing urban services within the key centres of 


Riyadh, Dammam, Jeddah, Mecca, and Medina. There is no evidence of 


public services operating within the immediate environs of the site.  
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Despite the lack of public service, a significant proportion of workers will 


access the site using private buses provided by the developer/operator 


and its contractors. As such, the lack of public transportation options for 


the development is unlikely to impact upon the means of access to the 


site to any significant degree.  


14.4 Assessment of Effects, Mitigation Measures and Residual 


Effects During Construction Phase 


14.4.1 Assessment of Impacts/Effects 


It is anticipated that a principal transport impact during the construction 


phase will arise from the transportation of workers to and from the 


development site.  


A further transport impact during the construction phase will arise from 


the transportation of materials and waste products to and from the 


development site, which will involve a trip of a minimum of 100km from 


suppliers in the Dammam - Khobar area. The distance of the site from a 


major seaport means that bulky goods will have a journey of over 100km 


to reach the site with potential to cause disruption to highway activity 


over this route.  


14.4.2 Mitigation Measures 


During the construction phase it is anticipated that a significant majority 


of workers will be housed in dedicated accommodation provided by the 


various sub-contractors. Where necessary, this will be linked with the site 


during shift change periods by private buses. The provision of worker 


buses will significantly reduce the number of vehicles accessing the site 


during these periods. More senior personnel are likely to continue 


accessing the site by private motor vehicle.  


Given the highway capacity availability witnessed during site visits, it is 


not anticipated that the incremental traffic volumes associated with 
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workers travelling to the development will have a significant detrimental 


impact on the local highway network.  


As noted in the environmental terms of reference provided by bidders, 


there are “no highly sensitive features near any of the access roads to 


the site” hence disruption in the immediate vicinity is unlikely to be 


significant.  


For non-outsize loads, from the highway capacity availability witnessed 


during site visits, and the likely time spread of flows to and from the site, 


we do not anticipate that the incremental traffic volumes associated 


with these materials being transported and from to the development will 


have a significant detrimental impact on the local highway network.  


For outsized loads, responsibility for the shipment will be outsourced to a 


specialist transportation contractor, who will be tasked with analysing 


optimum routings and with minimising the disruption resulting from the 


shipment.  


14.4.3 Residual Effects 


It is envisaged that the potential impacts during the construction phase 


will be temporary and of minor negative significance. 


14.4.4 Commissioning Phase 


No significant specific impacts have been identified for this phase.  


14.5 Assessment of Effects, Mitigation Measures and Residual 


Effects During Operational Phase 


14.5.1 Assessment of Impacts/Effects 


A key transport impact during the operational phase will arise from the 


transportation of materials to the site and associated flows of waste 


products from the development. 
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A further impact during the operational phase will arise from site 


personnel travelling to and from the development site. 


14.5.2 Mitigation Measures 


The primary flow of material into the site will be of fuel for the power 


plant, which will be delivered via the proposed pipeline facilities during 


normal operations. In the event of interruption to the primary fuel source, 


diesel will be delivered to the plant via road tanker. With design capacity 


to process a minimum of 4 tankers at any one time, the level of inbound 


traffic is judged unlikely to reach levels, which will place significant strain 


on the local highway network. Given the limitation on use of the 


secondary fuel supply to a maximum of 10 days per year no specific 


mitigation is proposed in relation to this. No other significant generator of 


inbound material is anticipated.  


Waste flows from the site will, however, require frequent outbound road 


transportation. It is not anticipated that these flows will place any 


significant intensity of demand on the highway network. Nonetheless, 


wherever possible waste removal will be scheduled to take place outside 


of peak periods and be routed so as to minimise disruption to the local 


populace. 


The use of significant automation within the plant will reduce the level of 


personnel required during the operational phase from that seen during 


construction. During the operational phase it is planned that workers will 


be housed in an extension to the existing residential compound housing 


SEC personnel. It is anticipated that the QIPP 1 residents will increase the 


population of the compound by approximately 20-25%. Based on our 


observations of highway capacity availability during our site visits we do 


not anticipate that the incremental traffic volumes associated with 


personnel accessing the development will have a significant detrimental 


impact on the local highway network. 
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14.5.3 Residual Effects 


It is envisaged that the residual impacts upon the transportation 


environment will be of minor negative significance. 


14.5.4 Decommissioning Phase 


The transport network at the time of decommissioning of the site is largely 


indefinable and likely to be significantly different from that which is 


currently in place. Therefore no transport impacts have been identified 


for this phase. 
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15 Noise and Vibration  


15.1 Introduction 


Noise is considered to be one of the key issues that may result from the 


construction and operation activities associated with the proposed IPP 


development, whilst vibration may be generated by construction 


equipment during the construction period.  


This section considers the potential effects associated with the 


generation of noise and vibration during the construction and 


operational phases of the Qurayyah IPP1 plant. It includes the results of a 


baseline noise survey, which was undertaken to establish the existing 


ambient noise levels in the proposed site.  Noise modelling has been 


undertaken as part of the acoustic design assessment, which includes 


noise abatement recommendations. The IPP1 plant was modelled using 


Cadna/A! Software programme developed for power plant 


applications. The potential impacts are assessed, mitigation measures 


considered and the residual impacts reported. 


15.2 Methodology 


The study has been carried out by initially identifying the relevant 


national and international standards and requirements relating to noise 


during the construction and operational phases. A baseline survey of 


ambient noise levels in the vicinity of the proposed IPP site was carried 


out in April 2011. The effects of the likely construction activities and the 


operation phase noise generation have been assessed against the 


permitted standards, and the impacts on nearby receptors (offsite) and 


on workers at the plant noted. The development of a noise model was 


undertaken by acoustic specialist on behalf of the EPC with the specific 


objectives: 
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! To develop an analytical noise model of the IPP1 facility to 


predict future plant sound levels during both steady state and 


transient (start-up) operation; and  


! To determine from the analysis what noise abatement 


technologies might need to be incorporated into the plot to 


comply with RFP, WB/IFC standards. 


Mitigation measures are then applied and the residual impacts on 


receptors outside the site and workers at the site concluded. 


15.3 Relevant Legislation/Requirements 


15.3.1 Construction Phase: Noise and Vibration 


In the absence of Saudi Arabia standards or requirements for the 


assessment of construction noise and vibration levels, reference has been 


made to British Standards and the IFC EHS guidelines-Occupational 


Health and Safety regarding to noise exposure limits issued in April 2008, 


and relevant guide notes. 


Predicted construction noise and vibration levels can be assessed 


against the guidelines detailed in British Standard (BS) 5228: 2009: ‘Code 


of practice for noise and vibration control on construction and open 


sites: Parts 1 to 2’ and the Transport Research Laboratories (TRL) Report 


429: ‘Ground-borne Vibration from Mechanised Construction Works’.  BS 


5228-2: 2009 advises on a number of factors that are likely to affect the 


acceptability of construction noise including site location, existing 


ambient noise levels, the duration of site operations, hours of work, 


attitude of the site operator and finally vibration characteristics and its 


effect on adjacent buildings.  


In addition to the above guidelines, the IFC- EHS- Occupational Health 


and Safety (April 2008) has set out the noise limits for different working 


environments considering the employees’ occupational health exposed 


to noise. These limits are present in Table15.1 below. 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


399 


Table 15-1 IFC-Noise limits for various working environments 


Location/Activity 
Equivalent level 


(LAeq, 8-hour) (dBA) 


Maximum  


LAmax, fast (dBA) 


Heavy industry (no 


demand for oral 


communication) 


85  110 


Light industry 


(decreasing demand 


for oral 


communication) 


50-65 110 


Open offices, control 


rooms, service counters 


or similar 


45-50 - 


Individual offices (no 


disturbing noise) 


40-45 - 


Classrooms, lecture 


halls 


35-40 - 


Hospitals  30-35 40 


 


Furthermore, the following requirements have also been specified in the 


IFC EHS noise guidelines: 


! No employee should be exposed to a noise level greater than 85 dB 


(A) for duration of more than 8 hours per day without hearing 


protection. In addition, no unprotected ear should be exposed to a 


peak sound pressure level (instantaneous) of more than 140 dB(C).  


! The use of hearing protection should be enforced actively when the 


equivalent sound level over 8 hours reaches 85 dB (A), the peak 


sound level reaches 140 dB(C), or the average maximum sound level 


reaches 110 dB (A). Hearing protective devices provided should be 


capable of reducing sound level at the ear to at least 85 dB (A). 


! For every 3 dB (A) increase in sound levels, the allowed exposure 


period or duration should be reduced by 50%. 
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! Where feasible, use of acoustic insulating materials isolations of the 


noise source and other engineering controls should be investigated 


and implemented prior to the issuance of hearing protection devices 


as the final control mechanism. 


! Medical hearing checks on workers exposed to high noise levels 


should be performed periodically. 


Following this IFC guidelines described above and on the basis of the 


absence of the national noise limits/requirements, an 8-hour the 


equivalent sound level of not greater than 85 dB(A) or the peak sound 


level of not more than 140 dB(C) can be used as the indicator for 


controlling noise levels where a significant noise impact may be 


registered during the construction periods of the proposed plant.  


In respect of vibration, levels from construction activities, these levels are 


vary dependent on ground conditions, underlying geology and upon the 


foundations and construction of the building.  It is stated within BS 5228-


2:2009, that the threshold of vibration perception for humans is: 


‘….typically in the peak particle velocity (PPV) range of 0.14 mm/s to 0.3 


mm/s at frequencies between 8Hz to 80Hz.  Vibrations above this value 


can disturb, startle, cause annoyance or interfere with work activities.  At 


higher levels they can be described as unpleasant or even painful’. 


Also in respect of human response to vibration, BS 6472: 2008 ‘Guide to 


the Evaluation of human exposure to vibration in buildings’ provides 


guidance on predicting human response to vibration in buildings over 


0.5Hz to 80 Hz. The assessment of the response to vibration in this 


guidance is based on the vibration dose values (VDV) expressed in 


m/s1.75 and weighted acceleration at which varying degrees of adverse 


comment may be expected. These values are present in Table 15.2, 


reproduced below. 


Table 15-2 Vibration dose values (VDV m/s1.75)   


Place Low probability Adverse Adverse 
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of adverse 


comment 


comment 


possible 


comment 


probable 


Residential buildings 


– 16hr (daytime) 


0.2 - 0.4 0.4 - 0.8 0.8 - 1.6 


Residential buildings 


– 8hr (night time) 


 0.1 - 0.2 0.2 – 0.4 0.4 – 0.8 


 


However, for construction it is considered more appropriate to provide 


guidance in terms of the PPV, since this parameter is likely to be more 


routinely measured based upon the more usual concern over potential 


building damage, according to BS 5228-2:2009. Table 15.3 below gives 


guidance on the effect of varying vibration levels. 


Table 15-3 Guidance on effects of vibration levels 


Vibration Level 


(mm/s) 
Effect 


0.14 Vibration might be just perceptible in the most 


sensitive situations for most vibration frequencies 


associated with construction. At low frequencies, 


people are less sensitive to vibration. 


0.3 Vibration might be just perceptible in residential 


environments. 


1.0 It is likely that vibration of this level in residential 


environments will cause compliant, but can be 


tolerated if prior warning and explanation has been 


given to residents. 


10 Vibration is likely to be intolerable for nay more than a 


very brief exposure to this level.  


 


In the respect of building damage, BS 7385 Part 2: 1993  ‘Evaluation and 


Measurement for Vibration in Buildings – Guide to damage levels from 
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ground borne vibration’ sets limits for transient vibration from which 


cosmetic damage could occur, presented in Table 15.4 below.  


Table 15-4 Transient vibration guide values for cosmetic damage 


Peak component particle velocity in 


frequency range of predominant 


pulse Type of building 


4 Hz to 15 Hz 15 Hz and 


above 


• Reinforced or framed 


structures 


• Industrial and heavy 


commercial buildings  


50 mm/s at 4 Hz and above 


• Unreinforced or light framed 


structures  


• Residential or light 


commercial buildings  


15 mm/s at 4 Hz 


increasing to 20 


mm/s at 15 Hz 


20 mm/s at 15 Hz 


increasing to 50 


mm/s at 40 Hz 


and above 


15.3.2 Operational Phase 


Although there are currently no Saudi Arabian national noise 


limits/standards, the General Environmental Law and Rules for 


Implementation 1422 H (15 October 2001) or GER 2001 issued by PME - 


Article 13 stipulates that anyone commencing production, services or 


other activities must take the necessary precautions to achieve the 


following requirements: 


! Limit noise, particularly when operating machinery and equipment 


and using horns and loudspeakers, which should not exceed the 


environmental standard limits set forth in the Rules for Implementation.   


! Coordinate and cooperate with the concerned Agency to develop 


and implement environmental standards, criteria and guidelines for 


noise pollution and employ best practicable means to control and 


reduce the noise. 







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


403 


! Use technologies and equipment with low noise levels in new projects 


and upgrade technologies and equipment used in existing activities 


in order to attain allowable noise levels. 


With regards to the World Bank-IFC guidelines, noise management 


criteria  related to levels at a receptor outside the property boundary of 


a facility is defined as ‘any point on the premises occupied by persons 


where extraneous noise and/or vibration are received’. 


It is also stated within the IFC EHS Noise Level Guidelines that noise 


impacts should not exceed the levels presented in Table 15.5, 


reproduced below, or result in an increase in background levels of more 


than 3 dB(A) at the nearest off-site point of reception. 


Table 15-5 IFC-EHS Noise Level Guidelines 


Maximum allowable log equivalent (hourly 


measurements) in dB (A) 
Receptor 


Day (07:00 – 22:00) Night (22:00 – 07:00) 


Residential, institutional, 


and educational 


55 45 


Industrial, commercial 70 70 


In addition, IFC further specifically provides the recommendations to 


prevent, minimize and control occupational noise exposures in thermal 


power plants, including: 


• Provision of sound-insulated control rooms with noise levels below 


60 dBA; 


• Design of generators to meet applicable occupational noise 


levels; 


• Identify and mark high noise areas and require that personal noise 


protecting gear is used all the time when working in such high 


noise areas (typically areas with noise levels >85 dBA). 
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Further to the requirements regarding to noise levels mentioned above, 


the RFP sets the maximum permissible noise levels, which the Project is 


required to comply with as shown in Table 15.6 below.  


Table 15-6 The RFP’s permissible noise levels  


Location 


Maximum allowable 


limits for noise level 


(dBA) 


At 1m inside the Plant fence as well as 1m outside 


the ESF fence (when all equipment running- 


excluding background noise emitted by others in 


the neighborhood) 


65 


At 1 m away from open air installations 85 


At 1 m distance from any equipment inside turbine 


buildings 


! ST Building 


90 


At 1 m distance outside buildings 85 


Within the Central Control Room (CCR) 50 


Within other machine rooms and workshop 85 


 


In addition to the above permissible noise levels, the following 


requirements have also been specified in the RFP: 


•  Noise attenuation features should be utilised by the Plant where 


appropriate in order to meet the above noise level requirements; 


• Silencers or lagging or specially designed acoustic enclosures shall 


be used for machinery where noise levels exceed the noise 


permissible limits; 


• Movable/temporary noise barrier facilities should be installed 


between the GT and/or ST unit to be overhauled and the neighing 


unit still in operation in order to facilitate acceptable working 


conditions during Early Power Periods and a major overhaul; 


• All areas located within turbine buildings(s) must be labelled as 


“High Noises Zone” for all doors/gates, and “Keep out of the 


building without ear plugs”. 
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15.4 Baseline Conditions 


In order to determine the preliminary baseline noise levels at the site 


boundary of the IPP, an environmental noise survey was undertaken in 


the morning and afternoon of 5th April 2011.  


During this survey, noise measurements were conducted at four locations 


that are representative of the perimeter boundary of the IPP site, using a 


Cirrus CR: 811C sound level meter (S/N D20575FD), which had been UKAS 


calibrated. 


The noise monitoring details are listed in Table 15.7 and shown in Figure 


15.1 below:  


Table 15-7 Noise sampling locations 


Noise 


station 
Location 


Sampling 


Time 
GPS location UTM   


N25 84165 25° 50' 29.940" N 


Noise-1 


Eastern IPP 


boundary 


adjacent to 


shoreline 


11:45 
E 050 13218 50° 7' 55.848" E 


N25 84306 25° 50' 35.016" N 


E 050 12719 50° 7' 37.884" E Noise-2 


Near the 


northern IPP 


boundary 


13.00 


Elevation = -3m  


N25 83881 25° 50' 19.716" N 


E 050 13256 50° 7' 57.216" E 
Noise-3 


BEMCO 


accommoda


tion 


(adjacent to 


IPP shoreline) 


14:00 


Elevation = 2m  


N25 83652 25° 50' 11.472" N 


E 050 12200 50° 7' 19.200" E 


Noise-4 


Western 


boundary 


adjacent to 


contractor 


(BEMCO) 


camp 


14:45 


  
Elevation =  -1m   
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Figure 15-1 Locations of noise survey 


 


The summary of the results of the noise survey is present in Table 12.8 


below. 


Table 15-8 - Noise Measurement results 


Measured Noise Level   
Noise station 


LAeq, dB (A) LCpeak, dB (C) 


1  54.37 87.3  


2  52.4  93.9 


3  53.9  96.1 


4  64.5 105.0  


 


The results indicate that the current environmental noise levels of the 


equivalent continuous sound pressure level (LAeq) at the four locations 


vary from 52 to 65 dB (A).  The maximum value of the C-weighted sound 


pressure level (LCpeak) ranges from 87 to 105 dB. The highest noise levels 


occurred at location 4, where background noise due to generators, was 


recorded adjacent to BEMCO contractor camp.  
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15.5 Assessment of Effects, Mitigation Measures and Residual 


Effects During Construction Phase 


15.5.1 Assessment of Impacts/Effects 


At this stage of the project there is limited information on the proposed 


site preparation and construction methodologies that will be used by the 


appointed contractor.  Construction activities, however, that are likely to 


take place on the site will, include the following:   


• Site preparation - Site preparation may involve back-filling, 


levelling and grading and the removal of made ground in areas 


where foundations are to be installed. It is assumed that these 


activities will require the use of dozers, excavators and muck-away 


lorries.   


• Civil Works –It is assumed that piles will be required to construct 


building and plant foundations during this phase.  In the absence 


of detailed information on construction methodologies it is 


assumed that impact piles may be required. 


• Construction and Installation - This phase of works is assumed to 


involve the casting of reinforced concrete slabs ‘in-situ’, 


blockwork, steel/scaffold erection and the installation of plant etc.  


It is assumed that these works will require the use of concrete truck 


mixers, compressors, generators, heavy lifting equipment 


(including cranes) and hand tools.   


• Drainage and road paving - This stage of the works will comprise 


of several operations that will likely include excavation for and 


laying of drainage pipes and road surfacing.   


The closest developments to the Qurayyah IPP1 site are the BEMCO 


camps, which provide temporary accommodation for the EPC 


contractor for the QCC expansion phase. One is adjacent to eastern 


boundary IPP shoreline and another camp is on the other side of the 
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road to the west of the IPP site (existing daytime background noise levels 


54-65 dBA). 


The other existing developments located within 5 km from the IPP site are 


the QCC plant located less than 1km to south, the QPP plant and SEC 


community camp approximately 2 km to the north, and Saudi Aramco 


Seawater Injection and Treatment Pant located approximately 5.5 km to 


the north of the proposed IPP site. 


In the absence of the specific construction methodologies and 


information on type, number, location and duration of operations of 


major noise sources at the construction site, it is difficult to quantify 


impacts on noise levels during construction. It is however likely that at 


certain locations close to major noise sources, noise levels would be in 


excess of 85 dB(A), for which ear protection would be required for the 


personnel on site. Prior to the mitigation measures, this can be deemed 


to be of moderate to major negative impact. 


With regards to the ambient noise levels, since noise is attenuated by 


distance, the construction activities on site are unlikely to affect the 


offsite ambient noise levels significantly. As such the effect of noise on the 


nearest potential receptor (the workers at the BEMCO camp) would be 


minimal, particularly in the daytime when the camp is unoccupied. This 


can be assessed as a minor negative impact. 


15.5.2 Mitigation Measures 


The following measures will be considered where appropriate and will be 


implemented throughout the construction of the Qurayyah IPP1: 


• Activities with highest noise emissions will be undertaken during 


daytime hours between Saturday and Thursday and not during 


official holidays. 


• Diesel engine vehicles and compression equipment will be 


equipped with effective silencers.  
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• Electrically powered plant will be preferred, where practicable, to 


mechanically powered alternatives.  All mechanically powered 


plant should also be fitted with suitable silencers. 


• Where appropriate, bored piling techniques will be considered in 


preference to impact piling.   


• Delivery vehicles should be prohibited from waiting within or near 


the site with their engines running. The movement of heavy 


vehicles during the night will be avoided wherever practical.  


• Independent noise monitoring will be undertaken as appropriate 


to demonstrate that noise levels at the site boundary are 


acceptable and within the RFP specified limits. 


• Items of plant on site operating intermittently will be shut down in 


the intervening periods between uses. 


• The contractor and their sub-contractors will, at all times, carry out 


all work in such a manner as to keep any disturbance from noise 


and vibration to a minimum. 


• Where appropriate, noise barriers /attenuation to be employed 


(e.g for generators) to ensure that the maximum noise level at 1 m 


distance from a single source will not exceed 85 dB(A). 


• Where noise levels exceeds 85dB(A) noise protection devices shall 


be provided to personnel on-site.  


15.5.3 Residual Effects 


Following the mitigation measures outlined above, the negative aspects 


resulting from noise during the construction phases are minimised to be of 


minor/neutral significance 
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15.6 Assessment of Effects, Mitigation Measures and Residual 


Effects During Operational Phase 


15.6.1 Assessment of Impacts/Effects 


Modelling of the noise emissions from each of the Siemens-Westingheure 


F class turbines has been derived from measurements at similar 


combined cycle power plants over 20 years (for details see Appendix 6-


Noise Modelling). 


The results of the baseline noise model, which assesses the QIPP1 plant for 


full load, steady state operation are illustrated in Plot 1. This shows that 


the 65dBA sound contour does not exceed beyond the plant fence 


indicating that the facilitiy is expected to comply with the RFP standard 


without any special or non-standard acoustic improvements. However, 


several measures are proposed to ensure full compliance. It is noted that 


the nearest temporary BEMCO camps to the south and west would 


experience noise levels of 45- 47 dBA (although they are likely to have 


been removed prior to operation of IPP1). The SEC Community Camp 


5.5km to the north would be <45dBA. 


Noise modelling of start-up operarions has also been undertaken and 


noise plots (See Plot 1, Plot 2 and Plot 3 below) are shown for 


unattenuated and attenuated noise conditions. These scenarios 


demonstrate the need for mitigation measures, which are detailed in the 


following section. 


The external sound level due to the facility operation at the 


administrative building will not cause the sound level inside the control 


room to exceed the permissible level of 50dBA (ref: IFC 8-hour exposure in 


open office and control room of 45dbA). 
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Figure 15-2 Plot 1 Predicted Sound Contours (dBA) of Baseline Plant Operating at Full Load 
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Figure 15-3 Plot 2 – Predicted Sound Contours (dBA) of the Baseline Plant During Start-up of the Northern Power Block 
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Figure 15-4 Plot 3 – Predicted Sound Contours (dBA) of Attenuated Plant During Start-up of Northern Power Block 
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15.6.2 Mitigation measures 


With regard to normal operation, the following mitigation is 


recommended:  


! Acoustically lag the fuel gas pressure reducing valve bodies 


and all above ground downstream pipin got avoid excessive 


noise at the nearby northern fence line. 


! Specify all equipment, except the steam turbine and 


generator, to limit near field noise to 85dBA at 1m. 


! Specify the STG at 90 dBA at 1m. 


! During transient (start-up) operation: however, the potential 


exists for facility noise to greatly exceed the RFP noise limits. A 


number of common start-up noise sources can easily produce 


extremely high noise levels if left untreated. A set of mitigation 


recommendations and silencer performance specifications are 


given that should allow the plant to generally maintain 


compliance with the RFP noise limits during start-up. More 


specifically: 


! The HRSG blowdown tanks on all 6 units should be fitted with 


silencers. 


! The HRSG blowdown tanks on at least the northernmost 3 units 


should be acoustically lagged.  


! The steam turbine area drain tank should be located inside the 


ST building and its atmospheric vent should be fitted with a 


substantial silencer. 


! If an SJAE is used for hogging, the system should be located 


inside the ST building and its atmospheric vent should be fitted 


with a substantial silencer. Use vacuum pumps for hogging, if 


possible.  







 


Qurayyah IPP 1 Social and Environment Assessment Final Report  


June 2011  


415 


! Locate the steam turbine bypass valves inside the ST building 


and not outside on the exposed piperacks. 


! Drag valves are recommended for the HRH, HP, IP and LP vents 


on each HSRG at 90 dBA at 1m to avoid excessive noise if 


these will be regularly used during normal start-ups. The lead-in 


lines to these silencers may need to be acoustically lagged on 


a retrofit basis if these vents are frequently used during start-up.  


15.6.3 Residual Effects 


Following application of the above mitigation measures it is considered 


that operational noise impacts will remain of minor negative/neutral 


residual significance at the site boundary. 
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16 Cultural Heritage and Archaeology 


16.1 Introduction 


This chapter considers the impacts and effects associated with the 


construction and operational phases of the proposed QIPP1 on the cultural 


heritage and archaeology in the Qurayyah area.  Where appropriate, 


measures to mitigate potential risks to cultural heritage and archaeology will 


be considered with both phases are outlined within this section.  


The environmental standards and guidelines for Saudi Arabia (PME), the 


World Bank (WB) and International Finance Corporation (IFC) will be 


considered in the assessment within this chapter. 


No readily available information suggests that the project site contains 


any significant archaeological or cultural features and observations 


during the initial site visit, did not reveal any findings. The Preliminary 


Environmental Assessment undertaken at the initial stages of the project 


(WSP), did not reveal any findings of significance and suggested that 


Cultural Heritage be closed out at the Scoping Stage. In addition to this, 


EIA reports from adjacent sites also indicated that there are no artifacts 


or relics have been uncovered and none were reported during the 


construction stage.  


However, this report provides an overview of existing information and 


provides guidelines regarding artifacts being unearthed during the 


construction phase.  


16.2 Methodology 


The cultural heritage and archaeological assessment has included a 


desk-based review of relevant documentary evidence, a baseline 


walkover survey on the Project site and surrounding area and 


consultations with the relevant ministry.  
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Local and international law, regulations and standards have been 


reviewed and the assessment on this chapter has been done according 


to the relevant guidance.  


In accordance with the Equator Principles’ requirements for projects 


located in non-OECD countries (as defined by the World Bank 


Development Indicators Database), the assessment referred to 


applicable International Finance Corporation’s (IFC) Performance 


Standards on Social and Environmental Sustainability.  In accordance with 


this, the assessment in this chapter has been made with due consideration of 


Performance Standard 8 – Cultural Heritage. 


16.2.1 Consultations  


Consultation with archaeological departments and the Saudi Arabian 


Cultural Ministry have been undertaken during the SEA in order to obtain site-


specific advice.  Following are the main activities / results of the consultation:  


! Telephone consultations with the General Manager of Antiquities and 


Museums from both Riyadh and Dammam offices; 


! Formal letter to the Deputy Minister of Antiquities and Museums in 


Dammam requesting archaeological information in the area of the 


project and the adjacent areas (see Appendices). 


16.2.2 Desk-Based Study 


A desk-based study has been carried out in accordance with, and taking 


into consideration, the IFA Standards and Guidelines for Archaeological 


desk-based assessment published by the Institute of Field Archaeologist in 


the UK (Revised Version – September 2001 – See Appendices).   


The purpose of conducting the desk-based assessment is to gain information 


about the known or potential archaeological resources within a given area 


or site (including the presence or absence, character and extent, date, 


integrity, state of preservation and relative quality of the potential 


archaeological resource).  The desk-based study consisted of the collation of 
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existing written, graphic, photographic and electronic information in order to 


identify the likely character, extent, quality and worth of the known or 


potential archaeological resource at the Qurayyah site at the local, 


regional, national and international context.  


Following are the information and guidance that has been gathered and 


used in order to complete the assessment:  


! Standards and Guidance for an archaeological watching 


brief, IFA Setting Standards in Archaeology, revised – 


September 2001; 


! Standards and Guidance for archaeological desk-based 


assessment. IFA Setting Standards in Archaeology, revised – 


September 2001;  


! Data and information requested to the Deputy Ministry of 


Antiquities and Museums Ministry of Education (See 


Appendices);  


! The Equator Principles, July 2006;  


! International Finance Corporation’s Performance Standards on  


! Social and Environmental Sustainability, April 30, 2006. 


16.2.3 Site Walkover  


The project team to identify any above ground archaeological structures 


and / or antiquities has carried out several site visits to the QIPP1 site.  


16.3 Baseline 


16.3.1 Introduction 


The site walkover demonstrated that there are no aboveground structures or 


artifacts of cultural and archaeological importance.  In addition to the site 


walkover, consultations with relevant authority have been commenced as 
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part of the SEA.  Until the day of issuing this SEA report, no information/data 


was received from the Deputy Ministry.  However, an addendum to the SEA 


will be issued following the assessment of any information that will be 


received. 


Although there are no visible signs of any significant cultural features on 


the IPP1 site, Al Uqair, an ancient fort of interest, is located approximately 


20km to the south of IPP1.  


Al Uqair is an ancient archaeological fort containing old government 


buildings and a mosque of Islamic origin, located in the Eastern Province 


of Saudi Arabia. It has been linked to the ancient city off Gerrha 


mentioned in Greek and Roman sources. Al Uqair was built during the 


early days of King Abdulaziz. 


The site was also the location of the 1922 conference at which the 


protocol of Uqair was issued, helping establish the borders of modern 


Saudi Arabia. Dammam. The port of Al-Uqair witnessed and served 


various Islamic army expeditions into China, India and Persia. 


16.4 Assessment of Effects, Mitigation Measures and Residual 


Effects During Construction Phase 


16.4.1 Assessment of Impacts/Effects 


The Qurayyah IPP1 project site is located within an industrial area and will be 


situated between two existing power plants. The nearest archaeologically 


sensitive site is >20km from the proposed power plant site. Potential 


impacts/effects on these sites, therefore, during the construction phase are 


unlikely.  


! Construction materials will largely be transported from Dammam to 


the Project site.  Effects associated with the transportation of 


construction materials from is considered temporary and of minor 


negative significance prior to the implementation of mitigation 


measures.  
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!  The desk-based studies have not identified any artifacts on the 


project site.  However, given that no information were received from 


the related authority until now, excavation works during the 


construction phase can have impacts / effects of unknown sources of 


archaeological or cultural heritage on or surrounding the site and 


these impacts / effects considered temporary and of minor negative 


significance before implementing mitigation measures during 


construction.  


16.4.2 Mitigation Measures 


The contractor will follow and consider the Standards and Guidelines for an 


Archaeological Watching Brief, Institute of Field Archaeologist, Revised 


Version 2001 (see Appendices). The Archaeological Watching Brief is a 


formal programme of observations and investigations that are carried out for 


non-archaeological projects.  It can be undertaken in any site where 


possibilities to find any archaeological deposits exist.   


Construction staff and labourers need to be aware of the procedures to be 


followed where any artifacts or anthropogenic finds are uncovered.  Training 


and awareness programmes will be held for them in this regard. In the 


unlikely event of any artifacts being found/uncovered, the construction work 


would be stopped immediately and related authorities will be contacted by 


the Project / Site Manager. 


16.4.3 Residual Effects 


Given that the Project site is located between tow existing power plants, no 


artifacts were noticed during the site visit and taking into consideration the 


previously mentioned mitigation measures.  It is believed that the risk of 


uncovering any archaeological resources is low. Therefore the overall 


residual effect on cultural heritage and archaeology at the QIPP 1site will be 


temporary and considered neutral. 
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16.5 Assessment of Effects, Mitigation Measures and Residual 


Effects During Operational Phase 


16.5.1 Assessment of Impacts/Effects 


Should further excavation on the site be required, during excavation works 


will be required on-site. The impact / effect of uncovering any unknown 


archaeological sources / artifacts is considered temporary and of minor 


negative significance.  


It is believed that no further impacts / effects associated with the operational 


phase on the unknown archaeological sources are likely and therefore 


considered neutral. 


16.5.2 Mitigation Measures 


Should further excavation on the site be required, the mitigation measures 


mentioned previously for the construction phase will be followed. 


16.5.3 Residual Effects 


Given the implementation of the proper mitigation measures, the overall 


residual impact / effect will be neutral. 
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1. Introduction 


Saudi Electricity Company (SEC) is developing a new independent power project (IPP) 
at Qurayyah, Kingdom of Saudi Arabia (KSA). Qurayyah IPP is located in the Eastern 
Province of KSA about 60 km south of Dammam City on the Arabian Gulf (Gulf of 
Bahrain) coast. 
 
HR Wallingford has assessed the dispersion of cooling water associated with the QIPP1 
development using a 3D computer model as described in Reference 1.  Several 
combinations of plant layout, tide, wind and season were simulated.  Further analyses 
and scenarios were carried out subsequently as described in References 2 and 3. 
 
This Technical Note is in response to a request received from 5 Capitals on 7th July 2011 
regarding the Qurayyah IPP. The additional work refers to a revision in the Qurayyah 
IPP1 and IPP2 plants, combining both projects in a single development with a power 
output of 4000 MW, and further recirculation studies to be conducted for this new 
arrangement. 
 
This Technical Note is therefore to be read in conjunction with: 


Report EX6474    Qurayyah IPP1 - Recirculation assessment 
Technical Note EBR4778-02  Addendum to thermal recirculation assessment 
Technical Note EBR4778-03 Addendum to thermal recirculation assessment 


 


2. Plant characteristics and conditions simulated 


The purpose of the simulations described here was to investigate the impact of a 
combined IPP1 and IPP2 with electrical output of 4000 MW.  This resulted in a major 
revision of the plant and seawater intake and discharge arrangements. 
 
The combined IPP is to have a seawater flow rate of 100 m3/s with a temperature uplift 
of 6°C.  This water will be supplied from four submerged intake heads along four 
pipelines.  The discharge will be split between two pairs of pipelines and discharge 
structures, arranged wither side of the intake pipeline.  A proposed layout was provided 
by 5 Capitals as shown in Appendix 1. The intake and discharge pipelines shown in grey 
are as originally suggested, but following discussion, an alternative layout was agreed 
for testing, as shown by the red lines in Appendix 1.  The red intake pipelines are angled 
away from being shore perpendicular.  This allows deeper water to be reached and a 
greater separation of the IPP intakes from the QPP discharge, without affecting the on-
land part of the plot plan.  The discharge structures were considered to be too close to 
the shore and in too shallow water so they were extended to the 3.5m contour.  The 
southern discharge line was angled to avoid interference with the intake line. 
 
The intake and discharge parameters are summarised in Table 2.1, below. 
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Table 2.1 Intake and outfall parameters for QPP, QCC and QIPP  


 QPP QCC QIPP 
Intake location 411934 mE, 


2860608 mN 
413745 mE,   
2856965 mN 


413800 mE, 2859012 mN 
413826 mE, 2858948 mN 
413828 mE, 2858873 mN 
413805 mE, 2858807 mN 


Intake flow rate 127 m3/s 134 m3/s 100m3/s in total 
Intake characteristics channel channel piped 
Ambient Temperature 35°C or 


20°C 
35°C or 
20°C 


35°C or 20°C 


Ambient Salinity 60ppt   60ppt   60ppt   
Outfall location 412652 mE,  


2859634 mN 
414568 mE,     
2856060 mN 


413162 mE, 2859342 mN 
413185 mE, 2859297 mN 
413352 mE, 2858747 mN 
413355 mE, 2858697 mN 


Outfall flow rate 127 m3/s  134 m3/s 100 m3/s in total 
Outfall characteristics channel channel Piped 
Outfall uplift temp 6°C 6°C  6°C  
Outfall Salinity 60ppt   60ppt   60ppt   
Exit velocity n/a n/a 1.5 m/s 
 
By comparison, the flow rate for IPP1 was 45 m3/s for the scenarios described in 
Reference 3 and most of those described in Reference 1.  Reference 2 and one scenario 
in Reference 1 used a flow for IPP1 of 50.5 m3/s.  All earlier simulations used a flow 
rate for IPP2 of 70 m3/s with a temperature rise of 7°C. 
 
The total heat load resulting from the different discharges is summarised in Table 2.2. 
 
Table 2.2 Contribution of the discharges to the heat load on the environment 


Plant Discharge 
m3/s 


DT 
°C 


Heat load 
GW 


% of total 


QPP 127 6 3.09 35 
QCC 134 6 3.26 37 
IPP 100 6 2.43 28 
Total 361 6 8.79 100 
 
Thus the combined IPP contributes some 28% of the total. 
 
This combination of discharges was simulated for four combinations of wind and 
season: 
 
 Summer with 11 m/s southeast wind (as previous “Scenario 2”) 
 Summer with “Shamal” wind at 15 m/s from north-northwest (NNW), 8a.m. to 


8p.m. and 5 m/s from NNW, 8p.m. to 8a.m. (as previous “Scenario 8”) 
 Summer with zero wind stress (as previous “Scenario 7”) 
 Winter with 5 m/s southeast wind (similar to previous “Scenario 1”, 4 and 5). 
 
All combinations were run with spring tide as discussed in Reference 1.  The ambient 
temperature was 35°C for summer and 20°C for winter. 
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3. Simulation results 


In each case the results are analysed to present: 
 
 Tidal average temperature contours at surface, mid depth and bed for QPP, QCC 


and IPP 
 Tidal average temperature contours at surface, mid depth and bed for QPP and 


QCC only (“baseline conditions”).  The IPP layout is shown on these contour plots 
for reference only 


 Graphs of temperature vs time at the northernmost and southernmost IPP intakes, 
QPP and QCC intakes for QPP, QCC and IPP 


 Graphs of temperature vs time at the northernmost and southernmost IPP intakes, 
QPP and QCC intakes for QPP and QCC only 


 Graphs of the increase in temperature at the intake locations caused by the 
presence of the IPP 


 Tables of time-averaged temperature rise at the intake locations for  
 QPP, QCC and IPP 
 QPP and QCC only 
 and the increase caused by the presence of the IPP 


 Tables of the area enclosed within the tidal average temperature contours of 3 °C 
and 1°C above ambient for  
 QPP, QCC IPP1 and IPP2, QPP and QCC only, and the increase caused by 


the presence of the IPP. 


3.1  SOUTHEAST WIND, SUMMER CONDITIONS 


The average temperature contours are shown in Figures 1a (with IPP) and 1b (baseline) 
and the time-series temperatures are shown in Figures 2a (with IPP), 2b (baseline) and 
2c (increment due to IPP). 
 
The tidal average temperatures at the intake are shown in Table 3.1 and the areas of 
impact at 3°C and 1°C are shown in Table 3.2. 
 
Table 3.1 Predicted tidal average excess temperatures (°C) at the intakes, 


southeast wind, summer conditions 


  QIPP N QIPP S QPP QCC 
 With IPP 
Sea surface 0.0 0.1 1.1 0.8 
Mid-depth 0.0 0.1 1.2 0.8 
Sea bed 0.0 0.0 1.2 0.8 
Depth-average 0.0 0.1 1.2 0.8 
 Without IPP 
Sea surface 0.0 0.1 1.1 0.8 
Mid-depth 0.0 0.0 1.2 0.8 
Sea bed 0.0 0.0 1.2 0.8 
Depth-average 0.0 0.1 1.2 0.8 
 Increment due to IPP 
Sea surface 0.0 0.0 0.0 0.0 
Mid-depth 0.0 0.0 0.0 0.0 
Sea bed 0.0 0.0 0.0 0.0 
Depth-average 0.0 0.0 0.0 0.0 
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Table 3.2 Exceedance areas for 1°C and 3°C, southeast wind, summer conditions 


  Area at  >3°C above ambient (km2) 
 With  IPP Baseline Increment 
Sea surface 0.69 0.47 0.27 
Mid-depth 0.20 0.17 0.03 
Sea bed 0.11 0.10 0.01 
 Area at  >1°C above ambient (km2) 
Sea surface 6.38 4.41 1.97 
Mid-depth 4.40 3.15 1.25 
Sea bed 3.19 2.18 1.01 


 
The strong south-easterly wind produces sufficient surface stress to deflect the 
discharges toward the northwest along and onto the coast.  Where the plumes impinge 
on the coast the warm water mixes down through the depth.  However, because the 
plumes cool as they move away from the discharge points, the temperature of the bed 
impact is quite low.   
 
Detailed examination of the results in Figure 1a shows that the average temperature at 
the bed does not exceed 1.5°C above ambient in the area in front of and northwest of 
QPP, and 1.3°C above ambient in the area in front of QCC.  Comparison of Figures 1a 
and 1b shows that almost all the thermal impact in front of QCC results from the QCC 
discharge.  Most of the impact in front of, and northwest of QPP results from the 
existing discharge, but in this area there is a noticeable increase in the area impacted at 
1°C to 3°C, as well as the area at 3°C that is clearly attributable to the IPP discharges.   
 
In these conditions there is a slight, intermittent temperature rise at the IPP south intake, 
peaking at about 0.25°C, depth-average, and a smaller rise (peak 0.1°C) at the north IPP 
intake. This is nearly all caused by the discharge from QCC.   The temperature rise at 
the QPP and QCC intakes (1.2°C and 0.8°C on average) is nearly all attributable to the 
QPP and QCC discharges.  The IPP discharges contribute less than 0.05°C to the 
average temperature at QPP and less than 0.01°C at QCC.   


3.2 SHAMAL WIND, SUMMER CONDITIONS 


The average temperature contours are shown in Figures 3a (with IPP) and 3b (baseline) 
and the time-series temperatures are shown in Figures 4a (with IPP), 4b (baseline) and 
4c (increment due to IPP). 
 
The tidal average temperatures at the intake are shown in Table 3.3 and the areas of 
impact at 3°C and 1°C are shown in Table 3.4. 
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Table 3.3 Predicted tidal average excess temperatures (°C) at the intakes, Shamal 
wind, summer conditions 


  QIPP N QIPP S QPP QCC 
 With IPP 
Sea surface 1.6 1.6 0.0 2.0 
Mid-depth 0.2 0.4 0.0 2.1 
Sea bed 0.0 0.1 0.0 2.0 
Depth-average 0.5 0.6 0.0 2.1 
 Without IPP 
Sea surface 1.3 1.2 0.0 2.1 
Mid-depth 0.0 0.0 0.0 2.1 
Sea bed 0.0 0.0 0.0 2.0 
Depth-average 0.2 0.2 0.0 2.1 
 Increment due to IPP 
Sea surface 0.4 0.4 0.0 -0.1 
Mid-depth 0.1 0.3 0.0 0.0 
Sea bed 0.0 0.1 0.0 0.0 
Depth-average 0.3 0.4 0.0 0.0 


 
Table 3.4 Exceedance areas for 1°C and 3°C, Shamal wind, summer conditions 


  Area at  >3°C above ambient (km2) 
 With  IPP Baseline Increment 
Sea surface 0.97 0.84 0.13 
Mid-depth 0.90 0.78 0.12 
Sea bed 0.78 0.63 0.15 
 Area at  >1°C above ambient (km2) 
Sea surface 7.96 5.80 2.16 
Mid-depth 5.54 4.26 1.28 
Sea bed 4.78 3.82 0.96 


 
The Shamal wind is almost parallel to the coast, with a slight onshore component, and 
deflects the discharges toward the southeast along the coast.  The period of lighter wind 
during the night permits some spreading of the plume offshore so the area of impact is 
wider than that shown in Figure 1.  Where the plumes impinge on the coast the warm 
water mixes down through the depth.  The QPP and QCC plumes move onshore more 
directly than they do under the southeast wind so they impact on the bed at a higher 
temperature.     
 
Comparison of Figures 3a and 3b shows that most the thermal impact along the coast 
and on the seabed is caused by from the QPP and QCC discharges.  The most noticeable 
impact of the IPP discharges is in the offshore area at the surface, but it can also be seen 
that the area southeast of QCC at >3°C and at 1°C-3°C is also slightly wider as a result 
of the IPP discharges.     
 
In these conditions there is almost no temperature rise at the QPP intake. There is a high 
impact at QCC intake during the period of stronger winds (0-8 hours and 21-25 hours 
after high water on Figures 4a-4c) but Figure 4c and Table 3.3 show that this is mostly 
caused by the QPP discharge.  When the plumes spread offshore during the times of 
lighter winds (8-21 hours after high water on Figures 4a-4c) there is significant warming 
at the surface above the IPP intakes.  Figures 4b and 4c, and Table 3.3 show that 30% to 
40% of the temperature rise at the IPP intakes is caused by the QPP and QCC discharges 
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and 60% to 70% by the IPP discharges.  The IPP discharges contribute less than 0.01°C 
to the temperature at QPP and QCC.   


3.3 CALM, SUMMER CONDITIONS 


The average temperature contours are shown in Figures 5a (with IPP) and 5b (baseline) 
and the time-series temperatures are shown in Figures 6a (with IPP), 6b (baseline) and 
6c (increment due to IPP). 
 
The tidal average temperatures at the intake are shown in Table 3.5 and the areas of 
impact at 3°C and 1°C are shown in Table 3.6. 
 
Table 3.5 Predicted tidal average excess temperatures (°C) at the intakes, calm, 


summer conditions 


  QIPP N QIPP S QPP QCC 
 With IPP 
Sea surface 3.8 3.4 0.2 1.5 
Mid-depth 0.4 0.6 0.1 1.2 
Sea bed 0.1 0.2 0.1 0.9 
Depth-average 1.1 1.1 0.1 1.2 
 Without IPP 
Sea surface 3.3 3.1 0.2 1.6 
Mid-depth 0.0 0.1 0.0 1.2 
Sea bed 0.0 0.0 0.0 0.7 
Depth-average 0.5 0.5 0.1 1.2 
 Increment due to IPP 
Sea surface 0.5 0.3 0.0 -0.1 
Mid-depth 0.4 0.6 0.0 0.0 
Sea bed 0.1 0.2 0.0 0.2 
Depth-average 0.6 0.6 0.0 0.0 


 
Table 3.6 Exceedance areas for 1°C and 3°C, calm, summer conditions 


  Area at  >3°C above ambient (km2) 
 With  IPP Baseline Increment 
Sea surface 2.73 1.65 1.08 
Mid-depth 0.51 0.20 0.31 
Sea bed 0.19 0.15 0.04 
 Area at  >1°C above ambient (km2) 
Sea surface 36.76 27.71 9.05 
Mid-depth 10.26 6.37 3.89 
Sea bed 5.04 2.98 2.06 


 
Under calm conditions the plumes are able to spread offshore as a result of a 
combination of buoyant spreading, slight offshore currents at times during the tide, and 
offshore momentum of the discharges.  This produces a much wider area of impact at 
the surface than is predicted for the southeast or Shamal winds.  Despite the absence of 
wind, the model indicates that there is still a mean current toward the southeast, and this 
causes a temperature rise at the QCC intake, which is mostly attributable to the QPP 
discharge. 
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Comparison of Figures 5a and 5b shows that the main impact of the IPP discharges is at 
the surface, causing a significant increase in the offshore spread of the thermal footprint.  
There is also an area of increased impact at the bed along the frontage of the IPP site, 
(up to 3.3°C north of the IPP intake line) although this area was already impacted at 
about 2.3°C by the QPP discharge.   
 
In these conditions there is almost no temperature rise at the QPP intake.  The time-and-
depth-average temperature rise at QCC of 1.2°C is attributable as nearly all from 
QPP/QCC, and less than 0.01°C from the IPP discharges. The temperature rise at the 
IPP intakes is much higher at the surface than in the deeper water, but even so the time-
and-depth-average temperature rise is 1.1°C.  About 55% of this impact is attributable to 
the IPP discharges. 


3.4 SOUTHEAST WIND, WINTER CONDITIONS 


The average temperature contours are shown in Figures 7a (with IPP) and 7b (baseline) 
and the time-series temperatures are shown in Figures 8a (with IPP), 8b (baseline) and 
8c (increment due to IPP). 
 
The tidal average temperatures at the intake are shown in Table 3.7 and the areas of 
impact at 3°C and 1°C are shown in Table 3.8. 
 
Table 3.7 Predicted tidal average excess temperatures (°C) at the intakes, 


southeast wind, winter conditions 


  QIPP N QIPP S QPP QCC 
 With IPP 
Sea surface 2.9 2.5 0.4 0.4 
Mid-depth 0.6 0.8 0.3 0.3 
Sea bed 0.2 0.3 0.3 0.2 
Depth-average 1.0 1.0 0.3 0.3 
 Without IPP 
Sea surface 2.2 1.8 0.4 0.4 
Mid-depth 0.3 0.3 0.3 0.3 
Sea bed 0.0 0.0 0.3 0.2 
Depth-average 0.6 0.5 0.3 0.3 
 Increment due to IPP 
Sea surface 0.6 0.8 0.0 0.0 
Mid-depth 0.4 0.6 0.0 0.0 
Sea bed 0.2 0.3 0.0 0.0 
Depth-average 0.4 0.5 0.0 0.0 


 
Table 3.8 Exceedance areas for 1°C and 3°C, southeast wind, winter conditions 


  Area at  >3°C above ambient (km2) 
 With IPP Baseline Increment 
Sea surface 1.66 0.89 0.77 
Mid-depth 0.22 0.17 0.05 
Sea bed 0.11 0.11 0.00 
 Area at  >1°C above ambient (km2) 
Sea surface 23.55 16.73 6.82 
Mid-depth 1.68 1.40 0.28 
Sea bed 0.74 0.58 0.16 
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The southeasterly wind in this scenario is weaker than the wind used in the summer 
conditions (Section 3.1).  Although it produces sufficient surface stress to deflect the 
discharges toward the northwest the main area of impact remains offshore.  There is 
little mixing of the warm water down to the bed (at temperatures more than 1°C above 
ambient), except in the immediate vicinity of the discharges.   
 
Comparison of Figures 7a and 7b shows that in most places the bed impact is very 
similar with and without the IPP discharges.     
 
In comparison with the summer scenario (Section 3.1, Figures 2a to 2c) the greater 
offshore spreading of the warm water decreases the temperature rise at QPP and QCC 
intakes, and increases the temperature rise at the IPP intakes  However, as with the calm 
conditions, the temperature rise at the IPP intakes is largely confined to the near-surface 
layer.  The temperature rise at the QPP and QCC intakes is almost all attributable to the 
QPP and QCC discharges.  The time-and-depth-average rise at the IPP intakes is 1.0°C, 
of which 40% to 50% is attributable to the IPP discharges.  
 


4. Conclusions 


Simulations have been carried out for the combined IPP, 4000MW capacity for four 
combinations of season, wind and tide. 
 
The thermal output of the IPP contributes some 28% of the total thermal discharge to the 
environment from the Qurayyah power plants.  The relatively large size of the QCC and 
QPP discharges, together with the fact that they are at the shoreline, means that most of 
the coastal impact of the combined projects is caused by QPP and QCC. 
 
The offshore siting of the discharge serves to protect the seabed environment from 
highly elevated temperatures, so that the maximum increment in the area of seabed at 
>3°C is 0.15 km2 (15 Ha) under the conditions tested. 
 
The offshore siting of the discharge also reduces the impact of the IPP on the intake 
temperatures of QPP and QCC. The tidal-average incremental increase caused by the 
IPP is less than 0.1°C.  
 
The IPP does cause significant increase in the area of surface water that is raised by 1°C 
and 3°C, particularly in calm conditions.  This is inevitable with such a large discharge 
into slow moving and relatively shallow water. 
 
The depth average temperature rise at the IPP intake reaches 1.1°C in calm conditions.  
Approximately half this rise is self-recirculation and half is due to the QPP ad QCC 
discharges.  It might be possible to reduce this temperature rise by careful design of the 
intake structure to promote selective withdrawal. 
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Figure 1a Predicted tidal average excess temperature for 4000MW option, summer with 
southeast wind of 11 m/s 
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Figure 1b Predicted tidal average excess temperature for baseline case, summer with 
southeast wind of 11 m/s 
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Figure 2a Predicted excess temperature variation at the intakes for 4000MW option, 
summer with southeast wind of 11 m/s 
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Figure 2b Predicted excess temperature variation at the intakes for baseline, summer 
with southeast wind of 11 m/s 







Qurayyah IPP  
Thermal recirculation assessment of Qurayyah IPP: 4000MW 


 


TN EBR4778-05   R. 2.0 


Q
IP


P
1


 i
n


ta
k


e


-1012345


0
5


1
0


1
5


2
0


2
5


ti
m


e
 (


h
o


u
rs


 a
ft


e
r 


H
W


)


excess temperature 
(degC)


9
.7


9
.9


1
0


.1


1
0


.3


water depth (m)


s
e


a
 s


u
rf


a
c


e


9
0


%
 o


f 
d


e
p


th


8
0


%
 o


f 
d


e
p


th


7
0


%
 o


f 
d


e
p


th


6
0


%
 o


f 
d


e
p


th


m
id


-d
e


p
th


4
0


%
 o


f 
d


e
p


th


3
0


%
 o


f 
d


e
p


th


2
0


%
 o


f 
d


e
p


th


1
0


%
 o


f 
d


e
p


th


s
e


a
 b


e
d


d
e


p
th


 a
ve


ra
g


e


w
a


te
r 


d
e


p
th


Q
IP


P
2


 i
n


ta
k


e


-1012345


0
5


1
0


1
5


2
0


2
5


ti
m


e
 (


h
o


u
rs


 a
ft


e
r 


H
W


)


excess temperature 
(degC)


9
.9


1
0


.1


1
0


.3


1
0


.5


water depth (m)


Q
P


P
 i


n
ta


k
e


-1012345


0
5


1
0


1
5


2
0


2
5


ti
m


e
 (


h
o


u
rs


 a
ft


e
r 


H
W


)


excess temperature 
(degC)


1
.6


1
.7


1
.8


1
.9


22
.1


2
.2


water depth (m)


Q
C


C
 i


n
ta


k
e


-1012345


0
5


1
0


1
5


2
0


2
5


ti
m


e
 (


h
o


u
rs


 a
ft


e
r 


H
W


)


excess temperature 
(degC)


1
.8


1
.9


22
.1


2
.2


2
.3


2
.4


water depth (m)


S
p


ri
n


g
 t


id
e


ru
n


8
2


-7
4


 


Figure 2c Predicted excess temperature variation at the intakes, increment due to 
4000MW option, summer with southeast wind of 11 m/s 
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Figure 3a Predicted tidal average excess temperature for 4000MW option, summer with 
Shamal wind of 11 m/s(day) and 5 m/s (night) 
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Figure 3b Predicted tidal average excess temperature for baseline case, summer with 
Shamal wind of 11 m/s(day) and 5 m/s (night) 
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Figure 4a Predicted excess temperature variation at the intakes for 4000MW option, 
summer with Shamal wind of 11 m/s(day) and 5 m/s (night) 
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Figure 4b Predicted excess temperature variation at the intakes for baseline, summer 
with Shamal wind of 11 m/s(day) and 5 m/s (night) 
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Figure 4c Predicted excess temperature variation at the intakes, increment due to 
4000MW option, summer with Shamal wind of 11 m/s(day) and 5 m/s (night) 
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Figure 5a Predicted tidal average excess temperature for 4000MW option, summer with 
calm conditions 
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Figure 5b Predicted tidal average excess temperature for baseline case, summer with 
calm conditions 
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Figure 6a Predicted excess temperature variation at the intakes for 4000MW option, 
summer with calm conditions 
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Figure 6b Predicted excess temperature variation at the intakes for baseline, summer 
with calm conditions 
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Figure 6c Predicted excess temperature variation at the intakes, increment due to 
4000MW option, summer with calm conditions 
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Figure 7a Predicted tidal average excess temperature for 4000MW option, winter with 
southeast wind of 5 m/s 


855857.5860862.5


4
1
0


4
1
1


4
1
2


4
1
3


4
1
4


4
1
5


4
1
6


4
1
7


4
1
8


ex
ce


ss
te


m
pe


ra
tu


re
(d


eg
re


es
 C


)


0.
1


1.
0


3.
0


7.
0


4
1
0


4
1
1


4
1
2


4
1
3


4
1
4


4
1
5


4
1
6


4
1
7


4
1
8


se
a 


su
rf


ac
e


m
id


-d
ep


th
se


a 
b


ed


Q
P


P


Q
IP


P


Q
C


C


k
m
E


kmN
re


s3
d_


qu
ra


yy
ah


84


4
1
0


4
1
1


4
1
2


4
1
3


4
1
4


4
1
5


4
1
6


4
1
7


4
1


> 
3.


0


Q
P


P
 i


n
ta


k
e


 


Q
P


P
 d


is
ch


ar
g


e
 


Q
C


C
 i


n
ta


k
e


 


Q
C


C
 d


is
ch


ar
g


e
 


IP
P


 S
 i


n
ta


ke
 


IP
P


 S
 d


is
c


h
a


rg
e


 


IP
P


 N
 i


n
ta


k
e


 


IP
P


 N
 d


is
ch


ar
g


e
 







Qurayyah IPP  
Thermal recirculation assessment of Qurayyah IPP: 4000MW 


 


TN EBR4778-05   R. 2.0 


 


Figure 7b Predicted tidal average excess temperature for baseline case, winter with 
southeast wind of 5 m/s 
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Figure 8a Predicted excess temperature variation at the intakes for 4000MW option, 
winter with southeast wind of 5 m/s 
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Figure 8b Predicted excess temperature variation at the intakes for baseline, winter with 
southeast wind of 5 m/s 
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Figure 8c Predicted excess temperature variation at the intakes, increment due to 
4000MW option, winter with southeast wind of 5 m/s 
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Appendix 1 


Layout of the combined IPP1 and IPP2 
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Summary 
 


Qurayyah IPP 
 
Recirculation assessment 
 
Report EX 6474 
June 2011 
 
 
Hydrodynamic and thermal dispersion modelling has been carried out for the cooling water 
discharges of the Qurayyah power plants in the Eastern Province of Kingdom of Saudi Arabia 
(KSA).  The full development at the site will comprise Qurayyah Steam Power Plant (QPP), 
Qurayyah Combined Cycle Power Plant (QCC) and the proposed Qurayyah Independent Power 
Projects (QIPP1 and QIPP2).  The modelling has assessed the impact of the power plants on 
each other, the combined impact on the environment and the incremental impact of QIPP1 and 
QIPP2.  


 
Thermal dispersion was simulated using the TELEMAC-3D model over five scenarios which 
were selected to consider specific seasonal and metocean conditions (as identified by previous 
modelling studies) in conjunction with investigating the feasibility of an amended layout and 
discharge of scenarios 4 and 5. 
 


• Baseline   QPP and QCC only        Winter condition 
• Scenario 1  QPP, QCC, QIPP1 and QIPP2       Winter condition 
• Scenario 2  QPP, QCC, QIPP1 and QIPP2       Summer condition 
• Scenario 4  QPP, QCC, QIPP1 (amended layout) & QIPP2     Winter condition 
• Scenario 5  QPP, QCC, QIPP1 (amended flow rate) & QIPP2   Winter condition 


 
Under the baseline scenario, the predicted depth and tidal average excess temperatures at the 
location of the proposed QIPP 1 intakes is 0.4-0.5°C. In the presence of QIPP1 and QIPP2 
operating (Scenario 1) this excess temperature is 1.3°C. There is a high sensitivity to the 
summer condition of Scenario 2 although it is noted that the corresponding wind condition is of 
very low probability. 
 
With the amended layout (Scenario 4) where the intake and outfall lengths are each reduced by 
150 m relative to Scenario 1, the time and depth averaged excess temperature at the proposed 
QIPP1 intake location is predicted to be 1.8°C. It is predicted that the basic intake design 
considered here would give an effective excess temperature close to 1.5°C for Scenario 4. More 
careful intake design (perhaps shortening the intake riser and increasing the cap size) would be 
required to reduce this level of thermal recirculation. 
 
A 12% increase in the QIPP1 discharge rate to 50.5m3/s (Scenario 5) causes a proportional 
increase (relative to Scenario 1) of the intake temperature to 1.4°C. 
 
For Scenario 5, it is predicted that, with appropriate intake design to deal with thermal 
drawdown, thermal recirculation at the QIPP1 intake can be feasibly limited to an excess 
temperature close to 1°C, by withdrawing the cooler water from mid-depth and below. This 
excess temperature is judged to be an acceptable recirculation amount at other projects in the 
region.  
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Summary continued 
 
 
The impact of the QIPP discharges on the QPP and QCC intakes is shown to be low in moderate 
winds.  A higher impact predicted for strong southeasterly winds is regarded as a rare 
occurrence based on available wind statistics. 
 
For the proposed QIPP discharge locations, the thermal impact of the discharge on the 
environment is largely confined to the upper parts of the water column, because of the buoyancy 
of the discharge.  The impact at the seabed is small, such that the increase in temperature at the 
seabed, even close to the QIPP discharges, is less than 0.5°C. 
 
In conjunction with the intake design it is recommended that, at detailed design stage (after 
award of contract), the ambient conditions applicable at the site (wind strength and direction) 
should be reviewed and a full range of conditions should be simulated, using a model calibrated 
against site observations to confirm the performance of the system in both typical and adverse 
conditions. 
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1. Introduction 
Saudi Electricity Company (SEC) is developing a new independent power project (IPP) 
at Qurayyah, Kingdom of Saudi Arabia (KSA). Qurayyah IPP is located in the Eastern 
Province of KSA about 60 km south of Dammam City on the Arabian Gulf (Gulf of 
Bahrain) coast, as shown in Figure 1.1. 
 
The allocated site for the Qurayyah IPP 1 Plant (QIPP 1) is located in the Qurayyah 
complex, between the existing SEC Qurayyah steam plant (QPP) in the north and the 
new SEC Qurayyah combined cycle plant (QCC) in the south. QIPP 1 is to be a gas-
fired combined cycle power plant with a total capacity of 1,800-2,100 MW. SEC 
intends to implement a second IPP plant in the future, Qurayyah IPP 2 (QIPP 2), beside 
QIPP 1; QIPP 2 is expected to have the same size and configuration as QIPP 1.  


1.1 SCOPE OF WORK 


HR Wallingford has assessed the dispersion of cooling water associated with the QIPP1 
development. Recirculation modelling is undertaken over five scenarios. 


1.2 FORMAT OF REPORT 


Section 2 describes positioning assumptions at the site, whilst details of the intake and 
outfall configurations are presented in Section 3. Model setup, methodology and results 
of the flow modelling and dispersion assessments are given in Sections 4 and 5 
respectively.  
 
The main conclusions of the study are summarised in Section 6. 


 


2. Site information 
2.1 POSITIONING 


2.1.1 Vertical positioning 
The vertical elevations are relative to Mean Sea Level 1978 Saudi Aramco Vertical 
Datum (SAVD) 1994 adjustment (MSL). 
 
The Tidal Prediction Table for Qurayyah Pier for the months of October to December 
2010, showed the height difference between Lowest Astronomical Tide (LAT) and 
SAVD to be 0.167 m. 


 
This correlation is preliminary only and is to be reviewed during the further design 
stage. 


2.1.2 Horizontal positioning 
Horizontal co-ordinates are given in UTM Zone 39, Ain el Abd 1970 datum. In the 
numerical model, a false northing of 2,000,000 m was applied (that is to say, 
2,000,000 m should be added to the model northing to get the full UTM northing). 
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3. Intake and outfall configurations 
Existing intake and outfall parameters for QPP, QCC and those assumed for QIPP2 are 
stated in Table 3.1 and were agreed between 5 Capitals and HR Wallingford. 
 
Table 3.1 Intake and outfall parameters for QPP, QCC and QIPP2 


 QPP QCC QIPP2 
Intake location 411934 mE, 


2860608 mN 
413745 mE,    
2856965 mN 


413948 mE, 
2860008 mN 


Intake flow rate 127 m3/s 134 m3/s 70 m3/s 
Intake characteristics channel channel piped 
Ambient Temperature 35°C or 20°C 35°C or 20°C 35°C or 20°C 
Ambient Salinity 60ppt   60ppt   60ppt   
Outfall location 412652 mE,  


2859634 mN 
414568 mE,      
2856060 mN 


413185 mE, 
2859204 mN 


Outfall flow rate 127 m3/s  134 m3/s 70 m3/s 
Outfall characteristics channel channel piped 
Outfall uplift temp 6°C 6°C  7 °C  
Outfall Salinity 60ppt   60ppt   60ppt   
Exit velocity n/a n/a 1.5 m/s 
 


4. Flow modelling 
4.1 METHODOLOGY 


The model used the TELEMAC-3D finite element system for simulation of the 
hydrodynamics, heat and salt transport.  TELEMAC is a finite element system that 
represents the area to be studied on a mesh of triangles of variable size and orientation.  
This mesh allows very precise representation and high resolution of the area of interest, 
with coarser coverage of more remote areas.  The three-dimensional (3D) version, 
which was used for the predictive runs, uses a fixed number of layers using sigma co-
ordinates (a given plane in the model is at a fixed proportion of the water depth).  
Active “tracers” such as salinity and temperature are used in an equation of state to vary 
the fluid density.  The model includes the effects of buoyant spreading and suppression 
of vertical turbulent mixing in the presence of stratification. 
 
TELEMAC-3D has been used by HR Wallingford in many thermal dispersion studies in 
the Middle East, including developments in Saudi Arabia (including Jubail Industrial 
City, Ras Tanura, Ras Az Zawr), Bahrain (including Ad Dur, Al Ezzel, Hidd), UAE and 
Oman, and has been verified against field measurement of thermal plumes. TELEMAC-
3D was also validated by its authors against a number of other types of 3D flow. 


4.2 MODEL LAYOUT 


The model was set up to cover an area of approximately 20 km alongshore and 15 km 
offshore, giving an overall coverage of the area of interest. The model extent is shown 
in Figure 4.1. 
 
The mesh contains over 15,000 elements, with a maximum size of 1 km at the open sea 
boundary and a much smaller mesh in the area of interest. Close to the sites the mesh 
was refined to ensure sufficient resolution of the key features, including the intake and 
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outfall flows. This has resulted in a mesh resolution of around 20 m in the vicinity of 
the intakes. The model mesh is shown in Figure 4.1. 


4.2.1 Bathymetry 
The flow model bathymetry was constructed from the following sources: 
 
• Admiralty chart data of the area obtained from the C-MAP electronic chart 


database. 
• Data provided in PLOT PLAN -Qurayyah IPP1-CASE A.pdf (including revised 


coastline at the site and bathymetry data).  
 
The resulting seabed map is presented in Figures 4.1 and 4.2 (close-up).  


4.2.2 Boundary conditions 
The local flow model was driven by time-varying water levels extracted from 
HR Wallingford’s regional flow model of coastal waters around Bahrain and applied at 
all the open (non-land) boundary nodes of the model. The extent of this model is shown 
in Figure 4.3.  
 
The regional model simulates a typical spring-neap cycle. The results extracted from the 
local flow model and presented in this document relate to a spring tide, yielding a 
0.25 m range at the model boundary. This is discussed further in Section 5.1. 
 
In addition to tidal forcing, it was requested that a constant wind of 6 m/s or 11 m/s 
from SE was applied in the local flow model to simulate winter or summer conditions, 
respectively. This selection was based on previous simulations, provided by 5 Capitals 
(Reference 1) which identified these conditions as poor performing conditions. Wind 
information used in Reference 1 is based on data from Bahrain Airport. (26° 16’ N, 50° 
37’ E). 


4.2.3 Vertical structure 
In this case the model was run with 11 quasi-horizontal surfaces, referred to as ‘planes’.  
These correspond to the bed (1) and the surface (11) with other surfaces spaced evenly 
through the water depth, giving a vertical resolution of approximately 1.2 m in the 
vicinity of the proposed intake and 1.3 m in the vicinity of the proposed discharge.  This 
vertical resolution was chosen based on experience of the thickness of plumes resulting 
from comparable discharges. 


4.3 HYDRODYNAMIC CONDITIONS AT THE SITE 


The predicted water level near Qurayyah is shown in Figure 4.4. It varies little through 
the tidal cycle, with a typical range around 0.2 m over the course of the day. Predicted 
current speeds (Figure 4.5) are weak, with peak values around 0.12 m/s. These 
predictions are broadly consistent with those quoted in Reference 1.  
 


5. Dispersion assessment 
5.1 METHODOLOGY 


The TELEMAC-3D model described in Section 4 was used to predict thermal plume 
dispersion from the various discharges at the plants. TELEMAC-3D is a layered 
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hydrostatic model, well suited to representing plume behaviour in the mid-field where 
the plume has risen to the surface and is moving quasi-horizontally.  In this region the 
dynamics are dominated by the ambient currents as modified by the plume buoyancy, in 
particular the buoyant spreading of the plume over the surface and the inhibition of 
vertical mixing by the stable stratification at the lower surface of the plume. Thermal 
exchange with the atmosphere, which varies with wind speed at the water surface, is 
represented. 
 
From the flow modelling it was observed that there is little difference at Qurayyah 
between spring and neap tides. This was confirmed during Scenario 1 where a spring 
and neap tide simulation was carried out. This confirmed that the predicted dispersion 
was very similar to that for the spring tide. The behaviour of the cooling water plumes is 
more strongly dependent on the configuration of the discharge and the local wind 
conditions than on the weak tidal currents. Accordingly, the baseline scenario and 
scenarios 1, 2, 4 and 5 were studied for the spring tide only. 


5.2 TEST CONFIGURATIONS 


Dispersion model simulations were undertaken for five representative scenarios 
(Table 5.1 and Table 5.2).  
 
Scenarios 1 and 2 were selected on the basis of the most adverse scenarios identified 
from Reference 1. Scenario 1 is the winter condition with a constant wind at 6 m/s from 
SE and Scenario 2 is a summer condition with a constant wind at 11 m/s from SE. 
These two scenarios assume the parameters from Table 3.1 and QIPP1 and QIPP2 
intake and outfall lengths of 1000 m and 500 m respectively as shown on the SEC and 
ACWA Power layout drawings (Appendix A). 
 
A Baseline scenario was then conducted for the Scenario 1 (winter conditions, 6 m/s SE 
wind) in order to understand the behaviour of the area with QPP and QCC only. QIPP 1 
and QIPP2 were excluded from this scenario.  
 
Scenario 4 used the Scenario 1 winter 6 m/s SE condition and represented modified 
intake and outfall locations – both remain on the same alignment but each is shortened 
by 150 m. 
 
An additional fifth scenario (Scenario 5) was requested and is a repeat of Scenario 1 but 
with a modified discharge rate.  


 
Table 5.1 Test configurations (in order conducted) 


Scenario ID Metocean condition Configuration (See Table 5.2) 
   
Scenario 1 Winter, 6 m/s SE wind As per SEC 
Scenario 2 Summer, 11 m/s SE wind As per SEC 
Baseline* Winter, 6 m/s SE wind As per SEC excluding QIPP 1&2 
Scenario 4 Winter, 6 m/s SE wind Modified QIPP1 layout 
Scenario 5 Winter, 6 m/s SE wind Modified QIPP1 discharge 
* Referred to as Scenario 3 during project period. 
 
The results are presented in the following section with the baseline scenario presented 
first for logic of reading.   
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5.2.1 Baseline scenario 
A representation of the ‘baseline’ scenario was undertaken. This consists of the layout, 
as represented by SEC (Appendix A) without the QIPP1 and QIPP2 plants operating 
(i.e. QPP and QCC only), and for the worst case condition which was defined 
(Reference 1) as winter ambient sea water temperatures of 20°C and a constant 6 m/s 
wind from SE. 
 
Figures 5.1 and 5.2 show the results from the simulation. Figure 5.1 shows the predicted 
tidal average excess temperature at the sea surface, at mid-depth, and at the sea bed. 
These averages have been calculated over one diurnal tide, beginning and ending at 
Higher High Water (HHW).  
 
Table 5.3 summarises the predicted tidal and depth average of the excess temperatures 
as the intake locations being considered in this study.  
 
Table 5.3 Time-averaged excess temperature (oC) at intake locations, Baseline 


scenario 


  
QIPP1 
1000 m 


QIPP1 
850 m 


QIPP2 QPP QCC 


Sea surface 1.4 1.4 3.2 0.6 0.6 
Mid-depth 0.2 0.4 0.2 0.5 0.4 
Sea bed < 0.1 0.1 0.1 0.5 0.3 
Depth-average 0.4 0.5 0.7 0.5 0.5 
 
In the baseline, tidal average excess temperatures above 3°C are predicted in an area 
about 1000 m wide and about 2000 m long at the sea surface, close to the QPP outfall. 
Relatively small areas are predicted at the sea bed and at mid-depth.  
 
Figure 5.2 shows the predicted excess temperatures at the four intake locations over the  
spring tide. The period shown is the same as that used to calculate the tidal average in 
Figure 5.1. Predictions are given at each of the eleven model planes, and as a depth-
average. 
 
At both the proposed QIPP1 intake locations (note that the 850 m position refers to the 
location of the QIPP intake under the amended layout of Scenario 4), excess 
temperatures are predicted to exceed 3°C at times during the tide; however the depth-
average excess temperature is predicted to remain below 1°C at both intake locations. 
At the proposed QIPP2 intake location, the surface excess temperature is predicted to 
reach 5°C at times, although the depth-average is not predicted to be above 1°C. 


5.2.2 Scenario 1 
Scenario 1 replicates the worst case scenario as identified in Reference 1. Therefore the 
baseline layout under the same ambient temperature and wind conditions is considered, 
with the addition of QIPP1 and QIPP2. 
 
Figure 5.3 shows tidal-average results from the simulation. Figure 5.4 shows the 
predicted excess temperatures at the four intake locations over the spring tide. 
Figure 5.5 shows predicted instantaneous plume dispersion patterns at the sea surface, at 
times when the combined thermal plume from the outfalls is predicted to have its 
greatest extent towards the NE and towards the SW. Current vectors (depth-average) are 
also shown here.  
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In the tidal average, the discharge plumes from QIPP1 and QIPP2 are predicted to 
merge with that from QPP, producing a large body of heated water at excess 
temperatures above 3°C. At the sea surface, this plume has width around 1500 m 
(roughly east-west), and length more than 4000 m parallel to the shore. Excess 
temperatures above 5°C are predicted throughout the water depth, close to the QPP 
outfall and extending southwards along the shoreline at the QIPP sites. 
 
The plume pattern at the QCC outfall shows no significant change. At the QPP and 
QCC intakes, the time series show similar behaviour to that in the Baseline Scenario. 


 
At the QPP and QCC intakes, little temperature variation is predicted through the water 
depth, and the depth average excess temperature is predicted to be less than 1°C for 
most of the time. At the QIPP1 and QIPP2 intakes, excess temperatures above 5°C are 
predicted, at times, at the sea surface. The predicted excess temperature decreases 
gradually through the water depth, and is not predicted to be greater than 0.5°C at the 
sea bed. The depth-average excess temperature is predicted to reach about 1.5°C at 
QIPP1 and to exceed 2°C at QIPP2. 
 
Values of predicted tidal and depth average of the excess temperatures at the intake 
locations are summarised in Table 5.4. This table shows that the time- and depth-
average excess temperature is predicted to be between 1°C and 2°C at the QIPP intakes, 
and below 1°C at the QPP and QCC intakes. 
 
Table 5.4 Predicted tidal average excess temperatures (°C) at the intakes, 


Scenario 1 


  QIPP1 QIPP2 QPP QCC 
Sea surface 4.1 4.5 0.7 0.6 
Mid-depth 0.7 1.0 0.5 0.5 
Sea bed 0.3 0.4 0.5 0.4 
Depth-average 1.3 1.6 0.6 0.5 


 
These results suggest that the proposed QIPP1 and QIPP2 discharges will have little 
effect on the intakes at QPP and QCC, and that the majority of the temperature increase 
predicted in Scenario 1 at the QIPP intakes is due to the QIPP outfalls. This comparison 
is discussed further in Section 5.3. 


5.2.3 Scenario 2  
Scenario 2 interrogates an adverse scenario as identified by Reference 1. This is the 
Scenario 1 layout under simulated worst-case summer conditions of an ambient water 
temperature of 35°C and a constant wind of 11 m/s from south-east. 
 
Figure 5.6 shows the predicted tidal average excess temperatures, and Figure 5.7 the 
predicted excess temperature variation at the four intake locations, in the same way as 
before.  
 
The areas of elevated temperature are predicted to be smaller than in the winter case 
(Scenario 1) and the shape of the plumes is different. Here, excess temperatures above 
2°C are predicted along a stretch of the coastline extending from the QPP intake north-
west throughout the area shown in the figures – some 4 km. However, this strip is 
narrower than in the winter case (about 500 m) and is predicted to extend throughout the 
water depth. This behaviour is likely to be caused by the increased wind strength in this 
scenario; the stronger wind will tend to push the plume onto the stretch of shoreline, and 







Qurayyah IPP   
Recirculation assessment 


 


EX 6474 8  R. 5.0 


to cause the heated water to mix down through the water column. The timeseries 
confirm that no significant variation through the water depth is predicted, and that the 
excess temperature varies little at any of the intake locations in this scenario. 
 
Values of predicted average excess temperatures at the intake locations are summarised 
in Table 5.5. The time- and depth-average excess temperature is predicted to be between 
very low at the QIPP intakes, but close to 1°C at the QCC intake. At the QPP intake, it 
is predicted to approach 2°C. 
 
Table 5.5 Predicted tidal average excess temperatures (°C) at the intakes, 


Scenario 2 


  QIPP1 QIPP2 QPP QCC 
Sea surface < 0.1 < 0.1 1.7 1.0 
Mid-depth < 0.1 < 0.1 1.7 1.0 
Sea bed < 0.1 < 0.1 1.7 1.0 
Depth-average < 0.1 < 0.1 1.7 1.0 


5.2.4 Scenario 4  
Scenario 4 represents a possible alternative layout for QIPP1 as provided by ACWA. 
Here, both intake and outfall have been relocated 150 m closer to the shore (and are 
therefore 850 m and 350 m in length respectively). This scenario used the winter 
conditions. 
 
Figures 5.8 and 5.9 show the results, and Table 5.6 summarises the average values.  
 
Table 5.6 Time-averaged excess temperature (°C) at intakes, Scenario 4 


  QIPP1 QIPP2 QPP QCC 
Sea surface 4.9 4.5 0.6 0.6 
Mid-depth 1.0 1.0 0.5 0.5 
Sea bed 0.4 0.4 0.5 0.4 
Depth-average 1.8 1.6 0.5 0.5 


 
The predicted plume extents for this scenario are very similar to those in Scenario 1, as 
are the time series plots at the QCC, QPP and proposed QIPP2 intakes. At the QIPP1 
intake, surface excess temperatures are predicted to approach 6°C at times, and to fall 
below 4°C only for brief periods; the depth-average is predicted to be at least 1.5°C, and 
to be above 2°C at times.  


5.2.5 Scenario 5  
Scenario 5 is similar to Scenario 1. The QIPP1 intake and outfall flow rates have been 
increased to 50.5m3/s. Figures 5.10 and 5.11 show the results, and Table 5.7 summarises 
the average values. 
 
Table 5.7 Time-averaged excess temperature (°C) at intakes, Scenario 5 


  QIPP1 QIPP2 QPP QCC 
Sea surface 4.0 4.6 0.6 0.6 
Mid-depth 0.8 0.9 0.5 0.5 
Sea bed 0.3 0.4 0.5 0.4 
Depth-average 1.4 1.7 0.5 0.5 
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The plume dispersion plots show no obvious difference from the original flow rate case 
(Scenario 1); the time series and predicted tidal-average values also show similar 
behaviour that cannot be differentiated within the accuracy of the model predictions 
although, in comparison with Scenario 1, is proportionally consistent with the increase 
in discharge. 


5.3 DISCUSSION 


Tides at the site are very weak, with a daily variation in water level around 0.2 m and 
current speeds barely exceeding 0.1 m/s. The tidal conditions corresponding to spring 
tides and neap tides have less impact on the behaviour of the cooling water plumes than 
the configuration of the discharges and the local wind conditions applied in this study; 
therefore the dispersion analysis has considered spring tides only. 
 
These scenario tests show a broad range of behaviour, and demonstrate that the thermal 
dispersion behaviour of the combined Qurayyah system is sensitive to environmental 
conditions.  
 
Table 5.8 summarises the average excess temperatures predicted at the intakes in all 
five scenarios – these are the averages through the water depth and over the tidal cycle.  
 
Table 5.8 Predicted depth- and tidal-average excess temperatures (°C) at the 


intakes, all scenarios 


  QIPP1 QIPP2 QPP QCC 


Baseline 0.4, 0.5* 0.7 0.5 0.5 


Scenario 1 1.3 1.6 0.6 0.5 


Scenario 2 < 0.1 < 0.1 1.7 1.0 


Scenario 4 1.8* 1.6 0.5 0.5 


Scenario 5 1.4 1.7 0.5 0.5 
* Values marked with * are taken at the revised location for the QIPP1 intake, as used 
in Scenario 4 (850m intake length). 
 
This table shows that in winter conditions (Baseline and Scenarios 1, 4 and 5) the 
temperature values at the QCC and QPP intakes are predicted to have little sensitivity to 
the QIPP configurations studied here. This is because, as is clearly demonstrated by the 
baseline scenario, the temperature rise at the QCC and QPP intakes is due to self-
recirculation and not to QIPP 1 and QIPP2.  However, the summer condition and 
stronger wind examined in Scenario 2 was predicted to increase the excess temperatures 
at these locations.  While it is clear from Figure 5.6 that the impact at the QCC intake is 
due to self-recirculation, it appears that there is an impact of QIPP1 and QIPP2 on the 
QPP intake.  This impact has not been quantified but could be estimated with the aid of 
further simulations. It is noted that this metocean scenario is of low probability (see 
Section 6). 
 
Depth- and tidal - average excess temperatures at the proposed QIPP1 and QIPP2 intake 
locations are predicted to be around 0.5°C in the absence of the QIPP discharges 
(Baseline). With these discharges operating, the excess temperatures at the QIPP intakes 
are predicted to increase to more than 1°C in winter conditions. In summer conditions, 
the predicted excess temperatures at these locations are low, because of the increased 
wind speed in the summer condition selected. 
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In comparing Scenario 4 with Scenario 1, the reduction in length of the QIPP1 intake 
and outfall pipelines by 150 m (Scenario 4) is predicted to have little effect on thermal 
recirculation at the other intakes in winter conditions. However, in Scenario 4 the 
average excess temperature at the QIPP1 intake is predicted to be close to 2°C.  The 
impact of the shorter intake and discharge in the summer condition has not been 
examined. 
 
Increasing the QIPP1 flow rate to 50.5 m3/s (Scenario 5) which is an increase of about 
12% relative to Scenario 1, is predicted to have a comparably proportional effect on the 
thermal dispersion behaviour of the combined outfall / intake system - within the 
accuracy of the model predictions. 


5.3.1 Drawdown at the intake location 
Figures 5.12 to 5.16 show vertical cross-sections through the thermal plume, taken 
along the QIPP1 intake line. As with the in-plan figures, these show the tidal-average 
excess temperatures. These show that under winter conditions, the higher excess 
temperatures are predicted to be found in the top 2.5 m to 4 m, although the model does 
not show a sharp thermocline (steep change in temperature) at the lower face of the 
plume. In the summer case, the thermal plume is predicted to be mixed through the 
water depth, but confined closer to the shore. 
 
It is intended that the QIPPs will make use of submerged intakes to obtain their cooling 
water. Such an intake consists, in its simplest form, of an open pipe located close to the 
sea bed, and, in appropriate conditions, will tend to draw water from the lower parts of 
the water column. In the present situation, this is a good concept design, because the 
thermal plume will be located in the upper part of the water column. A submerged 
intake can therefore withdraw water selectively from the lower, cooler parts of the water 
column; however, careful design is required to achieve this.  
 
Under some conditions, a submerged intake can draw in water from the full water 
depth, including the hotter upper layers. This is undesirable as it increases the 
temperature of the water input to the cooling system – this may be as high as the depth-
averaged value. Drawdown rates depend on several factors, including the density 
difference between the upper and lower layers, their respective thicknesses, and the 
design details of the intake. A full assessment is beyond the scope of the present study; 
however, preliminary calculations have been made for the QIPP1 intake, using the 
method described by Miller & Brighouse in Reference 2, which is formulated in terms 
of a two-layer structure with a sharp thermocline between the layers. The results are 
expressed in terms of a critical flow rate, below which significant drawdown of hotter 
water is not expected.  
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Table 5.9 Drawdown predictions, Scenarios 1 and 4 


 Scenario 1 Scenario 4 
time (hours after HW) 5.25 10 10 12.75 16.5
water depth (m) 12.35 10 
ambient temperature (°C) 20 
ambient salinity (ppt) 60 
pipe diameter (m) 2.76 
riser height (m) 2.5 
cap diameter (m) 8 
lower layer excess temperature (°C) 0.5 0.3 0.3 0.5 0.4
upper layer excess temperature (°C) 1.3 2 4 3 5
upper layer thickness (m) 6.2 3 3 3 2
required flow rate (m3/s) 15 15 15 15 15
critical flow rate (m3/s) 2 15 23 7 17
drawdown predicted? yes no no yes no


 
Sample results are shown in Table 5.9, together with a summary of the input 
assumptions. The intake parameters shown (pipe diameter, cap diameter and riser 
height) are typical values, which have been chosen to correspond to the stated pipe 
velocity (2 m/s) and intake entry flow velocity (0.3 m/s) given by 5 Capitals / ACWA 
Power. (Note that for this assessment, 15 m3/s has been used as the target flow rate, 
because the layout drawing provided indicates that the intake flow of 45 m3/s will be 
split over three intake heads.) The results shown in the table correspond to Scenario 1 
and Scenario 4. In each case, we have selected a time of stronger stratification, and a 
time of weaker stratification. The times indicated correspond to the time axes of the 
timeseries plots. The variation of excess temperature with depth in these cases is shown 
in Figures 5.17 and 5.18, together with the schematised representation used in the 
calculations.  
 
This analysis is not a precise assessment, as it requires several simplifying assumptions, 
such as those shown in the table. However, it is considered to give a useful indication of 
the performance that is likely to be achievable with a comparatively simple intake 
design. At most of the times examined, there is no clear two-layer structure in the 
predicted temperature profiles. For example, it is difficult to make a definite estimate of 
the upper layer temperature in Scenario 1 at 10 hours after HW, because the temperature 
varies gradually from about 8 m upwards. Two versions of this case are given, taking 
the upper layer temperature as 4°C, close to its average value, and as 2°C, which is a 
representative lower temperature and represents a weaker stratification. The lower 
temperature will cause less separation between the layers, in terms of the calculation, 
and will make drawdown more likely.  
 
Table 5.9 shows that at times of stronger stratification, when the surface excess 
temperatures are high, selective withdrawal from the lower, cooler parts of the water 
column will be possible, given a suitable intake design for a three-head structure. When 
the stratification is weaker, the intake temperature is likely to be close to the depth-
average. Since weaker stratification is produced by a fall in the predicted surface excess 
temperature, this may constitute satisfactory intake performance.  
 
Over the course of the tide, the intake considered here will draw from the full water 
column at times of weaker stratification, and selectively from the lower, cooler parts at 
times when the surface temperatures are higher. To illustrate this effect, the effective 
intake temperature has been estimated. Assuming a constant upper layer thickness of 
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3 m for Scenario 1, and 2.0 m for Scenario 4 (typical values for the predicted ranges) a 
critical temperature has been calculated for drawdown. In Scenario 1, this was 1.9°C 
and in Scenario 4, 4.0°C.  From the timeseries graphs, periods have been identified 
when the temperature at approximately this depth below the surface is predicted to fall 
below 2°C for Scenario 1 and 4°C for Scenario 4. We have assumed the effective intake 
temperature is equal to the depth-average temperature during these periods, and the 
average from mid-depth to the sea bed at other times. Figures 5.19 and 5.20 show the 
resulting predictions. Tidal-average values are given in Table 5.10. 
 
Table 5.10 Tidal average excess temperatures at proposed QIPP1 intake locations, 


Scenarios 1 and 4 


Tidal average excess temperatures (°C) Scenario 1 Scenario 4 
depth-average 1.3 1.8 
mid-depth to sea bed average 0.4 0.6 
estimated effective intake temperature 0.9 1.4 


 
These calculations suggest that the reduced water depth available at the revised intake 
location makes it more likely that water from the hotter upper layer will be drawn down 
into the intake, resulting in a rise in the estimated effective intake temperature. However 
it may be possible to devise a more selective intake design which would permit a lower 
recirculation to be achieved. 
 
This analysis is based on the model predictions, and is highly sensitive to the layer 
thickness and temperature contrast applied. It is essential that it should be revised 
during the detailed design stage, when further information is available about the site, 
and when model calibration/verification can be achieved. 
 


6. Conclusions 
Hydrodynamic and thermal dispersion modelling have been carried out at Qurayyah.  
 
Thermal dispersion was simulated using the TELEMAC-3D model over five scenarios. 
The scenarios were selected, in discussion with 5 Capitals, using results from previous 
modelling studies (Reference 1) which identified conditions regarded as adverse. 
Additional modelling scenarios were proposed and have been undertaken in order to 
investigate the potential of modifying both the layout and discharge rate of QIPP1. 
 
Baseline Scenario 
The baseline scenario used the layout of QPP and QCC (without the influence of QIPP1 
and QIPP2) and under winter worst case conditions, in accordance with Reference 1 and 
as provided by SEC. For this case, we assumed an ambient seawater temperature of 
20°C and a constant wind blowing from the south-east at 6 m/s.  
 
Scenario 1 
Scenario 1 replicated the baseline scenario but with the QIPP1 and QIPP2 in place. In 
this configuration, the discharge plumes from QIPP1 and QIPP2 are predicted to merge 
with that from QPP, producing a large body of heated water at excess temperatures 
above 3°C. At the sea surface, this plume has width around 1500 m (roughly east-west), 
and length more than 4000 m parallel to the shore. Excess temperatures above 5°C are 
predicted throughout the water depth, close to the QPP outfall and extending 
southwards along the shoreline at the QIPP sites. At the QPP and QCC intakes, little 
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temperature variation is predicted through the water depth, and the depth average excess 
temperature is predicted to be less than 1°C for most of the time. At the QIPP1 and 
QIPP2 intakes, excess temperatures above 5°C are predicted, at times, at the sea surface. 
The predicted excess temperature decreases through the water depth, and is not 
predicted to be greater than 0.5°C at the sea bed. The depth-average excess temperature 
is predicted to reach about 1.5°C at QIPP1 and to exceed 2°C at QIPP2. 
 
Subsequent tests have indicated the likely sensitivity of dispersion behaviour to 
variations in several factors: 
 
• (Scenario 2) seasonal conditions – summer, 11 m/s SE wind. 
• (Scenario 4) amended layout configuration of QIPP1 – 150 m reduction in intake 


and outfall pipe length. 
• (Scenario 5) QIPP1 flow rate increase from 45 m3/s to 50.5 m3/s. 
 
Scenario 2 
The single test for the selected summer condition showed significantly different plume 
behaviour form the winter scenarios. This may be due in part to the change in densities 
of the ambient and discharged water, but is likely to be due mainly to the wind strength 
in the chosen condition.  It should be noted that the SE wind direction is not considered 
common (At the King Fahad Airport, Dammam, KSA wind from the SE direction 
occurs less than 6% of the time and does not exceed 8 m/s) and therefore, at detailed 
design stage (after award of contract), it is recommended that further sensitivity analysis 
of wind strength and direction applicable at the site is undertaken.  
 
Scenario 4 
Under winter conditions, the modified QIPP1 intake and outfall locations of Scenario 4 
are predicted to have similar impact to the original locations at the intakes of QCC and 
QPP, but more significant change is predicted at the QIPP intakes.  QIPP also appears to 
impact on the QPP intake in the summer conditions.  With the amended layout, the 
time- and depth-averaged excess temperature at the proposed QIPP1 intake location is 
predicted to be close to 2°C.  
 
It is predicted that the basic intake design considered here will give an effective excess 
temperature close to 1.5°C for Scenario 4. More careful intake design (perhaps 
shortening the intake riser and increasing the cap size) would be required to reduce this 
level of thermal recirculation.  
 
Scenario 5 
The increased discharge of Scenario 5 is predicted to cause an increase in temperature at 
QIPP1 and QIPP2 intakes, but the increase is close to the uncertainty associated with 
model predictions and is not considered significant. 
 
For the layouts and configurations modelled in Scenario 1 and 5, it is predicted that, 
with appropriate intake design to deal with thermal drawdown, thermal recirculation can 
be feasibly limited to an excess temperature just less than 1°C, by withdrawing the 
cooler water from mid-depth and below.  In our experience, this is a recirculation 
amount that has been judged acceptable at other projects in the region. Therefore, 
subject to confirmation of the recirculation amount by the plant designers, it can be 
considered that the amended discharge (50.5 m3/s) is acceptable for plant efficiency.   
 
HR Wallingford further understands that the thermal impact of this layout on the 
environment is considered acceptable as this impact is mainly in the upper layers of the 
water. 
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This analysis should be revisited in greater detail during detailed design (after award of 
contract), when further information should be obtained by field measurements at the 
site.  At this stage the model should be calibrated and verified and used to study a full 
range of ambient conditions for the confirmed power plant parameters. 
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Figure 1.1 Location plan 


QCC 


QPP


QIPP2


QIPP1







 


 


E
X


 6474 
 


 R
. 5.0 


 Q
urayyah IP


P
 


R
ecirculation assessm


ent 


 


Figure 4.1 Model bathymetry and mesh 
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Figure 4.2 Model bathymetry (detail) 
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Figure 4.3 Extents of local and regional models 
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Figure 4.4 Predicted tidal elevation at Qurayyah  
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Figure 4.5 Predicted current speed and direction at Qurayyah 
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Figure 5.1 Predicted tidal average excess temperature, Baseline Scenario 
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Figure 5.2 Predicted excess temperature variation at the intakes, Baseline Scenario 
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Figure 5.3 Predicted tidal average excess temperature, Scenario 1 
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Figure 5.4 Predicted excess temperature variation at the intakes, Scenario 1 
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Figure 5.5 Predicted instantaneous plume dispersion patterns at the sea surface, at time when predicted thermal plume is at greatest extent 
towards the NE and towards the SW 
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Figure 5.6 Predicted tidal average excess temperature, Scenario 2 
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Figure 5.7 Predicted excess temperature variation at the intakes, Scenario 2 
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Figure 5.8 Predicted tidal average excess temperature, Scenario 4 
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Figure 5.9 Predicted excess temperature variation at the intakes, Scenario 4 
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Figure 5.10 Predicted tidal average excess temperature, Scenario 5 


 


8
5
5


8
5
7
.
5


8
6
0


8
6
2
.
5


410 411 412 413 414 415 416 417 418


excess
temperature
(degrees C)


0.5


1.0


2.0


3.0


4.0


5.0


6.0


7.0


410 411 412 413 414 415 416 417 418


sea surface mid-depth sea bed


QPP


QIPP2


QIPP1


QCC


kmE


k
m
N


res3d_qurayyah28


410 411 412 413 414 415 416 417 41







 


 


Q
urayyah IP


P
 


R
ecirculation assessm


ent 


E
X


 6474 
 


 R
. 5.0 


 


QIPP1 intake


0


1


2


3


4


5


6


0 5 10 15 20 25


time (hours after HW)


ex
ce


ss
 te


m
pe


ra
tu


re
 


(d
eg


C
)


12


12.1


12.2


12.3


12.4


12.5


12.6


w
at


er
 d


ep
th


 (m
)


sea surface
90% of depth
80% of depth
70% of depth


60% of depth
mid-depth


40% of depth
30% of depth
20% of depth
10% of depth


sea bed
depth average
water depth


QIPP2 intake


0


1


2


3


4


5


6


0 5 10 15 20 25


time (hours after HW)


ex
ce


ss
 te


m
pe


ra
tu


re
 


(d
eg


C
)


12.2


12.3


12.4


12.5


12.6


12.7


12.8


w
at


er
 d


ep
th


 (m
)


QPP intake


0


1


2


3


4


5


6


0 5 10 15 20 25


time (hours after HW)


ex
ce


ss
 te


m
pe


ra
tu


re
 


(d
eg


C
)


1.6


1.7


1.8


1.9


2


2.1


2.2


w
at


er
 d


ep
th


 (m
)


QCC intake


0


1


2


3


4


5


6


0 5 10 15 20 25


time (hours after HW)


ex
ce


ss
 te


m
pe


ra
tu


re
 


(d
eg


C
)


1.8


1.9


2


2.1


2.2


2.3


2.4


w
at


er
 d


ep
th


 (m
)


Spring tide
 


Figure 5.11 Predicted excess temperature variation at the intakes, Scenario 5 
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Figure 5.12 Predicted tidal average excess temperature profile along QIPP1 intake line, Scenario 1 
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Figure 5.13 Predicted tidal average excess temperature profile along QIPP1 intake line, Scenario 2 
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Figure 5.14 Predicted tidal average excess temperature profile along QIPP1 intake line, Scenario 3 
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Figure 5.15 Predicted tidal average excess temperature profile along QIPP1 intake line, Scenario 4 
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Figure 5.16 Predicted tidal average excess temperature profile along QIPP1 intake line, Scenario 5 
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Figure 5.17 Predicted temperature profiles at proposed QIPP1 intake location, 
Scenario 1 
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Figure 5.18 Predicted temperature profiles at proposed QIPP1 intake location, 
Scenario 4 
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Figure 5.19 Estimated intake excess temperature variation at proposed QIPP1 intake location, 
Scenario 1 
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Figure 5.20 Estimated intake excess temperature variation at proposed QIPP1 intake location, 
Scenario 4 
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1. Introduction 


On 31st March 2011 5 Capitals requested additional plots to represent a further scenario 
based on the conditions studied in our study Qurayyah IPP: Recirculation assessment, 
HR Wallingford report EX6474, March 2011.  
 
This Technical Note should be read as an addendum to report EX6474.  
 


2. Scenario 6S 


Specifically, this scenario combines the shortened pipeline lengths of Scenario 4 with 
the increased flow rate of Scenario 5 (winter conditions, wind from SE at 6 m/s).   
 
Constraints of time and budget did not allow any additional modelling to be carried out, 
so the predicted tidal average excess temperature has been derived as a new ‘synthetic’ 
scenario named Scenario 6S for consistency with scenarios contained within EX6474. 
Excess temperatures have been calculated at the sea surface, at mid-depth, and at the sea 
bed by isolating the effects of QIPP1 and QIPP2 from Scenario 4 (by subtracting the 
baseline predictions for QPP and QCC only) and rescaling the result to allow for the 
increased discharge – an increase of 12%. Because the interaction between the thermal 
plumes is a non-linear process, this linear scaling represents a simplification of the real 
effect; however it is expected to give a reasonable first approximation.   
 
Figure 1 shows the predicted tidal average excess temperatures, in a similar format to 
those used in the original report. Figure 2 shows the contributions due to the QIPP 
installations, with the baseline removed. Note that it is not possible to extract the impact 
of QIPP1 alone, using our existing simulations. 
 
Table 1 summarises the temperature exceedance areas (hectares) derived in the analysis, 
due to the QIPP discharges. (1 ha = 10,000 m2) 
 
Table 1 Predicted excess temperature exceedance areas (ha), increases due to 


QIPP installations, Scenario 6S 


excess 
temperature (°C) sea surface mid-depth sea bed 


>3 124 64 40 
1 - 3 750 36 17 


<1 7582 2530 1797 
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Figure 1 Predicted thermal mixing zones, Scenario 6S 
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Figure 2 Predicted thermal mixing zones, increases due to QIPPs, Scenario 6S 
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1. Introduction 
On 31st May 2011 5 Capitals requested modelling of two additional scenarios to assess 
thermal recirculation, following on from those undertaken in the study described in 
Reference 1. These are based on the modified layout examined in that study 
(Scenario 4). 
 
The two additional scenarios are for calm conditions and Shamal (NNW wind) 
conditions, as defined in the DHI modelling report (Reference 2). 
 
Simulations are presented for: 
 
i) The combined impact of the steam power plant (QPP), combined cycle power plant 


(QCC) and both independent power projects (IPP1 and IPP2) 
ii) The underlying impact of QPP and QCC without the IPPs. 
 
The difference between the two sets of results represents the incremental effect of the 
IPP discharges (IPP1 and IPP2). 
 
This Technical Note is provided as an addendum to report EX6474 and Technical Note 
EBR4778-02. 
 


2. Scenario 7 
Scenario 7 uses the same configuration (layout, flow rate, etc.) as the original 
Scenario 4, but assumes different environmental conditions. In this case, summer calm 
conditions were used:  
 
• ambient seawater temperature = 35°C 
• zero wind stress. 
 
(Scenario 4 used winter conditions:  ambient seawater temperature of 20°C, and a 
constant wind blowing from the southeast (SE) at 6 m/s.) 
 
Scenario 7i includes QPP, QCC and the IPPs, while Scenario 7ii includes QPP and QCC 
only. 
 
Figure 1a shows the predicted tidal average excess temperatures, including contributions 
from QPP, QCC, QIPP1 and QIPP2, in a similar format to that used in the original 
report. These averages have been calculated over one diurnal tide, beginning and ending 
at Higher High Water (HHW). The crosses in this figure (and subsequent figures) mark 
the locations of the QIPP 1 intake and outfall for the modified layout. 
 
Figure 1b shows the corresponding average impact from QPP and QCC without the 
IPPs. 
 
Figure 2a shows the predicted excess temperatures at the four intake locations over the 
spring tide including the IPPs. The period shown is the same as that used to calculate the 
tidal average in Figures 1a and 1b. Predictions are given at each of the eleven model 
planes, and as a depth-average. 
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Figure 2b shows the corresponding impact at these locations without the IPPs and 
Figure 2c shows the difference between the two cases (increment due to the IPPs). 
 
Under Scenario 7, the sea surface excess temperature at the QIPP 1 intake is predicted to 
vary between about 3°C and about 5.5°C. The depth-average excess temperature is 
predicted to be between 0.7°C and 1.3°C. At the QIPP 2 intake, the predicted surface 
excess temperature is in the range roughly 0.5-4°C and the depth-average is less than 
1°C for all of the time. 
 
At the QPP intake, the surface excess temperature is predicted to be in the range 0.1 – 
0.4°C, and the depth average less than 0.2°C throughout the tide shown. At the QCC 
intake, the surface excess temperature is predicted to be 1.5 – 2.1°C, and the depth-
average generally close to 1.4°C. 
 
Comparison of Figures 1a and 1b shows that while the IPPs add to the overall thermal 
impact in the area, the majority of the impact is attributable to the QPP and QCC plants, 
which is consistent with their larger discharge rates and shoreline discharge 
configurations.   
 
Similarly, comparison of Figures 2a and 2b shows that the thermal impact at the QPP 
and QCC intakes is predominantly due to the QPP and QCC discharges (in fact under 
these conditions mainly QPP). 
 
Subtraction of Figure 2b from 2a, as shown in Figure 2c, shows that at times the effect 
of the IPP discharges is to reduce the temperature at the QCC discharge.  This is because 
the IPP discharge pushes the QPP plume further offshore.  At other times the IPP 
discharge increases the temperature by a few tenths of a degree such that, on average, 
the temperature at the QCC intake location is increased by 0.1°C due to the IPPs in 
these conditions. 
 
Table 1 summarises the predicted excess temperatures at the sea surface, mid-depth and 
sea bed, averaged through the tide and depth, at the four intake locations, for combined 
impact (7i), impact without the IPPs (7ii) and the increment due to the IPPs. 
 
Table 1 Predicted tidal average excess temperatures (°C) at the intakes, 


Scenario 7 


  QIPP1 QIPP2 QPP QCC 
 With IPPs (Scenario 7i) 
Sea surface 4.2 2.6 0.2 1.7 
Mid-depth 0.3 0.1 0.1 1.3 
Sea bed 0.1 <0.1 0.1 1.0 
Depth-average 1.0 0.5 0.2 1.3 
 Without IPPs (Scenario 7ii) 
Sea surface 3.2 1.7 0.2 1.6 
Mid-depth <0.1 <0.1 <0.1 1.2 
Sea bed <0.1 <0.1 <0.1 0.7 
Depth-average 0.5 0.2 0.1 1.2 
 Increment due to IPPs 
Sea surface 1.0 1.0 <0.1 <0.1 
Mid-depth 0.2 0.1 <0.1 0.1 
Sea bed 0.1 <0.1 <0.1 0.2 
Depth-average 0.5 0.3 <0.1 0.1 
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3. Scenario 8 
Scenario 8 has the same layout as Scenario 7 but introduces a time-varying wind to 
represent the Shamal. As with Scenario 7, it assumes summer conditions. In particular: 
 
• ambient seawater temperature = 35°C 
• wind at 15 m/s from north-northwest (NNW), 8am to 8pm 
• wind at 5 m/s from NNW, 8pm to 8am. 
 
The times quoted are nominal; one hour was allowed for the transitions between wind 
speeds. 
 
Scenario 8i includes QPP, QCC and the IPPs, while Scenario 8ii includes QPP and QCC 
only. 


 
Results from these simulations are shown in Figures 3 through 4.  Again the combined 
impact is shown first (Scenario 8i: Figures 3a and 4a) and the impact of QPP and QCC 
without the IPPs second (Scenario 8ii: Figures 3b and 4b).  With this wind condition, the 
thermal plumes are predicted to move away from the QPP intake and to intersect the 
QIPP 1 and QIPP 2 intakes at times when the wind is lower (night time). Surface excess 
temperatures at the QIPP 1 intake are predicted to be 3 - 5°C at these times, with a 
depth-average excess temperature close to 1°C. The duration of this event is predicted to 
be about 12 hours (roughly half the diurnal cycle). Lower excess temperatures are 
predicted at the QIPP 2 intake, with surface excess temperatures remaining below 3°C 
and the depth-average below 0.5°C. The duration of the event here is about 6 hours. 
 
The wind has an onshore component and the stronger winds confine the QPP plume 
close to the shore.  This has a significant impact on the temperature at the QCC intake 
where higher excess temperatures are predicted. The depth-average temperature is 
predicted to be above 0.4°C at all times, and above 3.5°C for about half the tide. 
 
As in Scenario 7, the major part of the impact at the QCC inake is attributable to the 
existing QPP discharge as shown in Figure 4b.  Figure 4c shows that the contribution of 
the IPPs to the temperature at the QCC intake is negligible for most of the tide and 
negative at times (because the IPP discharge pushes the QPP discharge offshore when 
the wind is lighter).  For two short periods during the day the IPP discharge causes an 
increase in temperature of about 1°C at the QCC intake.  The tidal average impact of the 
IPPs at QCC is 0.1°C. 
 
The impacts of the discharges at the different intake locations is summarised for the 
Shamal wind condition in Table 2. 
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Table 2 Predicted tidal average excess temperatures (°C) at the intakes, 
Scenario 8 


  QIPP1 QIPP2 QPP QCC 
 With IPPs 
Sea surface 2.0 0.3 <0.1 2.1 
Mid-depth 0.1 <0.1 <0.1 2.2 
Sea bed <0.1 <0.0 <0.1 2.1 
Depth-average 0.5 0.1 <0.1 2.2 
 Without IPPs (Scenario 8i) 
Sea surface 1.2 0.2 <0.1 2.1 
Mid-depth <0.1 <0.1 <0.1 2.1 
Sea bed <0.1 <0.1 <0.1 2.0 
Depth-average 0.2 <0.1 <0.1 2.1 
 Increment due to IPPs (Scenario 8ii) 
Sea surface 0.8 0.2 <0.1 <0.1 
Mid-depth 0.1 <0.1 <0.1 0.1 
Sea bed <0.1 <0.1 <0.1 .0.2 
Depth-average 0.2 <0.1 <0.1 0.1 


 


4. Discussion 
Two additional metocean conditions have been examined for the modified QIPP 1 
layout studied previously (Scenario 4): 
 
• Scenario 7 summer calm conditions 
• Scenario 8 summer Shamal. 
 
Under calm and the Shamal conditions, the sea surface excess temperature at the 
proposed QIPP 1 intake location is predicted to reach more than 5°C at times. The 
depth-average excess temperatures at the QIPP 1 intake is predicted to be around 1.0°C 
during calm conditions (Scenario 7) and about 1°C for about half the tide in Shamal 
(Scenario 8). Somewhat lower excess temperatures are predicted at the proposed QIPP 2 
intake location. 
 
At the QPP intake, calm conditions are predicted to give excess temperatures less than 
0.3°C. The Shamal is predicted to move the thermal plumes away from the QPP intake, 
resulting in very low excess temperatures. 
 
Higher excess temperatures are predicted at the QCC intake in both of these scenarios, 
with excess temperatures slightly over 1°C continuously in calm conditions, and above 
3.5°C for about half the time in Shamal conditions.  
 
The impact at the intakes, and in particular, the impact at the QCC intake is dominated 
by the existing discharge from QPP.  In both calm and Shamal conditions the IPP 
discharge is predicted to raise the average temperature at the QCC intake by 0.1°C and 
at the QPP intake by less than this.  
 







Qurayyah IPP  
Addendum to thermal recirculation assessment 


 


TN EBR4778-03 5  R. 2.0 


5. References 
1. Qurayyah IPP: Recirculation assessment, HR Wallingford report EX6474, March 


2011. 
2. Qurayyah IPP1 and IPP2 Thermal Recirculation Study Session 2.  DHI Draft report 


dated December 2010 
 
 
 
 
 







Qurayyah IPP  
Addendum to thermal recirculation assessment 


 


TN EBR4778-03 6  R. 2.0 


 
 







Qurayyah IPP  
Addendum to thermal recirculation assessment 


 


TN EBR4778-03   R. 2.0 


Figures 


 







Qurayyah IPP  
Addendum to thermal recirculation assessment 


 


TN EBR4778-03   R. 2.0 


 







Qurayyah IPP  
Addendum to thermal recirculation assessment 


 


TN EBR4778-03   R. 2.0 


Figure 1a Predicted tidal average excess temperature, Scenario 7i, including IPPs 
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Figure 1b Predicted tidal average excess temperature, Scenario 7ii, without IPPs 
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Figure 2a Predicted excess temperature variation at the intakes, Scenario 7i, including IPPs 
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Figure 2b Predicted excess temperature variation at the intakes, Scenario 7ii, without IPPs 
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Figure 2c Predicted excess temperature variation at the intakes, Scenario 7i – 7ii, increment due to IPPs 
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Figure 3a Predicted tidal average excess temperature, Scenario 8i, including IPPs 
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Figure 3b Predicted tidal average excess temperature, Scenario 8ii, without IPPs 
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Figure 4a Predicted excess temperature variation at the intakes, Scenario 8i, including IPPs 
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Figure 4b Predicted excess temperature variation at the intakes, Scenario 8ii, without IPPs 
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Figure 4c Predicted excess temperature variation at the intakes, Scenario 8i - 8ii, increment due to IPPs 
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1. Introduction 


1.1 BACKGROUND 


Saudi Electricity Company (SEC) is developing a new independent power project (IPP) 
at Qurayyah, Kingdom of Saudi Arabia (KSA). Qurayyah IPP is located in the Eastern 
Province of KSA about 60 km south of Dammam City on the Arabian Gulf (Gulf of 
Bahrain) coast, as shown in Figure 1. 
 
The allocated site for the Qurayyah IPP 1 Plant (QIPP 1) is located in the Qurayyah 
complex; between the existing SEC Qurayyah steam plant (QPP) to the north-west and 
the new SEC Qurayyah combined cycle plant (QCC) to the south-east. QIPP 1 is to be a 
gas fired combined cycle power plant with a total capacity of 1,800-2,100 MW. The 
QIPP 2 Plant is a future development which is not considered in this study. 
 
Based on information provided by 5 Capitals (Samsung, 2011a), the total volume to be 
dredged is estimated to be in the region 0.4-0.5 million m3.  The material to be dredged 
is of sand overlying clay (Gulf Consult, 2010).  A small proportion of this material is to 
be dredged by land-based excavator while the vast majority of the dredging is proposed 
to be undertaken by cutter suction dredger (Samsung, 2011b).  Inshore of the -5mLAT 
contour a small cutter suction dredger (CSD) is proposed, with the Beaver 50141 being 
suggested as a suitable example.  Offshore of the -5mLAT contour a CSD similar to the 
Kaerius2 is proposed. 
 
The method statement provided (Samsung, 2011b) appears to be based on an initial 
proposed intake/outfall design with the lengths of the intake/outfall then being 1.6 km 
and 0.67 km respectively.  The scheme that has been selected, after amending the 
lengths of the intake and outfall, has intake/outfall lengths of 850 m and 350 m 
respectively along the same alignment as in the initial design.  The shorter length of the 
proposed intake significantly reduces the length of channel able to be dredged by the 
larger CSD (due to depth restrictions) and hence the method statement may be revised 
from that provided to this study by 5 Capitals.  Nevertheless, the larger dredger has been 
adopted in this study to characterise dredging beyond the -5mLAT contour.   As can be 
seen in the results (Section 5), the plumes produced by the larger dredger are more 
significant than those of the smaller dredger and the potential consequences of use of the 
larger dredger should be included when considering the revised dredging methodology. 
 
It should be recognised that plumes will arise from both the dredging and the temporary 
placement.  Following the laying of the pipeline re-dredging and back-filling of the 
trench will also cause plumes.  The plumes arising from backfilling will be of a similar 
order to those arising from the dredging. 


                                                      
1 This appears to be mislabelled as “5104” in the Samsung Method Statement.  The Beaver 5014C has a 
suction pipe diameter of 500mm and a dredging pump power of 690kw  
(http://www.ihcholland.com/fileadmin/documents/Company/b5014c_webversion.pdf).  
2 The Kaerius has a suction pipe diameter of 800mm and a dredging pump power of 4650kw (Clarkson 
Research Services Ltd., 2009). 
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1.2 SCOPE OF THIS REPORT 


This report represents a summary of the predicted results of dredging plume dispersion 
arising from the proposed works.  It has been requested at an early stage by 5 Capitals in 
order to facilitate management of the consents process. The detailed final report will 
follow in due course. 


1.3 REPORT STRUCTURE 


The remainder of this report is structured as follows: 
 
 Chapter 2 presents an outline of the method statement by Samsung (2011b) for 


the proposed dredging operations 
 Chapter 3 describes the methodology used for the plume dispersion modelling 
 Chapter 4 describes the results of the plume simulation scenarios with respect to 


suspended sediment increases and deposition caused by the dredging and disposal 
operations 


 Chapter 5 presents the conclusions of the report.   
 


2. Dredging methodology 


2.1 OVERVIEW 


The method statement is described in Samsung (2011b).  In general the operations can 
be summarized as: 
 
 Mobilization of equipment 
 Excavation and preparation of the intake and outfall trenches 
 Laying of intake and outfall pipelines 
 Filling around the pipelines (first with crushed aggregate, then with the dredged 


soil, and finally with an armour stone-rock cover)  
 Installation of the intake riser and outfall diffuser 
 Construction of shore protection 
 Supply and installation of navigational aids 
 Demobilization of the site 


2.2 BED MATERIAL TYPE 


Based on information provided by 5 Capitals (Samsung, 2001a), the total volume to be 
dredged is estimated to be in the region 0.4-0.5 million m3. Based on data provided by 5 
Capitals (Gulf Consult, 2010) the bed material consists mainly of a sandy layer with 
about 10% silt content (particles less than 63 μm in diameter) overlying a clay layer.  
While the clay layer is composed of finer material than the sand, the action of the 
dredger will tend to cut the clay into balls or chips of clay rather than its constituent 
particles. Consequently, the rate of release of fines released from the dredging of the 
clay is expected to be lower than the corresponding rate for dredging the sand.  On this 
basis, and as the production rates for both materials are similar, only the dispersion 
resulting from dredging sand is presented.  
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2.3 DREDGER PLANT 


A small proportion of the bed material is to be dredged by land-based excavator while 
the vast majority of the dredging is proposed to be undertaken by cutter suction dredger 
(Samsung, 2011b).  Inshore of the -5mLAT contour a small cutter suction dredger 
(CSD) is proposed, with the Beaver 50143 being suggested as a suitable example.  
Offshore of the -5mLAT contour a CSD similar to the Kaerius4 is proposed. 
 


3. Plume modelling methodology 


3.1 INTRODUCTION 


To simulate the dispersion of plumes of fine sediment arising from the proposed 
dredging operations the HR Wallingford SEDPLUME-RW model was used. A full 
description of the model is given in Appendix 1.   
 
This model uses the hydrodynamic output from the local TELEMAC-2D model and the 
assumption of a logarithmic velocity profile through the water column to track the 3D 
movement of sediment particles.  Dispersal in the direction of flow is provided by the 
shear action of differential current speeds while turbulent dispersion is modelled using a 
random walk technique.  The deposition and erosion of particles are modelled by 
establishing critical bed shear stresses for erosion and deposition.  Erosion of deposited 
material occurs when this erosion threshold is exceeded while deposition occurs when 
bed shear stress falls below the critical level.  
 
Note that the dispersion modelling does not represent background concentrations but 
simulates the increase of suspended sediment concentrations caused by the dredging 
plumes. 


3.2 SOURCE TERMS 


The “source terms” or rates of release of fine sediment attributed to dredging and 
placement in this study were estimated on the basis of the method statement provided 
(Samsung, 2011b), the soils information provided (Gulf Consult,2010) and dredging 
models developed at HR Wallingford. 


3.3 DESCRIPTION OF MODELLED SCENARIOS 


On the basis of the dredging methodology, six scenarios were simulated. These 
scenarios were agreed between 5 Capitals and HR Wallingford (via teleconference on 
31 March 2011 and following e-mail discussions) and represent adverse conditions for 
the plume dispersion with respect to local intakes and outfalls. 
 
As shown in Figure 1 there are existing intakes and outfalls to the NW and SE of the 
proposed QIPP1 intake and outfall.  In general the most adverse conditions for the 
intake/outfall to the SE of the proposed works would occur when there is a NW wind 
and the most adverse conditions for the intake/outfall to the NE of the proposed works 
would occur when there is a SE wind.  The selection of a 6m/s SE and 6m/s NE wind 


                                                      
3 The Beaver 5014C has a suction pipe diameter of 500mm and a dredging pump power of 690kw 
(http://www.ihcholland.com/fileadmin/documents/Company/b5014c_webversion.pdf).  
4 The Kaerius has a suction pipe diameter of 800mm and a dredging pump power of 4650kw (Clarkson 
Research Services Ltd., 2009). 
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condition scenarios was made based on previous studies (DHI, 2011) and known wind 
data for the region as identified in the recirculation study (HR Wallingford, 2011). 
These conditions are reflected in the choice of simulations below. 
 
The effect of diurnal onshore-offshore winds is super-imposed onto the alongshore 
winds. These winds move sediment in the surface layers in the direction of the wind and 
sediment in the near-bed layers in the opposite direction.  In practice, as the water 
depths are relatively shallow in the area of interest, the onshore-offshore winds result in 
more mixing and dispersion, rather than advection of the plume in any particular 
direction. 
 
The different release rates used in each simulation are based upon the assumed sandy 
bed material type. The locations of the simulated dredging have been chosen to 
represent adverse conditions the range of operations that will occur. Each simulation 
was performed over 4½ days of spring tides.  As the proposed trench is a relatively 
small feature and the worst case in terms of plume dispersion is at the start of dredging 
before the trench is deepened and currents in the trench reduce, the plume dispersion 
simulations were undertaken with the existing bathymetry. 
 
The sediment release points are shown in Figure 2. 
 
Following the completion of simulations 1 to 4, it was recognised that the largest 
concentrations experienced at any of the intakes/outfalls occurred during simulations 3 
and 4 for the NW wind.  Two further sensitivity tests (Scenarios 5 and 6) were 
undertaken to examine whether the presence of modest wave heights could cause the 
plume to travel further, potentially increasing the impact at the intake to the SE.  The 
effect of waves was implemented by setting the model so that sediment particles settling 
onto the bed were not allowed to deposit.   The nature of wave action which would 
generate sufficient turbulence as to prevent fine sediment settling varies with water 
depth and sediment type.  For existing sandy conditions waves of about 0.15 m (Hs) at 
the inshore end of the proposed dredging to about 0.4 m (Hs) in water depths of 10m are 
estimated to “just” prevent settling.  As operations continue and the local seabed 
becomes siltier, the wave heights needed to prevent siltation will rise. 
 
Dredging the outfall trench 
 
Simulation 1  
Dredging by the small dredger, releasing fine sediment at a rate of 2 kg/s, at the offshore 
end of the proposed outfall and pumping the dredged material 300m away to the NW, 
causing a further release of 2.3 kg/s.  The simulation is modelled with flows including a 
6m/s SE wind. 
 
Simulation 2  
As simulation 1 but this time representing the dredging roughly mid-way along the 
proposed outfall trench. 
 
Dredging the intake trench 
 
Simulation 3  
Dredging by the large dredger, releasing fine sediment at a rate of 16 kg/s, just offshore 
of the -5mLAT contour and pumping the dredged material 300m away to the SE, 
causing a further release of 18 k/s.  The simulation is modelled with flows including a 
6m/s NW wind. 
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Simulation 4  
Dredging by the small dredger, releasing fine sediment at a rate of 2 kg/s, roughly mid-
way along the proposed intake trench and pumping the dredged material 300m away to 
the SE, causing a further release of 2.3 kg/s.  The simulation is modelled with flows 
including a 6m/s NW wind. 
 
Simulation 5  
As simulation 3 but this time assuming sufficient wave activity as to prevent the 
deposition of fine sediment. 
 
Simulation 6  
As simulation 4 but this time assuming sufficient wave activity as to prevent the 
deposition of fine sediment. 
 


4. Plume modelling results 


The plume model results for Scenarios 1 to 6 are shown in Figures 3 to 12. 
 
Figures 3, 5, 7, 9, 11 and 12 show the predicted envelope of peak concentration 
increases above background (i.e. the maximum concentration that occurred during the 
4½ day model simulation at each location). Note that these Figures do not show the 
plume at any particular time. The plume limit is taken here to be the point where 
predicted depth-averaged concentration increases are above 2 mg/l. It should be noted 
that the predicted plume arising from dredging at any particular moment is smaller than 
the envelopes shown.  The envelopes are shown because they are the most convenient 
way of identifying the potential footprint of effects. 
 
For the two model simulations along the outfall, the predicted suspended concentrations 
increases for both the offshore (Figure 3) and inshore (Figure 5) locations are similar in 
pattern. The offshore release point produces a slightly more extended plume than the 
inshore point. In each release scenario for the outfall the predicted increases in 
suspended concentrations at the point of release are up to 200mg/l and fall below 
100mg/l at a distance of about 50m and below 50mg/l at a distance of 100m. The SE 
wind direction used in these two scenarios causes a small residual current to be 
generated in a NW direction which causes the plumes to be carried towards the existing 
QPP outfall. The plume is then deflected offshore by the discharge from the QPP outfall 
which results in the plumes for both the inshore and offshore simulations being pushed 
seawards. The plume emitted from the offshore release point is advected far enough 
offshore (about 500m to a point beyond the -5m bathymetry contour) to allow it to be 
pushed around to the NW thus bypassing the QPP outfall discharge. However, the 
predicted suspended concentrations are relatively low (<5mg/l) since by this point most 
of the material has settled to the bed.  For the inshore release, the plume does not extend 
far enough offshore to enable it to bypass the QPP outfall. 
 
For the intake model simulations, in which a NW wind was applied, the predicted 
increases in suspended concentration (Figure 7 and Figure 9) extend predominantly in a 
SE direction, parallel with the coast. This highlights that fact that the wind has a strong 
influence on the hydrodynamics in this region. For the offshore release (Figure 7) in 
which the larger CSD was modelled, the predicted increases in concentration at the 
dredger and placement location are up to 250 mg/l and 350 mg/l respectively. Beyond a 
distance of 50-100m the predicted maximum concentration increase drops below 200 
mg/l and at about 200m the model predicts them to be below 100 mg/l. In this scenario 
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the predicted maximum concentration increases remain above 20mg/l for a distance of 
between 1.3-1.5 km from the point of release and remain above 2mg/l to a distance of 
up to 2.5-2.8 km. For the inshore release scenario along the intake trench (Figure 9) the 
plume has a smaller extent due to the use of the smaller CSD. In this case, the predicted 
concentration increases are between 70-80 mg/l at both the dredger and placement 
location. At 100m distance from the point of release the predicted increase in 
concentrations drops below 50 mg/l and below 20mg/l at about 500m. The maximum 
extent of the plume (>2mg/l) over the 4½ day simulation (in calm conditions) is 
between 1.2-1.5km. 
 
Whilst dredging in wavy conditions, the envelope of the increase in suspended sediment 
concentrations above background are predicted by the model to be significantly larger. 
This is because the released fines can remain in suspension due to the increased bed 
shear stresses induced by the waves. Figures 11 and 12 respectively show the predicted 
increases in suspended sediment concentration for the offshore and inshore release 
locations along the intake during wavy conditions and with a NW wind direction. It is 
important to note that these simulations are considered to be ‘worst case’ scenarios. For 
the offshore release case, concentration increases above background at the two points of 
release reach about 500mg/l. The concentration increases then reduce away from the 
point of release  (at a more gradual rate than for the no waves case) dropping below 
200mg/l, at a distance of about 1km, and below 100mg/l at a distance of 2 to 3 km. 
Consequently, in this worst case scenario, peak concentrations of between 100 and 
200mg/l are predicted to occur at the QCC water intake. 
 
Figures 4, 6, 8 and 10 show the predicted deposition of fine (diameter < 63 μm) 
sediment at the end of the 4½ day simulation under calm conditions. It is assumed that 
the settled mud will form a deposit with an in situ dry density of 500kg/m3.  
 
For the outfall trench scenarios the deposits are generally confined to within a radial 
distance of less than 1km from the point of release. For both the outer (Figure 4) and 
inner (Figure 6) release locations, the maximum deposit thicknesses are about 50mm 
within a distance of about 50m from the point of release, and fall below 5mm at about 
500m distance. 
 
For the intake trench scenarios the deposits extend in a SE direction parallel to the coast 
(due to the NW wind condition used in these runs). For the outer release location for the 
intake trench (Figure 8), a maximum thickness of deposit of about 100mm is predicted 
within a distance of 50m from the point of release, which drops to below 20mm at a 
distance of about 500m. Beyond about 2.5km, the predicted deposit thicknesses are 
below 0.5mm. The inner release location along the outfall, where the smaller CSD was 
modelled, shows a smaller region of deposition (Figure 10), with maximum deposit 
thicknesses of approximately 20mm within a distance of 100m from the dredger. 
Beyond about 300m, the deposits thicknesses are predicted to be less than 10mm and 
beyond about 1km, less than 0.5mm.  
 
It is important to remember that the deposition at the end of 4½ days will be a lot less 
than the deposition at the end of operations. Deposition that falls immediately back into 
the trench will also tend to be reworked. 
 
 The deposition at the end of operations for dredging by small cutter suction 


dredger will be up to 10 times that shown in Figures 4, 6, and 10. 
 The deposition at the end of operations for dredging by small cutter suction 


dredger will be up to 3 times that shown in Figure 8. 
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 However note that as the deposition continues it will be slowly reworked and 
further dispersed by a combination of storms and tidal currents. 


 
The figures show that the plumes are affected and shaped by the complex flow structure 
around the outfalls. 
 
The total loss of fines for the entire operation (dredging and backfilling) can be estimated 
as in the region of 65,000 tonnes which, assuming a dry density for settled fine material 
of 500kg/m3, corresponds to a volume of 130,000 m3.  On the basis of the plume 
dispersion modelling undertaken it can be assumed that under calm conditions this 
volume will be distributed over a footprint extending up to 2 km offshore and up to 10 km 
along the shoreline. This will result in a layer of fine material around 6 to 7 mm thick 
over this 20 km2 area.   


 


5. Conclusions 


 The dispersion of the plumes generated by dredging and placement are sensitive to 
both the advection caused by winds and the turbulence generated by wave action, 
which can occur from both local winds and swell. 


 The simulations undertaken show that advection by adverse wind conditions is 
insufficient by itself to cause increases in concentration at the intakes NW and SE 
of the proposed works.  Under calm conditions, where waves are insufficient to 
prevent fine sediment settling onto the bed, and where winds speeds will be less 
than those represented in the modelling, it can be inferred that the plumes from 
dredging and disposal (as characterised in this study) will not reach the intakes. 


 The simulations undertaken show that a combination of advection by adverse wind 
conditions and appreciable wave heights (0.15-0.4 m Hs depending on water depth) 
the plumes from dredging and disposal (as characterised in this study) do reach the 
intakes:  
 For a large CSD dredging close to the -5mLAT contour the combination of 


these conditions is predicted to lead to increases in suspended sediment 
concentration at the intake to the SE of the works of up to 200mg/l above 
background.   


 For a small dredger these conditions is predicted to lead to increases in 
suspended sediment concentration at the intake of up to 40mg/l above 
background.   


 Smaller increases in suspended sediment concentration are predicted for a SE 
wind at the intake to the NW of the works for these wave conditions. 


 The plumes are not predicted to cause significant accretion in the intake or outfall 
channels. 


 The results show that under a combination of wind and wave conditions, the 
proposed works will cause fine sediment to settle over the area between the 
proposed works and the intakes.  This fine sediment will be re-worked by storms 
and advected by wind-driven and tidal currents and a proportion of this sediment 
will enter the intakes. 


 It is recommended that the dredging method statement be revisited in order to 
examine the feasibility of using a large cutter suction dredger, now that the intake 
trench is much shorter than that envisaged for the method statement, and to 
examine the potential extent of downtime associated with the smaller dredger. 
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 It is recommended that mitigation measures are considered. The selection and 
determination of mitigation methods lie outside the scope of this study but 
measures may include (and are not limited to): 


 Silt curtains could be deployed in various configurations to localise suspended 
sediment concentrations in conditions that cause an excess of acceptable suspended 
sediment concentrations. 


 Turbidity monitors located at the intakes of existing power plants QPP and QCC 
can be used to determine whether the real-time concentration of suspended 
sediment being released lies within an acceptable threshold. 


 Pumping the dredge material to an alternative temporary offshore location to 
reduce the likelihood of being entrained into existing intakes. 
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Figure 1 Location plan 
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Figure 2 Locations of releases represented in plume dispersion simulations 


Grey arrows link positions of dredging to corresponding positions of disposal 
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Figure 3 Predicted envelope of peak depth-averaged increases in suspended sediment 
concentration above background, dredging by small CSD at offshore end of 
proposed outfall trench, calm conditions 
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Figure 4 Predicted deposition after 4½ days of simulation, dredging by small CSD at 
offshore end of proposed outfall trench, calm conditions 
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Figure 5 Predicted envelope of peak depth-averaged increases in suspended sediment 
concentration above background, dredging by small CSD midway along 
proposed outfall trench, calm conditions 
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Figure 6 Predicted deposition after 4½ days of simulation, dredging by small CSD 
midway along proposed outfall trench, calm conditions 
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Figure 7 Predicted envelope of peak depth-averaged increases in suspended sediment 
concentration above background, dredging by large CSD, close to the -5mLAT 
contour at the position of the proposed intake trench, calm conditions 
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Figure 8 Predicted deposition after 4½ days of simulation, dredging by large CSD, close 
to the -5mLAT contour at the position of the proposed intake trench, calm 
conditions 
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Figure 9 Predicted envelope of peak depth-averaged increases in suspended sediment 
concentration above background, dredging by small CSD midway along 
proposed intake trench, calm conditions 
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Figure 10 Predicted deposition after 4½ days of simulation, dredging by small CSD 
midway along proposed intake trench, calm conditions 
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Figure 11 Predicted envelope of peak depth-averaged increases in suspended sediment 
concentration above background, dredging by large CSD, close to the -5mLAT 
contour at the position of the proposed intake trench, wavy conditions (worst 
case scenario) 
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Figure 12 Predicted envelope of peak depth-averaged increases in suspended sediment 
concentration above background, dredging by small CSD, midway along the 
proposed intake trench, wavy conditions (worst case scenario) 
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1 Summary


This Addendum to the Social and Environmental Assessment (SEA) Qurayyah 


Independent Power Plant –QIPP1 (June 2011) has been commissioned by ACWA 


Power International to assess the environmental and social impacts arising from a 


combined 4,000 MW Plant compared with that originally proposed and assessed 


i.e. the 1963.5MW Plant.  This document should therefore be read in conjunction 


with the SEA Report and Technical Appendices for QIPP1 (ref 1005/001/009, June 


2011).  


Two independent power plants (QIPP1 and QIPP2) of the same size and 


configuration had originally been planned for the site, however it was 


deemed more feasible to combine the plants into a single facility (QIPP1&2), 


thereby potentially reducing the environmental impact. This revised 


assessment has focused on the issues of primary importance associated with the 


larger combined Plant, namely the marine dispersion modeling, air quality 


modeling and noise modelling predictions.  All other social and environmental 


issues have low or insignificant additional impacts and are detailed under the 


main reference report of the QIPP1 SEA Report (June 2011).


Land-take


The proposed 4,000 MW Plant will reduce the land take on the QIPP2 site by >75% 


thereby retaining “protected” coastal dune habitat within the surrounding 


fenceline.


Marine Thermal Modelling


The conclusions of the marine thermal modeling demonstrate that there are 


reduced environmental impacts arising from the larger 4,000 MW Plant and 


revised intake/outfall configuration compared with the 1963.5MW Plant (ref SEA 


Report).  The improvements in thermal dispersion results in negligible temperature 


rise at the existing QPP and QCC intakes, while the mixing zone areas for the 1 


degree C (PME standard) and 3 degree C (World Bank/IFC standard) are 


reduced in size, on the seabed.  The overall conclusion from the testing of 


scenarios for the 4,000 MW Plant is that there is improved thermal dispersion within 


a marine site supporting no sensitive marine habitats and is a highly preferred 


option compared with the 1963.5MW Plant. 
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Stack Emissions Air Modelling


Detailed dispersion modelling of stack emissions from the proposed facility 


predicts that for normal natural gas-fired operations at the site, GLCs at 


sensitive receptors will be well within the relevant PME and IFC air quality 


standards and guidelines.  The change in annual mean NO2, and PM10


concentrations due to emissions from the 4,000 MW facility is less than 1% and 


therefore classified as negligible and of insignificant impact.  


During maintenance of the gas pipeline or an interruption of the gas supply, 


diesel oil would be used as a back-up fuel for up to five successive days 


(maximum of 10 days in 1 year).  The dispersion model predicts the potential 


for exceedance of the 1-hr and 24-hr PME standard and IFC 24-hour mean 


guideline value. However, It should be noted that this is a “theoretical failure” 


and worst-case prediction, since it assumes that back-up operation of the 


facility is coincidental with periods when meteorological conditions result in 


poor dispersion of stack pollutants. Therefore the likelihood of such an 


exceedence occurring is very small and is no greater than that predicted for 


the 1963.5MW Plant.  In mitigation it is recommended that an independent 


environmental expert shall undertake air monitoring during any period when 


back-up diesel fuel is being used to monitor 24-hour sulphur dioxide GLCs.


Noise Modelling


Noise modelling has been undertaken for the 1963.5MW Plant, although the 


larger 4,000MW plant is unlikely to have significantly increased impacts due to 


the following:


 The noise modelling reported in the SEA has shown that the site will 


meet RFP standards without the need for additional acoustic barriers;


 To guarantee compliance, additional measure have been proposed 


which are applicable to the 4,000 MW Plant as well;


 During construction there would be no additional noise sources 


although the construction programme is likely to be extended by a 


few months.
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Other Environmental and Social Issues


No additional environmental or social impacts are expected by increasing 


the IPP1 Power Plant from 1963.5MW to 2,600 MW (see SEA Report for details).


The following modeling reports are located in the Appendices: 


Appendix 1: TN-EBR4778-05 - Qurayyah IPP: Thermal recirculation assessment 


of Qurayyah IPP1: 4000MW (HR Wallingford); and


Appendix 2: E525 - Air Quality Impact Assessment (Qurayyah Independent 


Power Project 1 (4000MW), Qurayyah, Saudi Arabia (Entran Ltd).
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Introduction 


ACWA Power International has commissioned an addendum to the Social and


Environmental Assessment (SEA) that was prepared for the proposed Qurayyah 


Independent Power Plant 1 (QIPP1 1956MW), located 100km south of Dammam, 


on the Gulf Coast of Saudi Arabia. This Addendum to the Social and


Environmental Assessment (SEA) Qurayyah Independent Power Plant – QIPP1 


(June 2011) has been prepared to assess the environmental and social impacts 


arising from a combined plant (QIPP1&2). The proposed gas-fired combined 


cycle power plant would have a net power generation capacity of 4,000MW. 


The combined Qurayyah Independent Power Plant (QIPP1&2) (‘the Project’) 


is located in the Qurayyah complex, between the existing SEC Qurayyah 


Steam Plant (QPP) in the north and the new SEC Qurayyah combined cycle 


plant (QCC) in the south. The combined plant is the third in a series of power 


projects at Qurayyah, which is proposed, to meet the future electricity 


demands.


This Addendum has also been prepared in accordance with PME (Presidency of 


Meteorology and Environment) national environmental regulations, guidance 


and standards for Saudi Arabia, the World Bank/IFC (International Finance 


Commission) and the Equator Principles.  It will be formally submitted to PME and 


the lenders as an alternative to the 1963.5MW proposal that is currently with 


the authorities for consideration, awaiting formal approval. 


This revised assessment has focused on the issues of primary importance 


associated with the larger Plant, namely the marine dispersion modeling, air 


quality modeling and noise modelling predictions.  All other social and 


environmental issues have low or insignificant additional impacts and are 


detailed under the main QIPP1 SEA Report 1005/001/009 (June 2011).


The increase in power output of the Qurayyah IPP1 plant from 1956MW to


4,000MW has resulted in several technical design changes and upgrades as 


follows:


 The modified configuration for the 4,000MW plant includes 6 Power 


Groups arranged in a Mulishaft-Arrangement, each consisting of 2 Gas 


Turbines (GTs) with 2 generators, coupled with their dedicated Heat 
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Recovery Steam Generators (HRSG) and one Steam Turbine (ST) with 


generator; 


 Each HRSG will have its own stack. There will be twelve stacks in total;


 Stack heights of 60m remain unchanged;


The combined IPP1/IPP2 plant will have a number of advantages over 


separate plants including the following:


 Landtake on the IPP2 site being reduced by >75% thereby retaining 


“protected” coastal dune habitat within the surrounding fenceline;


 Two cooling water intakes have been combined into a single intake 


reducing the direct impact on the marine habitats;


 The thermal discharge has been reduced from 120m3/s to 100m3/s;


 The new position of the plant has allowed the intakes to be angled to 


reach the -10m contour and the discharges to reach the -3.5m 


contour providing improved intake operation and dispersion of the 


thermal discharge;


 The discharge from the QIPPs for the 1963.5MW plant contributed 32% 


to the total heat load in the environment. The contribution from the 


combined QIPP1&2 plant results in a decrease to 28% due to the 


efficient plant operations. QPP and QCC contribute 35% and 37% 


respectively.


This cooling water will be supplied from four submerged intake heads (referenced 


as QPPN (north) & QPPS (south) in the report) along four pipelines. The discharge 


will be split between two pairs of pipelines and discharge structures, arranged 


either side of the intake pipeline. The proposed layout is shown in Figure 1-1. The 


intake and discharge pipelines shown in grey are as originally suggested, but it 


was apparent that the water depth would be insufficient and therefore an 


alternative layout was agreed for testing, as shown by the red lines in Figure 1-2. 


The red intake pipelines are angled away from being perpendicular to the shore. 


This allows deeper water to be reached and a greater separation of the QIPP1&2


intakes from the QPP discharge, without affecting the design of the land facilities 


shown on the plot plan.
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Figure 1-1 QIPP1&2 Indicative Plot Plan
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Figure 1-2 Proposed QIPP1&2 intake and outfall layout (as modelled for this Addendum)
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2 Thermal Recirculation Assessment of QIPP1&2 (4000MW)


To compensate for the higher flow rates associated with the 4000MW 


Combined QIPP1&2 plant, the intake was extended to the -10m contour, 


allowing deeper water to be reached, also ensuring a greater separation of 


the QIPP1&2 intakes from the QPP discharge. The discharge structures also


extended to the -3.5m contour to allow for better dispersion and recirculation of 


the cooling water. 


Modelling Scenarios


This combination of discharges was simulated for four combinations of wind, 


covering both winter and summer conditions:


 Scenario 1: Summer with 11 m/s southeast wind (ref SEA “Scenario 2”);


 Scenario 2: Summer with “Shamal” wind at 15 m/s from north-northwest 


(NNW), 8am to 8pm and 5 m/s from NNW, 8pm to 8am (ref SEA 


“Scenario 8”);


 Scenario 3: Summer calm conditions (ref SEA “Scenario 7”);


 Scenario 4: Winter with 5 m/s southeast wind (ref SEA “Scenarios 1, 4, 5).


All combinations were run with spring tide thus remaining consistent with 


modeling done for the QIPP1 Final SEA. The ambient sea-water temperature 


was 35°C for summer and 20°C for winter.


The model results are presented in several formats to demonstrate the 


marginal change, if any, in terms of temperatures at the intakes of each of 


the Plants and also the area of the 1 degree C Mixing Zone (PME) and the 3 


degree C Mixing Zone (World Bank/IFC) as follows:


The results are analysed to present:


 Tidal average temperature contours at surface, mid depth and bed for 


QPP, QCC, IPP1 and IPP2;


 Tidal average temperature contours at surface, mid depth and bed for 


QPP and QCC only (“baseline conditions”);


 Graphs of temperature vs time at the IPP1, IPP2, QPP and QCC intakes 


for QPP,QCC, IPP1 and IPP2;
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 Graphs of temperature vs time at the IPP1, IPP2, QPP and QCC intakes 


for QPP and QCC only;


 Graphs of the increase in temperature at the intake locations caused 


by the presence of IPP1 and IPP2;


 Tables of time-averaged temperature rise at the intake locations for 


QPP, QCC IPP1 and IPP2, QPP and QCC only, and the increase 


caused by the presence of IPP1 and IPP2;


 Tables of the area enclosed within the tidal average temperature 


contours of 3 °C and 1°C above ambient for QPP, QCC IPP1 and IPP2; 


QPP and QCC only; and


 The increase caused by the presence of IPP1 and IPP2.


2.1 Plant Characteristics and conditions simulated


The purpose of the simulations was to investigate the impact of a larger QIPP1 


&2 on the marine environment, including the impact of the cooling water 


dispersion on the intakes of QPP, QCC and the 4,000 MW Plant. This has 


resulted in a decrease in flow rate through the combined intake and outfall 


of the 4,000 MW Plant from 120 m3/s to 100m3/s. 


The intake and outfall parameters are summarised in Table 2-1 below:


Table 2-1 Intake and Outfall Parameters for QPP, QCC, QIPP1&2


QPP QCC Combined QIPP1/2 
(400MW)


Intake location 411934 mE,


2860608 mN


413745 mE,


2856965 mN


413800 mE, 012 mN


413826 mE, 2858948 mN


413828 mE, 2858873 mN


413805 mE, 2858807 mN


Intake/Outfall 
flow rate


127m3/s 134 m3/s 100 m3/s


Intake/Outfall 
Characteristics


Channel Channel Piped


Ambient 
Temperature


35 oC /20 oC 35 oC /20 oC 35 oC /20 oC


Ambient Salinity 60ppt 60ppt 60ppt
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Outfall location 412652 mE,


2859634 mN


414568 mE,


2856060 mN


413162 mE, 2859342 mN


413185 mE, 2859297 mN


413352 mE, 2858747 mN


413355 mE, 2858697 mN


Outfall Salinity 60ppt 60ppt 60ppt


Exit Velocity n/a n/a 1.5m/s


2.2 Scenario Simulations and Testing


2.2.1 Scenario 1: Summer (SE wind 11m/s), Combined QIPP1&2 Simulation –


with background QPP & QCC) (ref SEA Scenario 2)


The scenario simulates the worst-case summer conditions of an ambient 


water temperature of 35 oC and a constant wind of 11m/s from the southeast. 


As mentioned in the SEA report, this wind condition in infrequent, however it 


was deemed necessary to test the scenario as previous results indicated high 


excess temperatures at the intakes of QPP for the 1000m intake and 500m 


outfall for the QIPP1 (1956MW). In reality then, the predictions under this 


scenario would not be a common occurrence. 


Table 2-2 Predicted tidal average excess temperatures (OC) at the intakes, summer 


conditions (SE wind: 11m/s) – with combined QIPP1&2


QIPP1-N QIPP- S QPP QCC


Sea -Surface 0.0 0.1 1.1 0.8
Mid-Depth 0.0 0.1 1.2 0.8
Sea Bed 0.0 0.0 1.2 0.8
Depth -
Average


0.0 0.1 1.2 0.8


2.2.1.1 Results


Excess temperatures between 10C and 3 0C are predicted along the stretch 


of the coastline extending from the QIPP&2 plant discharge and merging with 


the discharge from QPP producing a body of water approximately 6.38km2 in 


extent at the surface and 3.19km2 at the sea-bed.


The wind (SE 11m/s) drives the plume towards the shoreline causing the 


heated water to mix down through the water column. The time series also 


confirms that no significant variation through the water depth is predicted 


and that excess temperature varies little at any of the intake locations in this 
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scenario.


There are no elevated temperatures at the intakes of QIPP1&2 (0 0C) while 


fully mixed waters at QPP and QCC intakes are 1.2oC and 0.8oC respectively. 


The average excess temperature for the 4000MW plant (with increased intake 


and outfall lengths) is cooler at both the mid-depth and sea-bed (including 


depth-average at all intakes than for the QIPP1 (1956MW) plant. 


These results suggest that the proposed QIPP1&2 discharges will have no 


affect on the intakes at QPP and QCC, and that the temperature increase 


(1.2 o C) predicted in this scenario at the QPP intake is due to the recirculation 


of the QPP discharge. 


Figure 2-1 Predicted Tidal average excess temperature for 4000MW option, summer 


with southeast wind of 11m/s- with Combined QIPP1&2
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2.2.2 Scenario 2: Summer Shamal (NNW 5-15m/s), Combined QIPP1&2


Simulation with background QPP & QCC (ref SEA Scenario 8)


Under summer Shamal conditions (NNW 5-15m/s), the dispersion of QPP’s 


thermal plume (shoreline discharge) extends in a south-easterly direction


along the shoreline towards QCC. This results in high background depth-


average excess temperatures (2.1oC) at QCC prior to the addition of 


QIPP1&2. 


The thermal plume exceeding 3 0C covers an area of 0.78km2 (sea-bed) but 


0.63km2 of this is due to QPP. The majority of temperature exceedances along 


the coastline are between 10C and 30C, with the QIPP1&2 only contributing a 
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small percentage (<15%) to the background.


The excess temperature at the QIPP-N and QPP-S intakes, at the sea-surface is 


1.6 oC and 0.5 oC at the mid-depth. The background temperatures at these 


intakes (at the surface), is due to QPP, which contributes 1.3 oC to the 


baseline. 


Table 2-3 Predicted tidal average excess temperatures (OC) at the intakes, summer 


shamal conditions (NNW wind: 5-15m/s) – with Combined QIPP1&2


QIPP1-N QIPP- S QPP QCC


Sea -Surface 1.6 1.6 0.0 2.0
Mid-Depth 0.2 0.4 0.0 2.1
Sea Bed 0.0 0.1 0.0 2.0
Depth -
Average


0.5 0.6 0.0 2.1


Conclusion


The results from this scenario indicate that the higher flow rates associated 


with the 4,000MW plant, in combination with the longer intake and outfalls, 


adequately compensate for the increase in power output from the plant 


under the NNW 5-15m/s Summer Shamal wind conditions. Under this scenario, 


the excess temperatures at QCC and QPP (with and without the combined 


IPP1/2) are lower throughout the water depth when compared to the 


previous configuration (QIPP1: 1956MW) as described in the SEA report. 
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Figure 2-2 Predicted Tidal average excess temperature for 4000MW option, summer 


Shamal condition with Combined QIPP1&2
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2.2.3 Scenario 3: Summer Calm, Combined QIPP1/2 Simulation –with 


background QPP & QCC (Ref SEA Scenario 7)


Under calm conditions, the plumes are able to spread offshore as a result of a 


combination of buoyant spreading, slight offshore currents at times during the 


tide, and offshore momentum of the discharges. This produces a much wider 


area of impact at the surface than is predicted for the south-east or Shamal 


winds. Despite the absence of wind, there is still a mean current toward the 


south-east, and this causes a temperature rise at the QCC intake, which is 


mostly attributable to the QPP discharge. 


Table 2-4 Predicted tidal average excess temperatures (OC) at the intakes, calm 


summer conditions


QIPP1-N QIPP- S QPP QCC
Sea -Surface 3.8 3.4 0.2 1.5
Mid-Depth 0.4 0.6 0.1 1.2
Sea Bed 0.1 0.2 0.1 0.9
Depth –
Average


1.1 1.1 0.1 1.2


2.2.3.1 Results


Under summer calm conditions, the modelling shows that the predicted tidal 


average excess temperatures reach 3.8 OC and 3.4 OC at QIPP-N/S at the 


sea-surface. The temperatures at the mid-depth and sea-bed for QIPP1&2 


intake heads vary between 0.1 and 0.4 OC. The depth average is 1.1 OC. Most 


of this excess temperature rise is due to the discharge from QCC as the 


combined QIPP1&2 only contributes 0.4 OC to the background conditions. 


The QIPPs do cause increases in the area of surface water that is raised by 


between 1 OC and 3 OC, particularly under the calm conditions. This is 


inevitable with discharges from the combined QIPP1&2 (each 50m3/s) 


discharging into slow moving and relatively shallow water. The QIPP1&2 


contributes 3.89km2 at mid-depth to the area exceeding 1 OC (baseline 6.37 


km2) and 0.31km2 to the area exceeding 3 OC (baseline 0.20 km2). 


Under this scenario, the excess temperatures at QCC and QPP (with and 


without the combined IPP1/2) are lower throughout the water depth when 


compared to the previous configuration (QIPP1: 1956MW) as described in the 


SEA report. 
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Figure 2-3 Predicted Tidal average excess temperature for 4000MW option, summer 


calm condition with Combined QIPP1&2
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2.2.4 Scenario 4: Winter SE wind (6m/s), Combined QIPP1/2 Simulation –with 


background QPP & QCC (Ref SEA Scenario 1, 4, 5 with amended 


layouts and flows)


The south-easterly wind in this scenario is weaker than the wind used in the 


summer conditions (Scenario 1). The scenario simulates winter conditions of 


an ambient water temperature of 20 o C and a constant wind of 5m/s from 


southeast. Although it produces sufficient surface stress to deflect the 


discharges toward the northwest the main area of impact remains offshore. 


There is little mixing of the warm water down to the bed (at temperatures 


more than 1 o C above ambient), except in the immediate vicinity of the 


discharges. 


Table 2-5 Predicted tidal average excess temperatures (OC) at the intakes, winter 


conditions (SE wind: 5m/s) – with Combined QIPP1&2


QIPP1 QIPP2 QPP QCC
Sea -Surface 2.9 2.5 0.4 0.4
Mid-Depth 0.6 0.8 0.3 0.3
Sea Bed 0.2 0.3 0.3 0.3
Depth -
Average


1.0 1.0 0.3 0.3


2.2.4.1 Results


At QCC and QPP intakes, little temperature variation is predicted through the 


water column, and the depth average excess temperature is predicted to be 


0.3 o C for both. 


At the combined QIPP1&2 intake, average excess temperatures of 2.5 o C are 


predicted at times, at the sea surface. The predicted excess temperatures 


decrease through the water depth however, and are not predicted to be 


greater than 0.3 o C at the seabed. The depth average excess temperature is 


predicted to reach about 1.0 o C. 


These results suggest that the proposed QIPP1&2 discharges will have little 


effect on the intakes at QPP and QCC and the contribution to their own 


intakes is 2.2 o C and 1.8 o C. 


In the tidal average, the discharge plumes from the combined QIPP1&2 are 
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predicted to merge with that from QPP, producing a body of heated water 


at excess temperatures between 1oC and 3 oC. At the sea surface, this plume 


has an area of 22km2 at the surface, of which QIPP1&2 contributes 6.8km2


and QPP and QCC contribute 16.7km2.  QIPP1&2 does not add to the 


baseline for temperatures exceeding 3 oC.


Figure 2-4 Predicted Tidal average excess temperature for 4000MW option, winter 


conditions (SE wind 5m/s) with Combined QIPP1/2
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2.3 Modelling Conclusions


Simulations have been carried out for the combined QIPP1&2, 4000MW plant 


for four combinations of season, wind and tide. 


The thermal output of the QIPP1&2 contributes some 28% of the total thermal 


discharge to the environment from the Qurayyah power plants. The relatively 


large size of the QCC and QPP discharges, together with the fact that they 


are at the shoreline, means that most of the coastal impact of the combined 


projects is caused by QPP and QCC. 


The offshore siting of the discharge serves to protect the seabed environment 


from highly elevated temperatures, so that the maximum increment in the 


area of sea-bed at >3 oC is 0.15km2 (15ha) under the conditions tested. 


The offshore siting of the discharge also reduces the impact of the QIPP1&2 


on the intake temperatures of QPP and QCC. The tidal-average incremental 


increase caused by the combined QIPP1&2 is less than 0.1 oC. 


The combined QIPP1&2 does cause significant increase in the area of surface 


water that is raised by 1 oC and 3 oC, particularly in calm conditions. This is 


inevitable with the discharge of QIPP1&2 entering into slow moving, shallow 


marine waters. 
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The depth-average temperature rise at the combined QIPP1&2 intake 


reaches 1.1 oC in calm conditions. Approximately half this rise is due to self-


recirculation and half is due to the QPP and QCC discharges. 







Qurayyah QIPP1&2 (4000MW) Addendum to Social and Environment Assessment 
August 2011


23


3 Air Dispersion Modelling


3.1 Introduction


An assessment of the air quality impacts arising from the proposed combined 


QIPP1&2 (4000MW). A detailed air quality dispersion modelling assessment has 


been undertaken to determine the impacts associated with the proposed 


increased capacity plant.  The modified configuration for the 4000MW plant 


includes 6 power groups arranged in a Mulishaft-Arrangement, each 


consisting of 2 Gas turbines (GTs) with 2 generators, coupled with their 


dedicated heat recovery steam generators (HRSG) and one steam turbine 


(ST) with generator. Each HRSG will have its own stack. There will be 12 stacks 


in total. The key pollutants considered in the assessment are oxides of nitrogen 


(NOx as NO2), particles (as PM10) and sulphur dioxide (SO2). Predicted ground 


level concentrations are compared with local (PME) and international 


(IFC/WHO) air quality standards and guidelines.


As with the modeling undertaken for the QIPP1 (1956MW) plant, the primary 


fuel for the combined (4000MW) Plant will be natural gas, with low sulphur 


diesel oil (<0.5% sulphur) as back-up.


3.2 Brief overview of relevant PME Air Quality Standards


The Presidency of Meteorology and Environment (PME) define environmental 


protection standards for new and existing plants.  The requirements of new 


and existing plants are described as follows: 


General Environmental Protection Standards for New Facilities:


 All new major facilities as well as major modifications to existing 


facilities shall be designed, operated and maintained so as to 


avoid exceedences of the ambient environmental standards as 


promulgated for the Kingdom at the time of approval of the 


design.
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Table 3-1 below identifies the PME ambient air quality standards relevant to 


this project. 


Table 3-1 PME Air Quality Standards for Ambient Air Quality


Pollutant Standard (g/m3) Averaging Period No of Permitted 


Exceedences


Sulphur Dioxide 
(SO2)


730 1-hour 


Twice during any 
30 successive days 
in the year (99.7th


percentile)


365 24-hour
Once during any 
12 months (99.7th


percentile)


80 Annual N/A


Particulates 
(PM10)


660 1-hour


Twice during any 
30 successive days 
in the year (99.7th


percentile)


100 Annual N/A


Particulates 
(PM10)


340 24-hour


Twice during any 
30 successive days 
in the year (93.4th


percentile)


80 Annual N/A


3.3 Brief overview of relevant International Finance Corporation World 


Bank Group


The IFC Guidelines1 recommend the use of national legislated standards, or in 


their absence, the current World Health Organisation (WHO) Air Quality 


Guidelines.


A summary of the IFC guideline values for NO2, SO2 and PM10 is provided in 


Table 3-2.  In addition to the guidelines values the IFC also specifies interim 


targets for SO2 and PM10 in recognition of the need for a staged approach to 


achieving the guideline value.


                                               
1 International Finance Corporation World Bank Group, General EHS Guidelines: Environmental. Air Emissions 
and Ambient Air Quality, April 2007.
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Table 3-2 IFC Guideline Values


Pollutant Averaging Period Guideline Value


(µg/m3)


Nitrogen Dioxide
Annual 40


1-hour 200


Sulphur Dioxide 24-hour


125 (Interim target 1)


50 (Interim target 2)


20


Particulate Matter (as PM10)


Annual


70 (Interim target 1)


50 (Interim target 2)


30 (Interim target 3)


20


24-hour


150 (Interim target 1)


100 (Interim target 2)


75 (Interim target 3)


50


3.4 Assessment Methodology


The assessment for the proposed facility comprises a review of emission 


parameters for the facility and dispersion modelling to predict ground-level 


concentrations of pollutants at sensitive receptor locations. 


In addition, the cumulative impact of emissions from the proposed facility and 


other significant off-site emissions sources in the area (Qurayyah Independent 


Power Plant 2 (IPP2), Qurayyah Combined Cycle Power Plant (QCC) and 


Qurayyah Steam Power Plant (QPP)) has been assessed.


Predicted ground-level concentrations are compared with relevant local air 


quality standards and IFC guideline values.


3.4.1 Dispersion Modelling Parameters


The potential impact of the proposed facility on local air quality has been 


assessed using Breeze AERMOD7 (version 7.3.1), a new generation dispersion 
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model that incorporates the latest understanding of the atmospheric 


boundary layer.


3.4.2 Emission Scenarios


For normal natural gas-fired operations at the site, the most significant 


pollutants will be nitrogen oxides (NOx as NO2) and particulate matter (as 


PM10). In the event of gas supply failure, it is proposed that low-sulphur (<0.5% 


S) diesel oil is used as a back-up fuel, which will result in emissions of sulphur 


dioxide (SO2), in addition to NOx and PM10.


The source emission parameters used in the dispersion modelling are 


presented in Appendix 2.


The following emission scenarios have been assessed:


 IPP1, normal gas-fired operation


 IPP1 and off-site sources, normal gas-fired operation


 IPP1, back-up diesel oil fired operation


 IPP1 and off-site sources, back-up diesel oil fired operation


The maximum predicted receptor concentration over the three years of 


meteorological data is identified for each scenario and compared with the 


relevant AQS.


Back-up diesel oil operation at the combined QIPP1&2 is likely to be 


infrequent and will not occur for more than 5 days in succession.  Therefore 


the long-term (annual mean) AQS are not applicable to this scenario and 


predicted concentrations are compared with short-term assessment criteria 


only.  It should be noted that this provides a highly conservative impact 


assessment since it assumes that back-up operation of the facility is 


coincident with periods when meteorological conditions result in poor 


dispersion of stack pollutants.


A number of the PME AQS allow 2 exceedences of the limit value per month; 


however AERMOD does not have the capability to calculate this statistic. 


Therefore, a percentile has been calculated assuming that 2 exceedences a 


month is equivalent to 24 exceedences per annum.
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3.4.3 Local Meteorological Data


The modelling has been carried out using three years (2007, 2008 and 2009) of 


hourly sequential meteorological data in order to take account of inter-


annual variability and reduce the effect of any atypical conditions.  Data 


from King Fahd International Airport at Dammam (approximately 75 km north-


northwest of the proposed site) has been used for the assessment, which is 


the most representative data currently available for the area.  The King Fahd 


Airport dataset does not include cloud cover; therefore this information has 


been obtained from the meteorological observing station at Dhahran Airport, 


a Royal Saudi Air Force base in Dammam.  


Wind roses for each of these years are presented in Figure 3-1 below; these 


show that the prevailing wind directions are from the west, northwest and


north.


Figure 3-1 Wind rose for King Fahd Airport (2009)


3.4.4 Buildings


The presence of buildings close to emission sources can significantly affect 


the dispersion of pollutants by leading to a phenomenon called downwash.  


This occurs when a building distorts the wind flow, creating zones of increased 


turbulence.  Increased turbulence causes the plume to come to ground 
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earlier than otherwise would be the case and result in higher ground level 


concentrations closer to the stack.  


Downwash effects are only significant where building heights are greater 


than 30 to 40% of the emission release height.  The downwash structures also 


need to be sufficiently close for their influence to be significant.  


The majority of the structures at the proposed site are open frameworks, 


which are unlikely to have a significant impact on wind flow and have 


therefore not been included in the dispersion model.  The only structure with 


the potential to affect dispersion from the stack is the HRSG building, which 


has been included as potential downwash structure. 


3.4.5 Sensitive Receptors


Pollutant concentrations have been predicted at both discrete receptor 


locations and over a 16 by 16 km Cartesian grid of 250 m resolution. 


Specific receptors have been identified where people are likely to be 


regularly exposed for prolonged periods of time (e.g. residential areas). These 


are highlighted in grey in the table below. The sensitive receptors located 


closest to the QIPP1&2 site (1-7 below) are considered industrial in nature, and 


only contain temporary accommodations and offices for staff. The modelling 


results will consider the temporary nature of the receptors when analysing the 


results. 


The location of the discrete sensitive receptors is presented in Table 3-3 and


Fig 3-2 and Fig 3-3.


Table 3-3 Location of Sensitive Receptors


ID Receptor Type Easting Northing


1
Qurayyah 
Combined Cycle 
Power Plant (QCC)


Industrial 413074 2857271


2
BEMCO Camp and 
Laydown


Residential 412382 2857271


3
QCC supporting 
camps and offices


Residential 413137 2857852


4
Qurayyah Steam 


Industrial 411848 2860240
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Power Plant (QPP);


5
SEC Community 
Camp Residential 411424 2861261


6 SEC Cooking and 
Cleaning Camp


Residential 410592 2859925


7 Aramco Seawater 
Treatment Plant


Industrial 410159 2863645


8
Al-Khaleej Makarim 
Village Residential 389289 2886785


9 Half Moon Bay Residential 408690 2889743


10
Port and Industrial 
Facilities


Industrial 414041 2879671


11
Al Durrat 
Development, 
Bahrain 


Residential 459863 2857018


12 Abqaiq Residential 368754 2868928


13. Al Oqair Port
Industrial/ 
Residential 421268 2836480


Figure 3-2 Sensitive Receptor Locations (1 to 7)


QIPP1


&2


QCC


QPP


BEMCO Camp and Laydown


QCC supporting camps and offices


SEC Community camps 


SEC Cleaning and Cooking camps 


Aramco Seawater Injection plant
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Figure 3-3 Sensitive Receptor Locations (8 to 13)


3.4.6 Significance Criteria


This assessment focuses on the significance of changes in pollutant 


concentrations due to emissions from the proposed facility compared with 


the AQS presented above. 


The significance of the impact is determined using criteria developed by 


Environmental Protection UK and presented in their Development Control: 


Planning for Air Quality 2010 Update. 
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3.5 Predicted Impact (Normal Gas-Fired Operation)


3.5.1 NO2 Concentrations


The predicted ground-level NO2 concentrations at identified sensitive 


receptor locations are presented in Table 3-4for the annual and 1-hour means 


respectively. The results are presented in terms of the impact of QIPP1&2 


alone (QIPP1&2) and also the cumulative impact of QIPP1&2 and local off-


site sources (ALL).


Table 3-4 Predicted 99.7th Percentile of 1-Hour Mean NO2 Concentrations (g m-3)


Receptor 2007 -2009 2008 2009


IPP1&2 ALL IPP1&2 ALL IPP1&2 ALL


 Industrial 
Receptors (1-7) 
– Ranges from:


2.4 -10.7 27.1 - 37.1 5.3 – 14.6 26.7 – 53.5 2.3 – 13.7 26.7 - 51.0


 Residential 
Receptors (8-
13) – Ranges 
from: 


0.33 – 1.7 8.1 – 16.7 0.28 - 1.8 6.4- 13.4 0.84- 1.8 6.7- 9.2


Maximum Receptor Concentration (IPP1&2): 14.6 (QCC Supporting camps and Offices)


Maximum Receptor Concentration (ALL): 54.8 (Temporary SEC Community Camp)


Air Quality Standard (PME): 660


Air Quality Guideline (IFC): 200 (as the maximum 1-hour mean)


3.5.1.1 Results


Predicted ground level NO2 concentrations are well within the relevant AQS. 


The maximum receptor concentration due to emissions from QIPP1&2 alone 


may be summarised as follows:


 The maximum long-term (annual mean) concentration is 1.2% of the 


PME AQS for NO2 of 100 g m-3; and


 The maximum short-term (99.7th percentile of 1-hour means) 


concentration is 2.2% of the PME AQS for NO2 of 660 g m-3.


The maximum long-term NO2 impact occurs at receptors 3 (QCC supporting 


camps and offices) for both emissions from QIPP1&2 alone and from the 
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cumulative sources. For the short-term predictions, the maximum cumulative 


impact occurs at receptor 5 (SEC community camp).


The maximum predicted annual mean NO2 process concentration (QIPP1&2) 


is just over 1% of the long term AQS, therefore the magnitude of the change is 


regarded as small.  However, since the predicted concentrations are well 


within the air quality standard, the impact of NO2 emissions from the 


proposed facility is regarded as negligible, according to the significance 


criteria presented in Appendix 2.


At worst, the predicted NO2 concentrations due to emissions from QIPP1&2 


represent just 28.9% and 42.8% of the total long and short-term cumulative 


impacts respectively. Predicted cumulative short-term NO2 concentrations 


are well within the IFC maximum 1-hour mean guideline value of 200 g m-3.


Predicted annual and 99.7th percentile of hourly mean NO2 concentrations for 


the most recent year of meteorological data (2009) are presented as contour 


plots in Plate 3-1 below.


Plate  3-2 Predicted 99.7th Percentile of 1-Hour Mean NO2 Concentrations (g m-3) –


QIPP1&2
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3.6 Particulate Matter (as PM10)


The predicted ground-level PM10 concentrations at identified sensitive 


receptor locations are presented in Table 3-5 for the annual and 93.4th


percentile of 24-hour means respectively.


Table 3-5 Predicted 93.4th Percentile of 24-Hour Mean PM10 Concentrations (g m-3)


Receptor 2007 2008 2009


IPP1&2 ALL IPP1&2 ALL IPP1&2 ALL


Industrial 
Receptors (1-7) –
Ranges from:


0.22 – 0.98 1.4 - 26 0.14- 0.66 2.5 – 5.6 0.19 -0.86 2.4 -5.3


Residential 
Receptors (8-13) –
Ranges from: 


0.015 –
0.080 0.16 - 0.33 0.020- 0.071 0.040 – 1.81


0.021 –
0.057 0.40- 0.81


Maximum Receptor Concentration (IPP1&2): 1.4 (QCC Supporting Camps and Offices)


Maximum Receptor Concentration (ALL): 5.6 (SEC Cooking and Cleaning Camp)


Air Quality Standard (PME): 340


Air Quality Guideline (IFC): 50 (as the maximum 24-hour mean)


3.6.1.1 Results


Predicted ground level PM10 concentrations are well within the relevant AQS. 


The maximum receptor concentration due to emissions from IPP1&2 alone 


may be summarised as follows:


 The maximum long-term (annual mean) concentration is 0.26% of the 


PME AQS of 80 g m-3.


 The maximum short-term (93.4th percentile of 24-hour means) 


concentration is 0.41% of the PME AQS of 340 g m-3.


The maximum predicted annual mean PM10 process concentration (QIPP1&2) 


is less than 1% of the long term AQS, therefore the magnitude of the change 


is regarded as imperceptible. On this basis, the impact of PM10 emissions from 


the proposed facility is negligible, according to the significance criteria 


presented in Appendix 2.
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At worst, the predicted PM10 concentrations due to emissions from QIPP1&2 


represent just 19.0% and 42.1% of the long and short-term cumulative impacts 


respectively. Predicted cumulative short-term PM10 concentrations are well 


within the IFC annual mean and 24-hour mean guideline values.


The maximum PM10 long-term impact occurs at receptor 3 (QCC supporting 


camps and offices) for both emissions from IPP1&2 alone and the cumulative 


sources.  For the short-term predictions, the maximum receptor impact occurs 


to the north of the facility at the SEC community and cooking and cleaning 


camps. Predicted annual and 93.4th percentile of 24-hour mean PM10 


concentrations for the most recent year of meteorological data (2009) are 


also presented as contour plots in Plate 3-3 below.


Plate  3-3 Predicted 93.4th Percentile of 24-Hour Mean PM10 Concentration 


(g m-3) – QIPP1&2
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3.7 Predicted Impact (Backup Diesel Oil Fired Operation)


3.7.1 Nitrogen Dioxide (NO2


The predicted ground-level 99.7th percentile of 1-hour mean NO2


concentrations at identified sensitive receptor locations are presented in 


Table 3-6 below.


Table 3-6 Predicted 99.7th Percentile of 1-Hour Mean NO2 Concentrations 


(g m-3)


Receptor 2007 -2009 2008 2009


IPP1&2 ALL IPP1&2 ALL IPP1&2 ALL


 Industrial 
Receptors (1-7) 
– Ranges from:


12.2 - 72.3 27.1 - 37.1 12.4 – 76.8 34.5-106 2.3 – 13.7 34.1– 103


 Residential 
Receptors (8-
13) – Ranges 
from: 


6.4  - 11 12.4 – 77.2 1.6-9.3 11.4-16.2 11.7-71.5 10.7-15.0


Maximum Receptor Concentration (IPP1&2): 76.6 (QCC Supporting camps and Offices)


Maximum Receptor Concentration (ALL): 106 (QCC Supporting camps and Offices)


Air Quality Standard (PME): 660


Air Quality Guideline (IFC): 200 (as the maximum 1-hour mean)


3.7.1.1 Results


Predicted ground level NO2 concentrations are well within the relevant AQS. 


The maximum short-term (99.7th percentile of 1-hour means) receptor 


concentration due to emissions from IPP1&2 alone is 11.6% of the PME AQS for 


NO2 of 660 g m-3. The maximum NO2 impact occurs at receptor 3 (QCC 


supporting camps and offices) for both emissions from IPP1&2 alone and the 


cumulative sources. At worst, the predicted short-term NO2 concentration 


due to emissions from IPP1&2 represents 90.0% of the total cumulative impact 


at QPP (receptor 4).


Predicted cumulative short-term NO2 concentrations are well within the IFC 


maximum 1-hour mean guideline value of 200 g m-3. Predicted 99.7th


percentile of hourly mean NO2 concentrations for the most recent year of 
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meteorological data (2009) are also presented as contour plots below (for 


IPP1&2 and the cumulative scenario respectively).


Plate  3-4 Predicted 99.7th Percentile of 1-Hour Mean NO2 Concentrations 


(g m-3) – ALL
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3.8 Particulate Matter (as PM10)


The predicted ground-level 93.4th percentile of 24-hour mean PM10


concentrations at identified sensitive receptor locations is presented in Table 


3-7


Table 3-7 Predicted 93.4th Percentile of 24-Hour Mean PM10 Concentrations 


(g m-3)


Receptor 2007 2008 2009


IPP1&2 ALL IPP1&2 ALL IPP1&2 ALL


Industrial 
Receptors (1-7) –
Ranges from:


0.11 – 0.91 1.4 – 2.4 0.11-0.99 1.5 - 3.3 0.11 -0.68 1.3-2.9


Residential 
Receptors (8-13) –
Ranges from: 


0.009-0.043 0.21-0.34 0.0068-0.059 0.040 – 1.81
0.021 –
0.057


0.0045-0.035


Maximum Receptor Concentration (IPP1&2): 0.99 (QCC Supporting Camps and Offices)


Maximum Receptor Concentration (ALL): 3.3 (QCC Supporting Camps and Offices)


Air Quality Standard (PME): 340


Air Quality Guideline (IFC): 50 (as the maximum 24-hour mean)


3.8.1.1 Results


Predicted ground level PM10 concentrations are well within the relevant AQS. 


The maximum short-term (93.4th percentile of 24-hour means) receptor 


concentration due to emissions from QIPP1&2 alone is 0.29% of the PME AQS 


for PM10 of 340 g m-3.


At worst, the predicted short-term PM10 concentration due to emissions from 


IPP1&2 represents 48.9% of the total cumulative impact. Predicted cumulative 


PM10 concentrations are well within the IFC maximum 24-hour mean guideline 


value of 50 g m-3.


Predicted 93.4th percentile of 24-hour mean PM10 concentrations for the most 


recent year of meteorological data (2009) are also presented as contour 


plots in Plate  3-5, for QIPP1&2 and the cumulative scenario respectively.
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Plate  3-5 Predicted 93.4th Percentile of 24-Hour Mean PM10 Concentrations (g m-3) –


ALL
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3.9 Sulphur Dioxide (SO2)


The predicted ground-level SO2 concentrations at identified sensitive receptor 


locations, is presented in Table 3-8 for the 99.7th percentile of 24-hour and 


1-hour means respectively.


Table 3-8 Predicted 99.7th Percentile of 24-Hour Mean SO2 Concentrations (g m-3)


Receptor 2007 2008 2009


IPP1&2 ALL IPP1&2 ALL IPP1&2 ALL


Industrial 
Receptors (1-7) –
Ranges from:


41.6 - 183 84.3– 242 25.6-258 70.8 - 333 36.6-169 66.1-257


Residential 
Receptors (8-13) –
Ranges from: 


3.0 - 15.5 15.6-44.8 4.0-14.4 13.9-37 4.4-11.5 14.5-17.9


Maximum Receptor Concentration (IPP1&2): 258 (QCC Supporting Camps and Offices)


Maximum Receptor Concentration (ALL): 333 (QCC Supporting Camps and Offices)


Air Quality Standard (PME): 365


Air Quality Guideline (IFC): 20 (as the maximum 24-hour mean)


Table 3-9 Predicted 99.7th Percentile of 1-Hour Mean SO2 Concentrations (g m-3)


Receptor 2007 2008 2009


IPP1&2 ALL IPP1&2 ALL IPP1&2 ALL


Industrial 
Receptors (1-7) –
Ranges from:


76.8 -457 212-499 78.6-486 210-684 74.3-452 209-661


Residential 
Receptors (8-13) –
Ranges from: 


11.7-69.7 55.4-
111.9


10.0-62.2 7.3-54.9 7.3-62.4 65.4-77.1


Maximum Receptor Concentration (IPP1&2): 486 (QCC Supporting Camps and Offices)


Maximum Receptor Concentration (ALL): 684 (QCC Supporting Camps and Offices)


Air Quality Standard (PME): 730


3.9.1.1 Results


Predicted ground level 99.7th percentile of 24-hour and 1-hour mean SO2


concentrations due to emissions from QIPP1&2 are well within the PME air 
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quality standard (AQS).  The maximum receptor concentrations may be 


summarised as follows:


 The maximum 99.7th percentile of 24-hour means SO2 concentration is 


70.7% of the PME AQS of 365 g m-3, and


 The maximum 99.7th percentile of 1-hour means SO2 concentration is 


66.6% of the PME AQS of 730 g m-3.


The maximum SO2 impact occurs at receptor 3 (QCC supporting camps and 


offices) for both emissions from QIPP1&2 alone and the cumulative sources.


The dispersion modelling predicts a widespread exceedence of the 24-hour 


IFC guideline.  However, the predicted concentrations are worst-case and 


would only occur where diesel oil firing occurs during a meteorological event 


resulting in poor dispersion from the stacks.  It is likely that when the plant is 


operating in back-up mode the ground-level concentrations will be 


considerably lower than those predicted.


Predicted 99.7th percentile of 24-hour and 1-hour mean SO2 concentrations for 


the most recent year of meteorological data (2009) are also presented as 


contour plots in Plate  3-6 and Plate  3-7.


Plate  3-6 Predicted 99.7th Percentile of 24-Hour Mean SO2 Concentrations (g m-3) All
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Plate  3-7 Predicted 99.7th Percentile of 1-Hour Mean SO2 Concentrations (g m-3) –


ALL


3.9.2 Mitigation Measures


The following mitigation measures will be implemented in order to mitigate 


the potentially negative impacts associated with the operation of the 


proposed combined Qurayyah IPP1&2: 


 Regular maintenance of plant at the proposed facility will also be carried 


out in order to optimise performance and minimise emissions;


 During commissioning, the stack emissions will be tested for NOx, SOx and 


PM10 to ensure that the control systems are operating correctly and that 


emission values comply with PME and WB/IFC standards;


 During operation there will be continuous monitoring of stack emissions, 


particularly NOx, SOx, CO2, and PM10, to ensure compliant conditions are 


maintained through appropriate process controls.  In addition the 


monitoring of other stack parameters such as oxygen, carbon monoxide 


and temperature will also ensure that the plant is operated efficiently to 


maintain compliance with the specified air emission standards and 


ambient air quality standards;
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 Stack monitoring data collected during commissioning and the 


subsequent 20-year operation period will be reported to PME and the 


lending banks on a regular basis and will be subject to inspection by 


external environmental auditors to verify the performance and 


compliance status;


 NOx emissions from the plant when burning Gas in turbines will be reduced 


to meet the emissions standards specified by the applicable standards by 


installing dry low NOx combustion.  When burning Liquid Fuel in gas 


turbines, the NOx emissions will be controlled by water or steam injection if 


required;


 Fugitive emissions from the combined QIPP1&2 site during operation will 


be controlled by an inspection and maintenance programme that will be 


detailed within the Environmental Management System  (equivalent to 


ISO 14001) that will be developed at the start of operations and 


maintained throughout the 20 year plant operational period.


 In conclusion, detailed dispersion modelling of emissions from the 


proposed combined QIPP1&2 indicates that the impact on local air 


quality will be negligible. 


3.10 Summary and Conclusions


An assessment has been carried out to determine the potential air quality 


impacts associated with the proposed combined Qurayyah Independent 


Power Plant (QIPP1&2).


The stack point source emissions from the combined Qurayyah IPP1&2, given 


the use of gas fuel, will be predominantly NO2, with relatively small emissions 


of SOx and particulates. Detailed dispersion modelling of potential emissions 


from the proposed facility predicts that for normal natural gas-fired 


operations at the site, ground-level pollutant concentrations at sensitive 


receptors will be well within the relevant PME and IFC air quality standards 


and guidelines.  The change in annual mean NO2, and PM10 concentrations 


due to emissions from the facility is less than 1% and therefore classified as 


negligible and of insignificant impact according to the Environmental 


Protection UK significance criteria.
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In the event of gas supply failure at the site, diesel oil will continue to be used 


as a back-up fuel for a maximum of five successive days. The dispersion 


model predicts for this scenario there is potential for a widespread 


exceedence of the 1-hr and 24-hr PME standard and IFC 24-hour mean 


guideline value. However, It should be noted that this is a worst-case 


prediction since it assumes that back-up operation of the facility is coincident 


with periods when meteorological conditions result in poor dispersion of stack 


pollutants. The likelihood of these exceedences occurring is small.
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4 Noise Modelling 


Modelling of the noise emissions from each of the Siemens-Westingheure F 


class turbines has been derived from measurements at similar combined 


cycle power plants over 20 years. Although the noise modelling has been 


undertaken for the 1963.5MW Plant, the larger 4,000MW plant is unlikely to 


have significantly increased impacts due to the following:


 The noise modelling reported in the SEA has shown that the site will meet 


RFP standards without the need for additional acoustic barriers;


 To guarantee compliance, additional measure have been proposed 


which are applicable to the 4,000 MW Plant as well;


 During construction there would be no additional noise sources although 


the construction programme is likely to be extended. 


The results of the baseline noise model for the 1963.5MW QIPP1 Plant for full 


load, steady state operation is illustrated in Plot 1. This shows that the 65dBA 


sound contour does not extend beyond the plant fence-line indicating that 


the facility is likely to comply with the RFP standard without any special or 


non-standard acoustic improvements. However, several measures are 


proposed to guarantee compliance during operations.  It is noted that the 


nearest temporary BEMCO camps to the south and west would experience 


noise levels of 45- 47 dBA (although they are likely to have been removed 


prior to operation of IPP1). The SEC Community Camp 5.5km to the north 


would be <45dBA.  


Noise modelling of start-up operations has also been undertaken and noise 


plots (See Figure 4-1 and Figure 4-2 below) are shown for unattenuated and 


attenuated noise conditions. These scenarios demonstrate the need for 


mitigation measures, which are detailed in the following section.


The external sound level due to the facility operation at the administrative 


building will not cause the sound level inside the control room to exceed the 


permissible level of 50dBA (ref: IFC 8-hour exposure in open office and control 


room of 45dbA).
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Figure 4-1 Indicative Modelling Plot for Qurayah IPP1 (Predicted Sound Contours (dBA) of baseline Plant Operating at Full Load (Plot 1))
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Figure 4-2– Predicted Sound Contours (dBA) of Attenuated Plant During Start-up of QIPP1 (Plot 2)
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4.1.1 Mitigation measures


With regard to normal operation, the following mitigation is recommended 


that would be applicable to the 4,000 MW Plant: 


 Acoustically lag the fuel gas pressure reducing valve bodies and all 


above ground downstream piping to avoid excessive noise at the nearby 


northern fence line.


 Specify all equipment, except the steam turbine and generator, to limit 


near field noise to 85dBA at 1m.


 Specify the STG at 90 dBA at 1m.


 During transient (start-up) operation: however, the potential exists for 


facility noise to greatly exceed the RFP noise limits. A number of common 


start-up noise sources can easily produce extremely high noise levels if left 


untreated. A set of mitigation recommendations and silencer 


performance specifications are given that should allow the plant to 


generally maintain compliance with the RFP noise limits during start-up. 


More specifically:


 The HRSG blowdown tanks on all 6 units should be fitted with silencers.


 The HRSG blowdown tanks on at least the northernmost 3 units should be 


acoustically lagged. 


 The steam turbine area drain tank should be located inside the ST building 


and its atmospheric vent should be fitted with a substantial silencer.


 If an SJAE is used for hogging, the system should be located inside the ST 


building and its atmospheric vent should be fitted with a substantial 


silencer. Use vacuum pumps for hogging, if possible. 


 Locate the steam turbine bypass valves inside the ST building and not 


outside on the exposed pipe racks.


 Drag valves are recommended for the HRH, HP, IP and LP vents on each 


HSRG at 90 dBA at 1m to avoid excessive noise if these will be regularly 


used during normal start-ups. The lead-in lines to these silencers may need 
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to be acoustically lagged on a retrofit basis if these vents are frequently 


used during start-up. 
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5 Overall Conclusions


5.1.1 Marine Modelling Conclusion


Simulations have been carried out for the combined QIPP1&2, 4000MW plant 


for four combinations of season, wind and tide. The results from marine 


recirculation modelling indicate that the higher flow rates associated with the 


40000MW plant, in combination with the intake and outfall being located at 


the -10m and -3.5m contour, adequately compensate for the increase in 


power output from the plant under all wind conditions.


The combined QIPP1& 2 plant will have a number of advantages over 


separate plants including the following:


 Landtake on the IPP2 site being reduced by >75% thereby retaining 


“protected” coastal dune habitat within the surrounding fenceline;


 Two cooling water intakes have been combined into a single intake 


reducing the direct impact on the marine habitats;


 The thermal discharge has been reduced from 120m3/s to 100m3/s;


 The discharge from the QIPPs for the 1963.5MW plant contributed 32% 


to the total heat load in the environment. The contribution from the 


combined QIPP1&2 plant results in a decrease to 28% due to the 


efficient plant operations. QPP and QCC contribute 35% and 37% 


respectively.


 The offshore siting of the discharge serves to protect the seabed 


environment from highly elevated temperatures, so that the maximum 


increment in the area of sea-bed at >3 oC is 0.15km2 (15ha) under the 


conditions tested.  The offshore siting of the discharge also reduces the 


impact of the QIPP1&2 on the intake temperatures of QPP and QCC. 


The tidal-average incremental increase caused by the combined 


QIPP1&2 is less than 0.1 oC. 


 Where excess temperatures at QCC exceed the values in the Final 


QIPP1 SEA report, the analysis has shown that the majority of the 


thermal impact at the QCC intake is either derived from QPP or QCC 
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itself. This is due to the relatively large size of the QCC and QPP 


discharges, together with the fact that they are shoreline discharges. 


Much of the coastal impact is therefore caused by QPP and QCC.


5.1.2 Air Modelling Conclusion


An assessment has been carried out to determine the potential air quality 


impacts associated with the proposed combined Qurayyah Independent 


Power Plant (QIPP1& 2). The stack point source emissions from the combined 


Qurayyah IPP1&2, given the use of gas fuel, will be predominantly NO2, with 


relatively small emissions of particulates. Detailed dispersion modelling of 


potential emissions from the proposed facility predicts that for normal natural 


gas-fired operations at the site, ground-level pollutant concentrations at 


sensitive receptors will be well within the relevant PME and IFC air quality 


standards and guidelines.  The change in annual mean NO2, and PM10


concentrations due to emissions from the facility is less than 1%.


In the event of gas supply failure at the site, diesel oil will continue to be used 


as a back-up fuel for a maximum of five successive days. The dispersion 


model predicts for this scenario there is potential for a widespread 


exceedence of the 1-hr and 24-hr PME standard and IFC 24-hour mean 


guideline value. However, It should be noted that this is a worst-case 


prediction since it assumes that back-up operation of the facility is coincident 


with periods when meteorological conditions result in poor dispersion of stack 


pollutants. The likelihood of these exceedences occurring is small.


5.1.3 Noise Modelling Conclusion


Although the noise modelling has been undertaken for the 1963.5MW Plant, 


the larger 4,000MW plant is unlikely to have significantly increased impacts 


due to the following:


 The noise modelling reported in the SEA has shown that the site will meet 


RFP standards without the need for additional acoustic barriers. However 


to guarantee compliance of the 4,00Mw Plant, additional measures have 


been proposed which are applicable to the 4,000 MW Plant as well. 


 During construction there would be no additional noise sources although 


the construction programme is likely to be extended by a few months.
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Summing Up


This addendum, read in conjunction with the SEA Report and Technical 


Appendices for QIPP1 (ref 1005/001/009, June 2011), complies with the national 


(PME) and international standards (IFC/WB) for marine thermal recirculation, air 


quality and noise. By combining the two independent power plants (QIPP1& 


QIPP2) into a single facility, the environmental impacts (during both the 


construction and operational phases) are reduced due to more efficient 


plant operations, reduced number of intake and outfall pipelines, reduced 


thermal discharge and a decrease in the heat load to the environment. The 


land take has also been reduced due to the more efficient layout of the 


QIPP1&2 plant, thereby protecting the terrestrial ecology and maintaining 


biodiversity in the Qurayyah Complex. The increased number of stacks also 


provides better dispersion. 


It should be noted that there are however, additional social and economic 


benefits resulting from the increased power supply to the Eastern Region of KSA. 
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6 Appendices


Appendix 1: TN-EBR4778-05 - Qurayyah IPP: Thermal recirculation assessment 


of Qurayyah IPP1: 4000MW (HR Wallingford); and


Appendix 2: E525 - Air Quality Impact Assessment (Qurayyah Independent 


Power Project 1 (4000MW), Qurayyah, Saudi Arabia (Entran Ltd).







