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Executive Summary

Introduction:

The Yibal field has been on stream since 1969 and attained peak production in November 1997 at over 36 Km2/d .The field experienced a rapid decline from 1998 to 2001 and began to stabilise from 2001 to 2004. To develop the undeveloped reserves in the Shuaiba and Al Huwaisah fields, a study was conducted to look into the feasibility of modifying existing and installing new surface and subsurface facilities for sustaining the oil production.  

The study provides several recommendations for the Yibal and associated Al Huwaisah fields, which are covered in significant detail along with technical analyses in the 2004 Field Development Plan (FDP).  In summary, the FDP centres on drilling new producing and injection wells, modifications to existing producing wells, optimising the ongoing water flooding effort to maintain the reservoir pressure and minimizing operating expenses by streamlining surface facilities.    

It is anticipated that the bulk of the facilities at the Yibal field (as currently permitted) will essentially remain unaltered even after completion of the proposed modifications.  However, the planned changes need to be captured and communicated per the EIA guidelines of the Ministry of Regional Municipalities, Environment and Water Resources (MRME&WR).  Therefore, this study serves to update the previous EIA studies.  

To simplify the presentation of the report, this study addresses only the impact/mitigation discussions related to the modifications that are being planned at the Yibal and Shuaiba fields for the coming years (approximately till 2012).  For information on baseline, project description, and impact/mitigation areas related to existing facilities that are not affected, this report refers to the 2002 EIA update prepared by HMR Consultants and presented in Reference1.  For information on permits that continue to apply to the Yibal field operations, this report refers to existing environmental permits such as the final permit (valid till 2006), solid waste permit, hazardous waste permit, sewage discharge permit and produced water permit issued by MRME&WR,  (Reference 5).  

This study is conducted by HMR Consultants on behalf of PDO during the period of July to August 2004 and entailed several discussions with PDO project focal points, operations staff, corporate environmental affairs and two visits to the Yibal field for environmental monitoring and site reconnaissance. As presented in our conclusions, there are no adverse long-term impacts anticipated from the planned development activities that would irreversibly impact the environmental quality.  Potentially, there could be some negative impacts due to additional drilling, construction/modification of surface/subsurface facilities and abandonment of redundant/scrap equipment.  However, mitigation measures contained in this report are designed to minimize the impacts on soil, groundwater and land utilization within acceptable levels.   

This study also addresses improvements in environmental quality as a result of ongoing maintenance activities such as: replacing the existing 25-KM Al Huwaisah to Yibal pipeline Carbon Steel (CS) pipeline with glass reinforced epoxy (GRE); replacing CS flow lines and well casings; replacing equipment and upgrading instrumentation inside the gathering stations; and replacing flares.  While these modifications extend the useful life of the well field, they potentially reduce spills, protect groundwater and reduce energy requirements.

The above mitigation measures emerge from a structured study conducted per MRME&WR’s EIA guidelines.

Proposed Modifications at Yibal

The current plan is to run the Yibal Production facilities for the next 30 years.  Unlike a green field development, all the elements to execute the FDP are already either in ground or on the surface in terms of wells and surface facilities. The FDP entails developing 2.1 million cubic meters (MMm3) of proved undeveloped reserves and will entail drilling 18 infill producer wells,  anmodifying 52 producing wells by adding perforations and 25 wells for creating vertical fishbones to recover attic oil.  It is expected that well modifications (i.e., perforations and fishbones) will be completed by 2007 and new infill producer wells will be planned at 3 wells per year starting 2006.  

In addition to the above, the ongoing modifications at the Yibal field per field maintenance and rationalization programs include: converting gas lift producing wells to electrical submersible pumps (ESPs); changing existing flow lines and well casings from carbon steel (CS) to glass reinforced epoxy (GRE); centralizing all processing into a single station by installing GRE field fluid gathering headers; and installing additional injection wells for disposing produced water into the Yibal Shuaiba reservoir.  As a result of the above field rationalization effort, several surface facilities including separators, pumps, flow lines, etc. will be made redundant.

Proposed Modifications at Al Huwaisah
At the time of preparing this report, details regarding various scenarios for developing 7.6 million cubic meters of undeveloped reserves from the Al Huwaisah Shuaiba reservoir were being worked out for inclusion in the draft FDP that is set to be released towards the end of September 2004.  The selected development concept is one of horizontal infill drilling that will be locally supported by water injection pressure maintenance.  Details with regards to the number of producing wells to be drilled, associated flow lines for gathering reservoir fluids, separation/treatment facilities and location of new injection wells and the requirement for expansion of surface facilities are still being addressed by the project team.  Renovation and expansion of existing facilities, to provide water separation, distribution and injection facilities are planned for completion in 2008 and drilling of producing/injection wells is planned for completion in 2010.

Alongside with the above modifications that are slated between 2005 and 2010, there are several ongoing projects being implemented as part of the well field integrity and maintenance initiatives.  These include: replacing the existing 25-KM Al Huwaisah to Yibal pipeline CS pipeline with GRE; replacement of existing CS flow lines; replacement of four shipping pumps, and electrical & instrumentation upgrade inside the Al Huwaisah gathering station; and abandoning of existing LP and AP flares and installation of new replacement flares at a further location.

Significant Environmental Effects 

The impact/mitigation discussions related to the above modifications are summarized in the following discussions.  The proposed mitigation plan includes reducing the two “high” significance impacts (both relating to soil and groundwater pollution) to one “medium” significance impact and one “low” significance impact. Similarly all five impacts of “medium” significance would in turn transform into “low” significance impacts after mitigation measures are implemented.  Other impacts associated with existing and proposed operations rank “low” and are deemed acceptable.

Accordingly, the detailed environmental impact mitigation plans report presented in Table 7-2 focuses only on “high” and “medium” significance impacts.  The residual impacts, after the implementation of the proposed mitigations would bring overall impact severity to acceptable levels by continuously improving performance.
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1 Introduction

1.1 Petroleum Development Oman

Petroleum Development Oman (PDO) is the largest petroleum exploration and production (E&P) company in the Sultanate of Oman, with over 113,550 km2 of concession area, covering most of the central and southern parts of the Sultanate. Presently, PDO's concession area is divided into two main directorates viz., North Oman and South Oman. The production assets within North Oman include Fahud, Yibal, Lekhwair and Qarn Alam, and those within South Oman include Bahja, Nimr (including Rima) and Marmul. The crude oil export facilities and the administrative head quarters are located on the coast at Mina Al Fahal.  Please refer to the 2002 EIA report prepared by HMR Environmental Engineering Consultants (HMR) for further information on PDO’s operations at Yibal field.

1.2 Environmental Studies

According to PDO’s environmental specifications as well as Omani environmental regulations, any new developmental activity with potential adverse impacts on the environment requires an “environmental permit” from the Ministry of Regional Municipalities, Environment and Water Resources (MRME&WR). For a major project, the application for environmental permit shall have to be supported by an environmental impact assessment (EIA) report. 

To capture various modifications being proposed for the Yibal and Al Huwaisah fields per the updated Field Development Plan (FDP), PDO has commissioned HMR Consultants to update the Environmental Impact Assessment (EIA) study.  The scope of modifications covered in the FDP is presented in Section 3 of this report.

For Yibal asset, the previous EIA was conducted in 1999 followed by another EIA in 2002.  This study was conducted over the period of July to August 2004 and presents the EIA updation for Yibal asset.   

1.3 Objectives and Scope of Present Study

The objectives of this environmental assessment were the following:

· Updating significant equipment/operational modifications taking into consideration developments and activities that have taken place and are likely to take place as a result of the Yibal FDP;

· Reviewing any new MRME&WR environmental requirements;

· Updating the environmental baseline data, wherever required;

· Reviewing the significant aspects and revising the environmental impacts to assess the incremental impacts; and

· Proposing the environmental mitigation measures, wherever required.

1.4 Method of Study

This study was carried out in three stages. In the first stage, the previous EIA report (Reference1) and other available environmental documents were reviewed. Based on this review, detailed and structured checklists were prepared to assess areas/operations that would be affected by the modifications proposed in the FDP. Subsequently, in the second stage, a site visit was undertaken to verify ground realities, conduct limited environmental monitoring and to collect all necessary information. During the site visit key operating personnel in the asset, including the Area Coordinator, the Area HSE Advisor, and Production Chemistry Lab Crew were interviewed. In the third stage, all the data collected were analysed and the significant environmental impacts were identified following which, the environmental mitigation measures and action plans were developed as appropriate.

1.5 Report Structure

This report is based on the MRME&WR’s guidelines for conducting EIA. To simplify the presentation of the report, this study addresses only the impact/mitigation discussions related to the modifications that are being planned at the Yibal field for the coming years (approximately till 2012).  For information on baseline, project description, and impact/mitigation areas related to existing facilities that remain relatively unaltered, this report refers to the 2002 EIA update prepared by HMR Consultants (Reference 1).  For information on permits that continue to apply to the Yibal field operations, this report refers to existing environmental permits such as the final permit (valid till 2006), solid waste permit, hazardous waste permit, sewage discharge permit and produced water permit issued by MRME&WR, copies of which are presented in (Reference 5).  A brief description of each section is presented below: 

Executive Summary: A non-technical executive summary is presented at the beginning of the report. 

· Section 1 presents an introduction along with scope and objective of this EIA study.

· Section 2 presents any new environmental requirements that potentially apply.

· Section 3 presents project description with regards to the proposed modifications.

· Section 4   presents the updated environmental baseline information.

· Section 5 presents the analysis of alternatives for modifications covered in the FDP.

· Section 6 presents the environmental impacts of the project considered in the FDP.

· Section 7 presents a summary of the significant environmental effects and mitigation measures in light of the modifications proposed in the FDP.

· References and Appendices 

2 Regulatory Framework

2.1 Omani Regulations

The Omani regulations on environmental protection, control and management relating to Ambient Air Quality, Noise, Aqueous Effluents, Waste Management, Flora and Fauna, etc. are covered in the previous Yibal EIA conducted 2002 (Reference 1).
2.2 Omani Environmental Standards

The previous Omani standards for maximum permissible concentrations or emission rates from stationary sources under MD 5/86 was summarised in previous 2002 Yibal EIA report (Reference 1).  However, a new regulation MD118/2004 was issued by MRME&WR on 7th August 2004 for controlling air pollutants released from stationary sources.  The key provisions of this regulation as they apply to the proposed modifications at Yibal are presented below and considered in this EIA study.

· Emission control (Article 2):  It requires application of emission control systems and it is expected that all new equipment will be fitted with advanced emission controls.

· Emission monitoring (Article 3): It requires that all major sources have provisions either for continuous monitoring or have sampling port for stack testing/monitoring to demonstrate that emissions are in line with applicable limits.

· 20% opacity (Article 5): It implies that new combustion equipment such as flares should comply with emissions less than 20% opacity.  

· Minimum stack height requirement (Article 6): While it does not specify minimum stack height for flares, it stipulates a stack height of 26 m for natural gas fired power facilities.  It also contains a general stack height requirement of 2.5 times higher than the nearest structure. For new/replacement flares, flare height of 26 m is considered as the guidance value.

· Permit renewal period of 3 years (Article 8) and Provision on Penalties (Article 11). It requires that all permit conditions are followed and requires that a management plan be in place to ensure compliance. The article also specifies a schedule for imposing penalties in case of non-compliance.
2.3 Existing Environmental Permits

The Yibal Asset is currently permitted with MRME&WR.  The asset is maintaining the following environmental permits (Reference 5):

· Initial Permit Number: 5214, issued on: 4/1/2000;

· Final Permit Number: 5214 valid until: 8/7/2006;

· Disposal of Produced Water Permit Number: 49/10/2003 valid until: 14/7/2004;

· Sewage Wastewater Discharge Permit Number 27/8/2003, valid until: 29/10/ 2004;

· Hazardous Waste Permit Number: 15/1/2003, valid until: 23 June, 2003; and

· Disposal of Solid non Hazardous Wastes Permit 7/12/2003, valid until 26 June 2005.
The above permits contain generic permit conditions that are not likely to change, despite the modifications planned at the Yibal field.  However, since the Initial Permit conditions require that major change and alterations be documented and assessed with regards to their environmental impacts, this updated EIA report is being submitted to MRMEWR

Among the above permits, the Initial Permit is the most detailed and contains the following permit conditions that specifically apply to the proposed modifications:  

· Item No. 1.3: Monitor point source emissions and submit monthly reports.

· Item No. 1.8: Ensure all contractors are in compliance with respect to waste/chemical storage at their sites especially drilling sites.

· Item No. 1.16: Ensure that fuel storage sites at temporary work areas such as drilling pads are in line with the Ministerial Requirements.

· Item No. 1.19: Ensure that all waste pits are cleaned and restored.

Therefore, PDO will ensure that periodic inspections are carried during the construction phase to ensure compliance with the above.

3 PROJECT DESCRIPTION
3.1 Overview of the Asset Organisation

Geographically, Yibal asset is located in the northwest part of PDO’s concession area, below Lekhwair asset and to the left of Fahud asset. Yibal production station is about 50 km from Fahud and 360 km from Muscat. The asset covers a total land area of 5,830 km2 (5.1% of PDO’s total concession area) and consists of 3 operating oil fields and 226 producing wells. The geographical map of PDO concession area is shown in Figure 3.1. 

Yibal field was discovered in 1962 and initially brought on stream in 1969. The net oil production in Yibal asset excluding Al-Huwaisah is around 11,000 m3/as reported for 2004. The asset also produces 140,000 m3/d of produced water. The total power generation in the asset is 138 MW and the total abstraction of groundwater in the asset is 600 m3/d excluding water used by rigs. The total length of roads in the asset is 345 km and the total length of flow lines is 1,467 km. The current facilities available in the asset are listed and described in detail in chapter 3 in Yibal EIA 2002, ( Reference )1.
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Figure 3.1 Geographical Map of PDO’s Concession Area

3.2 Yibal field Development Project

The Yibal field has been on stream since 1969 and had its peak production in November 1997 at over 36 Km3/d. The field experienced a rapid decline from 1998 to 2001 and began to stabilise from 2001 to 2004. To maximise the value of the remaining reserves in the Yibal field, a study was kicked off to develop an updated FDP.

The current plan is to run the Yibal Production facilities for the next 30 years.  Unlike a green field development, all the elements to execute the FDP are already either in ground or on the surface in terms of wells and surface facilities. The FDP entails developing 2.1 million cubic meters (MMm3) of proved undeveloped reserves and will entail drilling 18 infill producer wells and  anmodifying 52 producing wells by adding perforations and 25 wells for creating vertical fishbones to recover attic oil.  It is expected that well modifications (i.e., perforations and fishbones) will be completed by 2007 and new infill producer wells will be planned at 3 wells per year starting 2006.  The above modifications are expected to increase the gross production by 30,000m3/d over the current 150,00m3/d.

In addition to the above, the ongoing modifications at the Yibal field per field maintenance and rationalization programs include: converting gas lift producing wells to electrical submersible pumps (ESPs); changing existing flow lines and well casings from carbon steel (CS) to glass reinforced epoxy (GRE); centralizing all processing into a single station by installing GRE field fluid gathering headers; and installing additional injection wells for disposing produced water into the Yibal Shuaiba reservoir.  The new Yibal Single Station Expansion project will reduce operation of some separators and pumps. In the next two years (2004-2006), a reduction of 5 production separators, 1 HP (High Pressure) gas compressors and 2 surge tanks will be achieved.  As a result of the above field rationalization effort, several surface facilities including separators, pumps, flow lines, etc. will be made redundant.

3.3 AL-Huwaisah Field Development Project

At the time of preparing this report, details regarding various scenarios for developing 7.6 million cubic meters of undeveloped reserves from the Al Huwaisah Shuaiba reservoir were being worked out for inclusion in the draft FDP that is set to be released towards the end of September 2004.  The selected development concept is one of horizontal infill drilling that will be locally supported by water injection pressure maintenance.  Details with regards to the number of producing wells to be drilled, associated flow lines for gathering reservoir fluids, separation/treatment facilities and location of new injection wells and the requirement for expansion of surface facilities are still being addressed by the project team.  Renovation and expansion of existing facilities, to provide water separation, distribution and injection facilities are planned for completion in 2008 and drilling of producing/injection wells is planned for completion in 2010.

Alongside with the above modifications that are slated between 2005 and 2010, there are several ongoing projects being implemented as part of the well field integrity and maintenance initiatives.  These include: replacing the existing 25-KM Al Huwaisah to Yibal pipeline CS pipeline with GRE; replacement of existing CS flow lines; replacement of four shipping pumps, and electrical & instrumentation upgrade inside the Al Huwaisah gathering station; and abandoning of existing LP and AP flares and installation of new replacement flares at a further location.

4 ENVIRONMENTAL SETTING

4.1 General

The existing environmental conditions in Yibal asset were described and analysed in the previous EIA report, (Reference 1). Additional information is sourced from the site reconnaissance survey conducted as apart of the environmental assessment study. Detailed description and analysis are limited to environmental aspects for which current information is available since the last EIA update.

Location, Topography, Geology and Soil, Hydrogeology and Groundwater Quality, Climate, Land Use, Archaeological, Cultural and Recreational Resources are discussed in details in the previous EIA report, (Reference1).

4.2 Ambient Air Quality

As apart of this study, diffusion tubes were installed and the recorded levels for NO2 and SO2 4.52 ug/m3 and 39.98 ug/m3 respectively). The higher PM10 levels near gathering stations are attributed to construction activities and incomplete combustion activities whilst PM10 were found within limit at PDO camp. The PM10 reading within Yibal asset is listed below in Table 4.1.

Table 4.1: PM10 Readings in Yibal Asset
	Location
	Descriptions
	Readings

	399170 E, 2450576 N
	North West of A Production Station
	320 µg/m3

	399150 E, 2431789 N
	PDO Camp
	29 µg/m3

	399607 E 2426833 N
	North-West of Al-Huwaisah Station
	32 (g/m3

	400542 E 2427482 N
	South-East of Al-Huwaisah station
	20 (g/m3


4.3 Ambient Noise

No long-term data are available on the ambient noise levels within the asset. It is believed that the ambient noise levels in this region are not a significant aspect due to the fact that there are no Human settlements close to any operational facilities. As a part of the study, noise levels were monitored in Yibal and all were found within the acceptable limits. The levels are listed below in Table 4.2. 

Table 4.2: Noise levels in Yibal Asset

	Description
	Noise levels (dB)

	North of A Production Station 
	61 

	At the main Gate of Contractor Camp
	47.3 

	At the main gate of Contractor Workshop
	53.2 

	Inside PDO Camp
	52.3 

	Near the Access Road to Al-Huwaisah Station
	48

	Near the Main Gate of Al-Huwaisah Station 
	55

	At the Proposed Location of the new Flares
	40


4.4 Flora and Fauna

A limited ecological survey was carried in July 2004 to identify the presence flora and fauna in Yibal.  The survey indicated presence of twenty-four species of flora, five species of mammals, two reptiles and three invertebrates in the area.  The findings of the survey are presented in (Appendix A).  There are no endangered species of flora or fauna in the study area. 

The most of the fauna and flora exist in undisturbed sites around gathering stations, pipeline corridors and in Wadi Yibal & Wadi Al-Huwaisah.  The main stretches of the wadis at a few areas appear to be stressed, especially around the road crossings and encroachment from other associated utilities.
4.5 Groundwater

Within the vicinity of Yibal, the Fars Formation extends from approximately 1.0 m below ground level to 168 m and is exploited for potable water supplies following treatment in the Yibal reverse osmosis plant.  The Dammam Formation, which underlies the Fars Formation and is regarded also as an aquifer.  It contains thick limestone beds separated by marly shale and provides a hydraulic barrier between the Fars and the Umm er Rhadumma (UeR).  The Rus Formation underlies the Dammam Formation and consists of alternate dolomitic and anhydrite layers.  The Rus has poor groundwater reservoir potential and is considered as an aquitard.  The UeR underlies the Rus Formation and is considered to be the principal aquifer within the vicinity of Yibal.  It is to be noted that the UeR aquifer is not exploitable as the salinity is reportedly over 60,000 mg/l.  The UeR consists of a high porosity dolomitic limestone.

Groundwater is abstracted also immediately southeast of the Al Huwaisah gathering station to keep a drilling water supply lagoon permanently recharged.  The lagoon and its associated boreholes are situated juxtaposition to the unnamed wadi that flows NE-SW immediately south of the gathering station.  To overcome elevated H2S in the groundwater, the lagoon has been fitted with an aerator.  Al Huwaisah does not lie within any well field, groundwater or catchment protection zones as defined by the MRME&WR and MD 195/2001. The well yield and water quality data for different locations within Al Huwaisah are summarised below in Table 4-3.  The change in water level and water quality over the past 5 years has also been shown.   The table has been summarized from previously existing groundwater data for over 50 existing wells at Al Huwaisah WSW field provided by the project team.  During the coming months, a fresh round of groundwater sampling will be undertaken at the existing monitoring wells and analyses will also include trace constituents and heavy metals.  Such data will be included in the final IIA report and along with recommendations on suitability of some of the existing monitoring wells for long-term groundwater quality monitoring.

Table 4‑3: Well Yield and Water Quality Data in Yibal Field

	Representative Water Well
	Name of Aquifer
	Water level


	Total Dissolved Solids

	
	
	( m )
	Date
	(g/L)
	Date

	Al Huwaisah WSW-14
	Rus+ UeR
	3.83

2.27
	Jul’93 Jul’96
	20.162
	Sep’88

	Al Huwaisah WSW-4
	Fars+ Dammam
	-
	-
	15.466

14.563
	Mar’81 Apr’94

	Al Huwaisah WSW-5
	UeR
	-
	-
	79.176

65.909
	Mar’82 Dec’92

	Al Huwaisah WSW-6
	Rus
	9.95

1.65
	Mar’87 Jul’97
	22.392

15.123
	Feb’83 Apr’94

	Al Huwaisah WSw-12
	Dammam+ Rus
	-
	-
	40.675

54.476
	Jun’88 Apr’94


The groundwater in Fars and the underlying UeR are confined aquifers, as a result of which the water is under considerable pressure.  However, the two aquifers are separated by Dammam and Rus formations due to which the exploitable Fars aquifer is naturally protected from the more saline underlying groundwater.  As reported to us by PDO, there have been numerous studies conducted by various consultants on prevailing hydrogeology and groundwater quality at Yibal field.  These reports will be reviewed in detail at the time of finalizing the locations of monitoring wells during the coming months.

For more detailed description of groundwater and hydrological parameters, please refer to the previous EIA Report (Reference 1).

4.6 Reverse Osmosis Plants

Currently, Yibal asset has 1 unit of Reverse Osmosis Plants. The total treated water requirement is presently 570 to 700 m3/d. The net feed water to the RO plant is currently 1,440 m3/d. Approximately 770 m3 of reject water is discharged to a nearby lake which is used for reed planting. The evaporation ponds do not appear to be permitted with MRME&WR. These also have become a concern with respect to the lining of the pond. Consequently, there is a potential for groundwater contaminations, which needs to be ascertained further.

Table 4.4: Details of Water Treatment Plant in Yibal

	Specifications
	Yibal RO Plant

	Total freshwater production capacity
	570-700 m3/d

	TDS of treated water
	250 mg/L

	Type of desalination
	Reverse osmosis

	Number of units
	1

	Total flow rate of inlet stream at design capacity
	1,440 m3/d

	TDS of feed water
	13,465 mg/L

	Total flow rate of reject stream at design capacity
	840 m3/d

	TDS of reject stream
	19,500 mg/L


4.7 Historic spills 

Based on the information reported for Yibal asset over the last two years, there have been 423 spills, which have resulted in 1,062 m3 of impacted soil. For the above stated spills, PDO has followed up the incidents and has mitigated the impacts by excavation of the contaminated soils and treatment at the land farm facility in Fahud.  On reviewing the spill data, we have determined that the majority of spills occurred at the Yibal-Al Huwaisah product line, which will be replaced as a part of the proposed field modifications.

4.8 Conclusion

Based on the above it is concluded that:

· The existing environmental quality meets stipulated standards for air, noise, groundwater and soil.  The area is located in an arid region with sparse vegetation of limited biodiversity and Human settlement.  There is no other industrial or commercial activity in the area other than PDO’s production activities.  There are no endangered flora/fauna, archaeological sites or areas of social importance in the area.  The inherent environmental sensitivities of the area are low, except for groundwater that may be quite vulnerable due the high water table.

· Surface soil & groundwater are vulnerable to spillages and leakages from surface and subsurface facilities.
5 Analysis of Alternatives

5.1 Introduction

In this section, the available alternatives for the major project design decisions are discussed, with particular emphasis on environmental considerations (note that social and health aspects are not significant areas of concern for this project development). The project design decisions discussed here include the rationale and need for project development, project siting, drilling technology, production technology, water sources and energy resources. The available alternatives are presented for further review during the design stages. However, adequate analysis of alternatives is not possible at this time since at the time of preparation of this report, various scenarios for developing the project were still being assessed. 

The alternatives presented here indicate the choices available for the development of Yibal –Al Huwaisah field. Choice between modifications of existing wells versus instillation of new wells, choice of enhancing oil recovery with water flooding versus other technologies, choice of vertical versus horizontal drilling, choice of using oil based mud during the drilling and choice of technology for maintaining reservoir pressures.

5.2 Rationale and Need for Project Development

The Yibal and Al Huwaisah projects are needed to support the ongoing production for the next 30 years and develop the proven undeveloped reserves of:

· 2.1 MMm3 at Yibal Shuaiba field; and

· 7.6 MMm3 at Al Huwaisah Shuaiba field.

5.3 Project Setting

It should be noted that most of the Yibal and Al Huwaisah fields are not particularly sensitive from an environmental, social or health standpoint.  From a project-siting standpoint, the main environmental sensitivities to be considered include potential impact on soil and groundwater, and relatively sensitive areas (i.e., the main vegetated stretch of Wadi Yibal and Wadi Al Huwaisah). 

The project consists of installing producing and injection wells, modifying existing wells, headers and flow lines for tying in the new producing wells and distribution lines for injecting produced water.  In addition, the project may also entail laying of power lines, extension of graded roads (especially during rig mobilization), set-up of camps, temporary diesel generators, etc. 

From an environmental standpoint, project-siting considerations mainly relates to activities during construction and operation of wells and surface facilities.  Their impacts, especially on soil and groundwater and on sensitive wadi habitat (especially for the main vegetated stretch of Wadi Yibal and Wadi Al Huwaisah) are of utmost importance.  

At this stage of the project, significant details regarding the specific location and scope of proposed modifications are not known.  Therefore, analyses of site alternatives, especially for sites in wadi areas or areas with high groundwater table, cannot be presented.  However, in the mitigation plan, it is recommended that such sites be reviewed prior to site mobilization and construction.

5.4 Drilling Technology

At the Yibal field, it is anticipated that 18 infill producer wells will be drilled.  In addition, 52 producing wells will be modified by adding perforations and 25 existing wells will be modified by creating vertical fishbones to recover attic oil.  In addition, distribution facilities and injection wells may be drilled at the Yibal field to dispose of additional produced water generated from the Al Huwaisah field.

At the Al Huwaisah field, it is anticipated that approximately 40 producing wells and 15 injection wells will be drilled.  These numbers may vary depending on the ongoing assessments.  

Horizontal infill drilling techniques will be employed for drilling producing wells.  As opposed to vertically drilled wells, such wells can be sited to avoid sensitive areas (such as wadis and areas with relatively high water table) and serve to capture a larger portion of the subsurface reservoir, thereby reducing the number of wells.

Conventional vertical drilling will be employed for drilling new injection wells.  However, as part of the FDP, the project team is advised to review the feasibility of using the abandoned wells that are already in Al Huwaisah field, for deep well injection.  This will reduce the number of injection wells and minimize drilling related activities.

Modifications to existing wells for adding perforations and creating vertical fishbones can be accomplished by using the smaller rigs (i.e., hoists) in relatively short periods.  These activities are not as extensive when compared to drilling new producing or injection wells.

It is expected that both conventional (i.e., overbalanced) and underbalanced drilling (UBD) techniques will be employed for drilling new wells.  Based on initial trials, UBD appears to be successful and could be potentially for future drilling activity.  While UBD is reported to maximize hydrocarbon recovery and result in reduced consumption of drilling muds, it uses oil-based muds (OBMs) and generates OBM waste cuttings.  This waste stream typically has high oil content and can potentially impact soil and groundwater at drilling sites, if stored in unlined pits.  Mitigation measures have been proposed with regards to siting of drilling sites/pits and lining of waste pits at drilling sites.  In addition, provision for adequate storage of such waste at the Yibal Waste Management Centre has also been proposed in the mitigation section of this report.     

Water from the exploitable Fars aquifer is reportedly being used to meet the drilling water requirements.  As an alternative, it is recommended that the project team review the feasibility of utilizing produced water during drilling operations, thereby conserving the Fars water, which is an exploitable water resource.  In considering this option, it is required that the water pit be lined with an impermeable membrane to prevent the downward migration of such highly saline water. 

5.5 Production Technology

After careful review of various feasible alternatives in the FDP, water injection pressure maintenance and installing new producer wells are the strategies selected for developing the Yibal and Al Huwaisah field.  In addition, a strategy for reducing operating expenses associated with running several ad hoc facilities was adopted as part of the ongoing field rationalization program.  This mainly entails centralizing of processing facilities into a single station at Yibal and streamlining of gathering facilities.

5.6 Supporting Facilities

The alternatives to be considered for support facilities include the following:

· With regards to the discharge of 700 m3/day of reject water at the existing RO unit, PDO should consider the alternatives with regards to the safe disposal at evaporation ponds.  The available options include cleaning/lining of the pond, increasing RO efficiency by installing additional RO units in series to further reduce the volume of reject water.  Regardless of the option selected, PDO should permit the discharge of RO reject water stream with MRMEWR.

· With regards to the discharge of wastewater from construction camps, PDO should review the alternatives of either bousering the wastewater from construction camps to a nearby STP or providing portable STP units, if the crew exceeds 150 in number.

6 Environmental Impacts of the Projects

6.1 Significant Environmental Aspects

Based on the detailed project description presented in Section 3, the significant environmental impacts are identified and assessed based on the MRME&WR guideline on Environmental Impact Assessment.  Information on impacts and their significance due to ongoing operations are covered in the 2002 EIA update (Reference 1).

The environmental effects may include all those that are beneficial or adverse, short or long term (acute or chronic), temporary or permanent, direct or indirect, and local or strategic. The adverse effects may include all those leading to, harm to living resources, damage to Human health, hindrance to other activities, impairment of quality for use, reduction of amenities, damage to cultural and heritage resources, and damage to physical structures.

The impacts assessment is performed in three steps:

(a) Step 1: Identification of interactions between activities and environmental receptors;

(b) Step 2: Identification of potentially significant environmental impacts; and

(c) Step 3: Evaluation of all significant environmental impacts.

In Step 1, based on the project description and environmental baseline description, a detailed matrix of activities and environmental receptors is prepared. Then based on the information presented in Section 3 and 5, it is determined whether an interaction exists between an activity and a receptor. 

In Step 2, based on the interactions identified in Step 1, potentially significant impacts due to the proposed changes are identified. The impacts may be beneficial/adverse, direct/indirect, reversible/irreversible and short-term/long-term. 

In Step 3, all the potentially significant impacts are evaluated. A qualitative evaluation is used whereby an adverse impact is rated as “low”, “medium” or “high”. The impact rating is based on two parameters: the “significance of impact” and the “likelihood of occurrence of impact” The significance depend mainly on the nature and size of the activity and the environmental sensitivity, while the likelihood of occurrence depends mainly on nature of the activity and the control measures in place. The impact-rating matrix is shown in Table 6.1 below.

Table 6.1: Environmental Impact Rating Matrix 

	Significance of Impact
	Likelihood of Occurrence of Impact

	
	
	Negligible
	Low
	Medium
	High
	Very High

	
	Slight Effect
	
	
	
	
	

	
	Minor Effect
	
	LOW RISK
	
	

	
	Localized Effect
	
	
	MEDIUM RISK
	

	
	Major Effect
	
	
	
	HIGH RISK

	
	Massive Effect 
	
	
	
	
	


6.1.1 Beneficial Impacts

Detailed description of the beneficial impacts of this project is included in Yibal Environmental Impact Assessment 2002, (Reference 1).  It is anticipated that the planned modifications per the FDP will result in beneficial impacts including sustaining oil production and efficient use of energy.  Other beneficial impacts such as spill prevention and deep well disposal of produced water will result from ongoing maintenance programs and field rationalization recommendations.  
6.1.2 Impacts on Natural Resources

The potential environmental effects on the natural resources and the associated environmental hazards are listed below.

	· Depletion of natural mineral resources

	· Depletion of groundwater resources

	· Claim of local assets 


(i) Depletion of Mineral Resources

Large quantities of crude oil (11,000 m3/d) and associated gas (500,000 Sm3/d) continuously extracted will result in the depletion of petroleum reserves in the asset. However, it is well recognized that the hydrocarbon reserves are limited and will deplete over time.  The scope of the proposed modification is considered over a 30-year life cycle to provide sustained oil production.

Almost all of the construction materials are imported and not sourced from any local natural resources. For road building, stone aggregates and soil are used. Soil is sourced locally from borrow pits. Based on the above discussion, the overall impact on natural mineral resources is rated as high.

Based on the above discussion, the overall impact on natural mineral resources is rated as below in Table 6.2.

Table 6.2: Impact on Natural Mineral Resources

	Impact Rating
	Depletion of Mineral Resources

	Nature of impact (beneficial / adverse)
	Adverse

	Duration of impact (short term / long term)
	Long term

	Likelihood of occurrence (very low / low / medium / high / very high)
	Low

	Significance of impact (slight / minor / localized / major / massive)
	Slight

	Potential risk level (low, medium and high)
	Low


(ii) Depletion of Groundwater Resources

Currently, 600 m3/d of groundwater on average is abstracted continuously from the shallow Fars aquifer for process and domestic use in this asset. Some additional groundwater is also used in drilling. Though the total quantity of groundwater abstracted in this asset is not very significant, it has the potential to cause adverse impact on future groundwater availability considering that this aquifer is not the prolific aquifer in this region. The magnitude of the impact depends on the groundwater balance. Currently, sufficient information is not available on the groundwater recharge rate and on long term fluctuations in the water well yields and water levels. Such data will be generated by PDO’s water management team in the coming months based on which PDO will identify if any additional water conservation measures need to be undertaken at the Yibal field.

Based on the above discussion, the overall impact on groundwater resources is rated as below in Table 6.3. 

Table 6.3: Impact on Groundwater Resources

	Impact Rating
	Depletion of Ground Water Resources

	Nature of impact (beneficial / adverse)
	Adverse

	Duration of impact (short term / long term)
	Long term

	Likelihood of occurrence (very low / low / medium / high / very high)
	Low

	Significance of impact (slight / minor / localized / major / massive)
	Minor

	Potential risk level (low, medium and high)
	Low


(iii) Claim on Local Assets

The local population within the asset are very few and their demands or claim on local assets is low. Except for groundwater, there are no local claimants or competing users of natural resources. However, PDO supplies or makes available potable water for local communities from its facilities. PDO is considering installing a RO Plant at Wadi Umairy to cater for their requirement of potable water. This will further reduce requirements for supplying through tankers.  
Land may be considered to have competing users. However, the entire area of land on which PDO operates has no alternate use, due to the poor soil quality, lack significant vegetation and harsh environmental conditions. Moreover, majority of the asset area (excluding the production facilities, accommodation facilities and pipeline corridors) are freely accessible to local population. The roads built by PDO are also freely accessible to local population. Based on the above discussion, the overall impact on claim on local assets is rated as below in Table 6.4.

Table 6.4: Impact on Claim on Local Assets

	Impact Rating
	Claim on Local Assets

	Nature of impact (beneficial / adverse)
	Adverse

	Duration of impact (short term / long term)
	Long term

	Likelihood of occurrence (very low / low / medium / high / very high)
	Very low

	Significance of impact (slight / minor / localized / major / massive)
	Minor

	Potential risk level (low, medium and high)
	Low


6.1.3 Impacts on Air Environment

The potential environmental effects on the air environment and the associated environmental hazards are listed below.

	· Global warming

	· Air pollution

	· Noise pollution


(i) Global Warming

CO2 and methane emissions from the asset have a potential to contribute to global warming. Since there is virtually no venting in the asset, methane emissions are negligible. CO2 emissions from stacks, flares and vehicles are of the order of 3,000 tpd. This quantity is not large enough to contribute significantly to global warming, when compared to the land area covered by the asset.  Based on the above discussion, the overall impact on global warming is rated as below in Table 6.5.

Table 6.5: Impact on Global Warming

	Impact Rating
	Global Warming

	Nature of impact (beneficial / adverse)
	Adverse

	Duration of impact (short term / long term)
	Short term

	Likelihood of occurrence (very low / low / medium / high / very high)
	Very low

	Significance of impact (slight / minor / localized / major / massive)
	Slight

	Potential risk level (low, medium and high)
	Low


(ii) Air Pollution

Dust emissions from construction activities and road traffic, and gaseous emissions from stationary and mobile sources can have potential adverse impacts on ambient air quality. 

Significant dust emissions may be expected due to the site being dry gravel plain with little vegetation. However, dust emissions are not continuous and highly localized. Further, only the respirable particulates (PM10), which are expected to be 35-50% by mass in the dust have significant health hazard.  

There are several stationary (point and non-point) and mobile sources of air emissions in the asset. However, point sources (stacks and vents) account for most of the emission loads in the asset. These emissions release pollutants such as NOx, SO2, CO and unburnt hydrocarbons into air. The total emission loads in the asset are estimated to be the order of 10 tpd or lower for each pollutant. Considering that they are released over a large area, they are not expected to lead to any significant degradation of air quality. Further, most of the asset areas are uninhabited.

· The project will not introduce new point sources but it streamlines existing operation/processes. It includes removal of some of the equipment and replacement of old with new systems such as flares.  New flares/replacement flares shall be designed to a minimum height of 26 m and will be smokeless with air assisted combustion.

· It is expected that during the commissioning and testing of new wells, temporary ground flares will be installed.  However, such emissions are temporary, as the flares will cease once the well is stabilized.  Subsequently, the flare and associated pits will be removed and restored.

· As presented in (Reference 1), impacts from existing emission sources are minimal and within acceptable limits prescribed by the regulations.

Based on the above discussion, the overall impact on air quality is rated as below in Table 6.6.

Table 6.6 :Impacts on Air Quality 

	Impact Rating
	Air Pollution

	Nature of impact (beneficial / adverse)
	Adverse

	Duration of impact (short term / long term)
	Long term

	Likelihood of occurrence (very low / low / medium / high / very high)
	Medium

	Significance of impact (slight / minor / localized / major / massive)
	Localized

	Potential impact level (low, medium, high and extreme)
	Medium


(iii) Noise Pollution

Both stationary and mobile noise generating sources can adversely affect the ambient noise levels. Since the noise from mobile sources is intermittent as well as transient, most of the potential impacts are due to the continuous and stationary sources such as gas turbines, heaters, air compressors, flares, pumps, motors and other rotating equipment.  All measurements indicated compliance with regulatory standards. 

There would be an increase in localized noise levels during construction phase, which will be mitigated by applying good construction practices. However, since many equipment including pumps will be made redundant due to the field rationalization effort, there will be an overall reduction in noise emitting sources.  Based on the above discussion, the impact on ambient noise is assessed as below in Table 6.7.

Table 6.7: Impact on Noise 

	Impact Rating
	Increase in Ambient Noise Levels

	Nature of impact (beneficial / adverse)
	Adverse

	Duration of impact (short term / long term)
	Short term

	Likelihood of occurrence (very low / low / medium / high / very high)
	Low

	Significance of impact (slight / minor / localized / major / massive)
	Minor

	Potential risk level (low, medium, high and extreme)
	Low


6.1.4 Impacts on Water Environment

The potential environmental effects on the water environment are listed below:

	· Groundwater pollution

	· Wastewater Discharge


(i) Groundwater Pollution

The injection of highly saline production water can result in degradation of groundwater quality if injected into an exploitable aquifer, particularly the shallow aquifer. However, in the asset, the produced water is re-injected into the producing oil reservoir. Therefore, the likelihood of groundwater pollution is low.

Based on the information available with water management team at PDO, we understand that there is a considerable risk of migration of highly saline groundwater from the deeper UeR aquifer to the upper Fars aquifer through the well casing due to ongoing well integrity problems, mainly due to the deterioration of the CS casing.   For risk assessment purposes, the likelihood of such an event may be considered as high (as flow outs are supposed to have occurred at a few wells) and the potential consequences may be considered as being “major”.  Therefore, the overall risk rating may be classified as being “high”.

If UBD were to be implemented during drilling of new wells at Al Huwaisah, then there is the risk associated with storage of the OBM cuttings in the mud pit.  Since the hydrocarbon content in the waste cuttings is significantly high (TPH > 15%), there is a possibility of the oil polluting the subsurface if the pit is not lined.  Such risks may be classified as “medium” based on the likelihood being “high” and impact being “localized”.

In addition, due to CS flow lines and pipelines at the Yibal – Al Huwaisah field, there are incidents of leaks with “high” frequency that could potentially have “localized” effects.  The above results in a risk rating of “medium” on the RAM. These results are based on the data that there are 423 spills reported over the last two years and which have resulted in 1,062 m3 of contaminated soils.

Based on the above discussion, the risk of contamination of groundwater range from medium to high.  However for the purpose of overall risk to groundwater contamination, the risks from the above scenarios may be conservatively considered as being “high”.  As identified in the mitigation plan, measures such as the ongoing well integrity program will reduce such impacts to “low” levels.

Table 6.8: Impact on Groundwater

	Impact Rating
	Groundwater Pollution

	Nature of impact (beneficial / adverse)
	Adverse

	Duration of impact (short term / long term)
	Long term

	Likelihood of occurrence (very low / low / medium / high / very high)
	High

	Significance of impact (slight / minor / localized / major / massive)
	Localized/Major

	Potential impact level (low, medium, high and extreme)
	Medium/High


(ii) Wastewater Discharge

Details regarding the size of construction crew and camps to be deployed at the Al Huwaisah field are not known.  It is anticipated that wastewater (i.e., effluents such as sewage, kitchen and laundry wastewater) from the camps at the project site would required to be treated and disposed off in compliance with applicable MRME&WR regulatory and standards.  Most likely, such effluent would be trucked to the sewage treatment plants at Yibal.  Depending on the number of individuals staying at the work camp, these loads could be sufficiently high to adversely impact the existing treatment facilities at Yibal. If the number of the workers in the camp exceeds 150, then PDO will look into the construction of new STP at the camp site/s.   Based on the above discussion, the impacts are assessed as follows:

Table 6.9: Impact of Wastewater Discharge

	Impact Rating
	Wastewater Discharge

	Nature of impact (beneficial / adverse)
	Adverse

	Duration of impact (short term / long term)
	Short term

	Likelihood of occurrence (very low / low / medium / high / very high)
	High

	Significance of impact (slight / minor / localized / major / massive)
	Minor/Localized

	Potential impact level (low, medium, high and extreme)
	Medium


6.1.5 Impacts on Land Environment

The potential environmental effects on the land environment and the associated environmental hazards are listed below:

	· Alteration of land use

	· Loss of vegetation

	· Land contamination


(i) Alteration of Land Use

Land take for the installation of project facilities; construction of accommodation camps; drilling of oil wells; laying of pipelines, power lines and access roads; and constructing storage and disposal sites for construction materials and waste materials can have adverse impacts on land use. The land taken for these purposes is barren and has no utility. The extent of permanent land take is marginal compared to the total available land in the Field. Majority of the land take is temporary, for the purpose of drilling of oil wells and laying of pipelines, power lines and access roads. Due to lack of appropriate control measures some of these sites, especially waste pits, borrow pits, spill impacted sites were not restored as intended causing adverse impacts on the environment.  Based on the above discussion, the impact on land use is rated as being “medium”.

In addition, streamlining of the Yibal field will make many flow lines, some pipelines and equipment redundant.  These will result in scrap, which need to be managed per PDO’s land management specification SP-1012.  While bulk of the flow lines and pipe lines will be left buried in the ground following proper decommissioning procedures, potential impacts in terms of land use alteration may be considered as being “localized” since the land can not be potentially reused until complete removal of scrap.  In addition, since the frequency of scrap generation is expected to be “high”, the overall risk of alteration to land use may be considered to be “medium”.

Among the above two scenarios, the later one poses a greater risk on alteration to land use.  Therefore, the risks may be plotted as follows:

Table 6.10: Impact on Land Use

	Impact Rating
	Alteration of Land Use

	Nature of impact (beneficial / adverse)
	Adverse

	Duration of impact (short term / long term)
	Long term

	Likelihood of occurrence (very low / low / medium / high / very high)
	High

	Significance of impact (slight / minor / localized / major / massive)
	Localized

	Potential impact level (low, medium and high)
	Medium


(ii) Loss of Vegetation

Loss of vegetation is directly related to land take around Wadi areas and vegetated areas, and therefore the impacts are similar. Land irrigation of treated sewage effluents may compensate for some loss of vegetation. Construction of crossing, creation of access tracks, dumping of waste debris, and heavy vehicle movement in Wadi Al- Huwaisah, Wadi Yibal and Wadi Bashasier has caused visible damage at some locations. Based on the above discussion, the impact on vegetation is rated as presented in Table 6.11 below.

Table 6.11: Impact on Loss of Vegetation

	Impact Rating
	Loss of Vegetation

	Nature of impact (beneficial / adverse)
	Adverse

	Duration of impact (short term / long term)
	Long term

	Likelihood of occurrence (very low / low / medium / high / very high)
	Medium

	Significance of impact (slight / minor / localized / major / massive)
	Localised

	Potential impact level (low, medium and high)
	Medium


(iii) Land Contamination

The accidental spillage of hazardous liquids can potentially degrade the soil quality. The accident spillage of crude oil, mainly due to pipeline and flow line leaks has led to soil contamination.  Replacement of existing CS lines with GRE, reducing number of flow lines through a network of main lines with MSVs and replacement of Yibal-Huwaisah CS line with GRE would reduce frequency and likelihood of such incidents. In addition, if OBM mud cuttings are used for drilling new wells, then lined mud pits need to be provided for preventing land contamination.  Therefore, until the above projects are implemented, the likelihood may be classified as being “high”, the impact significance may be classified as “major” and consequently the impact level may be classified as “high” as presented in Table 6.12 below.

Table 6.12: Impact on Land Contamination

	Impact Rating
	Land Contamination

	Nature of impact (beneficial / adverse)
	Adverse

	Duration of impact (short term / long term)
	Long term

	Likelihood of occurrence (very low / low / medium / high / very high)
	High

	Significance of impact (slight / minor / localized / major / massive)
	Major

	Potential impact level (low, medium and high)
	High


6.1.6 Impact on Ecology and Wildlife

The potential environmental effects on the ecology and wildlife and the associated environmental hazards are listed below:

	Potential Environmental Impacts

	Loss of endangered flora

	Loss of endangered fauna

	Threat to wildlife habitats


Undisturbed sites around Yibal, especially in Wadi Yibal and Wadi Al-Huwaisah, promote and sustain flora & fauna of arid zone. Due to creation of crossing, access tracks, dumping of waste debris, heavy vehicle movement the integrity of the ecosystem has been disturbed. Based on the above discussion, the impact on vegetation is rated as presented in table 6.13 below.

Table 6.13: Impact on Ecology & Wildlife

	Impact Rating
	Land Contamination

	Nature of impact (beneficial / adverse)
	Adverse

	Duration of impact (short term / long term)
	Long term

	Likelihood of occurrence (very low / low / medium / high / very high)
	Medium

	Significance of impact (slight / minor / localized / major / massive)
	Localised

	Potential impact level (low, medium, high and extreme)
	Medium


6.1.7 Impact on Social, Archaeology & Cultural Heritage

The proposed project is not expected to have direct or significant social and health impacts on the community since there are no settlements in the project area.  The only settlement in the proximity is the Wadi Al-Umairy village (located 70 kilometres south of Yibal).  In addition, the field assessment did not identify any site of archaeological/cultural importance in the proximity of the project area.   Based on the above discussion, the impact may be assessed as below.

Table 6.14: Impact on Social, Archaeology and Cultural Heritage

	Impact Rating
	Social, Archaeology & Cultural

	Nature of impact (beneficial / adverse)
	None

	Duration of impact (short term / long term)
	Short Term

	Likelihood of occurrence (very low / low / medium / high / very high)
	Very low

	Significance of impact (slight / minor / localized / major / massive)
	Minor

	Potential impact level (low, medium and high)
	Low


7 Summary of Significant Environmental Effects and Mitigation Measures

The proposed development is not expected to have any significant or direct social and health impacts on the community, as there are no settlements in the project area.  

7.1 Significant Environmental Impacts

With regards to environmental impacts, only adverse effects with medium to high impacts are considered as being significant from a mitigation standpoint.  As presented in Section 6 of this report, only seven impacts are of medium or high significance.  These are summarized below – note that impacts due to loss of vegetation and ecology have been combined

Table 7.1: The Significant Environmental Effects 

	Environmental Effect
	Impact Rating
	Comments

	Land Use Alteration
	Adverse

Long term Duration

High Likelihood

Localized Impact

Medium Significance
	Primarily due to land take by new drilling & injection wells, power lines, borrow pits, etc. and “abandoning in place” of scrap generated from streamlining of Yibal field

	Air pollution
	Adverse

Long term Duration

Medium Likelihood

Localized Impact

Medium Significance
	Primarily due to flaring and gas turbines

	Groundwater Pollution
	Adverse

Long term Duration

High Likelihood

Localized/Major Impact

Medium/High Significance
	Primarily due to existing issues of well integrity and spills from old CS lines - potential impacts from OBM cuttings during UBD also considered.

	Land Contamination
	Adverse

Long term Duration

High Likelihood

Major Impact

High Significance
	Primarily due to existing issues of spills from old CS lines - potential impacts from OBM cuttings during UBD also considered

	Wastewater Discharge
	Adverse

Short Term

High Likelihood

Minor/Localized Impact

Medium Significance
	Primarily from discharge of wastewater from construction and drilling camps



	Loss of Vegetation and Ecology
	Adverse

Long term Duration

Medium Likelihood

Localized Impact

Medium Significance
	Existing and expected impact on Wadis due to road/pipeline crossing, site preparation, construction and drilling works


7.2 Impact Mitigation Plan

In this chapter, the additional mitigation measures required for minimizing the environmental risks for the above “high and medium” impacts to “acceptable levels” are developed. The site-specific environmental impact mitigation plan for Yibal project is developed for a total of seven significant impacts as presented in Table 7.2.  Please note that the impacts have been differentiated as “E-Yi” to signify impacts from existing operations (i.e., cumulative impacts) and  “A-Yi” to signify impacts anticipated from the Yibal project as covered in the FDP.

Table 7.2: summary of Environmental Impact mitigation Plan

	Impact

No.
	Impact Description
	Application


	Proposed Mitigation and Management Objectives and Actions
	Significance

Before/After

Mitigation
	Monitoring
	Suggested Time Frame

	1.
	Scrap disposal

(In streamlining the Yibal field, many units/pipelines will be made redundant consequently generating scrap)
	A1- Yi
	· Develop a scrap management plan. It is suggested that most of the abandoned buried pipelines be left in place after removal of hydrocarbons and sweeping with inert gas to remove vapours.  Such scrap is removed at the end of E&P activities in the field.
	Medium/Low
	Conduct quarterly inspections to assess scrap that needs to be abandoned in place vis-à-vis scrap that can be sold to PDO-qualified contractors.
	3 Month prior to decommissioning 

	2.
	Deterioration of habitat in wadis.

(Wadi Al-Huwaisah, Yibal and Al-Bashaier)

Disturbance to habitat due to site preparation, pipeline works & construction of access roads.


	E2-Yi

A-Yi
	· In an arid/desert environment, wadis support a richer biodiversity. Therefore, impacts on wadis must be minimized.

· Review alternate sites for roads and pipeline crossings or drilling activities planned along the main vegetated stretches of the wadis.  

· If alternative sites are not feasible, install controls to reduce risks: Culverts under Wadi crossing; minimizing footprint area; restricting vehicular movement; and removing abandoned debris and waste material from Wadis.

· Restrict the width of ROW to as narrow as possible.


	Medium/Low
	Wadi areas/stretches to be impacted by the proposed development to be assessed to identify if alternate sites need to be evaluated.  

For developments along the wadi areas, develop a monitoring plan to assess the efficacy of the engineering & operational control measures.
	Alternate sites, if any, will be identified during the FEED stage.  In addition, specific environmental management plans will be prepared for sensitive sites. 

	3.
	Soil contamination due to waste pits especially for UBD (produced water and drill cuttings)
	E- Yi

A- Yi
	· Locate waste pits in ecologically less sensitive areas.

· Impermeable lining (compacted clay or HDPE) should be installed at the mud/waste pits to avoid seepage/leaching.  Pits should fenced.

· Waste/muds should be removed from the pits to appropriate facility and site be restored after completion of the well.

· Abandoned pits to be restored.
	High/Medium
	Prior to drilling, review if the mud pits require lining and supervise their installation.

Prepare a plan to restore all existing & abandoned pits.


	UBD related mud pits to be lined before drilling.

Restoration of abandoned pits to follow recommendations from the survey.

	4.
	Soil and ground- water contamination due to leakages (from drilling pads, flow lines etc)
	E - Yi


	· Replace existing CS casing on wells with integrity problems with GRE and isolate the exploitable Fars aquifer.

· Replace existing CS flow lines to GRE when they approach their end of life or fail integrity tests.

· Install groundwater-monitoring wells to ascertain/track potential contamination of the Fars aquifer – location and number of wells to be fixed during the subsequent Final IIA effort.
	High/Low
	Continue with the ongoing well integrity, pipeline and flow line maintenance programs.

More importantly, promptly cleanup spills and leaks.


	Addressed under ongoing well integrity and flow line & pipeline maintenance programs.



	5.


	Deterioration of air quality due to flaring.

Deterioration of air quality due to flaring
	E- Yi

A- Yi

E- Yi

A- Yi
	· Flaring quantity is expected to be more or less constant – existing facilities adequate for compressing and use towards gas lifting, running of gas turbine compressors and transport to the government gas plant in Yibal.

· Replaced AP and LP flares to be of better design than the existing units – they will be air-assisted and smokeless during most operating conditions.  Consider using better options such as condensate knockout drums, steam injection and dry low NOx burner technology on the new flares.

· Design flare to a minimum of 40 m height for better dispersion.

· Consider implementing a program for minimizing and curtailing LP flaring.

· Comply with MD5/86 on emissions to atmosphere.
	Medium/Low
	Amount of flaring to be measured and set annual performance targets for minimizing flaring.


	During FEED Stage

	6.
	Discharge of sanitary wastewater from construction camps
	A -Yi


	· Determine wastewater flow/load would increase, if trucking the effluent to Yibal and its impact on existing STPs.

· Alternatively, deploy portable STPs instead of Septic Tanks at campsites.
	Medium/Low
	Ensure treated water quality is in line with prevailing legislations.
	During EPC or construction period

	7.
	Implementation of proposed mitigation measures during design, construction and operations.
	A-Yi


	· Incorporate above mitigation measures into the design of the project.

· Provide adequately trained staff to implement all mitigation and monitoring requirements.

· Include the mitigation plan into the ongoing ISO-14001based environmental management system so that they are monitored and enforced.
	Medium/Low
	Audit progress and compliance with the environmental mitigation action plan.
	Biannual environmental audits during site works by an external consultant

	· A1-Yi = Anticipated inYibal

	· E2-Yi= Existing in Yibal


7.3 Conclusion


Based on the present study, HMR provides the following recommendations. While these recommendations are not expected to significantly change, there is a possibility that they could be further refined once the FDP and front-end engineering designs (FEED) are finalized in the coming months.  Such changes, if any, would be communicated to MRME&WR.

· The existing environmental quality meets stipulated standards for air, noise, groundwater and soil.  The area is located in an arid region with sparse vegetation of limited biodiversity and human settlement.  There is no other industrial or commercial activity in the area other than PDO’s production activities.  There are no endangered flora/fauna, archaeological sites or areas of social importance in the area.  The inherent environmental sensitivities of the area are low, except for groundwater that may be quite vulnerable due high water table in some areas.

· There is a risk of groundwater contamination from discharge of reject water from the reverse osmosis plant to unlined pond, which is presently not permitted with MRME&WR.  Therefore, there is a need for permitting this discharge and providing adequately lined evaporation pond for safe disposal.

· There is a scope for improving the environmental baseline conditions by reducing the cumulative impact, mainly from ongoing operations. The current practices of land utilisation can be improved during the implementation of the proposed modifications.  The key mitigation measures for reducing cumulative impacts, some of which result from the ongoing maintenance and rationalization programs, include the following: 

· Reducing air/noise impacts and improving energy efficiency by making certain surface facilities such as flares, gas compressors, separators, gathering stations, etc. redundant as part of the field rationalization effort.

· Prevention of spills and groundwater pollution by replacing existing headers, flow line and well casing with GRE materials as part of the ongoing well and pipeline integrity program; 

· Redundant equipment that are declared as being scrap to be properly decommissioned and abandoned in place for subsequent removal after full exploitation of the field when all facilities will be removed per the company’s land management guidelines.

· New developments following the FDP are likely to have incremental impacts on the environment.  Mitigation plans proposed in this report will be able to reduce the magnitude of the impacts to acceptable levels.  Therefore, the scope of the proposed development, as articulated in the FDP, is expected to have acceptable levels of environmental impacts.  The key mitigation measures for reducing anticipated impacts from the project include:

· Installing lined mud pits at new drilling sites, especially where oil based muds (OBMs) are used; 

· Installing groundwater-monitoring wells to ascertain/track potential contamination of the Fars aquifer – the location and number of such monitoring wells will be finalized during the FEED stages of the project/s; and

· External audits to ensure that mitigation measures contained in Table 7-2 are properly implemented. 

· The water flooding program for sustaining oil production through deep injection of produced water into the oil bearing formation take due considerations of not impacting the groundwater quality in shallow aquifer.  

· The proposed development is not expected to have any significant or direct social and health impacts on the community, as there are no settlements in the project area. As a part of the Social Investment Plan for this project, PDO will provide an RO plant to address the drinking water requirements for the village of Wadi Al Umairy (~70 KM south of Yibal).

· On reviewing the existing permits for Yibal asset (Reference 5), we do not expect changes to existing permit conditions due to the proposed modifications.
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Appendix A Ecological Survey

Introduction 

Overview

This section presents an evaluation of the potential environmental impacts to terrestrial ecology during the lifetime of the project.  The approach taken for this biological resources impact assessment was twofold:

1. To carry out a baseline surveillance of habitats and key faunal groups known to be present on or around the site, which could potentially be used as valued ecological receptors in the impact assessment process.  These were:

· Perennial vegetation;

· Mammals;

· Breeding birds;

· Reptiles

 .

2. To supplement the data from the baseline survey with information obtained from a literature review, local contacts or other sources.  This information was used in evaluating the rarity and status of habitat or species in the context of the project site. This data was used to assess the impacts of the project during construction, commissioning, operations, decommissioning and resulting from spills/accidents.

Baseline Survey

General

The broad objectives of the baseline field survey were to:

· Identify species of flora and fauna present, where possible;

· Record the presence or absence, and where possible the distribution and abundance of selected fauna species.

It was not the purpose of the baseline field survey to undertake detailed studies of the fauna present on the site (e.g., population studies, observations on behaviour, etc.), but simply to record presence/absence in the surveyed area.  However, it was important to be able to identify any rare species or strong populations of species within the site that could potentially be impacted by the development.

The area was surveyed between 17th to 21ts July by three environmentalists.  The survey took place during daylight hours, including early mornings and evenings and late nights. 

Survey Area

The TESA was carried around installations and facilities extending up to Yibal Wadi.

Vegetation

The vegetation within the area is partially grazed by livestock and consequently is denser and more species diverse around installations where natural habitat than vegetation in many other parts of.  Time was initially spent in looking at the different areas of vegetation present on the TESA and noting down species composition and dominance in order to classify into different types. 

Mapping was carried out with the aid of a hand-held Global Positioning System (GPS).  Vegetation types were mapped by vehicle or on foot.  Because large parts of area are featureless, it was not possible to draw boundaries of vegetation types directly onto a map of the site.  Existing tracks were used as transects, stopping at intervals to note down vegetation types and saving locations as waypoints.  Mapping was carried out later on a computer utilising the downloaded data from the GPS.  

Substrate and slope / terrain were also recorded according to the following categories:

Substrate:

Sand, sabkha, rock (limestone), gravel, silt/fine. Combinations were also recorded.

Slope / Terrain:

Flat, minor relief, depressions, gentle slope, and moderate slope.

Mammal Survey

Mammals were recorded visually during early mornings and midnights lam by lamping and by searches for signs, including burrows, tracks and droppings.  Locations of sightings and other records were generally recorded to the nearest 1 km.

Bird Survey

Birds were recorded by visual observation.  A list of species resident or visiting the TESA was compiled during the survey.  

Reptiles

Reptiles were recorded incidentally whilst travelling on foot or by vehicle through the TESA and by searches for tracks or other signs in suitable habitat.  Locations were generally recorded to the nearest 1 km; exact locations were recorded for species of particular interest.

Limitations

Seasonality & Climate

Seasonality is one of the main factors to consider when conducting field surveys in desert areas.  Although bird migration and nesting had virtually finished by the time of the survey (mid July, resident species which would have bred on the site were still present.

Generally, the vegetation of the TESA was dry this made identification difficult in some cases, particularly in the case of tussock-forming grasses, present only as dead sheaths without any new growth or flowering stems.  Generally, however, grasses could still be identified in most areas if a few flowering specimens were present.  Lack of rain and dryness of the vegetation may also have affected the population levels and level of activity of mammal species. 

Access

Most parts of the site could be easily accessed by vehicle or by short excursions on foot.  Generally, however, only existing vehicle tracks were used in order to avoid damage to the vegetation.  Parts of the TESA were inaccessible to vehicles due to soft sand and driving over these areas would have caused considerable damage to the vegetation.

Literature Review

Introduction

This section provides an overview of the published literature or other available information on the terrestrial flora and fauna of the Arabian Peninsula.  

Much of the published material on mammals, birds, reptiles and invertebrates of the Arabian Peninsula consists of lists of records for particular countries or for new records of particular species.  Whilst some of this information is useful in assessing the status and distribution of well studied species, such as birds, very little is known about less easily studied species, including invertebrates and small mammals.  Furthermore, very little research has been carried out on the ecology and behaviour of faunal species, apart from a few well-known species of socio-economic importance, such as the Houbara Bustard and Arabian Oryx.

By comparison, the flora of the region is much better studied, particularly so in Ras Laffan, Qatar, where floras were published in the early 2000s and further work has been undertaken in recent years by Qatar Petroleum.  Ecological relationships of desert plants are also better studied generally (e.g., Batanouny, 2001) and there is also a body of traditional knowledge amongst the Bedouin of plants as fodder for camels and as medicines; some of which has been published in various forms.  There has especially been much interest in salt-tolerant species of deserts and coastal habitats (e.g., Abbas & El-Oqlah, 1992); recent studies partly being stimulated by the high development pressures that coastal areas in the Arabian Peninsula are now experiencing (Barth & Böer, 2002).

Much wildlife recording in the Arabian Peninsula is carried out by amateurs, including local groups.  This work is often published by the various natural history groups (e.g., the Qatar Natural History Society) and does not reach a wider audience.

Vegetation

Key references on Arabian vegetation are Zohary (1973) and more recently, Ghazanfar & Fisher (1998).  More detailed information on plant communities in the region is to be found in Roshier, et al. (1996), Mandaville (1990) and Batanouny (1981).  Mandaville (1984 & 1990) has also written on the history of botanical investigations in the Arabian Peninsula and has studied the vegetation of the Rhub’ al-Khali (Mandaville, 1986).

Mammals

A checklist of mammals in the Arabian Peninsula is given by Nader (1990).  The results of a survey and review of mammals in Abu Dhabi Emirate are described by Duckworth (1996), but apart from this, there is limited information available on studies of mammals within specific countries.

Birds

Birds are well studied over the Arabian Peninsula as a whole though information for certain countries is relatively poor.  Places where there are expatriate communities of birdwatchers and/or large numbers of visiting birdwatchers (especially the UAE and Oman) are much better known are much better known.
The Atlas of Breeding Birds of Arabia (ABBA) project has been co-ordinating surveys and recording efforts throughout the peninsula since 1984 and has produced a provisional breeding atlas (Jennings, 1995) and regular bulletins (Phoenix).  

Amphibians & Reptiles

Much of the relevant literature on amphibians and reptiles of the Arabian Peninsula has been published in Fauna of Saudi Arabia but generally they are poorly covered.  An annotated list of species is given by Leviton, et al. (1992).  

Invertebrates

Invertebrates in general are not particularly well documented, receiving attention mainly from specialised workers in certain parts of the peninsula.  The only popular guide to insects in the region is by Walker and Pittaway (1987).

Baseline Conditions

Characteristics & Habitat

Location

Yibal asset is located in the northwest part of PDO’ concession area, below Lekhwair asset and to the left of Fahud asset. Yibal production station is about 50 km from Fahud and 360 km from Muscat. The asset covers a total land area of 5,830 km2.

Climate

Meteorological data were recorded in Fahud asset for the year 2002. Based on these data, the mean annual temperature is 29.3°C. The mean monthly temperatures range from 19.7oC in January (with mean minimum of 5.6oC and mean maximum of 34oC) to 37oC in July (with mean minimum of 24oC and mean maximum of 50oC). The maximum and minimum absolute temperatures are 51oC and 6oC respectively. 

The mean annual rainfall in Fahud area is 20 mm. There is very little inter-annual variation in temperature, but the annual rainfall is exceptionally variable between years with little indication of seasonality. Rain has been known to fall in nearly all months of the year, although the mean monthly rainfall was the highest during February and April, with a secondary peak in August.

Geomorphology & Habitats

Yibal asset area is composed of alluvial gravel and aeolian sand, underlain by chalk and marl. The underlying rock is almost horizontal mid-tertiary limestone from the Oligocene and Miocene era. The tertiary formations are about 700 m thick and lie on the top of oil bearing Shuaiba formation. The water bearing tertiary formations consists of Fars, Dammam, Rus and Umm er Raduma (UeR) formations. The geological cross section of the asset is shown in Figure 5.2. 

The geological sequence of Umm as Samim sabkha deposit is halite-bearing sands, halite and halite-bearing sands from bottom to top. The sabkha deposits consist of a main zone of salt crust, including heaved crust. Brine is present very close to the surface. Fresh salt is constantly deposited as a result of evaporation. The crust accumulates wind blown dust, gradually darkens and often rises to a height of 0.5 m. Towards the Rub al Khali, soft fine grained sands are saturated with brine 1-1.5 m below ground level. 

Vegetation

Introduction

Key references for this section is Batanouny (1981), Arab Organisation for Agricultural Development (1983),.  The information booklet produced by RLC Environmental Section (Anon, undated) Wild flora of Ras Laffan Industrial City includes photographs of almost 100 species recorded within the site.  

Yibal is generally characterised by the dominance of the dwarf shrub Zygophyllum qatarense on barer limestone, various tussock-forming perennial grasses in silt pans and sandy deposits, the sedge Cyperus conglomeratus (or Cyperus sp.) on the sand ridges and various saltmarsh communities around the fringes of the sabkha.  Seven habitat types were identified within the TESA, each supporting one or more plant community.  These are listed below in Table 7-1 as Types “A” through “F”, described below.

	   Habitat Types, TESA Survey Area, RLC, Qatar                               

	Type
	Habitat Type

	A
	Zygophyllum qatarense dominant, or co-dominant with perennial tussock-forming grasses (limestone areas with windblown silt and sand)

	B
	Stands dominated by Cymbopogon commutatus in silty depressions and small 

	C
	Accumulated sand with grasses dominant (Sporobolus iocladus, Dichanthium fovoleatum, Panicum turgidum)

	D
	Sabkha with Halopeplis perfoliata and Aeluropus lagopoides saltmarsh communities

	E
	Sabkha with fringing Zygophyllum qatarense

	F
	Cleared / degraded area with sparser Zygophyllum qatarense


The flora species found at the site is listed in Table 2.

	1. 
	Trigonella anguina

	2. 
	Zygophyllum qatarense

	3. 
	Acacia arabica

	4. 
	Helinthemum sp.

	5. 
	Pulicaria sp.

	6. 
	Palicum turgidum

	7. 
	Citrullus colocynthis

	8. 
	Cynomorium coccineum

	9. 
	Sporbulus arabicus

	10. 
	Aizoon canariese

	11. 
	Cyperus conglomerates

	12. 
	Acacia tortilis

	13. 
	Prosopis cineraria

	14. 
	Conzya bonariensis

	15. 
	Cyperus conglomerates

	16. 
	Cyperus rotundus

	17. 
	Fagonia bruguiera

	18. 
	Fagonia ovalifolia

	19. 
	Heliotropium bacciferum

	20. 
	Salsola baryosma

	21. 
	Phragmites australis

	22. 
	Astragalus spinosus

	23. 
	Portulaca oleracea

	24. 
	


Fauna

Mammals

Generally, desert mammals would be present near to vegetative grounds, where water is scarce yet enough to prolong life of most shrubs and trees. As a result, the Yibal wadi, which is in close proximity to the Yibal field was the main attraction for mammal sightings.

Since the desert mammals are mostly nocturnal, daytime observations such as tracks, burrows and animal droppings indicated that quite a few species exist in the area. Consequently, night lamping and early morning walkthrough was conducted to verify the presence of such animals.

During the lamping session, Hares, Lepus capensus, were spotted. With the presence of Hares which feed on Zygophullyum, the fox burrows which were noticed earlier and a quick sighting of a Red Fox Vulpes vulpes, in the early morning hours, confirmed the existence of a healthy ecosystem in the Yibal area.  Due to loss of natural habitat, these Foxes have learned to find shelter by burrowing in the slopes of abandoned waste piles and landfills.
Trekking on foot, colonial burrows, almost certainly belonging to Sundevall’s Jird Meriones crassus were observed. Some holes, however, appeared to be smaller than normal for this species, and may have belonged to a species of Gerbil Gerbillus. There is an abundance of Lesser Jerboa Jaculus jaculus, which was sited many times.  

Other than Fox foot prints, feral cat prints were found around the wadi area. These tracks and shapes of some burrows indicated the presence of  Feral Cat Felis sp. 

Birds

Main sources of information on the status and ecology of birds in the region are Hollom, et al. (1988), Warr (1993), Jennings (1995), Porter, et al. (1996), Aspinall (1996) and ABBA (2003).  Please refer to Section 7.2 - Literature Review for further details.

Bird activity was very low during the survey work because the breeding season and the spring migration period had both almost ended.  Resident species still present in the TESA, which were likely to have bred, comprised Hoopoe Lark [Alaemon alaudipes] Crested Lark [Galerida cristata] , Black-crowned Finch-Lark [Eremopterix nigriceps], Bee Eater Merops Apiaster,  and Cream-Coloured Courser Cursorius cursor.

Black Crow

Palm Dove

Reptiles

During the early morning walkthrough, two species of lizards were spotted Mesalina brevivorostris and Acanthodactylis sp.

 Invertebrates
Beetle

Locust

Summary of Baseline Conditions

The valuation of the biological resources on the site is briefly described below.

· Perennial Vegetation.  The Zygophyllum qatarense vegetation over the site extends across much of a large proportion of the area.  Considered as a whole, this vegetation is nationally important as it is probably the largest area within the country that is in a near-natural state (i.e., due to its protection from livestock grazing and other forms of human impact).  

· Mammals.  The area supports a variety of mammal species most of which are widespread over the Arabian Peninsula.  Red Fox [Vulpes vulpes] and Cape or Brown Hare [Lepus capensis] both have large world ranges, the former occurs across most of Arabia, Asia, Europe and North America and the latter is widely distributed over the Arabian Peninsula, Africa, Eurasia and has been introduced to North and South America and Australia (Harrison & Bates, 1991).

Sundevall’s Jird [Meriones crassus] also extends to Afghanistan and Pakistan.  Two species of Gerbils [Gerbillus nanus and G. cheesmanni] have been recorded; both are locally common and widespread across the Arabian Peninsula.

A photographic account of some of the observations (made at Al-Huwaisah and Yibal) has been provided as an Annex to this report.

Impact Assessment

Overview

The impact assessment for terrestrial ecology follows best practice guidelines published in the UK; Institute of Ecology & Environmental Management [IEEM], 2002) and broadly applicable to other countries.  The IEEM defines an ecological impact as the “biophysical or environmental changes that occur as a result of development activities”.  The aim of an ecological impact assessment is to:

· Determine the significance of impacts on valued ecological receptors.  The significance of an impact depends on the value of the ecological receptor and the scale or magnitude of the impact.

· Demonstrate that proposed developments will meet the legal requirements relating to species, sites or habitats.

Potential impacts on the terrestrial ecology from activities during the construction, commissioning, operations, decommissioning and from spills/accidents are assessed in the following sections.  

Construction

Onsite Impacts

During construction, terrestrial biological resources would be affected by habitat disturbance, dust, noise, presence of structures, vehicle traffic and worker activity.  Lighting and habitat fragmentation due to road cutting and grading are likely to occur.  Small mammals, may also be directly harmed or killed by machinery during the site preparation process.

The main impact will however be the loss of habitat.  The project will cause the direct loss of habitat.  There will also be additional losses through the process of constructing roadways and the creation of associated runoff areas (which will remove or degrade an adjacent strip of vegetation around the perimeter of the site). The total habitat loss associated with construction is not expected to be high due to utilistaion of a large ROW.  It should be noted that about 90 to 98% of the vegetation within Yibal has already been lost or damaged due to current activities.

Loss of habitat from the site will have a major impact on the existing ecological communities, it is likely to have significant impact on the ecology of the area and is therefore assessed as an impact of medium magnitude which is of high significance.

This project adds to the general loss of the habitat in the area.  In such circumstances, the precautionary principle is often used to reduce or avoid an incremental increase in adverse impacts by including some mitigation measures to help offset the habitat loss.  Habitats of similar quality could be restored over a relatively short timescale in adjacent areas or other parts of the country to offset the loss of habitat on the site.  Offsite restoration of habitats would be a form of mitigation for the effects of the development. 
Biological Resources Impact – High Magnitude, Medium Significance

Offsite Impacts

Some effects on vegetation and fauna adjacent to the site are also likely to be impacted due to the effects of dust, vibration, lighting and noise from earth moving vehicles during the construction period. 

Vegetation may be affected by dust from construction; however, desert vegetation has defence mechanisms and tolerance of high dust conditions that are naturally prevalent in the region.  Increasing lighting and glare could upset nocturnal fauna and canting and shielding of perimeter lights could be considered within security constraints as a precautionary measure.  Increased noise due to site grading and excavation may also cause disturbance to fauna, although the predicted noise levels during construction at the nearest receptor of less than 50 dBA Leq implies that any impact will be minor.  Any disturbance during construction is also likely to be temporary or medium level, assuming controls on site access will be developed and implemented and roadways and fencing are installed.

Biological Resources Impact - Low Magnitude, Low Significance

Commissioning

Commissioning is likely to increase lighting and noise levels.  Lighting and noise would undoubtedly disturb local birds and fauna, but as the impact will be of short duration and sensitive receptors are lacking, the commissioning phase is classified as having a low magnitude and low significance impact.

Flaring could potentially affect birds migrating at night (i.e., such birds may be attracted to the flare and potentially could fly into it).  There is a lack of research on this phenomenon, but the potential effect may be dependent on weather conditions or other factors.  It is presumed that under most circumstances, flaring would not alter the normal migration behaviour of birds and the potential adverse effect will not be significant.

Biological Resources Impact - Low Magnitude, Low Significance

Due to the physical presence of the facilities, there will also be a continuing loss of habitat for migrant and breeding birds.  The relatively short duration of the commissioning period makes this however of a low impact.  

Biological Resources Impact – Medium Magnitude, Medium to Low Significance
Operation

Onsite Impacts

A number of activities could potentially affect biological resources during the operations, in addition to a continuation of the loss of habitat for migrant and breeding birds due to the physical presence of the facilities.

· Lighting.  Routine operations will require security lighting, which will increase ambient light intensities and glare.  Many desert dwelling animals are nocturnal species and are sensitive to light levels and may avoid areas of high light intensity.  There may be small beneficial impacts by allowing species to forage or hunt during dark nights.  

Overall, the potential impacts of increased light and glare are considered to be of low magnitude and low significance.  However, as a good practice measure, perimeter lighting should be fitted with shields and tilted inward towards the facility to minimise glare onto the surrounding desert lands.

Biological Resources Impact - Low Magnitude, Low Significance

Air Pollution.   Process facilities may increase pollutants in the vicinity of the project and could affect vegetation, mammals, birds and reptiles.  The main pollutant of concern in this regard is sulphur dioxide (SO2).  

Biological Resources Impact - Medium Magnitude, Medium to Low Significance

· Flaring.  As mentioned above, flaring could potentially affect birds migrating at night (i.e., such birds may be attracted to the flare and potentially could fly into it).  There is a lack of research on this phenomenon, but the potential effect may be dependent on weather conditions or other factors.  It is presumed that under most circumstances, flaring would not alter the normal migration behaviour of birds and the potential adverse effect will not be significant.

Biological Resources Impact - Large Magnitude, Medium Significance

· Habitat Recreation.  Following construction, there may be small areas of undeveloped ground remaining within the site that may have the potential to support vegetation.  Any undeveloped land should be left restored to the original habitat either by leaving alone and allowing natural reـcolonisation of flora and fauna, or by transplantation of shrubs and other plants from existing areas of vegetation. 

Biological Resources Impact - Low Magnitude, Medium Significance

Offsite Impacts

The effects of vehicle movement, dust, noise and pollution on fauna and flora are likely to have serious affects on the areas immediately surrounding the site. 

Biological Resources Impact - Low Magnitude, Medium Significance

Decommissioning

The impacts during decommissioning will be similar to those predicted during site construction in terms of disturbance to mammals and other fauna, although to a lesser degree because most of the site would be unlikely to support wildlife or native vegetation.  Demolition of structures and removal from the site will generate noise, dust, and traffic and worker activity.
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