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1 INTRODUCTION

The Oman Power & Water Procurement Company (OPWP) has awarded the Salalah
Independent Water Project (Salalah IWP) to the consortium of ACWA Power, Veolia and DIDIC
(The Project Sponsors). The project is a 25 MIGD seawater reverse osmosis facility and will be
located in Dhofar Governorate, Sultanate of Oman. OPWP will purchase water from the
project under a Water Purchase Agreement with Dhofar Desalination Company SAOC (the
Project Company).

This Environmental & Social Scoping (ESS) study has been prepared by 5 Capitals
Environmental and Management Consulting (5 Capitals) a registered environmental
consultant with the Ministry of Environment & Climate Affairs (MECA), the environmental
regulator in Oman. It is the intention that 5 Capitals will prepare the project’s Environmental &
Social Impact Assessment (ESIA) subsequent fo this ESS.

The project sponsors will seek project finance from International Financial Institutions (IFIs) who
are likely to be signatories of the Equator Principles (EP), a voluntary set of principles established
to manage environmental and social investment risks. As such, the required project ESIA
process will need to be of a standard that can demonstrate alignment with both the Omani
regulations and the requirements of the IFl's; expected to align with the EP’s, IFC Performance
Standards and IFC EHS Guidelines. This includes consideration of potential ‘social’ impacts
attributable to the Project, and the on-going management of these impacts & risks.

This report outlines the anticipated environmental and social impacts/risks associated with the
Project and identifies the scope of work required for the subsequent ESIA. This ESS Report will
be submitted to the MECA in Oman, and the consorfium of prospective international lenders
who may provide project finance.

1.1 Objectives of the ESS

The main objectives of this ESS in relation to the 'Project’ are as follows:

e Preliminary identification of baseline environmental and social conditions based on
review of available information and an initial site visit to ensure baseline surveys are
designed to enable the establishment of robust environmental conditions of the
Project site and surroundings;

e Identfification of key environmental and social issues relating to the consfruction and
operational phases of the project at an early stage to ensure assessment techniques
for the subsequent ESIA address these issues specifically; and

e Identification at an early stage of the structure and content of the ESIA and the
provision of a Terms of Reference for MECA.

This Scoping report has been informed by:
e Analysis of the Project details and proposed works;
e Study of the relevant mapping and aerial photography;
e Experience and review of ESIA’s for similar projects;

e Initial site visit undertaken in summer 2016; and

Salalah Independent Water Project 2
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Review of secondary information (e.g. available online databases and reports).

1.2 Structure of the ESS

This ESS includes the following elements:

Section 2 describes the key features of the proposed project facilities, a brief
description of the parameters of design and process design considerations and the
scope of construction and operational activities as well as the Project schedule;

Section 3 describes the regulatory framework applicable to the Project;

Section 4 presents the environmental assessment and planning process including the
scoping and ESIA methodology;

Section 5 to Section 17 present the following information for the different
environmental aspects under consideration:

A brief description of the existing environmental conditions of the Project site and an
evaluation of existing environmental information on the area and a gap analysis to
determine the additional information that needs to be gathered;

Potenfial environmental issues and constraints (and opportunities) associated with the
construction and operation of the proposed project facilities based on the existing
information; and

Proposed assessment methodology and requirements during the environmental
assessment process.

1.3 Key Project Information

Table 1-1

Key Project Information

Project Title

Project Sponsor
(Primary Contact)

Point of Contact

Project Company

EPC Contractor
O&M Company

MECA Registered

Environmental
Consultant:

Point of Contact

Salalah Independent Water Project

ACWA Power

Business Gate Office Complex, Building 5, P.O. Box 22616 Riyadh,
11416

Kingdom of Saudi Arabia
Tel: +966 11 2835555, Fax: +966 11 2835500

Janaki Kannan: Manager - Business Development, ACWA Power

Dhofar Desalination Company SAOC
Commercial Registration No: 1292748

SIDEM

To Be Confirmed

5 Capitals Environmental and Management Consulting
PO Box 119899

Dubai, UAE

Tel: +971 (0) 4 343 5955

Fax: +971 (0) 4 343 9366

www.5capitals.com

Ken Wade: Director Environment Planning

Salalah Independent Water Project

Environmental & Social Scoping Study
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2 PROJECT INFORMATION

2.1 Project Background & Rationale

Given the demand requirements for water in the Dhofar region, rising at 8% (source: OPWP 7
Year Statement, June 2016), OPWP has planned a water desalination project in on the outskirts
of Salalah with a planned commercial operation date of early 2019.

The project is structured as an Independent Water Project (IWP) with OPWP purchasing the
Potable Water produced by the operator under a Water Purchase Agreement with a ferm of
20 years.

The scope of the project includes the design, construction, ownership, financing, operation
and maintenance of high efficiency desalination facilities based on seawater reverse osmosis
technology with a capacity of 25 MIGD of Potable Water output (113,650 m3 per day of
Potable Water output in nominal condifions, and 120,000m3 per day during Exigency periods).

The scope of the Project includes not only the development of the main Potable Water
production facilities, but also the supply of all equipment and services necessary for the
operation of each Plant including the Seawater Intake/Ouftfall Facilities and Access Road from
the public highway.

Electricity supply fo the project will be provided via an 11kV connection from the Dhofar Power
Company.

2.2 Project Location

The project will occupy an area of approximately 5.83 hectares, located approximately 30km
east of Salalah, as presented in Figure 2-1 below.

Figure 2-1 Project Location
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The proposed Project site with co-ordinates for all project facilities, access road and temporary
construction areas are presented in Appendix A.

Salalah Independent Water Project 4
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The project site is approximately 50m from the shoreline and located adjacent fo the existing
Salalah Sembcorp IWPP facility. The proposed project will be accessible from the north-west
via a new access road, to be constructed as part of the project and connecting with the
existing Sembcorp IWPP access road, as shown in Figure 2-2 below.

Figure 2-2 Local Project Area

Legend

(] Project Area Outiine
DPC Substation
Access Road
Potable Water Storage Facilities
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Seawater Infake: Outfall Facilibes
I Temporary Area
0 Easement Land

Salalah Independent Water Project 5
Environmental & Social Scoping Study



/’“’“&f’g‘ﬂ;\ K5y capilals

2.3 Land Use and Site Condition

2.3.1 Land Ownership

The land is owned by the Ministry of Housing. The project will use this land under a Land Lease
Agreement fo be arranged with Ministry of Housing for the duratfion of construction and
operations.

The Krooki, for the projects land area (issued by the Ministry of Housing) is presented in
Appendix B.

2.3.2 Land Use

The land is currently unused, but was previously used as the construction laydown, staging and
administration area for the adjacent Sembcorp IWPP project, but has since been rehabilitated.

2.3.3 Site Condition

The project site is situated on an open plain free of any expansive vegetation. The adjacent
Sembcorp IWPP, located to the west, is the most notable feature within the immediate
landscape. To the south, the project area slopes severely fowards the sea where there is a
narrow beach area. To the north of the project site is a large wadi that dominates the local
landscape.

The primary land mass of the proposed project was previously used by the Sembcorp IWPP as
the construction laydown area. On the day of the inifial site visit in summer 2016, bulldozers,
excavators and tipper trucks were active, associated with the demobilisation of this pre-
existing site compound aft the project area.

Plate 2-1 View to the South and Project Shoreline

Salalah Independent Water Project 6
Environmental & Social Scoping Study
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Plate 2-2 View to the North over the area for the Proposed Desalination Facilities

Plate 2-3 View of Sembcorp IWPP from Proposed Access Road

Salalah Independent Water Project
Environmental & Social Scoping Study
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Plate 2-4 View of Wadi Channel to the North of the Project

2.3.4 Local Facilities and Receptors
Sembcorp - Salalah IWPP

Salalah Sembcorp IWPP is located adjacent to the western boundary of the proposed project
area. This is a gas fired power plant with a total gross capacity of 490 megawatts and a
seawater desalination plant with a total water production capacity of 15 million imperial
gallons (69,000 cubic meters) per day.

Camel Shelters

Several small shelters utilised as femporary refuge for camels believed to be owned by Bedouin
were noted along the access road to the Sembcorp IWPP, approximately 1-2km from the
project site. People believed to be employed by Bedouin were seen tending to these camels.

2.4 Project Description

The project includes the following key facilities:

e Sea water intake system; e Pre-treatment system;
e Sea water discharge system; e SWRO system;
e Pumping station, including e Post freatment system;

screening equipment; e Waste water treatment system;

e Chlorination facilities (pre-

hat h ' e Instrument and service air system;
chlorination and disinfection);

Salalah Independent Water Project 8
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e Fire protection and detection e General buildings;

system; e Accessroads;
e Ventilation and air conditioning;

Figure 2-3 Salalah IWP Main Entrance View
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Figure 2-4 Salalah IWP Overview

Salalah Independent Water Project 9
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The historical sea water condifions and the particularities of the region have been considered
in the design and dimensioning of the desalination plant, with the aim of complying with the
technical and operational expectations and requirements of OPWP. Further, the design of the
plant and the related buildings has been developed focusing on the combination of
operational suitability and efficiency while ensuring minimization of the environmental and
visual impact.

Figure 2-5 Salalah IWP Cultural Building Design

Figure 2-6 Salalah IWP General Layout

Salalah Independent Water Project 10
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In summary, the design criterion aims to achieve the following objectives:
e Ensure the guaranteed water capacity, availability and quality as required by OPWP;
e Optimize the energy consumption;

e Design the plant in a comprehensive approach considering the operation and
maintenance period and the whole life of the project;

e Optimize the quality of the installed equipment with the best and most reliable
suppliers and fechnologies;

e Optimize the layout of the plant to ensure a proper accessibility to equipment for a
correct operatfion and maintenance;

e Reduce noise and vibration;

e Ensure the maximum flexibility in operation by implementing optimal automation
processes;

e Minimize the environmental and visual impact during plant execution and operation.

The Salalah SWRO desalination plant has been designed to provide full capacity with the
required quality considering the specific condifions of sea water in the region, the algal bloom
and red tide phenomena which are likely to occur periodically and the optimization of the 20-
year operation and maintenance expected.

2.4.1 Capacity

The total production capacity of the seawater desalination plantis 113,650 m3/day in nominal
condifions. The plant is designed to produce the full plant capacity working with 5 trains or
working with 4 RO frains with one frain out of service for maintenance. A design capacity of
22,730 m3/day +0.5% of extra production for internal consumption has been considered. A
maximum capacity of 28,413 m3/day per frain can be produced when one RO ftrain is in
mainfenance.

During the Exigency periods, the plant will be able to produce 120,000 m3/day working with 5
trains, each one will produce 24,000 m3/day.

The configuration will enable the Project Company fo produce the maximum capacity,
optimizing the scheduled outages in order to ensure the optimal operational conditions
considering the operational and maintenance requirements to ensure the most efficient
operation for the 20 years of the concession.

2.4.2 Intake & OQutfall

The intake and outfall will consist of buried pipelines sub-surface of 500m and 800m in length
respectively. They will be aligned in the same french to reduce the construction works and
disturbance fo the benthos (sea bed).

The proposed intake and outfall alignment is shown in the following figure.

Salalah Independent Water Project 11
Environmental & Social Scoping Study



CWAPOWER'\ %‘ﬂ cqpﬂcﬂg

Figure 2-7 Proposed Intake & Ouifall Allgnment

The intake head will rise from the seabed at 10m depth and will take in water at approximately
7m depth. The intake velocity will be 0.15m/s (maximum) and will have a mesh screen of
100mm width (maximum), to minimise entrainment of marine fauna.

The outfall will consist of a series of diffusers rising from the seabed at an approximate 13m
depth.

Indicative designs of the intake head and outfall diffusers are shown in the following figures.

Salalah Independent Water Project 12
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Figure 2-8 Intake Head Design
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Figure 2-9 Outfall Diffuser Design

DIFFUSER STRUCTURES
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2.4.3 Pre-Treatment

The pre-treatment process, which includes a Dissolved Air Flotation (DAF) system, gravity filters,
pressurized filters and cartridge filters, is designed to remove a large range of suspended solids,
ensuring that the water quality entering the RO process complies with membrane requirements
and, therefore, product water quality can be guaranteed without reducing the plant
availability. The complete pre-treatment process consists on the following:

e Chemical dosing for coagulation and flocculation

- Ferric chloride for coagulation: two (2) dosing tanks (with 50% of the required
capacity each) and three (3) dosing pumps of 50% of capacity each (2
operating +1 in stand by unit) will be installed;

- Sulphuric acid: two (2) dosing tanks (with 50% of the required capacity each)
and three (3) dosing pumps of 50% of capacity each (2 operating +1 in stand
by unit);

- Flocculation system: two (2) automatic systems (with 100% of capacity each)
and three (3) dosing pumps of 50% of capacity each (2 operating +1 in stand
by unit) will be installed.

2.4.4 Dissolved air flotation system (DAF)

This system has also been designed complying with the energy efficiency and flexibility-in-the-
operation philosophy of the whole plant. The DAF, which has been designed to treat the full
plant capacity, will operate when it is required according fo the sea water conditions and will
be by passed if no flotation is needed. The system will be composed of 5 lines, and 4 can treat
100% of flow when one unit is out of service/maintenance.

2.4.5 Gravity multimedia filters

Fourteen (14) filtration cells will be installed. Designed for filtering velocities below 8.3m3/m?2/h
in nominal conditions and Ym3/m2/h with 1 unit in backwash. With anthracite and sand, gravity
filters are expected to remove more than 85% of the TSS in the inlet water before RO. Filtered
water will be conducted to the infermediate filtrate water tank, which is split in two tanks.
Infermediate pumping station to RO system. Consisting of é horizontal centrifugal pumps (5
operating +1 in stand by unit) which will pump filtered water to pressurized filters and RO
process.

2.4.6 Pressurized multimedia filters

Eleven (11) filters will be installed. Designed for filtering velocities below 14.27 m3/m2/h in
nominal conditions and 15.7 m3/m2/h with 1 unit in backwash. With anthracite and sand,
pressurized filters are expected to remove more than 70% of the TSS in the inlet water.

2.4.7 Chemical storage and dosing

For each chemical compound used in the plant, two storage tanks (50% of required capacity)
with filing and transfer pumps will be installed. The capacity of chemical storage tanks has
been calculated to maintain a spare time of storage of fourteen (14) days. Redundancy has
also been considered for both filing pumps (1operating +1 stand by unit) and transfer pumps
(1operating+1 stand by unif).

Salalah Independent Water Project 14
Environmental & Social Scoping Study
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2.4.8 SWRO system

The reverse osmosis is the core of the desalination process. The process, from the intake of sea
water, has been engineered and designed to guarantee the product water quality. RO
membranes are designed to operate under very specific conditions. The process prior o the
RO shall ensure an adequate removal of suspended solids to avoid membrane damage.

Apart from the suspended solid removal, an adequate RO requires chemical balance (with
sodium bisulphite and anti-scalant) and high pressure to induce the reverse osmosis process.

2.4.9 Chemical dosing

Dosing tanks and dosing pumps will be installed for each of the chemical compounds used in
the RO process. The volume of dosing tanks has been calculated to ensure availability evenin
case of supply cuts. In particular:

e Forsodium metabisulphite, two (2) dosing tanks (with 100% of the required capacity
each) and three (3) dosing pumps (with 50% of capacity each (2 operating +1 in
stand by unit)) will be installed;

e Forthe anti-scalant, two (2) dosing tanks (with 100% of the required capacity) and
three (3) dosing pumps (with 50% of the required capacity each (2 operating +1 in
stand by unit)) are designed for the RO system.

2.4.10 Cartridge filters

Used to retain and remove any remaining suspended solid in the inlet water and protect the
RO membranes from damage. A total number of five (5) units will be installed (4 operating + 1
in stand by unit).

2.4.11 Reverse Osmosis Trains

The RO trains are the core of the desalination process. The size and number of frains have been
chosen in order to be consistent with the overall philosophy of the desalination plant. Five (5)
RO frains with 1,656 RO membranes each will be installed. The RO system has been designed
to produce the full plant required capacity with five RO trains working or four working and one
in standby. The RO process is designed to work with low flux (=14Imh) with five RO frains

Low fluxes allow to work with lower pressures and head losses and, therefore, to optimize the
energy consumption and life cycle and efficiency of RO membranes.

Each of the RO trains includes:
e 1 Energy Recovery Device (ERD) system;
e 1 ERD booster pump;
e 1High Pressure Pump (HPP);
e 1RO rack with 1,656 RO membranes;

2.4.12 Cleaning In place (CIP)

The Cleaning In Place (CIP) and waste water neutralization system for membrane chemical
cleaning, consisting of:

e CIP tank with 100% of the required capacity required to clean 1 RO frain;

Salalah Independent Water Project 15
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e Two (2) CIP pumps (1 operating + 1 stand by unit) with 100% of required capacity
each one to clean 1 RO frain;

e One (1) cartridge filter for chemical cleaning;

e One chemical preparation (dissolving and mixing) tank with two loading pumps
(TW+13).

e One (1) permeated/flushing water tank, split info independent chambers, connected
to the CIP pumps

2.4.13 Post tfreatment system

After reverse osmosis, permeated water requires a post-treatment and re-mineralization
freatment which will provide the water with the adequate pH, chemical and mineral
composition for final consumption. The post-treatment and re-mineralization process consists
of:

e CO2 dosage system for pH regulation and preparation of water for re-mineralization.
The system will include a storage and dosing system with two (2) units (1 operating + 1
in standby) and two (2) storage tanks of 50% capacity.

e Limestone filters for re-mineralization: for the guaranteed capacity, fourteen (14) units
will be installed;

e Chemical dosing: final chemical tuning to the final product water parameters will be
done with sodium hydroxide, sodium hypochlorite and sodium fluoride:

- The sodium hydroxide dosing system will consist of two (2) dosing tanks (50% of
the required capacity each) and three (3) dosing pumps (50% of capacity
each);

- The sodium hypochlorite dosing system, consisting of two (2) dosing tanks (50%
of the required capacity each) and three (3) dosing pumps (50% of capacity
each); and

- The sodium fluoride dosing system, consisting of two (2) dosing tanks (50% of the
required capacity each) and three (3) dosing pumps (50% of capacity each).

2.4.14 Potable Water Pump Station

A Potable Water Pump Statfion with three pumps (2 working + 1 in standby) and a potable
water connection pipeline with a 100% of capacity until Connection Point at the Site
boundary.

2.4.15 Wastewater Treatment

Waste water treatment systems: for the waste water outlet from the desalination process and
with the aim of comply with environmental requirements and philosophy, waste water
freatment process is included in the design of the desalination process. The process includes:

e A backwash waste water basin;
o Two (2) feeding pumps to coagulation chambers;
e Coagulation, flocculation and lamella seftling tanks: two (2) lines installed;

e Asludge homogenization tank;

Salalah Independent Water Project 16
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Sludge dewatering line, consisting of two (2) sludge feeding pumps of 50% of the
maximum required capacity, two (2) screw press of 50% of the maximum required
capacity and two (2) dewatered sludge pumps to silos.

Two silos for sludge storage until final removal;
A clarified water tank;

Four (4) clarified water pumps (3 operatfing units and 1 in stand-by);

2.4.16 Other Facilities

Instrument and service air systemes.

Fire protection and detection systems.
Ventilation and air conditioning.
Administration and Operations Buildings
Warehouse(s).

Security Building.

2.4.17 Energy Efficiency and Energy Recovery

Apart from the robust-flexible design of the pre-freatment, the process has been adjusted to
optimize the power consumption and maximize the efficiency. This optimization is achieved
by developing a comprehensive plant design which includes, among others, the following
equipment and systems:

Installation of turbine in brine discharge line for effluent energy recovery.
Isobaric chambers for energy recovery in each RO train.

Variable frequency drives in all main pumps: sea water intake pumps, intermediate
pumps, high pressure pumps and booster pumps, product water pumps, allowing
controlling the system with optimal power consumption. Also VFD in others minor
pumps such as DAF pumps recirculation, CIP pumps, have been included.

Design of the DAF and gravity filters line to work by gravity with low head loss.

Optimization of the pump operation and efficiency by reaching the duty point of
each and all pump in the process.

2.4.18 Redundancy

The design of the plant has been developed taking info account the availability and reliability
requirements and in order to achieve the expectations, the following spare systems will be
installed:

- One spare pump per each pumping system;
- One spare unit of each treatment system as follows:
- 1 DAFline (equivalent design);
-1 gravity filter unit (equivalent design);
- 1 pressurized filter unit (equivalent design);
- 1 spare cartridge filter prior fo SWRO system;

- 1 RO ftrain with booster pump to HPP, HPP pump, booster and energy recovery
system (equivalent design);

Salalah Independent Water Project 17
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- 2 bulk storage tanks per each chemical product to be dosed (2 x 50% of
capacity considering the whole plant);

- 2dosing tanks where required (2 x 50% of capacity considering the whole plant)
with 3x50% dosing pumps;

2.4.19 Associated Facilities
Access Road

The primary associated facility of the project is the access road that will be constructed by the
EPC but owned and maintained by Dhofar Governorate.

Water Connection Facility

The Potable Water output from the Salalah IWP Project will be metered and sampled by the
Project Company and delivered to a Connection Point af the Site boundary. The connection
to the existing reservoir, is out of the scope of the bidders.

The downstream pipeline to fransport the potable water from the Project Site to the Water
Transmission Pipeline, will be constructed by PAEW.

Elecirical Connection Facility

DCP will be building a new 33/11 kV substation next to the site. The IWP will be connected to
the DPC substation with two redundant 11 kV feeders.

2.5 Construction of the Plant

2.5.1 Construction Facilities

Temporary Laydown Area

The construction phase will require femporary laydown areas to provide materials storage, &
administration preparation areas for the EPC and sub-contractors works. The project is
expected to require a 17,500m2 area and will be located on land immediately east of the
project site (also owned by the Ministry of Housing).

Manpower

Requirements for manpower are yet to be finalised and will be considered at eh ESIA stage,
and used in the respective impacts assessment of construction waste, wastewater, as well as
requirements for working conditions, community health, safety & security and worker
accommodation.

Worker Accommodation

Requirements for worker accommodation have not been finalised, but will likely be provided
on a confractor by contfractor basis. These areas are unlikely to be at the project site, but may
be situated locally.

It is expected that the Project Company will specify the necessary facilities and standards of
facilities for worker accommodation in accordance with the [IFC/EBRD Worker
Accommodation Guidelines.
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2.6 Project Alternatives

In accordance with good practice methodologies for ESIA, the evaluation of various project
design and activity alternatives should be considered, in order to ensure that the objectives of
the proposed project have accounted for social, environmental, economic and
technological opfions.

Given that the project has been awarded under a very structured bidding process with
defined technical requirements, there have been few opportunities to alternate the design.
Forinstance, it has not been possible to consider other land areas for the project based on the
stipulated use of this land in the bidding process.

As part of the ESIA an overview assessment of project alternatives will be considered for:
e No Project Alternative;

e Design Parameters.

2.6.1 No Project Alternative

The potable water generating capacity of the Project will be 22 MIGD. The ‘no project’ option
is considered noft viable given the requirement for additional potable water in Oman as per
the project’s rationale. The table below presents a basic comparison of the anticipated
impacts from the development of the proposed project versus the option of ‘no project’.

Table 2-1 Evaluation of the ‘No Project’ alternative vs Proposed Project
Environmental Issue No Project Construction Phase Operational Phase
Air quality No change=0 Negative = -1 0
Noise 0 -1 0
Soil & Groundwater 0 -1 0
Terrestrial Ecology 0 0 0
Marine Environment 0 0 -1
Transport 0 0 0
Resource & Utilities -1 -1 +1
Socio-Economic -1 Positive = +1 +]
Cultural Heritage 0 0 0
Landscape & Visual 0 0 0
Total -2 -3 +1

Although the construction phase of the Project will likely result in an overall negative impact,
the operational phase will likely result in a slight overall positive impact, particularly due to the
development of utilities and socio-economic benefits.

2.6.2 Design Parameters

As part of the ESIA process, consultation with the projects engineers will outline any alternatives
that have been considered with respect fo the technology and design parameters of the
project. These alternatives will be explained in the ESIA and the rationale behind the ultimate
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design selections discussed; specifically, where environmental or social considerations have
had an influence on the design.
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3 REGULATORY FRAMEWORK

3.1 Requirements for EIA/ESIA

3.1.1 Environmental Regulator in Oman

The environmental regulator in Oman is the Ministry of Environment and Climate Affairs
(MECA).

Royal Decree No. 90/2007 established the Ministry for Environment and Climate Affairs (MECA),
where environment-related works, allocations and assets were fransferred from the
responsibility of the Ministry of Regional Municipalities, Environment and Water Resources.
Omani legislation relating to the requirement for environmental assessment followed the
issuance of Royal Decree No 10/82 (and its amendments No 114/2001) entitled ‘Law on
Conservation of the Environment and Prevention of Pollution’.

The bullet points below provide a select summary overview of the responsibilities of MECA:

e The environmental regulator is the designated competent agency to preside over
and implement the laws in relation to the environment.

e The environmental regulator has the right to implement laws, fine violators and
suspend or close facilities not complying to the applicable environmental laws.

e The environmental regulator has the authority fo approve the environmental aspects
related to projects and permit their consfruction and operational activities.

e The environmental regulator also has the authority to allow deviations from the
standards, under agreed circumstances.
Prior to the issue of the request for proposal at the bidding stage, OPWP consulted with MECA
regarding the development of IWPs at the proposed project site.

A preliminary in-principle application based on tentative conceptual plants and process
designs had been submitted by OPWP to MECA as a basis for securing an initial "No Objection
Lefter" for development of the proposed project site.

In accordance with the "No Objection Lefter" the successful bidder (i.e. the project sponsors)
are required to undertake an EIA in accordance with the Omani Environmental requirements
and regulations. As such, the projects sponsors are ultimately responsible for obtaining an
environmental permit from MECA and complying with any conditions o such environmental
permit for the applicable Project.

3.1.2 Omani Requirements
EIA Regulatory Considerations

Environmental requirements developed and implemented by MECA classify projects into eight
groups according to the technical aspects of their construction and operation. Any project
that falls into any of these MECA categorisations will require an Environmental Permit. It is
anficipated that the proposed project will be classified under group ‘C’' Water Purification and
Desalination Plants. The already issued “No Objection Certification” confirms that in order to
permit the project, an EIA will be required.
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The complete EIA document will form a principle component of the application package for
an Environmental Permit. After the review is completed, MECA will either:

e Accept the conclusions of the EIA and issue an Environmental Permit,

e Request further study through clarifications, or

e Request re-application for an alternative proposal. Once the permit is issued, the
submitted EIA document becomes a part of the permit and any changes to the EIA
require amendment to the Permit.

3.1.3 Lender Requirements for EIA

It is understood that the project sponsors will seek project finance from international lenders
who are likely to be signatories of the Equator Principles. As such there are a number of
separate requirements for ESIA as set out below, particularly in regard to Equator Principle 2
(Environmental and Social Assessment).

A core difference between expected MECA and lender requirements is the extent of Social
Assessment required by the lenders. Hence the impact assessments for international lenders is
termed as ESIA (Environmental and Social Impact Assessment). This ESS considers the likely
environmental and social requirements from MECA and the lenders.

The Equator Principles

The Equator Principles are considered the project finance industry standard for addressing
environmental and social issues in project financing globally. The Equator Principles were
updated in 2006 (EP Il) to include projects with a capital cost of US$10 million or more across
all industry sectors and these are the prevailing applicable conditions for this project. The
Equator Principles Financial Institutions (EPFIs) reviewed the Equator Principles in 2011 and
approved the latest version, EP lll on April 26t 2013. These became effective from June 4t 2013
and should be fully implemented by December 315t 2013.

The EPs establish the minimum standards to be adopted by the EP Financial Institution (EPFI) as
those from IFC Performance Standards/World Bank EHS Guidelines and/or the relevant host
counftry laws, regulations and permits that pertain to environmental and social issues.

The Equator Principles consist of the following 10 Principles:

e Principle 1 - Review and Categorisation
e Principle 2 - Environmental and Social Assessment
e Principle 3 - Applicable Environmental and Social Standards

e Principle 4 - Environmental and Social Management System and Equator Principles
Principle Action Plan

e Principle 5 - Stakeholder Engagement

e Principle 6 - Grievance Mechanism

e Principle 7 - Independent Review

e Principle 8 - Covenants

e Principle 9 - Independent Monitoring and Reporting

e Principle 10 - EPFIs Reporting
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The Categorisation of the Project with regards to the Equator Principle 1 will be determined by
the projects lenders, however based on the type of project and surrounding environment it is
expected to be “Cafegory B" as there is potential for ‘significant adverse social or
environmental risks and/or impacts that are diverse, irreversible or unprecedented.’

The expectation of a Category B project is based on the extent of development already
established by the adjacent Sembcorp IWPP. As the adjacent facility is an operational
desalination plant, the impact is not considered unprecedented, and the diversity of impacts
is generally low (i.e. primary operational environmental impacts relafing to brine discharge).
Further, the impacts are generally not expected to be irreversible (full assessment of impacts
will be determined in the ESIA).

IFC Performance Standards on Environmental and Social Sustainability

The IFC Performance Standards are a key component of the IFC’s Sustainability Framework
and directed fowards clients (i.e. party responsible forimplementing and operating the project
that is being financed), providing guidance on how to identify risks and impacts. The IFC
Performance Standards are designed to help avoid, mitigate, and manage risks and impacts
throughout the life of a project as a way of doing business in a sustainable way, including
stakeholder engagement and disclosure obligations of the client in relation to project-level
activities.

The 2006 version of the IFC Performance Standards was reviewed and made applicable to all
new projects from 1st January 2012. The updated IFC PSs reflect IFC's stronger commitment to
climate change, business and human rights, corporate governance and gender equality as
well as strengthening the due diligence process for IFls. Such updates include comparable
labour terms for migrant and non-migrant workers, clarification of levels of stakeholder
engagement, monitoring of supply chains and an enhanced focus on energy efficiency, etc.

The following lists the IFC Performance Standards (2012):

e Performance Standard 1: assessment and Management of Environmental and Social
Risks and Impacts

e Performance Standard 2: Labor and Working Conditions

e Performance Standard 3: Resource Efficiency and Pollution Prevention

e Performance Standard 4: Community Health, Safety, and Security

e Performance Standard 5: Land Acquisition and Involuntary Resettlement

e Performance Standard é: Biodiversity Conservation and Sustainable Management of
Living Natural Resources

e Performance Standard 7: Indigenous Peoples
e Performance Standard 8: Cultural Heritage

It is further noted that the IFC is a shareholder in ACWA Power, and therefore all ACWA Power
projects must comply with the IFC Performance Standards and IFC EHS Guidelines.

3.2 Applicable Environmental Legislation & Standards

3.2.1 Infternational Treaties and Conventions
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Oman is a signatory to, and has ratified, several international protocols and conventions. As
such Oman is committed to the principles and policies therein. The proposed Project must
therefore comply with the environmental requirements of the following international treaties
and conventfions to which Oman is a signatory:

Table 3-1 Applicable International Protocols and Conventions

Name of International Protocol/Convention

United Nafions Framework Convention on Climate Change (UNFCCC) - Paris Agreement, 2016

Kyoto Protocol fo the United Nations Framework Convention on Climate Change (UNFCCC), 1997 -
Non-Annex | Country

Stockholm Convention on Persistent Organic Pollutants (POPs), 2001

United Nations Convention to Combat Desertification (UNCCD), 1994

United Nations Convention on Biological Diversity, 1992

United Nations Framework Convention on Climate Change (UNFCCC), 1992

Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and their
Disposal, 1989 and amendments in 1995

Montreal Protocol on Ozone Depleting Substances, 1987 and Montreal Amendments (London 1990,
Copenhagen 1992, Vienna 1995, Montreal 1997, Beijing 1999)

Vienna Convention for the Protection of the Ozone Layer, 1985

International Convention for the Prevention of Pollution of the Sea by Oil (MARPOL), 1973 and
Annexes

Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter (LDC)
(1972)

Kuwait Regional Agreement for Cooperation on Protection of Marine Environment from Pollution and
the regional cooperation protocols for combating marine pollution by oil and other harmful
substances in emergencies (24 April 1978);

The Convention of Conservation of Wildlife and its Natural Habitat in the GCC Countries;

3.3 Environmental Standards and Emission Limits

The applicable environmental standards for the Project as per the national regulations and
lender guidelines are outlined below. Full reference of the applicable standards is provided in
each relevant chapter herein.

Table 3-2 Applicable Standards & Guidelines

Environmental
Parameter

Omani Standards Lender Guidelines

MECA currently uses the US EPA
Ambient Air Quality | National Ambient Air Quality
Standards (NAAQS)

IFC EHS General Guidelines: Table 1.1.1
WHO Ambient Air Quality Guidelines

MD 159/2005 describes the IFC EHS General Guidelines: Table 1.3.1
Wastewater requirements and maximum Indicative Values for Treated Sanitary
allowable limits for wastewater Sewage Discharges
Salalah Independent Water Project 24
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Environmental
Parameter

Omani Standards Lender Guidelines

discharge fo the marine
environment

Omani standards do not exist for soil or groundwater quality. As such, the use
Sail of the Dutch standards is common practice for the analysis of soils and
groundwater, and these are viewed as infernational best practice.

M.D. 79/94 and the applicable limits
Noise of noise generated from industrial
facilifies

IFC EHS General Guidelines: Table 1.7.1
Noise Level Guidelines

All the above-mentioned standards require project compliance. Where there is confradiction
in limits between Omani standards and lender guidelines, the most stringent will apply.

In accordance with lender requirements, where specific national standards do not exist, a best
practice standard should be applied.
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4 APPROACH TO ESIA

4.1 Delineation of Study Boundaries and Scope of Assessment

4.1.1 Project Area for Assessment

The proposed project will be located on land leased from the Ministry of Housing to the
immediate east of the Sembcorp IWPP facility at Salalah.

The co-ordinates of the project boundary have been detailed in Table 2-1 of the Project
Description, which also includes satellite images of the project area respective to the
Sembcorp IWPP.

The primary study area therefore comprises the foofprint of the project, and the access road.

Where project impacts extend to areas external fo the study areaq, these will also be assessed
(i.e. brine discharges and noise).

The ESIA will endeavour to assess impacts relating fo ancillary facilities such as worker
accommodation areas, however the location of such facilities may not be identified at this
stfage as the majority of staff are expected to be accommodated by sub-confractor
companies, who may not be appointed until the construction phase. Where information is
available these impacts will be assessed, however it is expected that the ESIA will include
general management measures to ensure that the applicable standards can be met.

4.1.2 Associated Facilities for Assessment
Access Road
The primary associated facility of the project is the access road that will be constructed by the

EPC but owned and maintained by Dhofar Governorate. The access road will be fully included
in the ESIA scope.

Water Connection Facility

The downstream pipeline to fransport the potable water from the Project Site to the Water
Transmission Pipeline, will be constructed by PAEW.

Itis expected that a separate environmental assessment will be undertaken by PAEW, with the
necessary approvals obtained from MECA. Where information is available in regard to the
water connection, this will be assessed in the ESIA as an associated facility.

Elecirical Connection Facility

The Electrical Connection Facility to provide a power supply to the project will be built and
operated by DPC. Where information is available in regard to the connection facility, this will
be assessed in the ESIA as an associated facility.

4.1.3 Scope of Assessment

The ESIA will assess the potential impacts related to the proposed projects construction phase,
commissioning and operation.

Potential impacts relating to decommissioning will be similar o those encountered during the
construction phase. Given that the decommissioning phase is not expected for at least 20
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years (in accordance with the term of the water supply agreement), it is not practical to
speculate on future environmental & social conditions including the sensitivity of current or
future receptors at this time. It is considered that impacts relating to decommissioning are best
approached and mitigated via a specific decommissioning plan prepared closer to the time
of decommissioning. A plan prepared at this fime would be able to account for changes in
regulation (e.g. requirements for specific decommissioning methodologies), improvements in
technology (e.g. ability to re-use or recycle waste) and methods of demobilisation (e.g.
improvements in plant).

4.2 ESIA Process

The illustration in the following Figure provides an outline of the scoping and ESIA process for
the project. It should be noted that conditions are likely to be established by both the Statutory
Environmental Body and the IFI's that must be adhered to during the project construction and
operational phases.

Salalah Independent Water Project 27
Environmental & Social Scoping Study



oy powes\ 15 capilals

Figure 4-1 Scoping/ESIA Process
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4.3 Scoping

Scoping is a key stage in the ESIA process; it draws upon an understanding of the Project,
available environmental baseline data and relevant regulations. With an understanding of
these components, the aim of the scoping process is to identify potentially significant
environmental impacts and evaluate whether they will be scoped in or out of the full
assessment. This will ensure that only the impacts of potential significance will be assessed af
the ESIA stage. This report includes the scoping assessment for each chapter herein.

Where potential project impacts are scoped out of further assessment in the ESIA, further data
collection, quanftitative analysis or detailed assessment will not be undertaken as part of the
ESIA. Despite this, applicable mitigation and management measures will be included to the
ESIA in an attempt fo reduce any adverse impacts, but also to ensure good practices are
followed through into the respective Construction and Operational Environmental & Social
Management Plans (i.e. CESMP and OESMP).

Following the decision to ‘scope in’ or ‘scope out’ potential impacts, this scoping report sets
out a scope of work for the main Environmental Statement (main ESIA document), and the
methods that will be used to achieve this.

The Scoping Report infends to provide an amount of factual information about the condition
of the site and its surrounds prior fo the commencement of the Project. An overview of the
environmental baseline has been provided and is based on existing data sources and
observations from the initial site visit in summer 2016. The initial site visit has allowed for the
idenftification of sensitive receptors and land uses (site and surroundings) which may be
sensitive to environmental and social impacts and risks. This is supplemented by secondary
information and observations form satellite imagery and other available data sources.

4.4 ESIA Methodology

This chapter outlines the methodology that will be used fo describe the sensitivity of
environmental recepftors, to predict the magnitude of environmental impacts and to assess
the significance of the effect of the project activities on each relevant environmental aspect
or component.

4.4.1 Baseline Studies and Research

Forming an integral part of the ESIA, the baseline surveys provide a benchmark of the existing
conditions by which the potential impacts of the proposed project can be assessed for the
construction and operational phases.

Baseline surveys will comprise primary or secondary data (or a combination), which may
include physical surveys on-site, use of maps, satellite imagery, references from relevant studies
and other available data sources.

The scope of the required studies is based upon the existing level of information available and
a determination of what further information is required to provide a representative reference
of the current environment. The determination of required further studies is set out in the
relevant chapters of this scoping report, with suitable justification.
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4.4.2 ESIA Consultation & Stakeholder Engagement

Statutory requirements for stakeholder engagement, ESIA consultation or disclosure have not
been established in Oman, and are not recognised as a necessity in the EIA process.

In regard to the lender requirements, all of the IFC Performance Standards include
requirements for an amount of stakeholder engagement (either in the ESIA, or as part of the
future ESMS) and therefore the project will require a level of engagement. In particular, IFC
Performance Standard 1 on "Social and Environmental Assessment and Management
Systems” describes the stakeholder engagement requirements in more depfth. It states the
following:

“Stakeholder engagement is the basis for building sfrong, constructfive, and responsive
relationships that are essential for the successful management of a project’s environmental
and social impacts. Stakeholder engagement is an on-going process that may involve, in
varying degrees, the following elements:

e Stakeholder analysis and planning;

e Disclosure and dissemination of information;

e Consultation and participation;

e Grievance mechanism; and

e On-going reporting to Affected Communities.
The nature, frequency, and level of effort of stakeholder engagement may vary considerably
and will be commensurate with the project’s risks and adverse impacts, and the project’s
phase of development.”

As common and good practice, stakeholder engagement is considered a key aspect of all
projects and should be undertaken at the ESIA stage in order to notify, gain views and enable
a better understanding of the dynamics of the local environment.

With respect to Oman, a culturally relevant consultation process has been developed by 5
Capitals which will involve letter consultation with key project stakeholders, at the ESIA stage.

With respect to the project, it is recognised that there are few project stakeholders due to the
lack of any required land acquisition, rights of way and the development of the project away
from key residential areas. Despite this, the following stakeholders have been initially outlined
for consultation.

Note: All consultation will be subject to prior agreement from ACWA Power, and therefore may
change from the intentions outlined above.
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Table 4-1 Proposed Stakeholders for Consultation

Stakeholders Intention for Consultation

Ministry of Environment Submission of Environmental Scoping Report to MECA and

and Climate Affairs feedback in regard to the proposed ESIA scope.

(MECA)

Ministry of Heritage & To request information in regard to known archaeological

Culture (MOHC) artefacts and cultural features at the project site or locally.
To request information in regard to the informal use of land locally,

Dhofar Governorate particularly with regard to the use of nearby land for camel
shelters.

Environmental Society of | To request information in regard to ecological sensitivities, and any
Oman designated sites locally, or sensitive habitats and species.

To request information in regard to the previous use of the land as
the construction laydown areas, interactions with local camel
Sembcorp IWPP herders and the environmental and social management structures
used at the facility, specifically in regard to provisions for
emergency planning.

4.4.3 Impact Assessment Significance Criteria

In order to obtain a credible assessment of environmental impacts, the assignment of ‘effect
significance’ to each identified impact needs to be a robust, consistent and transparent
process. The methodology to assess ‘effect significance’ is outlined below and follows an
Infernational Best Practice! based on the assumption that the significance of an impact on
resources or receptors is considered to result from an interaction between:

e The nature and magnitude of the impact (i.e. a change in the environment, social
and/or health baseline conditions);

e The environmental value or sensitivity of receptors.

A three-step approach has been used to determine the significance of environmental effects,
as follows:

e Step 1 - Evaluation of value/sensitivity of receptor;
e Step 2 - Assessing the magnitude of the impact on the receptor; a

o Step 3 - Determining the significance of effects.

4.4.4 |denftification and Evaluation of Sensitive Receptors
Sensitive receptors are defined as:
e Elements of the environment that are of value to the functioning of natural systems

(i.e. areas or elements of ecological, landscape or heritage value, species, habitats
and ecosystems, soil, air and water bodies or land-use patterns);

1 see for example Scottish Natural Heritage (2009) A handbook on environmental impact assessment or
Highways Agency (2008) Assessment and Management of Environmental Effects design manual for roads and
bridges HA 205/08 Volume 11, Section 2, Part 5.
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e Social receptors, such as stakeholders (i.e. users of dwellings, places of recreation,
places of employment, community facilities or household relocation) and human
systems (e.g. employment market, population disease susceptfibility and disease
communicability, exposure to toxicity of chemicals).

The environmental value (or sensitivity) of the resource or receptor has been defined by using
the criteria below in Table 4-2:

Table 4-2 Environmental Value of Receptor or Resource

Value
are . Descripti

(sensitivity) escription of Value

Very High e High importance and rarity on an international scale and limited or no potential
for substitution.

e The receptor has already reached its carrying capacity, so any further impact is
likely fo lead to an excessive damage to the system that it supports.

e Locations or communities that are highly vulnerable to the environmental impact
under consideration or critical for society (e.g. indigenous peoples, hospitals,
schools).

High e High importance and rarity on a national scale, and limited potential for
substitution.

e The receptor is close to reaching its carrying capacity, so a further impact may
lead to a significant damage to the system that it supports.

e Locations or communities that are particularly vulnerable to the environmental
impact under consideration (e.g. residential areas, vulnerable/marginalized
groups).

Medium e High or medium importance and rarity on a regional scale, limited potential for
substitution.

e The receptor is already significantly impacted, but it is not close to reaching its
carrying capacity. Further impacts will get increase the stress of the underlying
system, but evidence does not suggest that it is about to reach a critical point.

e locations or groups that are relatively vulnerable to the environmental impact
under considerafion (e.g. commercial areas).

Low (or e Low or medium importance and rarity on a local scale.

Lower) e The receptor is not significantly impacted and shows a large spare carrying
capacity. Impacts are not likely to generate any noficeable stress in the
underlying system.

e locations or groups that show a low vulnerability to the environmental impact
under consideration (e.g. industrial areas).

Very Low e Very low importance and rarity on a local scale.

e The receptor is not impacted and shows a very large spare carrying capacity.
Impacts are very unlikely to generate any noticeable stress in the underlying
system.

e locations or groups that show a very low vulnerability to the environmental
impact under consideration (e.g. industrial areas).
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4.4.5 l|dentfification and Evaluation of Environmental Impacts

Magnitude refers to the extent of change that is anticipated to occur for the receptor(s) under
consideratfion and is considered as a function

e Extent;

e Duration;

e Frequency;

e and Likelihood.

The following types of impacts have been considered in line with 5 Capitals assessment
methodology:

e Direct Impacts - Potential impacts that may result from the construction and
occupation of the Project acting directly on an environmental or social receptor (e.g.
land take);

e Indirect Impacts — Potential impacts which are not a direct result of a Project activity,
but are likely to occur in response o the project. (e.g. air quality impacts due to
variations in local fraffic conditions from changes in local population density).

e Beneficial Impacts — Impacts that have a positive, desirable or favourable effect on
the sensitive resources or receptors (e.g. landscape providing artificial habitat for a
variety of species, creating jobs during the construction and/or occupation phases of
a project);

e Adverse Impacts — Impacts that are defrimental and have a negative influence on
sensitive resources or receptors;

e Cumulafive Impacts - The additive potential impacts that may result from the
incremental potential impacts of the planned Project plus the potential impacts of
reasonably anficipated future projects or future phases of a same development.

Magnitude designations that take into account all of the above and that are to be used
throughout the ESIA process are described within Table 4-3.
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Table 4-3 Criteria for Magnitude of Impacts

Magnitude of Description of Magnitude

Impact

Major Adverse: Loss of resource and/or quality and integrity; severe damage to key
characteristics, features or elements. A major impact is usually large scale,
permanent and irreversible.

Beneficial: Large scale or major improvement of resource quality; extensive
restoration or enhancement; major improvement of attribute quality.

Moderate Adverse: Significant impact on the resource, but not adversely affecting the
integrity; Partial loss of/damage to key characteristics, features or elements.
Moderate impacts usually extend above the site boundary, and are usually
permanent, irreversible or cumulative.

Beneficial: Benefit to, or addition of, key characteristics, features or elements;
improvement of attribute quality.

Minor Adverse: Some measurable change in attributes quality or vulnerability; minor
loss of, or alteration to, one (maybe more) key characteristics, features or
elements. Minor impacts usually are only noficeable within the site and are
femporary and reversible.

Beneficial: Minor benefit to, or addition of, one (maybe more) key
characteristics, features or elements; some beneficial impact on attribute or a
reduced risk of negative impact occurring.

Negligible Adverse: Very minor loss or detrimental alteration fo one or more characteristics,
features or elements.

Beneficial: Very minor benefit to or positive addition of one or more
characteristics, features or elements.

No change No loss or alteration of characteristics, features or elements; no observable
impact in either direction.

4.4.6 Determination of Impact Significance

The impact significance is a combination of the environmental value (or sensitivity) of a
receptor or resource and the magnitude of the project impact value (change). The greater
the environmental sensitivity or value of the receptor or resource, and the greater the
magnitude of impact, the more significant the effect. The consequences of a highly valued
environmental resource suffering a major detrimental impact would be a very significant
adverse effect. Table 4-4 provides the criteria used for determining the significance of
environmental effects. Definitions of each significance categories are provided in Table 4-5
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Magnitude of impact (degree of change)

Neutral Slight

Slight or

Neuiiel Moderate

Sensitivity
of Neutral Neiel e slight

; Moderate
Receptor Slight

Neutral or Neutral or Slight or

ARl Slight Slight Moderate

Neutral or Neutral or .
Neutral Neutral slight slight Slight

Change can be either beneficial or adverse, and effects can also, therefore, be either
beneficial or adverse. In some cases above the significance is shown as being one of two
alternatives. In these cases a single description is decided upon with reasoned judgement for
that level of significance chosen.
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Table 4-5 Definition of Impact Significance

Significance

Category Criteria

Very Large Only adverse effects are normally assigned this level of significance. They represent
key factors in the decision-making process. These effects are generally, but not
exclusively, associated with sites or features of international, national or regional
importance that are likely to suffer a most damaging impact and loss of resource
integrity. However, a major change in a site or feature of local importance may also
enter this category.

Large These beneficial or adverse effects are considered to be very important
considerations and are likely fo be material in the decision-making process.

Moderate These beneficial or adverse effects may be important, but are not likely to be key
decision-making factors. The cumulative effects of such factors may influence
decision-making if they lead to an increase in the overall adverse effect on a
particular resource or receptor.

Slight These beneficial or adverse effects may be raised as local factors. They are unlikely
fo be critical in the decision-making process, but are important in enhancing the
subsequent design of the project.

Neuvtral No effects or those that are beneath levels of perception, within normal bounds of
variation or within the margin of forecasting error.

The approach to assigning significance of effect relies on reasoned argument, professional
judgement and taking on board the advice and views of appropriate organisatfions. For some
disciplines, predicted effects may be compared with quanfitative thresholds and scales in
determining significance.

Assigning each effect to one of the five significance categories enables different topic issues
to be placed upon the same scale.

4.4.7 Mitigation and/or Management Measures

The project includes a variety of measures to ensure that environmental standards and
guidelines can be achieved by the project. Several of these have been discussed in the
alternatives analysis section of this ESIA.

The projects impact assessment process as outlined above will therefore fake into
consideration those measures included to the projects design. In addition to specific measures
included to the projects design, the ESIA will outline further mitigation and/or management
measures for the construction & commissioning phases and the operational phase, upon
which the project can further minimise or avoid negative impacts, and ameliorate positive
impacts.

Upon approval of the project, the stated mitigation and management measures in the
approved ESIA will be required forimplementation as a condition of the environmental permit,
or as the lenders as part of the loan agreement.
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4.4.8 Residual Impacts

Following assessment of the inclusion of the mitigation and/or management measures, the
projects residual impact significance will be considered. The significance of such impacts is
based upon the same criteria used to determine the impact significance of the projects design
referenced above.

4.5 ESIA Structure

The ESIA Report will be presented in the following format:

Volume 1: Non-Technical Summary

Volume 2: Main Text, Tables, Figures and Plates

Volume 3: Framework Environmental and Social Management and Monitoring Plan
(ESMMP)

Volume 4: Appendices

Volume 2 will comprise of the main text of the ESIA and has been presented under the following
chapter structure:

1. Infroduction

- The Project

- Project Information and ESIA Team
- Assessment Objectives

- Report Structure

2. Policy, Legal and Administrative Framework

- Requirements for Environmental and Social Assessment

- Applicable Standards & Guidelines

3. Project Description

- Project Rationale

- Location of Project Site

- Site Condition & Land Use

- Project Surrounds

- Project Design

- Project Alternatives

- Construction Logistics

- Construction Management

- Operational Phase Management

4. ESIA Methodology
- Introduction

- Delineation of Study Boundaries and Scope of Assessment
- Baseline Surveys
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- Consultation Process

- Impacts Assessment Significance Criteria
- Mitigation Measures

- Residual Impacts

5. Air Quality (same format for environmental aspects 5 to 16)

- Infroduction
- Methodology
- Applicable Regulation, Standards & Requirements
- Baseline Environmental Conditions
- Sensitive Receptors
- Impact Assessment & Significance
- Mitigation and Management Measures
- Residual Impacts
6. Noise and Vibration
7. Terrestrial Ecology
8. Soil, Geology and Groundwater
9. Marine Environment
10. Surface Water Environment
11. Waste and Wastewater Management
12. Archaeology and Cultural Heritage
13. Landscape and Visual Impacts
14. Socio-Economics
15. Community Health, Safety & Security
16. Labour & Working Conditions

17. Cumulative Impact Assessment

Volume 3 ESMMP will provide a framework for the future development of the CESMP and
OESMP, drawing on the applicable findings of the ESIA. The intention is for Volume 3 to be used
by the EPC Confractor and O&M Company to develop the project specific environmental
management plans, based on the specific findings and recommendations of the ESIA.

Volume 4 will include all appendices such as consultation letters, laboratory analysis results,
modelling studies, drawings and any supplementary information.
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5 AR QUALITY

5.1 Standards and Regulatory Requirements

With regards to ambient air quality standards, MECA currently implements the USEPA's
Natfional Ambient Air Quality Standards (NAAQS) as an indicative guideline.

Financial institutions will require adherence to the World Health Organisation Ambient Air
Quality requirements, as detailed in the IFC General EHS Guidelines.

The following tables detail these standards.

Table 5-1 USEPA NAAQS

Pollutant Primary/ Ave'raglng Level
Secondary Time
. . 8-hour 92ppm Not to be exceeded more
Carbon Monoxide | Primary hour 3500m than once per year
. Rolling 3
Lead Primary and month 0.15 Not to be exceeded
secondary pg/ms3
average
Annual fourth-highest daily
Primary and 0.075 maximum 8-hr
Ozone 8-hour .
secondary ppm concenfration, averaged
over 3 years
th i
Primary 1-hour 100ppb :938 percentile, average over
years
Nitrogen Dioxide o 3
rimdry an Annual 53ppb Annual Mean
secondary
. Annual 15ug/mé Annual Mean, averaged
PM | Primary and over 3 years
25 secondary 98th percentile, average
- 3 !
Particulates 24-hour 35ug/m over 3 years
Primary and Not to be exceeded more
PM1o § 24-hour 150ug/m3 | than once per year on
secondary
average over 3 years
99th percentile of 1-hour
Primary T-hour 75 ppb daily maximom
concenfrations, averaged
Sulphur Dioxide over 3 years
Secondary 3-hour 0.5 ppm Jlr\:]o’r to be exceeded more
an once per year

(Primary standards provide public health protection, including protecting the health of "sensitive" populations such as
asthmatics, children, and the elderly. Secondary standards provide public welfare protection, including protection
against decreased visibility and damage to animals, crops, vegetation, and buildings).

MECA is in the process of developing Omani Ambient Air Quality Standards (AAQ). Although
these have not yet been declared, the provisional standards are shown in the following table.
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Averaging Period

Standard Limits (.2 g/m?3)

NO:2 24 Hr average 112
SOz 24 Hr average 125
co 8 Hr average 6000
H2S 24 Hr average 40
Os 8 Hr average 120
HCNM 3 Hr average 160
PMio 24 Hr average 125
Table 5-3 WHO Ambient Air Quality Standards (ref: IFC General EHS Guidelines)

(ng/m?3 unless otherwise specified)
WHO Ambint Air Quality Standards

Parameter
24 hour Annual

150 (Interim target 1) 70 (Interim target 1)

PM,, 100 (Interim target 2) 50 (Interim target 2)
75 (Interim target 3) 30 (Interim target 3)
50 (guideline) 20 (guideline)
75 (Interim target 1) 35 (Interim target 1)

PM, 50 (Interim target 2) 25 (Interim target 2)

’ 37.5 (Interim target 3) 15 (Interim target 3)

25 (guideline) 10 (guideline)

NO: 200 (1 houir) 40
125 (Interim target 1)

SO2 50 (Interim target 2) 500 (10-minute guideline)
20 (guideline)

05 160 (interim target 1) (8-hour daily maximum)
100 (8 hour daily maximum guideline)

5.2 Observations and Baseline Condition

There are no known designated areas sensitive to changes in air quality condition or
observable permanent residential or commercial properties within Tkm of the proposed
project area.

Several small shelters utilised as femporary refuge for camels believed to be owned by Bedouin
were noted along the access road to the Sembcorp IWPP (people believed to be employed
by Bedouin were seen attending to these camels).

Salalah Sembcorp IWPP is located adjacent to the western boundary of the proposed project
area. This is a gas fired power plant with a total gross capacity of 490 megawatts and is
anficipated to have the most significant impact on ambient air quality locally, particularly for
concentrations of NO2 and CO; due to the combustion of nafural gas.
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An accessroad fo the west of the proposed project area links the Salalah Sembcorp IWPP with
the main road to Salalah, however this is not a through-road and traffic is only likely to be
associated with access requirements for the Salalah Sembcorp IWPP. It is not anficipated that
this carriageway currently has any discernible impact on the existing air quality condition in
the local area.

5.3 Sensitive Receptors

Table 5-4 Potential Air Quality Receptors

Receptor

Receptor Justification

Type
The IWPP is an industrial facility that will be located adjacent to

Salalah . . . : i . .

. . project site. As an industrial facility and as an emitter of air
Sembcorp industrial S I . . .
IWPP pollutants it is of low vulnerability to changes in ambient air

quality.

Camel shelters understood to belong to Bedouin people were
observed in several locations adjacent to the hardstanding from
the proposed site access road. People employed by the

Camel Aaricultural Bedouin to tend to the camels were present at these areas,
Shelters gricufiura however, it is recognised that these receptors are not
permanent features and are likely to be moved, depending on
the season and availability of grazing land locally for the
camels.

Figure 5-1 Potential Air Quality Receptor Locations

Satellite Image Source: Google Earth
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5.4 Potential Impacts

5.4.1 Construction Phase

Activities associated with the construction phase are likely to result in fugitive emissions of dust
and gaseous pollutants associated with the use of plant, vehicles and machinery.

In particular, impacts are likely to be associated with:
e Dust deposition, resulting in the soiling of surfaces;
e Visible dust plumes, which are evidence of dust emissions;
e Elevated PM,, concentrations, as aresult of dust generating activities on site;
e Increase in concentrations of airborne parficles and nitrogen dioxide due to exhaust

emissions from diesel powered vehicles and equipment used on site (non-road mobile
machinery) and vehicles accessing the site.

e Stored VOCs and other volatile hazardous materials; and

e Odour from temporary wastewater facilities, or containment.

5.4.2 Operational Phase

As the proposed projects power demand will be generated and supplied externally, there are
no fuel combustion requirements or any other associated air emissions directly from the
project.

The facility will result in a small additional number of commuter vehicles and delivery/removal
vehicles along the access road to the IWP, however given current usage discernible impacts
are not considered likely.

5.5 Proposed Assessment Requirements for ESIA

In accordance with the outlined potfential impacts, the following table details those impacts
that will be scoped in and scoped out of further assessment atf the ESIA stage.

Table 5-5 Air Quality Impacts for further Assessment at the ESIA Stage

. Scoped
PI:?Z'::C:I In/Out of Justification
ESIA
Construction
In accordance with screening guidance of the UK's Institute of Air
Quality Management (IAQM) for construction dust, the need for
detailed assessment relating to dust impacts will normally be
required where:

e Thereis a ‘human receptor’ within 350m of the boundary

Dust Scoped of the site, or within 50m of a route used by construction
Generation Out vehicles on public roads (up to 500m from the site
enfrance).

e Thereis an ‘ecological receptor’ within 50m of the
boundary of the site, or within 50m of a route used by
construction vehicles on public roads (up to 500m from the
site enfrance).
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Potential

Impact

Scoped
In/Out of

Justification

ESIA

With respect to the screening criteria above, the project is not
within 350m of a human receptor (i.e. residential or recreational
area), or within 50m of an ecological sensitivity. The camel shelters
along the paved access road are also over 500m away from the
project site. It is therefore considered that impacts relating to
construction dust can be scoped out of further assessment.
According to the UK-IAQM, ‘where the need for a more detailed
assessment is screened out, it can be concluded that the level of
risk is “negligible”, and any effects will not be significant.

Emissions are not expected to result in noticeable cumulative

Go.se'ous SEERE impacts to the local air shed, which is already affected by major
Emissions Out L.
emission sources from the Sembcorp IWPP.
The potential for VOC impacts is expected to be minimal and
VOC's Scoped expected to be negligible at off-site receptors, and as such is
Out scoped out. This is primarily due o the limited potential for diffuse
source VOC's from the site.
The potential for odour impacts is expected to be minimal and
Scoped . . .
Odour Out expected to be negligible at off-site receptors, and as such is
scoped out.
Operation
. Emission from vehicle movements are not expected to result in
Vehicle - - . S
G Scoped noticeable cumulative impacts to the local air shed, which is
aseous . o
Emissions Out already affected by major emission sources from the Sembcorp

IWPP.

Although the projects potential construction and operational impacts related to air quality
have been scoped out of further assessment, the ESIA will include best practice mitigation and
management measures for the consfruction phase fo reduce the potential for any associated
effects to air quality. The intention will be for these best practice measures to be included into
the CESMP and construction phase ESMS for effective management and implementation on-

site.
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6 NOISE AND VIBRATION

6.1 Standards and Regulatory Requirements

Omani Noise Standards

Omani regulations for noise are applicable for both the workplace and ambient noise levels.
The ambient noise levels are provided in M.D. 79/94 and the applicable limits of noise
generated from industrial facilities, which includes desalination plants, is provided in the
following table.

Table 4-1 Limits of noise generated by industrial sources

Leq, T, dB(A)

Night Time
11pm - 7am
Workdays and
holidays

Day Time Evening Time

Type of District
7am-6pm é6pm- 11pm

Workdays Workdays

Rural re'5|denhal and 45 40 35
recreational

Sub-urban residential 50 45 40
Urban residential 55 50 45
Urban residential with

some workshops or 60 55 50
business city hub

Industrial c.md 70 70 70
commercial

Ministerial Decree 80/1994, describes the measures taken to confrol noise pollution in the
working environment. The requirements specify that:

e Employees should not be exposed to noise levels exceeding 85 dB(A);

e If work place noises exceed 85 dB(A), then the employer should provide the workers
with suitable personal hearing protection devices;

e The aftenuation devices should minimise the noise levels fo 80dB(A) or lower; and

e Machines must be designed and constructed in such a way that risks resulting from
elevated noise are reduced to the lowest level possible using state-of-the-art
technology and available means particularly at noise source.

Lender Requirements

The IFC General EHS Guidelines require that the project is in compliance with the WHO noise
stfandards, though these relate to noise received at receptor locations rather than the project
boundary.

Salalah Independent Water Project 44
Environmental & Social Scoping Study



/*cvl«f?wsﬂé\ 5y capilaly

Table 6-2 World Bank Noise Standards

| One Hour LAeq (dBA)

Receptor Daytime Night time
07:00 — 22:00 | 22:00 - 07:00
Residential, Institutional, Educational 55 45
Industrial, Commercial 70 70

Noise impacts should not exceed the levels presented above, or result in a maximum increase
in background levels of 3 dB af the nearest sensitive receptor location off-site.

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

e No employee should be exposed to a noise level greater than 85 dB (A) for
duration of more than 8 hours per day without hearing protection. In addition, no
unprotected ear should be exposed to a peak sound pressure level
(instantaneous) of more than 140 dB(C).

e The use of hearing protection should be enforced actively when the equivalent
sound level over 8 hours reaches 85 dB (A), the peak sound level reaches 140
dB(C), or the average maximum sound level reaches 110 dB (A). Hearing
protective devices provided should be capable of reducing sound level at the
ear to af least 85 dB (A).

e Forevery 3dB(A) increase in sound levels, the allowed exposure period or
duration should be reduced by 50%.

e Where feasible, use of acoustic insulating materials isolations of the noise source
and other engineering conftrols should be investigated and implemented prior to
the issuance of hearing protection devices as the final control mechanism.

e Medical hearing checks on workers exposed to high noise levels should be
performed periodically.

6.2 Observations and Baseline Condition

On the day of the inifial site visit there were no observable permanent residential or
commercial properties within 1 km of the proposed project area.

Several small shelters believed to be utilised as temporary refuge for camels believed to be
owned by Bedouin were noted along the access road to the Sembcorp IWPP, approximately
2km form the project site (people believed to be employed by Bedouin were seen aftending
to these camels).

Salalah Sembcorp IWPP is the only facility in the area likely to provide any anthropogenic
source of noise or vibration, however on the day of the survey any noise from the IWPP was
not audible over the sound of wave action from the shoreline. During the site visit, vibrations
were not noticed.
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The low vehicle flows using the access road to the west of the proposed project area did not
result in any audible traffic noise within the project area.

For ease of reference, potential noise and vibration receptors are identified in Table 6-1.

Table 4-3 Potential Noise and Vibration Receptors

Receptor ST Location
Type
?\S/E;Oh Sembcorp Industrial Adjacent to western boundary of project area.
Bedouin Shelters Agricultural Adjoce.n’r fo Sembcorp IWPP access rpod,
approximately 2km form the project site

Figure 6-2  Potential Noise Receptor Locations
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Satellite Image Source: Google Earth

6.3 Potential Impacts

6.3.1 Construction Phase

Construction Noise

Construction activities will likely result in femporary and short duration increases in the noise
and vibration levels emanating from the project site, access road and the laydown areas.

Noise will be generated by consfruction and propagated to the surrounding areas via a range
of processes. Pertinent construction activities at the project site in relation to noise are likely to
include earthworks, movement of vehicles, compaction works and piling.

The accumulation of noise from the above sources can also infroduce potential cumulative
impacts when generated in tfandem. All of these impacts may have a negative effect on the
amenity at nearby receptors.

Construction Access Road Noise

Increases in traffic during construction may also lead to increases in the noise level at off-site
receptors, such as the camel shelters, which are adjacent to the existing public access road.

Vibration

Certain construction processes, particularly those involved with site preparation and civil
works, e.g. breaking, piling, vibratory rollers etc. have the potential to create vibration within
the vicinity of the works.

Vibratory impacts at the IWPP may be discernible, but impacts ere are not expected at the
camel shelters over 2km form the project site; due to the attenuation of vibratfions over
distance.

6.3.2 Operational Phase

Operational Noise

Principle noise and vibration sources are anticipated to be associated with pumping stations
and the flow of highly pressurised water. The reverse osmosis components of the project are
typically not noisy and will be housed within internal structures, further attenuating any
generated noise.

Given that similar noise sources are already present at the Sembcorp IWPP (or potentially
greater due noises related to power generation) there will unlikely be a discernible impact to
off-site receptors

Vibration

As the SWRO plant will not contain rotating, vibrating, or other major moving parts, impacts
from vibration are not expected.
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6.4 Proposed Assessment Requirements for ESIA

In accordance with the outlined potfential impacts, the following table details those impacts
that will be scoped in and scoped out of further assessment at the ESIA stage.

Table 6-4 Noise & Vibration Impacts for further Assessment at the ESIA Stage

Scoped In/Out

of ESIA Justification

Potential Impact

Construction

As an industrial facility, the adjacent IWPP is less
sensitive to noise impacts, and is unlikely to have any
discernible effects on staff engaged in power plant
Scoped Out activities. Construction noise may not be discernible
above the operational noise from the IWPP facility,
which is the primary anthropogenic noise source
locally.

Construction Site
Noise

The increase in vehicle traffic due to the construction
phase may be noticeable along the public access
Construction Scoped in road located adjacent to the camel shelters.

Access Road Noise Additional vehicle movements along the site access
road may result in discernible noise impacts at the
camel shelters.

Vibration impacts are expected to be negligible and
Vibration Scoped Out will not impact more sensitive receptors such as the
camel shelters.

Operation
Operational noise will be minimal and largely
. . aftenuated by the SWRO housing and pump housing.
Operational Noise S o] Impacts will unlikely be discernible above the noise
from the adjacent IWPP.
Vibration Scoped Out Impacts related to vibration are not expected.

Although some of the projects potential construction and operational impacts related to noise
and vibration have been scoped out of further assessment, the ESIA will include best practice
mitigation and management measures for the construction phase to reduce the potential for
any associated effects to receptors. The intention will be for these best practice measures to
be included into the CESMP and construction phase ESMS for effective management and
implementation on-site.

In order to provide a representative assessment of the significance of potential impacts at the
ESIA stage, the following methods have been proposed for those fopics scoped in to further
assessment.
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Table 4-5 Noise & Vibration Impacts Assessment Methodology at the ESIA Stage

Potential
Impact

ESIA Assessment Methodology

Construction Phase

Construction
Access
Road Noise

Baseline Study:

In order to determine a representative baseline for existing noise levels at the
Camel Shelters along the existing public access road a noise monitoring survey
will be undertaken with a noise meter compliant with Class 1 specification, as set
out in BS EN 60804:2001.

It is proposed that up to four (4) locations will be monitored and will be located
at the various camel shelter locations. Given that the camel shelters are
temporary structures, the specific proposed locations cannot be provided in this
scoping report, and will rely on the specific locations of the shelters at the time
of the monitoring. If there are no shelters in the areas at the time of the
monitoring, representative monitoring will be undertaken at a distance of 50m
from the public access road at 4 separate locations.

The survey will monitor ambient noise levels for 20-minute periods to provide
measurements of Leq(A) readings for daytime periods. As night fime
construction works are not expected, night-time noise surveys are excluded.
20-minute periods are considered representative to ensure that a baseline can
be achieved from the primary noise source locally at the camel shelters, which is
the vehicle movements along the public access road.

The ESIA baseline noise section will include:

e GPS coordinates, photographic record and map of the monitoring
locations.

e Presentation of monitoring results.
e Comparison of results to applicable Omani & WHO standards.

Assessment of Impact Significance:

Assessment of impact significance will be made by considering the existing
baseline condition in combination with the potential additional construction
phase noise impacts from vehicular sources.

The determination of impact magnitude will be made based upon an
estimation of vehicle trips, vehicle speed and vehicle type along the access
road; for construction vehicles. A basic model for the calculation of road noise
propagation will be used to predict the expected additional impact of the
vehicles.

The potential impacts will be based upon the degree of change in decibels at
the receptor location. A degree of change above 3dB(A) will be considered as
potentially significant in accordance with guidance of the UK Conftrol of Road
Traffic Noise.
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/ TERRESTRIAL ECOLOGY

7.1 Regulatory Requirements

7.1.1 Omani Requirements

RD 6/2003: Law on Nature Reserves and Wildlife Conservation established requirements for the
protection of designated nature reserves with in the sultanate of Oman and identifies a list of
species that are protected against killing, hunting or smuggling (no evidence suggesting the
presence of any species were noted during the initial site visit).

7.1.2 Lender Requirements

IFC Performance Standard 6 requires the consideration of relevant threats to biodiversity and
ecosystem services, especially focusing on habitat loss, degradation and fragmentation,
invasive alien species, overexploitation, hydrological changes, nutrient loading, and pollution.
Performance Standard 6 outlines that impacts on biodiversity and ecosystem services should
be avoided where possible. When avoidance of impacts is not possible, measures to minimise
impacts and restore biodiversity and ecosystem services should be implemented.

7.2 Observations and Baseline Condition

The nearest designated ecological area is the Khawr Rawi Nature Reserve located
Approximately 5km to the west of the project area. This is the largest of the Khawrs (or Khor /
Creek) found along the Salalah coastline at approximately 2.5km long and up to 400m wide.
This infertidal habitat provides an important are for birds and fish.

The proposed project site is predominantly an open plain with little vegetation, due to the
previous use of this areas as the construction laydown area for the Sembcorp IWPP. As such,
much of this land was already levelled and used to house temporary facilities and used for
temporary roads.

Any vegetation that is present is dominated by small pioneer shrub species and grasses. Small
scaftered boulders and cobbles provide refugia for invertebrates and small repfiles. It was
nofed that there were active demobilisation works where a previous compound area was
being demolished. Camels were grazing on the palm frees that had been uprooted and
Passerine birds were foraging amongst root systems and excavation areas.
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Figure 7-1 Typical Site Condition

A steep sided slope at the southern extend of the site leads to the shoreline. Sporadic
vegetation is scattered throughout the slope. A Deathstalker scorpion (Leiurus quinquestriatus)
was identifies amongst the cobbles.

Figure 7-2 Slope Leading to Shoreline.

The beach habitat is predominantly free of any flora however, a number of ghost crabs were
identifies to be foraging and burrowing along the shoreline. Remains of shellfish and
crustaceans were scattered amongst the beach sands.

Figure 7-3 Typical Beach Habitat.
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To the north of the project areaq, in close proximity to the proposed access road the landscape
falls away to a deep and wide Wadi channel. During the initial site visit, the Wadi was dry but
substrates suggest that it is wet for periods of the year, and vegetation cover was much more
substantial relative to areas outside the Wadi. The area was being grazed by camels and 2
Tristram's starlings (Onychognathus tristramii) were identified following the course of the wadi.

Figure 7-4 Typical Wadi Habitat

No coastal or wading birds were identified during the initial site visit and given local
topography, it is unlikely that this Wadi is associated the Khawr Rawi Nature Reserve.

Potential terrestrial ecology receptors have been identified in the table below.

Table 7-1 Potential Terrestrial Ecology Receptors
Receptor Receptor Type Location

Khawr Rawi Nature Reserve Designated Nature Reserve | Approximately 6km to the west

Shoreline/Beach Habitat Distinctive Habitat Type Within the project area.

Approximately 100m To the north
of the project area.

Wadi Habitat Distinctive Habitat Type

7.3 Potential Impacts

7.3.1 Construction Phase
Habitat Loss
It is expected that site preparation activities will include the removal of any remaining

vegetation in the project footprint, followed by grading for foundations, excavations for below
ground infrastructures, and frenching and backfilling for cables and pipelines.
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Loss of remaining on-site flora will be permanent however this is considered to be an extremely
minor loss in regard to the extensive habitat of a similar nature within the local areas and
immediately east of the project site.

Disturbance of Fauna

Construction activities are likely to result in disturbance, or would frigger a flight response from
fauna within the project area. However, given the ample availability of refuge and foraging
areas, this is unlikely to have any discernible impact upon local terrestrial ecology, or result in
carrying capacity impacts fo other neighbouring habitats.

7.3.2 Operational Phase

The open plain area to be utilised for the proposed project is common for the local shoreline
area and not considered sensitive. As such, its permanent loss is not anficipated to have a
discernible impact on local terrestrial ecology or any nature reserves in the region. Careful
selection and placement of landscaping features could result in a net benefit for avian fauna.

Due fo the likely paving and hard standing construction over the majority of the proposed site,
it is anficipated that impacts during the operational phase to any on site vegetation will be
minimal. As such, the only activities that could negatively impact the ecology of the site would
be through indirect measures, relafing to poor management practices of any designated
landscaped areas; or to the fauna species inhabiting/using these areas.

7.4 Proposed Assessment Requirements for ESIA

In accordance with the outlined potfential impacts, the following table details those impacts
that will be scoped in and scoped out of further assessment atf the ESIA stage.

Table 7-2 Noise & Vibration Impacts for further Assessment at the ESIA Stage

Potential Scoped Justification
Impact In/Out of ESIA
Construction
Impacts are expected to be very minor as the site habitats
are common for the local area. The project site location will
. also not result in the severance of habitats.
Habitat Loss Scoped In

However, without undertaking a baseline assessment of
flora species in the project footprint, it is not appropriate to
scope this impact out at this stage.

The preliminary site visit and baseline observations did not
identify faunal species of importance. Impacts (if any to
Disturbance of fauna) are not expected to be of significance.

1
Fauna Scoped In However, without undertaking a baseline review of
potential faunal species, it is not appropriate to scope this
impact out at this stage.
Operation

All operational impacts to terrestrial ecology have been scoped out as there are not expected
to be any further impacts of significance during the operational phase.
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Although the projects operational impacts related to terrestrial ecology have been scoped
out of further assessment, the ESIA will include best practice mitigation and management
measures for the construction phase to reduce the potential for any associated effects to
receptors; such as the management of landscaped areas and aftraction of pests. The
infention will be for these best practice measures to be included info the OESMP and
operational phase ESMS for effective management and implementation on-site.

In order to provide a representative assessment of the significance of potential impacts at the
ESIA stage, the following methods have been proposed for those fopics scoped in to further
assessment.

Table 7-3 Noise & Vibration Impacts Assessment Methodology at the ESIA Stage

Potential
Impact

ESIA Assessment Methodology

Construction Phase

Habitat Baseline Study:

Loss The ESIA will incorporate the undertaking of a plant species inventory to confirm
that flora within the project area is not afforded national protection or associated
with any international conservation status.

A review of available data sources will be assessed for the potential presence of
species of importance of conservation concern on the site. This will be validated
by site based observations.

The baseline surveys will output inventories for flora and fauna with details of any
related conservation status (e.g. in alignment with IUCN). The importance and
sensitives of habitats on-site will be assessed in accordance with a best practice
methodology. Sensitive habitats will be delineated on habitat maps.

Assessment of Impact Significance:

If sensitive species or habitats of concern are identified by the baseline surveys,
further detailed assessment will be undertaken to assess the significance of
impacts.

Specifically, construction activities will need to be confrolled to ensure against any
unnecessary impacts for the potentially sensitive habitats associated with the
shoreline and wadi area. This should be achievable through the implementation of
a robust CEMP.
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8 GEOLOGY, SOILS AND GROUNDWATER

8.1 Regulatory Requirements

8.1.1 Omani Requirements

Several legal instruments in the Sultanate of Oman are in place to confrol the handling and
management of potential dangerous substances. These include:

e RD No. 46/1995: Issuing the Law of Handling and Use of Chemicals;
e MD 140/93 Regulations for Chemical Materials Registration and Related Permits;

e MD No. 248/1997: Regulation for the Registration of Chemical Substances and the
Relevant Permits.

In addition, RD No. 114/2001: Law for the Conservation of Environment and Prevention of
Pollution establishes strict prohibition against the release of environmental pollutants.

8.1.2 Lender Requirements

Financial institutions will require adherence to IFC Performance Standard 3 which aims to
prevent pollution and requires that in the instance of historical pollution it is necessary to
determine project responsibility for associated mitigation measures.

Omani standards do not exist for soil or groundwater quality. As such, the use of the Dutch
standards is common practice for the analysis of soils and groundwater, and these are viewed
as international best practice. Where contaminants are found to exceed ‘action’ levels, this is
considered o be a case of soil contamination, which is dangerous to the health of humans

and the natural environment. Such a level of contamination should prompt a need for
remediation, appropriate freatment and disposal.

Table 8-1 Dutch Soil and Groundwater Standards — For Heavy Metals

‘ Dutch Soil Dutch Groundwater
Contaminant ‘ (mg/kg dry weight) (V7))
optimum action optimum action

Arsenic 29 55 10 60
Barium 200 625 50 625
Cadmium 0.8 12 0.4 6

Chromium (total) 100 380 1 30
Cobalt 20 240 20 100
Copper 36 190 15 75
Lead 85 530 15 75
Nickel 35 210 15 75
Mercury 0.3 10 0.05 0.3
Zinc 140 720 65 800
Benzene 0.05 2 0.2 30
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8.2 Observations and Baseline Condition

Soils within the project area are homogenous, consisting of sandy silt with cobbles and
boulders intermixed throughout. The soil surface presents litfle evidence of any organic
material and appears to be free draining.

Figure 8-1 Typical Surface Soil Conditions

Existing geotechnical information gathered for the Sembcorp IWPP and supplied with the RFP
idenfifies that the underlying geology consists of a highly fractured limestone from 0.40-0.80m
to 2.10-3.00m, a moderately weathered and moderately fractured limestone from 0.40-0.80m
to 20.00-30.00 and a moderately weathered, moderately fractured calcareous sandstone
from 8.30-18.50m to 21.80-20.50m.

Groundwater was not encountered during the investigation up to a depth of 20m. The site is
substantially elevated in comparison fo the adjacent shoreline fo the south and wadi channel
to the north. Given the nature of the geology at the site it is considered unlikely that
groundwater will be encountered during any project earthworks. Groundwater is likely to be
present at depth and is expected to be consistent with the quality of sea water (i.e. with
elevated concentrations of chloride, sodium and sulfate).

Historic safellite imagery from August 2011 (sourced from Google Earth) identifies that the
maijority of the project area has previously been used as a site construction compound.
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Figure 8-2 Historic Satellite imagery of Project Area (Augusi 201 1)

K}
2

On the day of the site visit, part of the old site compound was in the process of being
demobilised and remediated.

Site compounds commonly infroduce risk of spills and leaks associated with the storage of
fuels, oils, chemicals and sanitary requirements which may have resulted in soil contamination
within the project area.

8.3 Potential Impacts

8.3.1 Construction Phase

Cross Contamination of Historic Contamination

Given the historic use of the site as a consfruction compound, there is an inherent risk of
encountering confaminated materials during excavations and earthworks. This could result in
the cross-contamination of materials and potential direct exposure of site staff to hazardous
substances.

Spill and Leaks Associated with Construction

Storage and usage of fuels, chemicals and sanitary provision during the consfruction phase
will infroduce risks associated with spills and leaks to ground. Given the free draining nature of
the soils and the geology at the site, groundwater at depth may be vulnerable to
contamination events.
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8.3.2 Operational Phase

Spill and Leaks Associated with Operation

Storage and usage of any hazardous materials (e.g. chemicals) and sanitary provision during
the operational phase will infroduce risks associated with spills and leaks to ground. Given the
free draining nature of the soils and the geology at the site, groundwater at depth may be
particularly vulnerable to any contamination events.

8.4 Proposed Assessment Requirements for EIA

Given the potential risks associated with encountering contaminated materials within the
project site, the EIA should incorporate a contaminated land investigation to determine:

e Likely extent of contamination;
e Whether any contaminated areas incorporate hazardous qualities; and

e Suitable control/remediation measures given likely exposure pathways during
construction and operation.

8.4.1 Initial Conceptual Model and Preliminary Risk Assessment

The following initial conceptual model has been developed to determine the level of risk of
contamination that may exist at the project site. The conceptual model has been prepared
based on observations during the site visit.

Table 8-2 Source - Pathway - Receptor Model

Potential Source Potential Potential Transport Pathways
Receptor
Historic Contaminants from IWP Sail Direct contamination to surface
construction laydown area (i.e. oils & and top-soils.
greases, hydrocarbons and heavy metals) Groundwater Leaching through high porosity
soils

Fuel & chemical storage Groundwater Leaching through high porosity
(at adjacent IWPP) soils and transfer via

groundwater movement

The Contaminated Land Risk Assessment methodology used for this assessment is based on
CIRIA C552 (2001) Contaminated Land Risk Assessment — A Guide to Good Practice, in order
to quantify potential risk via risk estimation and risk evaluation, which can be adopted at the
Phase | stage. This will then determine an overall risk category which can be used to identify
likely actions for the site. This methodology uses qualitative descriptors and therefore is a
qualitative approach (see Appendix C).
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Table 8-3 Source - Pathway - Receptor Analysis

Likelihood
Potential Potential Potential of Source Potential Risk
Transport - Consequence e e
Source Receptor X Classification
Pathways Receptor of linkage

Linkage
Historic Sall Direct Likely Minor Moderate
Contaminants confamination Risk
from IWPP to surface and
construction top-soils.
".’VdO,W” ared | Groundwater Leaching Low Mild Low Risk
g'r‘:-gigs& through high | Likelihood
hydrocarbons porosity soils
and heavy
metals)
Fuel & Groundwater | Leaching Low Mild Low Risk
chemical through high Likelihood
storage porosity soils
(at adjacent and transfer
power and via
water plants) groundwater

movement

In accordance with the described potential impacts, the following table details those impacts
that will be scoped in and scoped out of detailed assessment at the ESIA stage.

Table 8-4 Soil, Geology & Groundwater Impacts for further Assessment at the ESIA

Scoped
Potential Impact In/Out of Justification
ESIA
Construction
Cross Due to the historic land use of the site as a construction
Contamination of laydown areas the Initial Conceptual Model has identified a
Historic Scoped ‘Moderate’ risk of encountering contamination on site. Due
Contamination Out to the requirement for excavations and land grading on-site
during construction, there are potential risks of cross-
contamination of potentially contaminated soils.
Spill and Leaks Hazardous materials, fuels and chemicals will be on-site
Associated with s d during the construction phase and there is a risk of direct
Construction cggf contamination if not handled or stored correctly.
Such risks will be managed through the implementation of a
CESMP.
Operation
Spill and Leaks Small quantities of hazardous materials, fuels and chemicals
Associated with s d will be on-site during the operations phase and there is a risk
Operation cggf of direct contamination if not handled or stored correctly.
Such risks will be managed through the implementation of a
OESMP.
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In order to provide a representative assessment of the significance of potential impacts at the
ESIA stage, the following methods have been proposed for those fopics scoped in to further
assessment.

Table 8-5 Soil, Geology & Groundwater Impacts Assessment Methodology at the ESIA

Stage
Potential ESIA Assessment Methodology
Impact
Construction Phase
Cross Baseline Study:
Contaminafion | Based on the initial conceptual overview of potential pollution sources,
of Historic pollution pathways and receptors outlined in the chapter above, it will be

Contamination | nhecessary to undertake a Phase Il survey for evidence of potential
contamination on-site in the site soils at the main project area and along the
proposed access road. A survey of soil quality will therefore be undertaken at
representative location in both these areas.

e For the SWRO site, this will include four (4) soil sampling locations in the
perceived highest risk areas of the site (specific sampling locations will
be determined by olfactory evidence on-site at the time of sampling).

e For the site access road, two (2) samples will be taken on the
expected routing.

A topsoil sample will be collected from each sampling location up to a depth
of 10cm (after scraping away the immediate surface layer). The purpose of
sampling in the topsoail is based on the likely influence of historic above
ground features (i.e. construction laydown areaq).

Soil samples will be sent for analysis at an accredited laboratory where they
will be analysed for concentrations of Oils & Greases, TPH and a suite of
heavy metals.

Assessment of Impact Significance:

The assessment of impact significance will be determined on the baseline
condition of the soils and groundwater in combination with the expected
likelihood and magnitude of impacts of cross-contamination to soils.
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9 MARINE ENVIRONMENT

9.1 Regulatory Requirements

9.1.1 Omani Requirements

MD 159/ 2005: Regulations for the Discharge of Liquid Effluents to the Marine Environment
establishes the requirement for a permit for any discharge to the marine environment and
established strict thresholds for specific chemical parameters infended for discharge. It should
be noted that impact to corals and macro algae habitats is prohibited and any intended
discharge should be modelled in order to adequately identify any potfential associated
impacts.

9.1.2 Lender Requirements

IFC Performance Standard 6 required the consideration of relevant threats to biodiversity and
ecosystem services, especially focusing on habitat loss, degradation, hydrological changes,
nutrient loading, and pollution. The standard requires that where possible impacts on
biodiversity and ecosystem services should be avoided. When avoidance of impacts is not
possible, measures to minimise impacts and restore biodiversity and ecosystem services should
be implemented.

9.2 Observations and Baseline Condition

On the day of the site visit, observations of the marine environment did not identify any
evidence of natural rock outcrops or reef systems from wave action and there was no
evidence of any macroscopic algae, marine plants or coral fragments having been washed
up on the shoreline.

Figure 9-1 View of Marine Environment from the Shoreline
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On the day of the initial site visit, strong wave action prevented an estimate of the sea depth,
however the inlet/outlet to the adjacent SembCorp IWPP was identifiable by its rock armour
protection.

A dead and decaying puffer fish was found on the shoreline. These fish typically inhabit pelagic
zones and therefore are not suggestive of any definite coral or algal habitats.

9.3 Potential Impacts

9.3.1 Construction Phase

The greatest potential for adverse impacts during the consfruction phase will be associated
with the construction of the seawater intake and outfall facilities. Such activities will
permanently alter the sea bed, including potential loss of associated benthic fauna and
adverse impacts to water chemistry associated with increases in suspended sediments.

The requirements for dredging are currently unknown, however, where dredging is required,
there is the potential for significant dispersion of sediment which will increase TSS and turbidity
within the water column as well as potentially smothering any surrounding sea bed benthic
habitats and disturbing fish species.

If necessary the storage of dredged material will result in the runoff of water to the sea, which
may include high loads of suspended sediments, potentially reducing water quality.

Seawater intake and outfall facilities above the sea bed could influence wave action within
the intertidal zone thereby affecting shoreline erosion/deposition.

Given the anficipated depth of groundwater (ref: Soil, Geology and Groundwater chapter)
dewatering to the sea is considered unlikely.

Site runoff during the construction phase could adversely affect water chemistry within the
foreshore. However, this should be suitably prevented through implementation of a robust
CESMP.

9.3.2 Operational Phase

During operation, brine and backwash generated from the reverse osmosis process will be
discharged fo the marine environment and willimpact water chemistry within proximity to the
discharge point with potentfial adverse impacts for the local ecosystem. Such impacts will
include increases in the salinity of ambient water quality.

Dependant on infake design and local habitat type, the intake could also result in the
enfrainment and/or impingement of fish, with adverse impacts for local populations.

Wastewater treatment will be afforded fo all wastewater streams on-site. However, the
discharge of freated effluents, may result in certain residual pollutants being discharged (e.g.
chlorine).

Note: Project design guarantees ensure that any discharged effluents will be compliant with
the necessary Omani wastewater discharge standards..
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9.4 Proposed Consideration for Project EIA

The EIA should incorporate an assessment of offshore habitats likely to be impacted by the
installation of infrastructure associated want the intake/outfall such that a suitable mitigation
plan can be implemented (if required).

The EIA will also need to incorporate a dispersion model suitable to identify any potential
impacts associated with necessary discharge from the outfall.

Suitable controls will need fo be implemented during the construction phase to minimise direct
physical impacts to the sea bed and associated silt dispersion. Habitat surveys may identify
the requirement for franslocation of sensitive habitats in advance of the commencement of
works, however this is not considered likely based on local observations of the shoreline.

9.5 Proposed Assessment Requirements for EIA

In accordance with the described potential impacts, the following table details those impacts
that will be scoped in and scoped out of detailed assessment af the ESIA stage.

Table 9-1 Marine Environment Impacts for further Assessment at the ESIA

Potential Impact Scoped Justification
In/Out of
ESIA
Construction
Dredging of Marine habitats may be sensitive to such activities, and may
Seabed / result in the loss of any benthic fauna as well as any seagrass

Installation of Scoped In

Intake and Outfall

Disturbance of It is generally expected that fish will avoid the working area
Marine Fauna Scoped In during construction due to noise and a slight reduction in

ambient water quality. However, the potential impact will
be scoped in.

that may be present.

Degradation of Impacts to ambient water quality from marine works could
Water Quality potentially be significant. Any impacts will be managed
through a CESMP which will include measures to limit this
temporary impact.

Scoped In

Operation

Entrainment of Impacts upon fish are expected to be minimal as the intake

fauna to intake Scoped velocity will be optimised to reduce such effects. The ESIA

Out will not further assess the impacts upon marine fauna, but

will provide mitigation measures to reduce the impacts.

Increased Salinity It is necessary to determine the extent of the brine mixing
zone to ensure that it can meet the necessary standards

Scoped In | and to ensure that the size of the mixing zone can be

reduced as far as practically possible in accordance with
the IFC EHS Guidelines.

Discharge of Given that the project will be designed to comply with the

Treated applicable Omani and IFC EHS discharge standards, it is

Wastewater Scoped In | expected that compliance will be achieved, however,

Effluents further assessment is required to determine any potential
impacts upon marine habitats.
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In order to provide a representative assessment of the significance of potential impacts at the
ESIA stage, the following methods have been proposed for those fopics scoped in to further

assessment.

Table 9-2 Marine Environment Impacts Assessment Methodology at the ESIA Stage

Potential

ESIA Assessment Methodology

Impact

Construction Phase

Dredging of
Seabed /
Installation
of Intake
and Ouftfall

Baseline Study:

The ESIA phase will include a marine baseline survey that will be undertaken to
provide a baseline assessment of habitat, flora & faunal species, water quality
and sediment quality.

The marine survey will be undertaken by Scuba techniques and will collect
survey results at up to 4 locations, expected to be along the intake and outfall
corridor, as well as at least one control location, most likely to the east of the
project away from the Sembcorp IWPP influences. The marine survey methods
will include 25m transects at 2 depths per location, as well as quadrat analysis
every 5m along the fransect. The intention is to compile an inventory of present
flora and faunal species and to assess their health, density, and abundance. All
siting’s of fish and other marine fauna will be noted and recorded as an
inventory at each location. Water quality samples will also be taken at mid
water column depth, and a sediment sample will be collected at each
location.

The results of the marine survey will be compiled in the baseline assessment and
evaluated against a past baseline survey undertaken at the feasibility stage of
the project (that has been supplied with the RfP).

The baseline section will identify any sensitive habitats and will identify species
with respect to any conservation status (e.g. IUCN).

The marine survey report will full data, methods and photographs will append
the ESIA.

Assessment of Impact Significance:

The ESIA will predict area of seabed that will be damaged from the works
(including construction working area — if any) and will seek to estimate the
extent of impacts upon marine habitats based upon the density and health of
any flora.

Disturbance
of Marine
Fauna

Baseline Study:
The baseline assessment will be linked to the marine survey to identify fish
species and any other marine fauna., and their significance.

Assessment of Impact Significance:

Based on the sensitivity of the fauna identified, a qualitative assessment in
regard to the impacts upon fish and marine fauna will be made.

Operational Phase

Increased
Salinity

Baseline Study:
The ESIA will compile ambient water quality data from the marine survey and
contained within the OPWP RfP provided.

Assessment of Impact Significance:

The hydrodynamic environment will be simulated for a single post-development
physical environment utilising GCOMS3D. This hydrodynamic simulation will drive
subsequent plume simulations. The brine effluent will be simulated using CORMIX
for the near-field behavior and PLUME3D for the far-field behavior. Plume
simulations will be conducted for a representative summer and winter scenario,
utilising tidal data from the OSU Tidal Inversion mode, meteorological data
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sourced from the ECMWF and bathymetry sourced from the optional surveys
and/or data provided by the Client. Plumes will be assessed to determine the
potential for re-circulation, and to determine the spatial extent of a variety of
differential salinity conditions.

The model will be set up to represent the preferred layout of the proposed
intake/outfall configuration, in relation to the existing shoreline, bathymetry and
marine structures. The model will also have inputs from the discharge of the
existing IWPP outfall, to assess cumulative impacts. Environmental conditions will
be selected to provide a suitable range of conditions to examine the likely
recirculation and effluent dispersion.

Discharge of

Baseline Study:

Treated The ESIA will compile ambient water quality data from the marine survey and
Wastewater | contained within the OPWP RfP provided.
Effluents -
Assessment of Impact Significance:
Based on the ambient water quality analysis, a qualitative assessment in regard
to the impacts upon water quality will be made based on the projects
discharge guarantees.
Salalah Independent Water Project 65

Environmental & Social Scoping Study




/*cvl«f?wsﬂé\ 5y capilaly

10 SURFACE WATER ENVIRONMENT

10.1 Regulatory Requirements

RD 114/2001 Law on Conservation of the Environment and Prevention of Pollution prohibits the
discharge of environmental pollutants unless the levels of such pollutants are equal to or less
than that identified within an associated environmental permit.

International financial institutions will require adherence to IFC Performance Standard 3 which
requires the avoidance of pollution or, when avoidance is not feasible, minimise and/or control
the intensity and mass flow of their release.

10.2 Observations and Baseline Condition

Historical safellite imagery and observations from the initial site visit did not idenfify any
evidence of surface water within the proposed project foofprint. The wadi to the north of the
project site has a large channel and is expected to have flows of water during the Khareef
season, or during significant rainfall events locally.

Following a significant rainfall event, waters are likely to percolate through the free draining
site soils, or would runoff to the sea or nearby wadi channel to the north.

10.3 Potential Impacts

10.3.1 Construction Phase

During construction, the presence of unprofected stockpiles, fuels and chemical stores could
infroduce the risk of pollution to the wadi to the north and foreshore marine environment in the
event of a significant rain event.

Instances of pollution could potentially result from the wash off of surface pollutants,
particularly during the first flush of rainfall.

Suitable confrols will need to be implemented as part of a robust CEMP.

10.3.2 Operational Phase

Increased areas of hardstanding are likely to result in an increase in runoff rates and sediment
loading associated with first flush. Depending on the discharge point of storm water, this may
impact the adjacent wadi orimmediate marine environment; with potential impacts, due to
the runoff of pollutants.

10.4 Proposed Consideration for ESIA

The EIA will consider meteorological data for the project site and consider potential impacts
associated with increased surface runoff and potential sediment loading from storm water
runoff.

Mitigation options including sediment fraps and oil interceptors may be appropriate, but will
be confirmed at the ESIA stage.
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11 WASTE & WASTEWATER MANAGEMENT

11.1 Regulatory Requirements

11.1.1 Omani Requirements

The Sultanate of Oman established principle controls for waste legislation through 2 ministerial
decisions:

e Ministerial Decision No. (17/93) for the Regulations for the Management of Solid Non-
Hazardous Waste

e Ministerial Decision No (18/93) for the Regulations for the Management of Hazardous
Waste.

Omani Permissible Discharge Re-Use Limits

Omani regulation MD 159/2005 describes the requirements and maximum allowable limits for
wastewater discharge to the marine environment. Maximum permissible levels of organic and
inorganic pollutants are provided below.

Table 11-1 Limits for Discharge to the Marine Environment

Parameter ‘ Units ‘ Standard
pH 6-9
Temperature <10°C
Biochemical Oxygen Demand (5 day 20.0
BOD)
Chemical Oxygen Demand mg/L 200.0
TSS mg/L 30.0
Aluminum (as Al) mg/L 5.0
1SS 30
Arsenic (as As) mg/L 0.10
Barium (as Ba) mg/L 2.0
Beryllium (as Be) mg/L 1.0
Boron (as B) mg/L 1.0
Cadmium (as Ca) mg/L 0.010
Chromium (Total as Cr) mg/L 0.05
Cobadalt (as Co) mg/L 0.05
Copper (as Cu) mg/L 0.50
Cyanide (Total as CN) mg/L 0.05
Electrical conductivity (EC) ps/cm 2000
Faecal coliform bacteria pg‘:}]rgger;l_ 200
Fluoride (as F) mg/L 1
Iron (Total as Fe) mg/L 1
Lead (as Pb) mg/L 0.10
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Parameter Units Standard
Lithium (as Li) mg/L 0.07
Magnesium (as Mg) mg/L 150
Manganese (as Mn) mg/L 0.10
Mercury (as Hg) mg/L 0.001
Molybdenum (as Mo) mg/L 0.01
Nickel (as Ni) mg/L 0.10
Nitrogen: Ammoniacal (as N): Nitrate (as
NO3) mg/L 5505
: Organic (Kjeldahl as N)
Oil and grease (Total extractable) mg/L 0.50
pH -- 69
Phenols (Total) mg/L 0.001
Phosphorus (Total as P) mg/L 30
Selenium (as Se) mg/L 0.02
Silver (as Ag) mg/L 0.01
Sodium (as Na) mg/L 200
Sodium absorption ratio (SAR) -- 10
Sulphate (as SO4) mg/L 400
Sulphide (Total as ) mg/L 0.10
Suspended solids (SS) mg/L 15
Total dissolved solids (TDS) mg/L 1500
Vanadium (as V) mg/L 0.10
Viable nematode ova N;r;bl_er <]
Zinc (as Zn) mg/L 5

The following are Omani standards for re-use or disposal of sludge resulting from wastewater
freatment. The sludge generated from the wastewater freatment may be applied on land for
agricultural use (after obtaining permit from MECA for the same), subject to the conditions
given in the table below.

Table 11-2  Wastewater Treatment Sludge re-use standards
coA:gfnr:Lc’trt?on M'aximum Maximum Qerr!\iﬂeq
(mg/kg of dry Applicable rate concentration in §0|I
solids) (kg/ha) (mg/kg of dry solids)
Cadmium 20 0.15 3
Chromium 1000 10.00 400
Copper 1000 10.00 150
Lead 1000 15.00 150
Mercury 10 0.10 1
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Molybdenum 20 0.10 3
Nickel 300 3.00 75
Selenium 50 0.15 5
Zinc 3000 15.00 300

After the spreading of the sludge, there must be at least three weeks period before grazing or
harvesting of forage crops. Sludge use is prohibited in the following cases:

e On soils whilst fruits or vegetable crops, other than fruit frees, are growing or being
harvested;

e Forsix months preceding the harvesting of fruit or vegetables, which grow in contact
with the soil and which are normally eaten raw; and

e On soils with a pH < 7.0.

11.1.2 Lender Requirements
International financial institutions will require adherence to IFC General EHS Guidelines. These
guidelines require that projects undertaken:

e Establish waste management priorities at the outset of activities.

e Idenfify EHS risks and impacts with regards to waste generation and its consequences.

e Establish a waste management hierarchy that considers prevention, reduction, reuse,
recovery, recycling, removal and finally disposal of wastes.

e Avoid or minimize the generation waste materials, as far as practicable.
o Identify where waste generation cannot be avoided but can be minimized or where
opportunities exist for, recovering and reusing waste.

e Where waste cannot be recovered or reused, identify means of tfreating, destroying,
and disposing of it in an environmentally sound manner.

11.2 Observations and Baseline Condition

As outlined in the soil, geoclogy and groundwater chapter, there is a risk of encountering
contaminated soils within the project footprint associated with past land use as a construction
site compound.

Subsoails, sediments and rock are anficipated to be the primary waste requirement associated
with the construction phase of the project site given the open barren nature of the site and
the excavation requirements for foundations, cabling, pipework and access road
construction.

During operation, the principle wastewater stream will be the discharge of brine and RO
backwash to the marine environment (as discussed in the Marine Environment Chapter). In
addition, solid wastes are likely to be generated from routine maintenance and occupation
of the site; some of which may be hazardous.

Waste streams likely fo be associated with the project are listed in the table below.

Table 11-3 Anticipated Waste Streams Associated with the Project
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Subject Construction Operation
Subsoil and Rock
Inert _
Glass
Marine sediments .
Landscaping waste
Concrete
Asphalt Replacement parts (e.g. RO
Non- Scrap metal Membranes) and packaging
Hazardous | pgstic
Wood . .
Municipal waste from site staff
Municipal waste from construction
workers
Contaminated subsoil and rock Resins and paints
Resins and paints Waste oils
Waste oil Waste solvents and thinners
Hazardous | Waste solvents and thinners Waste fuel and chemicals
Waste fuel and chemicals Batteries
Batteries Used spill kits and clean up materials.
Used spill kits and clean up materials Wastewater tfreatment sludge
Sanitary waste water RO Brine discharge
Sanitary Waste Water
Wastewater | Commissioning wastewater (e.g. Storm water
hydro-test, steam and acid cleaning) Other wastewater (e.g. oily or
chemical)

11.3 Potential Impacts

11.3.1 Construction Phase

Waste

The construction phase can often be the most environmentally damaging phase of a project,
particularly in regard to the volumes of waste that are generated, if not properly managed.
Such impacts relate fo the management of such wastes, particularly hazardous streams.

A robust CEMP for the project should outline the requirements for a waste management plan
for the construction phase that incorporates the waste hierarchy (as identified below).

Wastewater

The project will require on-site sanitation facilities for the construction workers (expected to be
toilets with collection sepfic tanks). These facilities will require regular emptying and removal
from the project site.

The commissioning phase of construction will likely require the hydro-testing, steam cleaning
and perhaps chemical cleaning of plant components such as tanks and pipework. These
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commissioning activities will generate large volumes of wastewater that may contain heavy
metals, as well as oils and greases.

During the Khareef season rainfall can be intense, and storm water may occur on a prolonged
basis during this season. Under all rainfall conditions pollutants from polluted construction
surfaces can pofentially runoff from the site and lead to a fransfer of pollutants externally from
the project.

11.3.2 Operational Phase

Waste

Solid waste is not expected in significant quantities during the operational phase of the SWRO,
besides maintenance for RO membranes and general day to day maintenance activities.

Disposal of material from operations can confribute to wastes directed fo landfill resulting in
subsequent risk of damage fo local hydrological systems and emissions associated with
necessary transport.

Wastewater

When in operation, the project will use seawater to generate potable water. In order to
generate potable water, the reverse osmosis process will separate the saltwater component,
hence resulting in a residual volume of brine wastewater.

Brine wastewater will be discharged directly to the Red Sea where it will mix and dilute with
seawater fo background concentrations within the projects mixing zone. Given that the brine
wastewater is more dense than ambient seawater, it will likely sink through the water column
as mixing takes place; such impacts of brine will be assessed in the marine environment section
of the ESIA as described in the relevant section of this scoping report.

Other wastewater will be generated from sanitary systems on site and from general
operational building (e.g. kifchen's, office buildings etc.). Wastewater will be freated at the
on-site freatment facilities prior fo discharge to the Sea via mixing at the outfall.

11.4 Proposed Consideration for Project EIA

11.4.1 Waste

Should any evidence of contaminated materials be identified from the site soil investigation
(as outlined in the soils, geology and groundwater chapter), the ESIA will consider appropriate
disposal routes and potential acceptance criteria for any contaminated materials. This may
include a requirement for additional analysis to provide a robust hazard classification.

The mitigation section of the ESIA will consider the requirements established by Good
Infernational Industry Practice (GIIP) for general waste, hazardous waste and
construction/demolition waste.

The outcomes of the contaminated land assessment undertaken as part of the EIA will need
to consider appropriate disposal routes and potential acceptance criteria for any
contaminated materials. This may include a requirement for sufficient analysis to provide a
robust hazard classification.
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Also, in preparation of the environmental management plans for the construction and
operational phases, a principle component should be application of the waste hierarchy.

Prevention

Preparing for reuse

Recycling

Other recovery

Disposal

v

The waste hierarchy illustrates best practice for waste management considerations by
ensuring consideration of the most sustainable available application for waste management
in preference of disposal and eventfual confribution to adverse environmental and economic
impacts associated with landfill.

Sourced from Waste Resource Action Programme

The waste hierarchy should form a key element of any waste management plan and if
implemented effectively will achieve maximum reductions in waste generation. Application
also has the potential to reduce costs associated with material procurement, handling,
fransportation and disposal.

The Operational Environmental & Social Management Plan (OESMP) for the project should
include a requirement for a Waste Management Plan to outline the projects waste strategy in
accordance with the waste hierarchy.

11.4.2 Wastewater

The ESIA will inventories all wastewater streams and indicate the pathway and recepfor of
each stream. Any mifigation and control requirements for treatment will be fully outlined in the
ESIA.
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12 ARCHAEOLOGY & CULTURAL HERITAGE

12.1 Regulatory Requirements

12.1.1 Omani Requirements

The safeguard of cultural heritage and archaeology in the sultanate of Oman is established
through the 1980 Law on the protection of National Cultural Heritage as implemented though
the Ministry of Heritage and Culture.

12.1.2 Lender Requirements

International financial institutions will require adherence to IFC Performance Standard 8, which
requires the identfification and protection of features of cultural heritage value.

12.2 Observations and Baseline Condition

The local Khawr Rawi Natfure Reserve incorporates a recognised important archaeological
site. Remains found on the banks of the reserve are believed to be associated with an outpost
of the Kingdom of Hadramawt around the 1st century CE.

Figure 12-1 Archaeological Site at Khawr Rawi Nature Reserve

However, as this site is over 5km from the proposed project footprint, it will not be affected.
During the inifial site visit, no features of cultural value or evidence suggesting the presence of
archaeological features were noted within the project footprint.

Due to the close proximity of the archaeological site, it is possible that archaeological
remnants may be present on the project site. However, if any important archaeological
features were present, these are likely to have been uncovered during past works and use of
the project land as a construction compound.
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12.3 Assessment of Potential Impacts

12.3.1 Construction Phase

Excavation and earthwork activities can result in damage and destfruction of undiscovered
archaeological artefacts.

Given the absence of cultural heritage features and previous use of the land as a construction
compound, the presence of archaeological features within the project foofprint is likely to be
low.

A chance find procedure should be incorporated within the project CESMP such that in the
unlikely event any items of archaeological significance are uncovered, these can be
appropriately identified and preserved.

12.3.2 Operational Phase

The operational phase will notf result in further impacts to archaeology, as the site will be static
and excavations will not be required.

12.4Proposed Assessment Requirements for ESIA

In accordance with the described potentialimpacts, the following table details those impacts
that will be scoped in and scoped out of detailed assessment af the ESIA stage.

Table 12-1 Cultural Heritage & Archaeology Impacts for further Assessment at the ESIA

Scoped
Potential Impact In/Out of Justification
ESIA
Construction
Damage to Impacts are generally not expected due to the lack of
Unknown Buried cultural or known archaeological features at the project site.

Scoped In

Archaeology However, due to the rich heritage of the local area, the

impacts cannot be scoped out aft this stage.

In order to provide a representative assessment of the significance of potential impacts at the
ESIA stage, the following methods have been proposed for those topics scoped in fo further
assessment.

Table 12-2 Cultural Heritage & Archaeology Impacts Assessment Methodology at the
ESIA Stage

Potential ESIA Assessment Methodology

Impact

Construction Phase

Damage to Baseline Study:

Unknown During the EIA process, the Omani Ministry of Heritage and Culture will be
Buried consulted to confirm the expected absence of archaeological and cultural
Archaeology | features of significance within the project area.
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Any observations in relation to cultural heritage and archaeology made during
site visits will be recorded in the ESIA and mapped.

The ESIA will not include further survey work such as archaeological digs or other
investigations.

The ESIA will include best practice mitigation measures for the construction
phase. The intention is to include these mitigation measures into the respective
CESMP for effective management and implementation on-site. This will include
a chance finds procedure.

Assessment of Impact Significance:

Where there is a risk of unknown buried archaeology being uncovered, the ESIA
will base the assessment of significance on a high potential value of the
unknown artefacts, but assess this with respect to the likelihood of an
encounter.
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13 LANDSCAPE AND VISUAL IMPACTS

13.1 Observations and Baseline Condition

No existing residential or commercial visual receptors were identified from satfellite imagery or
during the initial site visit.

No records have been identified of the site having been afforded any national or international

status for landscape importance.

The wider landscape to the north of the project site is dominated by an undulating horizon of
mountainous terrain and valley slopes predominantly free of vegetation. Some patches of
vegetation are evident, which are anficipated to become more apparent during the Khareef
season and winter months.

Figure 13-1 Wider Landscape to the North

Besides the rock armour protection on the adjacent IWPP infake and outfall structures, the
seascape fo the south was free of peninsulas orisland outcrops (note: visibility restricted to light
drizzle).
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Figure 13-2 Seascape from Project Site

The project site is a dominated by open, gravel/rocky plain with minimal vegetation cover.
Views of the adjacent IWPP and the consfruction compound demobilisation works being
undertaken on-site provide a developed sense of place amongst the largely rural area.

Figure 13-3 Typical Views Across the Main Project Area
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The only anticipated visual receptor for the site is the adjacent Sembcorp IWPP.

Table 13-1 Potential Landscape and Visual Receptors

Receptor Receptor Type Location

Salalah )

Sembcorp | Industrial Facility Adjqcen’r fo western boundary of
IWPP project area.

13.2 Assessment of Potential Impacts

13.2.1 Construction Phase

The construction phase will result in further development and will contribute to the growing
industrial landscape of this area. Views of the area are likely to be similar to those experienced
during the construction phase of the Sembcorp IWPP, with mobile construction equipment,
temporary buildings and general construction works. Given the absence of any residential or
commercial receptors, discernible impacts are not anticipated.

13.2.2 Operational Phase

Once operational, the project will continue to contribute fo the urban and developed feel of
the project area. Given the size of the proposed plant in relation to the adjacent IWPP, it is
anficipated that the IWPP will remain the most prominent landscape feature in the vicinity.

The site area will be visible at night due to the requirement for security lighting and the on-
going continuous operations of the project.

13.3Proposed Assessment Requirements for EIA

In accordance with the described potential impacts, the following table details those impacts
that will be scoped in and scoped out of detailed assessment af the ESIA stage.

Table 13-2 Potential Landscape and Visual Impacts for further Assessment at the ESIA

Scoped

Potential Impact In/Out of Justification
ESIA

Construction

Change in Impacts in regard to landscape and visual impacts are likely
Scoped . .

Landscape out to be minimal and are therefore not scoped in for further

Character assessment.

Reduction in Scoped

Visual Amenity Out

As all the potential impacts in relation to Landscape & Visual Impacts have been scoped out
(as per the process above), specific assessment at the ESIA phase will not be undertaken.
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The ESIA will however include best practice mitigation measures so that any potential impacts
can be reduced. The intention is to include these mitigation measures info the respective
CESMP for effective management and implementation on-site.

The ESIA should consider whether the Plant has been designed fo be as visibly and
environmentally discreet as possible and ensure that the setting of the Plant is sympathetic to
its surroundings and consistent with the design of existing buildings in the area.
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14 SOCIO-ECONOMICS

14.1 Regulatory Requirements

14.1.1 Lender Requirements
International financial institutions will require adherence to the following:

IFC Performance Standard 5: Land Acquisition and Involuntary Resettlement

Establishes requirements associated with to physical and/or economic displacement as a
result of project-related land acquisition and/or restrictions on land use.

IFC Performance Standard 7: Indigenous Peoples

Establishes requirements to ensure that the development process fosters full respect for the
human rights, dignity, aspirations, culfure, and natural resource-based livelihoods of
Indigenous Peoples.

14.2 Observations and Baseline Condition

The project site is owned by the Ministry of Housing and will be leased under a Land Lease
Agreement for the duration of the construction and operational phases. Therefore, no land
acquisition or compensation will be required.

There are no permanent residential setflements or community provisions within or adjacent to
the proposed project area.

Access fo the proposed project site is only available via the access road for the Sembcorp
IWPP and a gravel frack to the north of the plant. There are no existing through-routes or
expectations for the general public to visit area.

During the intimal site visit, en-route to the proposed project site, several small temporary
Bedouin camps were noted on the hillside to the north, more than 1km from the project site.
During the site visit, workers for Bedouin people were observed collecting camels from the
project site. These camels had come to the site to graze on the exposed root systems of palm
frees that were being removed as part of the previous Sembcorp IWPP construction laydown
demobilisation works.

Figure 14-1 People Tending to Camels at the Site
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Given the lack of vegetation on the site, it is not anficipated that the project area is regularly
used for grazing and that the camels present on the day of the site visit were only there
because of the demobilisation works. It was noted that camels were grazing within the wadi
area to the north of the project area. These camels were using the area planned for the
project access road as a means of entering the wadi.

Table 14-1 Potential Receptors

Receptor Receptor Type Location

Identified on the hillside over Tkm from

Local Indi p | the project, but likely to only frequently
Bedouin naigenous Feopie use the wadi area to the north of the
project

14.3 Assessment of Potential Impacts

14.3.1 Construction Phase

It is unlikely that the proposed project will have any discernible negative impacts for any local
community. However, there is potfential for adverse perception of the project from local
Bedouins associated with land-use change affiliated with the project.

The primary economic impact during construction is likely to result from employment creation
during this phase. As well as the direct monetary uplift fo the families of those employed,
money paid to workers will also stimulate the local economy via the multiplier effect, whereby
money earned on the project expended locally will re-circulate within the local economy.
Whilst we have no evidence quantifying the multiplier effect within Oman, studies undertaken
in Europe and the US suggests the impact of expenditure on a local economy prior to leakage
to be in the order of 4:1.

In addition to the direct monetary impact of employment created during construction, there
also exists the potential for the project to promote the disseminatfion of construction and
construction support skills from expatriate workers into the local labour force.

A secondary impact that is likely to arise from spending on local and foreign goods and
services during the construction process. The nature of the development, and specialised
nature of required materials, suggests that these will be sourced internationally, apart from
construction materials (e.g. concrete, cabling, etc.).

14.3.2 Operational Phase

At a strategic level the operation of the SWRO facility offers potential fo support the continued
growth of the local and national economies, through the ability to provide an important
source of potable water to the Omani potable water network.

As with the construction phase, a significant economic impact during operation will result from
any local employment created by the project. Whilst the size of the required workforce is
significantly smaller, the fype of work and the increased time-scales involved offer an
opportunity for greater dissemination of skills. A targeted system of local recruitment and
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investment in the human capital of the local workforce will enhance this process and
consequently increase the benefit to the local economy.

14.4 Proposed Assessment Requirements for ESIA

In accordance with the described potential impacts, the following table details those impacts
that will be scoped in and scoped out of detailed assessment af the ESIA stage.

Table 14-2 Socio-Economic Impacts for further Assessment ain the ESIA

Scoped

Potential Impact In/Out of Justification
ESIA

Construction & Operation

Land Use Change During the initial site visit a small camel herd was observed
& Restrictions on on-site. Although h project will not result in land acquisition,
Access Scoped In itis necessary for the ESIA to identify any informal land users

and the rights of these land users, to determine what (and if
any) mitigation measures, or compensation requirements
may need to be issued to such users.

In order to provide a representative assessment of the significance of potential impacts at the
ESIA stage, the following methods have been proposed for those topics scoped in to further
assessment.

Table 14-3 Cultural Heritage & Archaeology Impacts Assessment Methodology at the
ESIA Stage

Potential

ESIA Assessment Methodology
Impact

Construction Phase

Land Use Consultation is proposed with Dhofar Governorate and the Sembcorp IWPP with
Change & respect to the use of the local area and project land by the Bedouin and
Restrictions camel herders. Direct consultation with the Bedouin is not included as part of
on Access the ESIA scope.

Based on the outcomes of the consultation, the ESIA will consider the value of
the project area for local Bedouins and camel herders and use this as the basis
for determining appropriate mitigation measures, to ensure against potential
negative impacts for these land users.
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15 COMMUNITY HEALTH, SAFETY & SECURITY

15.1Standards and Regulatory Requirements

15.1.1 Lender Requirements

The project lenders will require compliance with IFC Performance Standard 4: Community
Health, Safety and Security. The objectives of IFC PS4 are fo:

e To anticipate and avoid adverse impacts on the health and safety of the
Affected Community during the project life from both routine and non-routine
circumstances.

e To ensure that the safeguarding of personnel and property is carried out in
accordance with relevant human rights principles and in a manner that avoids
or minimizes risks to the Affected Communities.

The project will therefore need to ensure:

e Suitable design of the SWRO and related infrastructure to ensure safe operation.

¢ Minimising the potential for community exposure to hazardous materials and
substances that may be released by the project.

e Avoidance of community exposure to disease (e.g. from worker influx or supply of
contaminants or other water related illness in the supply of potable water).

e Consideration of any third-party impacts to project emergencies and disaster
scenarios (or vice versa impacts form external sources to the project), including
preparing emergency response plans.

e Appropriate fraining of security personnel employed by the projects, including
appropriate consideration of hiring protocols, training of staff, code of conduct,
provision of weapons and weapons protocols.

IFC PS4 also has considerations for impacts to ecosystem services, however the project is not
expected to impacts such ecosystem services.

15.2 Observations and Baseline Condition

Community Risks

The project will be located adjacent to a power and desalination facility (Sembcorp IWPP),
that has the potential to impact local communities and any future facilities, such as, significant

fuel stores on-site. Furthermore, these facilities discharge treated wastewater effluents directly
to the sea.

External risks to the Project

These operations of external facilities also present risks that may affect the SWRO projects
operation in the event of fire, or spillage to sea.
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Security

The Sembcorp IWPP is expected to employ its own security team, but is likely to receive support
from the Omani military as a facility of key importance. It is therefore likely that security staff at
the entrances to the facility will be armed.

Transportation

Road Transportation

The major road network leading fo the project site is Highway 49, which runs parallel fo the
coastline from Salalah.

Access to the project can be made via an exit from Highway 49 and then a short journey
along tfarmacked roads to the Sembcorp IWPP. Access to the project site can currently be
gained via a compacted track to the north of the Sembcorp IWPP.

15.3Potential Impacts

15.3.1 Construction Phase
Public/Community Safety

Where the public has access to any construction areas (including laydowns or off-site storage
areas) there are potential risks relating to public safety from the use of high powered
equipment, heavy construction plant, excavations, and vehicle movements amongst others.

During the construction phase of the SWRO project there are not expected to be specific
works that could result in widespread pollution incidents, due to the lack of hazardous material
or chemical storage on-site. There is a risk of isolated incidents around the shoreline, but the
risks in regard to these are expected to be suitably managed through the implementation of
a robust CESMP and construction phases ESMS.

Worker Influx and Disease

Due to the required workforce during the construction phase, there is the potential for
additional influx to the local area and for associated impacts such as spread of disease to any
local communities. The locations of worker accommodation areas have not been confirmed
at this stage, however it is expected that the majority of site staff will be sub-contractor workers
who will be based off-site, but in the local area, and therefore may come intfo contact with
local populations.

Security Staff

The project will also include site based security at the gates and on patrol around the site.

Following suitable security risk assessment by the EPC Contractor, the security arrangements
should be guided by UN Code of conducts for law enforcement officials and UN basic
principles on the use of Force and Firearms by law enforcement officials (if staff are armed). In
addition fo this, security personnel will receive internal tfraining in regard to grievances,
reporting such grievances and dialogue with any members of the local community.
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Transportation

The key reason for vehicle use during construction will be the fransfer of labourers on the site
on a daily basis, as well as the delivery of materials and equipment for construction activities.

It is anticipated that fraffic levels (particularly HGV's) will increase on local roads during the
construction phase. The volume of fraffic will vary over the course of construction depending
on the phases of consfruction and the demand for materials, removals and construction
personnel on site. The main factors that will affect the number of vehicles on the roads will be
related to manpower needs, material usage and waste generation.

The site will be accessed via the proposed access road to the immediate north of the existing
IWPP. The access road will connect the hardstanding roads in the secure industrial zone to the
site.

Other forms of direct transport to the site (e.g. by sea, or by air) are not anficipated to be
widely used, however sea fransportation of large items may initially come through Salalah Port,
before being delivered by road fo the site. Such deliveries will be guided by a Traffic
Management Plan.

15.3.2 Operational Phase
Public/Community Safety

The project will carry various risks that could result in impacts to public safety where such
impacts are transferred or received outside of the project site. Such impacts may relate to fire,
un-warranted releases of wastewater and security/safety concerns of frespassers.

The extent of such impacts may range outside of the projects boundaries and require the
involvement of outside agencies to help manage and abate such impacts (e.g. Civil Defence,
Police and Army).

Although public risks during operation of the SWRO are expected to be limited, there may be
significant risks to receptors if realised, such as an unwarranted release of wastewater to the
sea. Risks to public safety will be appropriately addressed and prepared for in the operational
phase ‘Emergency Preparedness and Disaster Plan’ and via appropriate fraining of staff.

Security Staff

The project constitutes a facility of high importance due to the generation of potable water
for consumption. The project will include site based security at the project access road
enfrance and af the project gates, who will paftrol the site.

As is consistent with the construction phase, the O&M Confractor will undertake a security risk
assessment to determine the appropriate level of security require at the facility. Security
arrangements should be guided by UN Code of conducts for law enforcement officials and
UN basic principles on the use of Force and Firearms by law enforcement officials (if staff are
armed). In addition to this, security personnel will receive internal training in regard to
grievances, reporting such grievances and dialogue with any members of the local
community.
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Transportation

In general fransportation impacts during operations are not expected to be significant, as the
operation of the SWRO will not require continuous delivery of materials, or other equipment in
order to operate.

Occasional deliveries and waste removals will add a very small amount of traffic on local
roads, but is not expected to result in a noficeable increase of vehicle traffic.

Staff movements will also contribute to a minimal additional vehicle flows on local roads.

15.4 Proposed Assessment Requirements for EIA

An overview of the risks relating fo community health, safety and security will be presented in
the ESIA, which will also include recommendation of suitable mitigation measures to
avoid/minimise such risks.
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16 LABOUR & WORKING CONDITIONS

16.1Standards and Regulatory Requirements

16.1.1 Omani Requirements

‘Oman's 2003 Labor Law governs employee/employer relations in the private sector, and
enumeratfes the protections afforded all legally resident workers, except for domestic
workers. The law sets the minimum working age at 15, provides clear guidelines on working
hours, and specifies the penalfies for noncompliance with its provisions.” (Source:
https://www.export.gov/article2id=Oman-Labor, Accessed on 31/05/2017).

16.1.2 Lender Requirements

The following applicable IFC Performance Standards aim to identify and ensure that social
and economic impacts of a project are addressed in the relevant areas, in particular:

e Performance Standard 2: Labour and Working Conditions;

In accordance with IFC Performance Standard 2 (Labor and Working Conditions) there is a
requirement fo align with the following conventions:

e |LO Convention 87 on Freedom of Association and Protection of the Right to
Organize;

e |LO Convention 98 on the Right to Organize and Collective Bargaining;
e |LO Convention 29 on Forced Labor;

e |LO Convention 105 on the Abolition of Forced Labor;

e |LO Convention 138 on Minimum Age (of Employment);

e |LO Convention 182 on the Worst Forms of Child Labor;

e |LO Convention 100 on Equal Remuneration;

e |LO Convention 111 on Discrimination (Employment and Occupation);
e UN Convention on the Rights of the Child, Article 32.1; and

e UN Convention on the Protection of the Rights of all Migrant Workers and
Members of their Families.

16.2Risks & Risk Management

16.2.1 Construction phase

HR Policy, Freedom of Association and Collective Bargaining

The overarching ACWA Power HR Policy will provide the basis upon which the projects HR
Policy will be developed (to be adopted by the EPC Confractorin their construction HR policy).
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The HR Policy will ensure alignment with Omani labour law and will ensure consistency with
international ILO and UN conventions required by the lenders.

Note: In line with the above, the ACWA Power HR Policy the minimum age of working is 18
years. Freedom of Association (FOA)and collective bargaining is included fo the ACWA Power
annual sustainability reports and our “Our Commitments” policy under “making certain of
human rights, the safety and welfare of workers, fair employment and equal opportunity
practices across our operations”, where Human Rights is intended to cover FOA and Collective
Bargaining.

Occupadational Health and Safety

Common activities undertaken during construction such as the movement of heavy
machinery, excavation, handling of chemicals, works undertaken at height etc. can all
infroduce significant risk fo the health and safety for the associated work force. In particular,
risks are more likely to be apparent for those who are not familiar with the type of works
undertaken and/or the associated hazards.

The type of hazards attributable o a construction site will vary significantly dependant on the
construction methods employed and the degree of confrol implemented by the EPC and
affiliated sub-contractor. It is therefore of the utmost importance that the EPC and affiliated
sub-confractors demonstrate consideration of health and safety risks as part of their chosen
construction methods and that these risks are appropriately mitigated.

The EPC Contractor will manage Occupational Health and Safety on site via a dedicated
Health, Safety and Environment (HSE) Team. Sub-contractor companies will have dedicated
HSE Managers who will be responsible forimplementing the sites HSE plan in their working areas.
The EPC’s HSE Plan will be subject to approval by ACWA Power and the Project Company.
ACWA Power and the Project Company will periodically audit the project in line with the
necessary HSE requirements.

Working Conditions

Labour exploitation on construction sites unfortunately has become a reality in some parts of
the world. Inequalities inincome, education and opportunities has led to opportunistic immoral
practices with labourers and site staff suffering as a consequence.

To ensure the wellbeing of the staff associated with the project, the EPC and associated
subcontractors will need to plan for necessary provisions relative to the requirement of the of
the required workforce. This includes appropriate labour accommodation plans and
mechanism for inspections and corrective actions.

16.2.2 Operational Phase
Occupadational Health and Safety

The risks associated with the operatfional phase of the project are anficipated to be
significantly less than during the construction phase due to reduced site activity and
requirements for heavy plant and machinery.

There will however be incoming electrical connections on-site and the movement of large
volumes of water by high powered pumps, all of which pose a significant risk to worker health

Salalah Independent Water Project 88
Environmental & Social Scoping Study



/*cvl«f?wmé\ 5 capilaly

and safety. Maintenance and inspection will also require the use of site vehicles and activities
that pose risks fo human health and safety.

The Severity and likelihood of risks during the operational phase will be dependent on the
frequency and requirements for planned and unplanned maintenance. The operation and
maintenance feam will need fo ensure that a robust plan is in place to appropriately manage
these risks.

16.3 Proposed Assessment Requirements for EIA

An overview of the risks relating to labour & working conditions will be presented in the ESIA,
which will also include recommendation of suitable mitigation measures fo avoid/minimise
such risks.
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17 CUMULATIVE IMPACTS

Cumulative impacts result from the incremental impact of an action when combined to
impacts (e.g. past, present, and reasonably foreseeable future actions) regardless of what
agency or person undertakes such other actions.

In practice, the assessment of cumulative effects requires consideration of some concepfs:

e Assessment of effects over a larger (i.e., "'regional’) area that may
fransboundary/cross-jurisdictional; (Including effects due to natural perturbations
affecting environmental components and human actions).

e Assessment of effects during a longer period of time into the past and future;

e Assessment of effects on Valued Environmental Components due fo interactions
with other actions, and not just the effects of the single action under review;

e Evaluation of significance in consideration of other than just local, direct effects.

The Cumulative Impacts Assessment (CIA) will be undertaken as part of the ESIA to establish
whether there are barriers to future development within the projects area of influence. For
instance: is there sufficient environmental carrying capacity available for future development;
are there any factors that may restrict future development; and, are there any key factors of
concern that may relate to the development/operation of other projects in tandem with the
proposed project.

The ESIA will assess the cumulative impacts of several environmental parameters in the main
sections of the ESIA. For instance, noise impacts will be considered by the measured baseline
in combination with the predicted process confributions. This will provide an assessment of
cumulative impacts, as a result of the project itself.

The specific cumulative impact assessment chapter will therefore consider the cumulative
impacts relating to potential future development and works in the projects area of influence.
In this instance, the projects predicted impacts will be assessed in combination with other
potential future developments to determine the potenfial longer ferm impacts upon related
environmental parameters.

The assessment of cumulative impacts will be based upon solid documented development
plans/strategies and announced projects.

The assessment of cumulative impacts will be made using the IFC (2013) Good Practicee
Handbook: Cumulative Impact Assessment and Management.

17.1Potential Cumulative Impacts

Table 17-1 Potential Cumulative Impacts

Potential Justification

Cumulative Impact

Increase in Salinity The discharge of brine effluent via the outfall will result in the increase of
salinity to the sea within the mixing zone of the project. Given the
location of the outfall in proximity to the outfall of the IWPP plant, there
may be a resulting cumulative impact of brine.

Salalah Independent Water Project 920
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17.2Proposed Assessment Requirements for EIA

The brine dispersion model as described in the Marine Environment section of this document
will incorporate a simulation of the brine discharge from the existing IWPP outfall in
combination with the brine discharge from the proposed IWPP. The results will be reported in
the Marine Environment section of the ESIA with a determination of compliance in regard to
the respective standards for mixing zones.

Salalah Independent Water Project 91

Environmental & Social Scoping Study



CWAPOWER‘\ %quﬂ(ﬂf

APPENDIX A — PROJECT LAYOUT
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APPENDIX C — CONTAMINATED LAND PRELIMINARY
RISK ASSESSMENT

The Contaminated Land Risk Assessment methodology used for this assessment is based on
CIRIA C552 (2001) Contaminated Land Risk Assessment — A Guide to Good Practice, in order
to quantify potential risk via risk estimation and risk evaluation, which can be adopted at the
Phase | stage. This will then determine an overall risk category which can be used to identify

likely actions for the cable route. This methodology uses qualitative descriptors and therefore
is a qualitative approach.

The methodology requires the classification of:
¢ the magnitude of the consequence (severity) of a risk occurring, and
¢ the magnitude of the probability (likelihood) of a risk occurring.

The potfential consequences of confamination risks occurring at this site are classified in
accordance with the Table below, which is adapted from the CIRIA guidance.

Classification of Consequence

Classification Definition of Consequence

Severe Short-term (acute) risks to human health.
Short-term risk of pollution of sensitive water resource or ecosystem.

Catastrophic damage to crops/buildings/property/infrastructure, including off-site
sails.

Medium Medium/long-term (chronic) risks to human health.

Medium/long-term risk of pollution of sensitive water resource or ecosystem.
Significant damage to crops/buildings/property/infrastructure (on or off-site).
Contamination of off-site soils.

Mild Easily preventable, permanent health effects on humans.
Pollution of non-sensitive water resources.
Localised damage to crops/buildings/property/infrastructure (on or off-site).

Minor Easily preventable, non-permanent health effects on humans, or no effects.
Minor, low-level and localised contamination of on-site soils.
Easily repairable damage to crops/buildings/property/infrastructure.

The probability of contamination risks occurring at this site will be classified in accordance with
Table below, which is also adapted from the CIRIA guidance. Note that for each category, it
is assumed that a pollution linkage exists. Where a pollution linkage does not exist, the
likelihood is zero, as is the risk.

Salalah Independent Water Project Appendices
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Classification of Probability

Classification

High Likelihood

Definition of Probability

Circumstances are such that an event appears very likely in the short-term or
almost inevitable in the long-term; or there is already evidence that such an
event has occurred.

Likely

Circumstances are such that such an event is not inevitable, but is possible in the
short-term and is likely over the long-term.

Low Likelihood

Circumstances are such that it is by no means certain that an event would occur
even over a longer period, and it is less likely in the short-term.

Unlikely

Circumstances are such that it is improbable that an event would occur even in
the very long-term.

For each possible pollution linkage (source-pathway-receptor) identified, the potential risk can
be evaluated, as presented in the Table below. Based upon this, CIRIA C552 presents
definitions of the risk categories, fogether with the investigatory and remedial actions that are
likely fo be necessary in each case. These risk categories apply to each pollutant linkage, not
simply to each hazard or receptor.

Overall Contamination Risk Matrix

Consequence
Severe Medium Mild
High likelihood Very high risk High risk Moderate risk Low risk
g Likely High risk Moderate risk Moderate risk Low risk
Qa
_g Low likelihood Moderate risk Moderate risk Low risk Very low risk
ne_ Unlikely Low risk Low risk Very low risk Very low risk

Definition of Risk Categories and Likely Actions Required

Risk Category
Very high

Definition and likely actions required

Severe harm to a defined receptor is very likely, or has already occurred.
The risk is likely to result in a substantial liability.

Urgent investigation (if not already undertaken) is likely to be required.
Urgent remediation is likely to be required.

High

Harm to a defined receptor is likely.

The risk, if realised, may result in a substantial liability.

Urgent investigation (if not already undertaken) is likely to be required.
Remediation is likely to be required in the long term, possibly sooner.

Moderate

Harm to a defined receptor is possible, but severe harm is unlikely.
Investigation is likely to be required to clarify the level of potential liability and risk.
Some remediation may be required in the longer term.

Low

Harm to a defined receptor is possible, but is likely to be mild at worst.
Liabilities could theoretically arise, but are unlikely.

Further investigation is not required at this stage.

Remediation is unlikely to be required.

Salalah Independent Water Project
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Risk Category Definition and likely actions required

Very low Harm to a defined receptor is unlikely, and would be minor at worst.
No liabilities are likely to arise.
Further investigation is notf required at this stage.
Remediation is very unlikely to be required.

Salalah Independent Water Project Appendices
Environmental & Social Scoping Study
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Appendix B
Environmental Scoping Study: Approval Letter from MECA
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Appendix C

Project Layout
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Krooki (Ministry of Housing)
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Appendix E

Contaminated Land Preliminary Risk Assessment Guidelines
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GUIDELINE - CONTAMINATED LAND PRELIMINARY RISK ASSESSMENT

The Contaminated Land Risk Assessment methodology used for this assessment is based on
CIRIA C552 (2001) Contaminated Land Risk Assessment — A Guide to Good Practice, in order
to quantify potential risk via risk estimation and risk evaluation, which can be adopted at the
Phase | stage. This will then determine an overall risk category which can be used to identify
likely actions for the cable route. This methodology uses qualitative descriptors and therefore
is a qualitative approach.

The methodology requires the classification of:

¢ the magnitude of the consequence (severity) of a risk occurring, and
¢ the magnitude of the probability (likelihood) of a risk occurring.

The potfential consequences of confamination risks occurring at this site are classified in

accordance with the Table below, which is adapted from the CIRIA guidance.

Classification of Consequence

Classification Definition of Consequence

Severe Short-term (acute) risks to human health.
Short-term risk of pollution of sensitive water resource or ecosystem.

Catastrophic damage to crops/buildings/property/infrastructure, including off-site
sails.

Medium Medium/long-term (chronic) risks to human health.

Medium/long-term risk of pollution of sensitive water resource or ecosystem.
Significant damage to crops/buildings/property/infrastructure (on or off-site).
Contamination of off-site soils.

Mild Easily preventable, permanent health effects on humans.
Pollution of non-sensitive water resources.
Localised damage to crops/buildings/property/infrastructure (on or off-site).

Minor Easily preventable, non-permanent health effects on humans, or no effects.
Minor, low-level and localised contamination of on-site soils.
Easily repairable damage to crops/buildings/property/infrastructure.

The probability of contamination risks occurring at this site will be classified in accordance with
Table below, which is also adapted from the CIRIA guidance. Note that for each category, it
is assumed that a pollution linkage exists. Where a pollution linkage does not exist, the
likelihood is zero, as is the risk.



Classification of Probability

Classification Definition of Probability

High Likelihood Circumstances are such that an event appears very likely in the short-term or
almost inevitable in the long-term; or there is already evidence that such an
event has occurred.

Likely Circumstances are such that such an event is not inevitable, but is possible in the
short-term and is likely over the long-term.

Low Likelihood Circumstances are such that it is by no means certain that an event would occur
even over a longer period, and it is less likely in the short-term.

Unlikely Circumstances are such that it is improbable that an event would occur even in
the very long-term.

For each possible pollution linkage (source-pathway-receptor) identified, the potential risk can
be evaluated, as presented in the Table below. Based upon this, CIRIA C552 presents
definitions of the risk categories, fogether with the investigatory and remedial actions that are
likely fo be necessary in each case. These risk categories apply to each pollutant linkage, not

simply to each hazard or receptor.

Overall Contamination Risk Matrix

Consequence
Medium Mild
High likelihood Very high risk High risk Moderate risk Low risk
g Likely High risk Moderate risk Moderate risk Low risk
§ Low likelihood Moderate risk Moderate risk Low risk Very low risk
ne_ Unlikely Low risk Low risk Very low risk Very low risk




Definition of Risk Categories and Likely Actions Required

Risk Category Definition and likely actions required

Very high Severe harm to a defined receptoris very likely, or has already occurred.
The risk is likely to result in a substantial liability.

Urgent investigation (if not already undertaken) is likely to be required.
Urgent remediation is likely to be required.

High Harm to a defined receptor is likely.

The risk, if realised, may result in a substantial liability.

Urgent investigation (if not already undertaken) is likely to be required.
Remediation is likely to be required in the long term, possibly sooner.

Moderate Harm to a defined receptor is possible, but severe harm is unlikely.
Investigation is likely to be required to clarify the level of potential liability and risk.
Some remediation may be required in the longer term.

Low Harm to a defined receptor is possible, but is likely fo be mild at worst.
Liabilities could theoretically arise, but are unlikely.

Further investigation is not required at this stage.

Remediation is unlikely to be required.

Very low Harm to a defined receptor is unlikely, and would be minor at worst.
No liabilities are likely to arise.

Further investigation is not required at this stage.

Remediation is very unlikely to be required.
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Appendix F

Noise Meter Calibration Certificate
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BS EN 5109452005 with the free-fiekd raspansa darlved via slandard corrections dala
treceabls to tha Matonal Physzal Laboratery, Muddleses LK

The absolute sensitlvidy 3t 1 kKHz was measured uging an agqusts calivrator conforming to
IEC BAGA 2 2007 Class 1

Crate o Cahrabon 24 Manth 20Lr

CQipan Circuil 8.2 m¥/Pa
Sensilvity at 1 kHz: ~24.8¢B rel 1 ¥/Pa

Environmantal Condritlons

Fressure; 1050 kPa
Temperature, 20.0*C
Hu tridiby: 33.0 %
Catibratlon Laborataory
Lakoratory. Cirryg Research plc

Acoustlc Housa, Brdungton Road, Hunmanby
Merth Yarkshipe, YO T4 PH. Uratas Kingdem

Test Erqingear: Debra Swahwell

Clrrus Resanrrh plc. Acousti bleose, Gedbrgron Rowd

Inmranby, sert arksare. rOk OPF. Lmted lgrom E‘I:?m 'Ili-?.'ll:l'l
Hm_ DAY I 2dMd ik ~53 1A NS Gy ErralroarsrLal
Ermad- salrsic . musmezean e uk dalwrayment T

Wil e O EEEU TS0 Lk
L¥ Aepiibgt-or ro 34TS0 FML531001 EME 553104




Free-Field Frequency Hesponsa

Free-Fald Sansihyiy (A8 ral 1 kHz2}

Frequency [Hz)

FreaF k] Sanshw Apbuatar b Frea-Fiskd
Frequency (Hz! (B rel 1 kHz} A Comecion By
00 503 .05
125 0.0% .05
180 -0 .08
500 201 010
Z80 0. 04 1.14
5 .16 13.24
406 .04 1
00 010 14
FA0 0.G1 0.or
=00 408 310
1009 LIRH I .02
1 284 LT HE .01
1 &00 0.c4a 00
2 00g 0.0 018
2 500 0.c5 ={1 79
3150 o 062
4 000 0 95
5 000 .02 A 45
5 200 .08 EET
8 004 6.0 231
40 GO0 » (b 292
12 500 013 73
15 000 0.06 .90
20 600 e 0.3
£ -
0. . _ . o
-F 4
-1ﬂ -
15 | .l
100 1001 10063



Certificate of Calibration

Research plc

Certificate Muvibar
Data of Issue:

1312889
27 March 2117

' [Cirrus

Arc.oustic Calibrator

Manufaciurer:
Mede| Mamber

Clitus Resanrch plc
CR:515

Senal Mumber 5o571

Callbration Pracedura
The scund calibraior detaileg abave nas been calibrated [ the pubhshed data a5 dascnbed n he
operaling manual and i the maikinch configuration. The procedures and techniqees used areg as
degcnbed in [EC B0342:2003 Annex B — Pariodls Tasts and Ihree datarminations ot the sound oreseurs
level. Fraquency aad tolal distortlon were made,

The sound presswra level was measurad uslrg & WSEF condenger microphone vpe WK 224
man dfactared by © mug Research pic,

The regulis have bean sorected b the reference pressure of 10F,33 KPa using the manuiaclureT 5 daia.

Data of Callarat-an: 27 March 2017

Initial Calibration Results

Maasuramant Level [(dB) ” Frequency {Hz] l Digtorfion (% THD + MNoige)
1 g 132 10001 .31
2 1.1 10001 0.3
3 0413 10331 .20 ...
Auerage La Ll L 0.3
Ungartsnty +013 10,1 = 0.0 7]

Thea repirled uncatanbss of rsgd.mament are axpanded iy a covarage fedce of ke groviorg a 45% confidence E=vel

Adjusted Calibration Resulta

Measuramant Lavel [dB) Frequancy [Hz) Digtortion (% THD + Noise)
1 04 00 1004, 1 0.30
2 93,80 000 1 S
3 04 .01 100 0.30
Average . 0D 1000.1 0.30
Lnsadamily +0.13 301 1910

Thet repoetad wnicarlardled of mageL marment ArA mepanded hy a covarapa facioe af ke2 | proesnd g a 66% conldams ausl

Chrus Rinannth ple. foowsoe Hooes, bodl ngion Rcad

Hurrmasy. oot Yoekiniee, rioH OPF, Lnmed Elngecm EI:':I]D'I Egm
Tikapelenna: CRAZ 250 103 Itk =149 |735 BERGGA Chusky Empnpumercal
ol w3 e orrnseanch mo ok FMersgemen b LU
Wity v CirUsmeears o Lk

LIK Reg sxrmos G, PG Fage 14qt2 FM Z3Cal cM5 301104



Envirenmental Conditionsa

Prassuna; 101. 75 kFa
Tarnperaturs: 215*C
Huamid rty: A58 T

Evidence of Pattarn Approval
The manufasturer's produst information indicates that this model of sound calibrator has bee formally

patem approved ta [EC BOS42:2003 Anhex A ta Clast * . This has baan canfirmed wath tha
FhysikabschTechnische Burdesarstalt (PTB).

Statament of Calibration
A& public evidence was available, rom a lesting organisation responsibke for approwng 1he results of

patem evaluatian tetts, ta damonsltata that tha madal of Sowund calibrator fully conformed to the

requirerments for pattern avalyakon described n Annex A ol [EC 809422003 (the sound calbrator estad
ig coneidered b conlorm ta all 1he Class 1 requlramants of IEC E0S42:2002.

Calibration Laboratory

Laboraiony- Cirrus Resesrch ple
Atousiic Houge, Bridlingtan Foad. Hunmanky
Marth Yorkshire, Y014 QPH, Linited Kirgdam

Test Enginear Sharea Dovaten

ST

Page 2 aof 2
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Lonestar Alpha Laboratories

Mot PO, Bowe 1197, PG 130, Muscal, Sulkanaln of Oman - Tel: +068 31853 /S50, Fax ; +DSA 24802514
Mursead Chemintny Lab : P0: B 1097, PG 120, Musia, S Hanata of Cman - Tel =+ 362 24506 PAHHAM, Fin | +208 pLE AL
Selnar ; Pk B B4, PC 27, Soar (efusirich Estale. Suksnane o fman - Te.: ot 26051 P55 5430 408 Fae - + 508 S8051301
Ouegon: Tal; +96E BREPMHD, F-ngd; dagm AbHoaga i haco s

Salababy: P Bar IRAT. PG P1, ks 1968 2200050, Fre +963 TR, E-mutl: edabh labdime sl pha o

E i - | [t e et sha oo, ek e mvw oietaralpha oom

TEST CERTIFICATE - ANALY SIS OF 50IL
Report Mo, LMHE = 1765 Date Raporied 08 Aug 29T

Cust Ral, - Date Raceived 13 Jul 2017
1. Informaton Pravided By Sustomer

Customer g CAPITALS
PO Box 112309, Sheikh Zaved Road Dubal UAE
Frojact Mot Giren

Sampka Descrption [ Sall - S-1
i Sampling Location | SALALAH I&F

Eatnphed By Cuslimer Sampling Gale & Time 107371201 7; 10:50

Sampla Brooght By (Cueslomer Sampling Method M3

i_ Informution Provkded By Lakoratory

Crate Tesied 13 Jul 20707 =~ 0% Awg 2017 Method Yarfalon ML

Tas1 Location MCT LAL Saripls No. CHE ¢/ 181

Remarks Hene

d. Test Resulta

TEST LIMIT TEST METHOD MOoL RESULTS
Chamical Tests
Arspnig moikg LISERA 5w 846080110 3 123 233
Bariym mg LIS EF& SW 8466010 C 1 24,5
CEIMISEm malkn LISEPA, SWRER010 C 0.3 <[.2
Chrgmigm | Mg USEFA EW B46E010 G 1 324
£-obalt I mglkg LISEFA, SWRAEEI10 G 1 B.52
wORREr kg USEPA SWBIBE10 O 1 =1.G
1aad reg kg LIZEPS SWARALANI0 C 1 51.0
M arganese [ Tt WIEFA S 84008010 1 194
M ity L mgikg USERA SWRIAENG 0.1 <0.1
Earchal l kg LISEPA SWBAGGED10 G i J3.4
il & CGreasa Mk USEPA 1E64 e =il
Salarum mgkg LSERA 5W A465010 C 13 (1.3
Fuly s Mg WASE RS S B G010 2 20.0
Total petralaum Hydrocarbons

n-Cwtane maikn LUSERS Sy Ba5/ B3 5B .05 305
n-Maonane migfkg LISEPA S B B0 5B 0.05 =22.05
n-Mecana riglsn LUEEPA SW BA5/BH SE 0.05 <0305
ri-Undecana mgi=Q LUSEPA SWW BAG/B1 5B .05 =[5
n-Dixdecena maEn LISEPA, S Baki B3 SE .05 =205
n-Tridecana rilgin LISEPA SW B4/ BH SE .05 =005
n-Talradacana ma&n LISEPA 5'W L0 B0 15E .05 =[5
n-FPentadamno makR LISEFA S A4GIA] 156 q05 2} 015

Tema and Condisar a1 s AEqEas 5 of B 4 Fige 1t
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Lonestar Alpha Laboratories

Weesead ;. PO, Bax 1 09T, PG 130, Muscat, Sutianade af Tean - Tel,: $06F 2420050 ¢ 5500, o +A68 24503614
Mt Chembsry Lab :PO.Be 1157, PC 13 Mesc, Gukrcte of Oman - Tol.: 366 26504000, 24504324, Fan ;138 A0ES
Ephyr : 0. Box B4, PO 3T, Enhar Induetrial Exta, Saarle al iman - Tel: 5608 26751758 £ B0 0 506, Fan. ; 0363 60500
Dty - Te. ATREH 950 T, E-- s L o, R R kg 0o

Balakah: P73, Becs 18T, FC 211, Tel: w906 TR, Pt o860 FORLIEHT, Emta: sobelah ke trldohishera fad o0

Ecachl | - i nroidei s i el cmi, WL BAI0: il bR LAraf -2 0,

Ruperl Ho. LMCHE - 17-06858M1 Dats Reported 08 Aug 201¥
Cut Hal Dala Recalved 13 il 217
TEST LHIT TEST METHOD MOL RESLLTE

r-Hexadecana ey LIGERA 3W BaGEin B 0,0 =0
I-Haplacdesano mighig USERa W a6/ 5B .05 =005
Friziana mphg LSEPA 5 BaiS 5B 005 =005
n=CltLidiecang mhg USEFA 5 BA683H 5B 0.5 =0.05
Phylara mitg UEEFA 54 B4EIEH 5B 0.05 <0.0
n-Monadocara gk USEFS SW BI5EH 5B Qs <[ 05
M-Elcpsane mkg LUSEPA 5% B985 5B 0.05 <0.05
n=Hopgicosana rrehe USEFA 3W BAGEH 3B .05 <0 05
n-Docosana mpkg USEPA 5 g 5B 0.0%5 =015
M-TrHrcosara Moty USEFA 54 B/ 5B 0.05 <[.05
n-Talracraane Tk LISERA W BAGEH 5B 0,05 A0 35
f-Penlasagana mn'kg LUSEPA SwW Badidl 5B 0.0%5 «0.05
N-Heracssang vk LIZE Pa SW BAGREH 5B Q.05 <005
Fi-He e mEikn LEEFA 3YW B4G3H 5B 0.0s =0.05
n-Colacosansa T USEFRA 34V BIGDI15E 005 <,05
n-Monaetdar mipfhg LISEPA 3 BaGrdd 158 0.05 =005
n-Trigoontane gk LSEPA SW BaRG0158 0.05 0.7
r Hirtrgmnlane rriki LI=E Pa Sul BAG6E0 158 0,05 paiAlyi]
r-Doenaccalane makg JEEPS 5WW BaGE0 156 0.05 ol 15
n-Triracanlana riafkp LISERA Sy B<bA0 1SR 0.05 =105
rr-Tetratndcanlang me'ka LISEF# SV BGAE0 158 n.Qs =, 05
n-Pardalriaconiana kg LZERA W B=6r0150 0.05 =005
rrHeatn s anlana mgrkg LISEFS SV BAGED158 0.0s ={.05
rrHeptamiacantana ring 'k LIZEPA SW B2 15E n.0s <105
nCHEabEoyiEng ma'kQ LEEPH SV BLEBI15E 0.0s o [k
rr M BT Bt s mgxyg LUSERA S BA4EE01 5B D.as =1 (15
rr Tetmcamane MgEQ _USEPA Sw 81810158 0 =006

MDL = Meltted Deb=cion Limil

]L . [_ (&u'ﬂh
or and \th:ll' af ratories
Muscat Tejall Farsekar
* End o1 118 tes] ropoM | 1+ commmie  Mormiogy

Tarmn pafa] COfesqun p 27 14 Raveras wie ol Fus shas Pagai il



Lonestar Alpha Laboratories

Muncal - PO, Boa 1157, PG 130, Muscat, Sullanate of Diman - Fal: o358 24501524 | 5990, Faa © +388 24500814
Muacat Chamialry Lak : RO, Buc 1197, B2 130, Mussal, Sulaws of Gman - Te: #4365 20504106, 221 Fan | o3 MAGE

Sahar ; B0 Baz 84, PE 227, Setur Ingusirly! Extrie, Sutlanade obman - Tel: #3968 35FE0T 550 0 4 506, Fiol © + 62 26051321

Pogm Td o568 M M0RE E-mait dugr liSonastes o can
Salataly; PO Bz 1387, PG 276, Tel: # 066 ET12700, Fac - 68 B2 11, Bmna | =labh e it ol €1
Eormadl ;PN poeslr phs com, Wegei: wrn enssaal ghctm

TEST CERTIFICATE - ANALYSIS OF SCIL

| Report Ha, LMCHE - 17-DEBS2 Data Reparted 08 Augy 2017
Cust Ral, Date Recolved 13 Jul 2017
1, ltlmation Provided By Susiomar
Cuslomer b CAPITALS
PO Box 118499 . Sheikh Zayed Road Dubei UAE
Frojoct Mot Given
Sample Gagenpilon  (Ball - 5-2
hmnlim_imaﬂun SALALAH WP
Sarmpled By Ciualomer Samping Dato & Time IQSTA0TT, 11:05
Sample Broughl By  (Cutlomer SampRng Malhod NG
4. Informadion Provided By Laboraiony
Cale Tested 13 Jul 2817 ~ 09 Aug 2017 Method Varletdan HIL
Test Location MCT LAL Sampde No. CHE { 1942
Ramarky Mone
3, Togt Resulls
TEST LNIT TEST METHOD MDL RESULTS
Lhamical Terls
Arseni makQ LEEFA W Q4 T010 G 0.3 3.0
Eanum b mpkg USEPA 5w 34EE010 0 1 4045
Cadmilu el ke LIEEPS EWBAS 5010 & 0.2 0.24
Chreeniam gk LS EPE S0 B B0 10 2 1 26.3
Lobalk mgkpg LAERA SWEISEDI0 O 1 i 185
Coppar Mgy USEPA SWEHEIEOT C 1] .00
Load mgg LIS=PA SWEJGED10 © 1 107
Mangenase mafeg LISEFE S B4b G010 O 1 116
Wharcury mgikg USEPA BWRJE/SD10 G 0.1 <0.1
Nikel g LISEFA SWBARMES10 1 I5E
il & Gressa ﬂﬂ-ﬂ_ LISEPS 1664 10 =10
SEkEnium mgHg LSEFa 5w BdaE010 o na ek
Anc moMg | USEPA W SABEM0C 2 277
Toial pelralecsm Hydrocarbons
relane . mpikg ISEPA 5\ B45/80158 n.gs =0, (K5
MHHHARE P Bl T ngikg USERA 5\W B46,80158 b.05 =008
rCecana ik X cunbaddp I rrigfg USEPA 5W BAKILS1 5H pos | = 05
alndegans S g T markg LISEFA 3W BA6/AGHSE 0.0 <005
e Hel o kg USEPA 54V B4680 158 .05 <0.05
n-Tridecang i "'«r_ mgikpg USEPA Sy 84680158 n.os el 05
r-Talredecane AT mgig LISEP4 Sy J45E0150 p.og =005
n-Panladacane "‘ﬁ/ Mg UZERA SV 84580158 008 .05

Tirmg wned Cond Lara e LFa REvibsd didd of |he aheet

Fage 12l




Lonestar Alpha Laboratories

Museat : P00, Box 1187, P.G 120, Muscal, Sullangts ol Qmen - Tal.; ¢358 24501 52d / 55090, Fax - #0608 26503814
Khaacal Ghamlsbyr Lab s O, Bon 1132, PC 130, Muzcal, Sulermle ol Dmiw - Tel- +843 MED4206, 204924, Fax - +BER 29512635
Sakar PO Bog B4 PG 327, Gotar Indeslral Extaly, Satanan of Dwaa - Tl 50 2601700/ 330 ) 906 Fa - +B63 16751 11

Dot - Tl * 4056 D7 M0, E-rag it cug m, bl ey et h Lom
Galmlsh (PO B3 1887 PG 211, Tl: 1568 13213200, Far +368 120351, E-mdit salabh Rrfboveslardioha cem
-l i frifm skaralping o, We b werw b ajardn ba o

Report No. LMCHE - 17-(65%2 Dats Aeporied ¥ Aug 2047
Cust Ref. - Date Recelwved 13 ol 3017
TEST UHIT TEAT METHGHO MOL RESULTS
N-Haxaoecana Mgk USEFA S BABIBOISR 0.05 <[5
n=-Hepladacans mgkg LSERA 3w B46/B015E 0.05 Q.05
Prstars mekg LISERS EW E46/BOTAR Q.05 =005
n-Chriaecana mgikg LIGEPA 5\ £46/ED1 56 005 = {5
Fhylense gk LISEFA 5W Ba8/BC1 58 L8 iy
r=Mdor a0ecand n1|;|I1l'ﬂ LUSERA 5w BAG/RC1SBE C.0E =(] O
n-Eicasane mghyg LUSEPS, 5W 846085150 245 ] 5
n-Heneizosang Mok USERA 5W 845,001 5D R L w(]
r=Cumsans emglhg LUSEPA Sy §360551 55 ons =] O3
- rGasa e mpkg LISE Py S RafdefiH BE (X LS «1.05
n-TelRCoEans gk LISEFA Sy AdRa01 =8 305 <005
n-Pentacasens mgkg LUSEFs Sw 34880158 0ok (LGS
n-Hexacnsane g kg LISEPA SWB4EE0158 2% <005
r-Heptaoseng mgikg LSEFA S5W B4EG01 56 0.0% =005
n-Crlacosane fgky LISEPA 5w B46/00158 0.05 =0.05
r-Monacasana Mai&A USEFA S BARHE015E 0,05 =005
M- Triseclgrig mokg LSEFPA SW BHBI1SE 0.5 <[.05
r-Hentnacantans mg kg USEPA 50 BALBO1IE 0.05 =1 (5
reDdiacanizne Mgk LISERA S¢W BAS/HMSE .03 =0 [f
n-TrkrBen A riifathi; LISEPS, S B&013E 0.05 a3 05
n=Tetratnacantane mkig ISEFA B BIR/EI1SE Q.05 2 {1k
=P grdarigeontang mrhg USERA S Bd5rE015E 0.05 =01 {15
f-Hexalriaconlang kg USEPA 5'W B4GS01 5B O0s = F
n-Heplalris=onene kg USERA 24 BAGED1ER QL0 ot
r-Crlalrizcomarcs gk LISEFS BYWy Sa6i301 58 .05 =05
n- Wonatnacantana mafkn USEFs SW 846/801EB KM} =} 0L
n-TEIrdearlang mofkg USERA SW BAE/BI1SE oos | (015

MOL = halhad DLt Limil

1 £ k E}Enh& 1\‘3

Mugcat Tejali Parsekar
1T EMDf“ETEHH‘-Fﬂﬂ ars . “m:.r:mu'

Tanmy aikd Covdd liona on e Fesarss g 26 te) W)

For and hnh:h of Lonaptar Alpha Laborstories
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Lonestar Alpha Laboratories

Whurcat ; P, Bax 1197, BC 130, Muscad, Sallanabe of Dmsan - To: #36 ME01S24 ) 5990, R 1968 2050301
wruncat Ghamdstry Lak (B0 Brw 1197, PC 130, M Subanair ol Omin » Te,: +368 SAS0206, 200, P 420 2ISIRETS

%ohr - PO, Box B4, PG 327, Sohar Wedustrisl Estly, Salanae of Onan - Tal: +964 26750755 1 0 1 576, Fas ;542 26151331

Cugm: T +261 90TADD, E-ma |t R pnesliraipia com
Sabalah: P Boo FMR, PG HLY, Tl -2 P3H 3330, Fac o960 TIEL03H, E-md: =i bh L bHEm Harsiply £ 1
Emall ; mhoanesEralple tom, Wbkl wwil s phaom

TEST CERTIFICATE - ANALYSIS OF S0IL

Repar No, LMCHE - 17-D688/3 Cata Raported 09 Aug 2017

Cukt A Crale Roceded 13 Jul 20417

1. Informatlan Provlded By Cuslomar

Cozs boamear ECARMTALS

PO Box 1186898, Shelkh Jayed Ropd Dubgt LIAE

Praject Mol Given

Sampla DescAption | Soil - 3-3

Zampling Locallon | SALALaH WP

Samplad By Customer Sampding Calg & Time 1O 201T; 1140

¢ Sampla Brought By | Customer Samplng Waihod MG

. Infarmation Provided By Laboratory

Dale Tesisd 13 Jud 2017 = 08 Aug 2017 Mothad Yarfation MIL

Test Lotation MCT LAL Zample M. CHE 1943

Furmarks Mana

1. Taal Results

| TEET LNIT TEST METHOD ML RESULTS
Chamical Teals
Artang mpkEpg LZERA SW BIEBSI10 C 23 218
Blarnum mokn WISER S Sy Bl 10 1 56.5
Cadmirm rplky USEPA SWa4RB010 L 0.2 0.arv
Caroimar mkp IISERA 2w BB 10 1 a5
Cabak ma'ky LSEFS, EWE BIE0E £ 1 0.6
Coppar ma'kg LISEP® 50 gied i S 1 R
i migikg UISEFA SWaLBED1T = 1 4,04
Marpanesse mptg LUEEFA Svi S4BT 0 O 1 a1z
Plmrcury maikg UEEPL SWad G600 o 0.1 =11
MicHed ek USEPA SWEEED1] & 1 B4.3
il & Gragse mig'kg LUSERE 184 11 =10
Salarim mg'ig USEFA 5w B4E/6010 T 0.3 =03
fina Mg USEPS, S B BIFH 18O z 58.7
Tolal petroleumn Hydrocarbons

Nrhtane mgrkg USEFa 5w EAGMAD 58 ons =005
n-Manena morkg USEPS SW Ba5/80H 53 g i =005
n-Cecnng gy WZSFPA4 S Bagig 15 G D& =100
A-Undecans magky UZEPA 5'W B20:30158 3Ls <0005
n-Codecans Mg USERS ' 24630158 i =(1.06
n-Tridecanse kg USERA SW 34600158 1K) =0.0345
r-Telredecans mpkg LISEFA S 34080158 0,03 a0
n-Panladecarna mpha LZSEPA SW 34680158 0.0 =005

Twims snd Conddla:a on tha Raversa aide of 1 3tk

T ICE




Lonestar Alpha Laboratories

Muszal : PG, Box 1197 F.C 1730, Musaal, Sultaonle of Ceman « Tel: +068 24501554 | S9090. Fan ; +950 24308614
Muscai Chaminlry Lab ;PO Bm 1187, P 130, Muscat, Sulanie o Gman - Tal: 4968 24006, 2040, Fex | +050 2004
Bahar ; PG, Boe B4, PL AT, Sohyr nyets] £ctgle, futtengte ol man - Tal: +D68 2051055 ¢ 50/ 306, P +958 fa731 51
e ! Ted - o0 ST B0, E-madl: s . Efrbmnesta 2iphaucen

Sakalah OB D8I, PG 1T, W <068 Z1E11590, fac +966 ETH 13, Eomal: sakh SSned pi ofm

E-mall: nimestaalphy com, Websii: we koneszreipha con

Raport Ho. LMCHE - 17-08848r3 Date Reportad 08 Aug 2017
Cuat Ref, Cate Recehmad 13 il 2017
TEST UHIT TEST METHOO ML RESLILTS
r-Hexatarans mgrkg ILSEPSA, 59 BAG/BO1 5B 0.0s <[0.05
n-Hepladacane mgikg LESEPA, 5W B48/E01 5B 0.05 <[.05
Fristare mkpg \ISEFA 59 BaG{EGH 56 0.05 ~0.05
n-Cladacans Mg LISEPRA, 5% BAB/B01 56 0.05 =Nk
Fhylame ma&q USEPS, 59 EAGIBO1 56 1.05 35
n=Monagecang r) o1, i} LIZERA 54 E40/801 58 .05 =i} QE
r-Eicngans M1 LISERA BWW BaG/A01 5B 006 “0.
n-Heneicsane g LISEP& 54 BaAr801 5B 0.0 =[] e
rHEesa _mgheg LEERA 5W BAGAD1 5B 0.0 =] 05
re T ricosans mgikyg LISERA 5'W Ba6/801 5B .05 005
n-Tetracoane mpg'kg LUSEF& 3 BAGMAC 5B LR )
n-Fentacesana mghg LEEPA Eyy Bag'g0 5B A.06 =<
n-Heaampsang mip'kg USEFA S'W 840080158 .05 =i} Q15
n=Heplacosane mkg LISERA Sy Barrdln 5B 0.05 305
n-Cxiscosane mikg LISEFA W B2E/801 58 Q.05 =05
n-Monacosana mpki LISEPA &% 845080 5B Q05 A
N-Trlecontane makg USERS SW 246080 5B 0L0S <005
n-Herknaconte ne ma'kyg LISERPA Svy B4 6080 5B 05 =005
n-Draliissoreane Tk USEPS SW 846580158 D5 (1,56
n-Trilmecontssg me'kg LSEPA SW A456/30150 L L =0.05
r-Talraiacemang mgikg LISEF& & B4E801 58 (1 |3 =005
r-Fearm atresortane kg LSEFA 5W B4EE0T5E 0.35 =(,05
n: Hexatracpsana ek LS=Pa W B46E0153 0.15 «0.05
1+-Heplatrizoontano gk PZEFS 2 B4RIAD1EY .05 =0.15
r-Chekabra eonians gk UEEPA 5 B4E/B01 5 1.0 =0.05
r-Moneirlagcomane r@'tn USEFA 5w BaE/B0158 0.5 =003
n-Tetiaenlang gy LUSEFE SW B45/EM BB 0,04 =0.05

MOL = Malhad Desacign Lmd

ar and bahak af

Tarme and Coval eone on Lha Pyon gy nrin o Ihe shee Pt 2 -l 2



Lonestar Alpha Laboratories

Museal : PO, Box 1197, PLC 130, Muscal Sultanple ol Qman - Tal: 968 24501524 | 5680, Fag ;+460 24503614
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TEST CERTIFICATE - ANALYSIS OF SCQIL

Report Mo, LMCHE - 1T-488%4 Date Reporied OB Aug 204¥

Cust Rel. Crate Racehved 13 il 2017

1. Infarmattan Provided By Customer

Cuztames 5 CAPTALS

POy Bax 119888, Sheikh Zeyed Resd Dubal UAE

Frojact Mot Given

Sampha Cescription | Sml - 54

Sampling Location | SALALAH IWP

Sampled By Cuslomes Sampling Dats & Tima 1007REMT; 1245

Sample Broughl By | Cuslomss Sampling Mo NG

2. nformation Provided By Labaratory

Cate Teztad (12 Jul 2017 - 08 Aug 2017 Medhod Varialbon HIL

Text Location MCT LAL Sampla Wo. CHE 1944

Eemarks hore

I, Tost Resudis

TEST LiIMIT TEST METHOD MDL RESULTS
Chemical Teals
& rEanic mai.g LISER S SW A4 55010 5 0.3 214
B B el mpkg LIZEPA 5w Q468010 G 1 ara
Cadmlum ma’kn USERA SWHIEED1F T 0.2 =02
Chitaitiium mgitg LSEPS S B4 RG0S C 1 J5.9
Cobsi meg. kg USERA S'WRAE'EDI0 T 1 A4A
Coprar ma/fkg LISEFA SWEEB010 & 1 2.058
Laad rnaiky LZEPA SWRASEDI0 T 1 212
Marganasa mafkg LSEFA W B46E0T0 1 257
Marsy ty mgkg LSEFPA SWEASEMAO T nA =01
W kel ritgikes USEPS SWRISEM T C 1 419
il & Guaase mgikg USEFA 1E64 10 =101
Sekenium mgfg LSEFe Sy B4GMEC10 = 0.3 <0
dinc THIL USERS 3W BAEL10 T 2 252
Total peboleum Hyd roearbong

r-olana mphy IPSEPS W 34RIB015B 0.0%5 =105
r-Monana mpkg LSERA SWY A4 BIED15E 0.05 =0.05
n-Decang T g mikg USEPL S Bd BB 5B 0.05 <0,05
n-Undecang g, gty LISEFA W B4E/E0158 0.05 <[.05
r-Dadecans *i 3k rAgtkg LISEPA 53 848801 5B 0.0% «<0.05
reTridacansa ]|,|L 5 ' kg USERA SW B4A/0}15E 0,05 =[.05
n-Tetradecane o & Pt mgkg USER& 5w B4/ 158 D05 <[.05
n-Pemadecana S D magtkg USEPA SW BAG:20158 D05 <[.05
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Lonestar Alpha Laboratories

Muaent ; PO Box 1187, PG 150, Muwscal, Sullanate of Oman - Tel; o563 215005204 | 5580 Fax ; +H60 24503614
Mueal Ghambetry Lab ;PO B 1157, PG 130, Muscat, Sullanale o Sman « To.: « 6 2ASMEIE, 24HHE24, Fin © + 390 MHAIES
Soluar - P, Box 34, PL X7, Sehar Dduwstrial Esbale, Sudianate of Oman - Tel: 1268 26751256 F220 /906, Far - + P20 BEVSIECL
Chacyets - el 4968 BOLAEINL el I; M L e phasem

Sabaluh ;PO B K7, PG 211, Tel: «BEE ZTTI00 B 4808 A1203301, F-mak sataldh RS lweshaa pha rem

E-mull: Nkl msGriiohe oo, Websie; wonl [anesmrapha mm

Raport Mo LMCHE « 17006804 Date Reporisd 0B Aug 2017
Cust Ref. Dats Racahvad 13 Ju 2017
TEST UHIT TEST METHODO MDL RESULTS
n-He:aoesare migikyg USEPS S BHEC1 5B D0E s 05
n=Heplaimcans Mgy LI=ERA 5'W BdaMt1 58 oas al {15
FPrsEne mgikyg USEFA SW BdBR01 B D0k G
n-Caladacany ma/ka USERA 5w 845848156 f.40% e K1k
Fhiviang Mg LU=EEFA 5\ BiGBC1 56 FEI L) i L1
Ri-klenadicane mghg LSERA 5W 84680158 e <35
n-Ecasans My LISERA SW B46'B51358 Q0 il
A-Henalensans mgikg LISEPA, 5w B8 56 0 a5
n-Docosane mghg WSEPA 59 D4TE0158 Q05 =0
r=Trcotars mg'hg IJSEFA 5 Basus1 56 00 ol o5
r-TBAECCESNE migky WSEPA SW B4R 5B L ki) =i 05
rHE ] B el miphg IJSEFA 5'W Ba6M 5B s atis
r=-4exaciEane iri'kg LSEPA W BdG/E0158 0 Dt <1 0%
r-HépRcosans kg LISEFA SW B4R SE 205 <} O
N-CICEAsaapr i ek IJSEFA 5w Basiat15E .05 ok 05
N-MONBCoEEng WSEFA W B4HE1 5B QUi <L} e
N-Triecotisie USEFA SW B48/831 568 005 O} 05
n-Hemracon@Ene UGREPA S BGE0158 205 2}
N-Craalel o ety gy LISEP, SW Bl 156 iS5 <} i
=T rilriacondang LIZEFS FWW R4AE01 S8 0 05 <05
A-Taltaliscs wang LISEFA S Baafin 158 i 0.5
n-Paitathacardans LISERA G4y BadE0 1508 LK. =0.0%
ri=Hanlriazeatane LISEPA SV BIGED 158 305 <106
n-Heplalraacdakars LUSEPS Sy Bd48M0 158 .45 <0.05
n= v alrigconlang USEP A Sy B8] 158 i a0.0%
ri-Hgnak B prdng USERA SW S40m0 158 .05 =0.05
n-Talrsronkeng LISEFS S R46HE0158 0.05 =0.05

MIOL = Mgdhod Detadian Limi
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TEST CERTIFICATE - ANALYSIS GF S0IL

Repott Bo. LMCHE - 1T-DESSVS | Dats Reported 04 Aug 2017

Lust Rel Date Feoo v 13 kil 2017

1. Infeenllen Provided By Customar

Cuglomer 5 CAPITALS

PC Bax 1198092, Shaikh Zayed Raad Dubai UAE

B g [t Givar

Sample Deacripion | Scoil - 55

Sampling Locatlon S8l 4 AH IWE

Gampled By Tustamer Sampling Date & Thne 10002417, 15D

Sample Brought By | Customar Sampling Method WG

2, Infomution Provided By Labaralory

Oate Tasted 13 Jul 2047 ~ 0% Aug 2017 Mathord Variathon IL

Test Location MCT LAL Sample Mo, CHE | 1985

Remarks Mane

& Tail Hesuls

TEST LUNIT TEST METHQD MDL RESULTS
Chemlcal Tests
Arsanic mpkg ISEFA SV BASEDT0 O 03 z41
Harnum mg'lg USEPA S B4SB010 S i A& 5
Cadmiym makg LSERA SWEIEED10 C 0.2 0.20
Chromium mplkp LISEPA S BAGR0N0 1 2.3
Cobial mafky LSEFA S BAGE010 1 38T
COpper ma'kg ILIGEPA S B4BM010 C 1 183
Lo ma/kg LISEPA SWEAGE110 C 1 1.55
M aranaze mpkin USEPS S¥ BIEAE010 © 1 S5.8
M3 Cury ma'kg LIGEPS, SWELGS010 C a1 =6, 1
Mickod nalkg LSEPS SWEAM010 1 6.4
Ol & Greage ma'kn USEPA 1664 10 <10
Selnium me/Ka USEPA 5 BAGMEN D O o3 =3
Zirk mg g UGE P S B0 2 10.3
Tolal petreleum Hydrocarbons

redctana mghg LSERA SW 84 BIBDISE n.os <0.05
i Nonang = e ISEPR Sw B4BG015E 0.05 =005
r-Diegane T mgikg ISEFA SW B4EIED15E .05 <0.05
n-Undscana i M kg LISERA SW B4 EIBINSE 0CS 40.05
rv Dodecans Sy O AN LISEF, SW 846H0158 nos 20,05
- Trelamrg Ly I :;-&‘. mgkp USEFA S B4 EBBI15E 0.05 <[.05
n-Telradecana AT LSEPS SW B4EIEI5E 035 <05
r-Pentadecans T Mg LISEPS W B4 EBO15E, 0.08 <h.05

Tarme wnd Condrisona a1 the Resssn 138 of B Aheds
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Lonestar Alpha Laboratories

Musent @ PO, Box 1107, PC 130, Musead, Sullanats of Cman - TH.; «$60 24501524 1 5580, Fax : 1968 24503814
Micycl Chamiptry Lab B0 8o 5157 PG 130, Moscd), Sukaterha of Qman - Tel2 + 961 245H206, 2GR, Fa +360 51PG1
Sahnr: B0, Box 8, PO 327, Sahar Industl %, Sahanale of Gman - TH; +368 26751755 5900 976, Fice - +388 16731 101
Clugrm . [ 1359 JI7R040 E-mik deym Lrniblonss il oo

Enaiah M. B AT, 00210 el w080 TENT300, Py 1396 FIE11391, E-mal: salibh labSimicliniphy cae
E-mal inlpdmnrsbirkte cam. Waksite: wy Inneryaiphy cork

Rapart No. LMCHE - 17-06568/5 Date Reportad O Aug 2017
Cust Ral, - Owie Received 12 Ju1 2017
TEST UHIT TEET METHDOD MDL REELULTE
n-Hesadesons Mok LISEFA 5y B468d1 58 s =it 0
n-Haplasecans mgﬂtg USEFA SV B48/R0158 a5 A2 05
Fritarg Mgk USERA 5V 84580158 o405 <k
n-Cicladerans mpgikp LISEPA 5 48501 SE 705 %
Fhana Mg LEERA S\ Ba6/ B 56 0.0% At}
r1-Pl o e dn mpfig LIZERA 3 AAG0 5B h.0% el {15
n-Eiccsang myiEp USERA 5 A46E0158 0.0% e 45
n=Hanelasana Rk LEERA S BARTED1SE b.o5 <05
n-Oocosans myikp PSERA 5'W B8/ M0 56 0.0% =005
n-Trcoesna markgy USEFA 5w Ba'BD1SE 0.05 s
N-Tm|rAco s mofkm LISEFA S\ G40/ B015E 0.05 s0h
n-Fantacasane Eglg USEFE SYY BdflE01 58 .05 o r R
N-Hekaco s mo'kp LISEFA SV B8/ P01 5B .05 <01 0%
n-Hapleoosana I‘I'IEI'kB USEF 3 BAhB01 56 0% = [
n-Adacosare maikp EEFA AW A4 B01 58 445 e
n-Hanacasana mygiEg USERA 5 B46E0 156 £1.0% peLiL
n-TrigecnEne kg WSEFA 5% B4GED1SE 0.0% iR
nHmatracHERe [l o] USEFA 5W Bab'B015E 0.05 05
nfcineconlans mgfg USERA SW 845801 55 n.os <005
n-Trldaccnlans ik LEERA 5% Bda Bl 5B 0.0% =L h5
ar Tedralr @oantane n‘lg.l'li:g USEFS 3YW BAb/ED1SE 0.06 a0k
n:Parialrzzontang i LISERA 5'W B48/E01 5B 0.0% <0415
n-Hasalnaoantana mg g USERA 3% A48E01 36 .05 i1
n-Heptalizzonlane mgk LEERA S\ Bas/ B0 SE 4.05 a5
n-Cidadriaconane LISEFA 5 Badi B0 4B {.05 SeLiL)
n-Honatiecor]ana LESEPA, 5 B4GE01 56 0.0% A
n-TalraconEne LRSEFA AW Bab!fl1 5B f1.05 a5

ML = sfethid Gepestion Linil
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TEST CERTIFICATE - ANALYSIS OF S0IL

Repor No, LMCHE - 17- 08688 Date Reported 08 Aug 2017
Cuwsl Hef - Date Racedyed 13 Jul M1 7
1. Information Frovided By Custonmer
Cuptnmer B GAPITALS
P} Boux 119890, Shelkh 2ayad Road Dubai LIAE :
Project Hel Given j
Sampha Deseription | Sail - 5-8
| Sarmpling Location | SALALAH WP
Saplend By Cuskomer Sampling Data & Time WAT20T 1310 ]
Sample Erought By | Custornar Sampling Method NG ]
2. Infarmatjan Provided By Laboratory
Oulg Tested 13 Jul 2007 ~ 08 Aug 20H7 Maihod Variation NIL
Test LoGallcn MCT LAL Sample No. CHE ! 1248
Remarks Mt
1. Tast Aesults
TEST LUMIT TEST METHOD MLCH RESULTS
L Eharmleal Tesks
fuzenic mg¥g USEPS 5w BAGME10 G ol 2.0
Barium Mgt LISEPA 5'W BagMa010 C 1 =41
Cadmium Mg LISEPa S8 8458010 C o2 .47
Crramium Ry LISERS Swy Sairs010 S 1 Jd.4
Cakalt Mrwhg USE Pa SYWE4EEDID G 1 5.15
Coaper ey LISEPA Sariq Rt 1 2,25
Liaad menkg LSEFS SWa4EEQ 1T i 2483
Manpanas mkg IPSEFA SW SgBm06 O 1 163
Marcuny makg USEPE SWASEEI1] O .1 =01
Miter! moikyg USEPA SWEEEDTN o U 2T F
O & Grease MKy USEPL 1564 10 =10
Eelarium moikg USERA SW BB/'G0E0 O 0.a oo
HIne gl USERA 5W BAREDIIC 2 2.7
Tolal patraleum Hydrocarbona
r_ﬁ-l:'l:l:ana Mgk LSEPS, SV B448000158 0.05 =(],03
Ji-Npnana mp'kg LSEFA 50 B4RRD1ER 0.0% <[0.05
n-Dacans ma'ka USERA 5w BdEIR05E 0.05 =0.05
n-Lindecana kg LISEPL 5\ BiBD1SE 0.05 =005
f-Dodacanm m'kg ISEPA 39 RdS B0 56 0.05 <0.05
|_n-Tridecaneg ing'kg USEPA Sy BdsBD1 5B 005 £0.05
r-TEIre3acana \1\ kg ISEP® 5'W BdGsB01 5B 005 =0.05
n-Pantadecane —_— USEPA 5W BABSHSE 0.05 <05
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Wi : PO, Box 1987, PG 120, Muscat, Sulanets of Dman . Tel.: +358 24501524 [5930. Fia ; 1308 24303674
Muteat Chumiabey Lab © RO, Be vI57, PG 030, Muscal, Sukerats of imam ~ Te.. + 368 JaGOE06 247040, Fan : 950 M302615
Spnw ; PO Bap BY, PL 17, Safur ndestiz] Exlatn, Sutarede of men - Tel +968 2675175 o BH] ) G, P + 568 26051 511
Cugm Tel. Ot $02 o), E-mail duqre i tsteri pha tam

Eqlalaly PO BLa 1367, RC 3T, Te: o866 BT3140, Four +96H Z111107, -wek] Rl L rBHene=\ il pam

E~mall; rieitneeriaralpt com, Wabeite: wany R nestaripha cort

Repost Ne. LMCHE - 17-0668/E [rata Reported 05 Aug 207 ]
Cusl Ret. : [reta Fecalved 13 Jul 2077 |
TEST LUNIT TEST METHOD MDL RESLLTS

A-Fiempdiging kg LSERS S B4EM015E i =0. 05
n-Heptadacana mgikp USEFA 5 B4EB015E 05 =00
Priziara markn USEPS S B4BI15E G5 <[.05
n-Cetadecana mgfp LISEFA 5w BlEdBO15E (T4 -] =0, [
Frytans makp IISEPS 5W B48ED15B 0.05 =[,05
n-Monedecane mgtp LUSEFA Sw BiE/ED15E 0.05 <0.05
riEicsnns iy LSEFS, S BaEJE0 158 0.5 <[.05
- H e a i g ) UZEPA W B4E/BDEE Q.05 s0.05
n-Cpcosann mp'kg LISEPAS 5 BAEnRD1 58 0.05 <[0.05
T mopsans makg LUSEFa S BA6/MED158 oS =005
N-TeAraes 4 A mphyg LISEPA S B48,001 68 .05 =f).05
neFemacesans b mplkg LISEP® S5W BaGsd 56 0.05 €005
A-Hawacaang mp'ka USERA W BA6M3SHE .05 = 18
n-Heplaccsang mz'kg LISERS Sy 48680155 0.05 L
n-Drtacegans kg LSEFA SW 2460158 Q05 L
r=MonascEane mgkig USEPD SWr 34630158 B 0s i ] K
n-Triecontana Mk USEFA S 34 680 150 05 =[S
n-HemriacgmEne Mk USERA SWE4Em0158 Q.05 =00.115
n-Calriaconians riayleg USERA SW A4 Emd0158 .05 =(,05
n-Trliracentanes myghyg LISEFA S B4 B4 5E [ =005
fe T sk maconlare mokg USEFA SW BIEEO15E 0,05 <005
N-Fanlairigsoizanm =0 LISEPA 59 B4ER015E 0.05 =005
T TamizComarg mg'hg USEFA 5 Bacm1sE 0.0 <005
n-Haplatiscoreans mgikg LISEFA SW B4&/BR15E .05 =08
ri= oA ] e ma'kg USEPA 5% S B0156 0.0e =006
n-Monatrisconlars ! mp'kg LSEPA SW MEENISE 0.115 w105
n-Tatacantena | mpkg LISEPA 54 BIGE015E 0.d5 Q.05

MOL = Melwd Deleclion Lt |
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Appendix H

Marine Survey: ‘Environmental Survey for Salalah IWP' (ref. Al Safa Environmental &
Technology Services (2016), commissioned by Masirah International, on behalf of
OPWP)

Salalah Independent Water Project Appendices
ESIA - Volume 4 (Appendices)
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Environmental Survey for the Salalah IWP

AETS 102/2015
March 2016
Revisions:
Item Name Date
Prepared by: Taymour Bagheri & Christopher Clarke 12th March 2016
I Environmental Survey for the Salalah IWP
Description
Copyright:

This document has been prepared by ALSAFA Environmental & Technical Services (AETS) for the
above titled project.

AETS accepts no responsibility or liability for this document to any party other than the client for
whom it was commissioned.

This document should not be relied upon or used for any other project without the prior written
authority of AETS.

Environmental Survey for the Salalah IWP March 2016
AETS 102/2015 i
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1  Scopeof Work

1.1 Introduction
Oman Power and Water Procurement (OPWP) Company, the single buyer of power and water
for al independent water and power projects within the sultanate is planning a new independent
water project (IWP) in Dhofar Governorate, including a desalination plant with 80,000 to
100,000 cubic metres capacity per day at Tagah.

Natural sea bed communities play an important role when checking out the consequences of
possible impacts upon the environment due to the execution of the intake and outfall pipes of a
desalination plant. Specifically, from an environmental point of view, these communities are
environmental indicators of the seawater quality. Therefore, monitoring the evolution of these
communities is a very useful tool to forecast potential effects upon the natural site. Thus, a
survey of seafloor conditions and communitiesis to be carried out focusing the effort towards the
evaluation of the natural communities and the sedimentary material withstanding them.

As part of this development, OPWP have engaged Masirah International to carry out bathymetric
and environmental surveys of the area at the proposed IWP plant. As part of this contract,
Masirah International have contracted Al Safa Environmental & Technical Services to identify
all species found in photographs and videos taken by another contractor, and to report on
findings made.

1.2  Environmental Survey
The scope of work is as follows:

o Identify speciesfrom photographs and videos presented by Masirah International .

o Dedliver a qualitative inventory of existing species, including fauna and flora, which live in the
areaof study.

o Categorize species according to international conservation status and detect protected species that
may imply environmental concern

o A map of the situation of the main detected species and an overview of their density (e.g, low,
medium and high density is enough, it is not necessary to give accurate numbers of density);
including other relevant information as seabed formations and existing infrastructures. This map
will include also other relevant information as seabed formations and the location of existing
infrastructures.

e A qualitative interpretation of their relevance from an environmental point of view

Environmental Survey for the Salalah IWP March 2016
AETS 102/2015 3
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2 Project Location
The proposed project site is located in the coastal area about 45 km northeast of the city of
Salalah. The coastline of this region is directly under the influence of southwest monsoon and
strong up-welling. This plays an important role for the rich marine resources in and along the
coast where some of the most varied and biologically productive waters are found.

The figure below shows the location of the project site. The area of survey extends 1.5km out to
seaand is 2 km wide, covering an area of 3km?, and this area s referred to as the Project Areain
the rest of this report. The project site beachfront is flat and consist of sandy beaches and small
rocky outcrops. At the western end of the survey area lies the existing Sembcorp power station.
This is shown in the figure below, aong with the results of the bathymetric survey, giving the
depth of the sea and the three proposed intake locations. The location of the intake and outfall of
the existing Sembcorp Power Station are also shown, with the intake extending further out to sea.

Note that the proposed intake locations are to the west of the existing intake, and all extend
further out to sea. They are numbered 1 to 3, with Seawater Intake 3 extending furthest out to
sea.

In the following sections of this report, the Project Area or Survey Areais the area shown in the
figure below.

Table 1: Co-ordinates of proposed intake locations

Intake L ocation Approx depth

Intake Location 1 233348.34 m E 1884330.69 m N 11m

Intake Location 2 233375.00 m E, 1884158.00 m N 13m

Intake Location 3 233722.00 m E, 1883998.00 m N 15m

Environmental Survey for the Salalah IWP March 2016
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Figure 1: Site Survey area showing depth and proposed intake locations

Environmental Survey for the Salalah IWP March 2016
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4  Past Surveyscarried out at or near Project Area

4.1 Algal Surveys

N o ’ , p ‘
v, ._',’ .ﬁ.', ‘ 7/ - :
ones s GEatianplt _ X — o

Location 2

Image © 2016 DigitalGlobe
Image © 2016 CNES / Astrium
L 2016 Coogle

Data SIO, NOAA, US. Navy, NCA, CEBCO

Figure 2: Algal survey locations and Project Area

Algal surveys have been carried out on beaches and the sea 5 km and 10 km west of the Project
Areain the early 1980s and 2000. Although the date and distance preclude these being used as a
baseline, they nonetheless provide an idea of what kinds of algae may be found in the waters at
the Project site.

Tablel: Algaefound near project site

Species name Location 1 L ocation 2 Location 3 Habitat
Latitude & longitude 17.02997 17.03051 17.02889
54.43437 54.43103 54.38599
Y ear 09/09/2000 09/09/2000 23/09/1983 &
12/10/1983
Chlorophyta Green
Algae
Ulva lactuca Can be present in
intertidal and
sublittoral.
Phaeophyta Brown
Algae
Padina glabra Marine species
Rhodophyta Red
Algae
Gelidium omanense Attached to mid-
littoral exposed
rocky shore.
Champia compressa Marine Species
Environmental Survey for the Salalah IWP March 2016
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Dasya rigidula Marine species
Acanthophora Marine species
dendroides

Portieria hornemannii Marine species
Melanothamnus Marine species
somalensis

Dermonema abbottiae Marine species

Source: Macroalgal herbarium portal

4.2 2008 EIA Study
A marine survey was carried out within the Project Area as part of an Environmental Impact
Assessment for the first Power Station. This survey included an assessment of marine species
and cora at four locations as shown in the table below. One of these was at the then proposed
location of the intake, and two others at two possible locations for the outfall. Actualy, none of
those locations was chosen, and this is why the names are given in quotes. A control location
was al so selected; thisis outside the Project Area

Tt

i S v
~ "'O\M. ] Sla(lﬂ’:l’A"

sl W
e
“Intake Station” ‘

yOutfall Station B

Control Station ‘

Image © JO1G TerraMetricy
2016 Gougle
mage © 2016 ONES / Astrlum v |
sl
Oata SIO, NOAA, U.S. Navy, NGA, CEBCO GO ‘:\ L

Figure 3: Survey locationsfor 2008 EIA Study in relation to thisProject Area

Subtidal observations were conducted for a period of 20 to 30 minutes each at the sites by using
open-circuit SCUBA. Standard transect methodol ogy was employed to identify and mark various
communities represented within the survey area.

Environmental Survey for the Salalah IWP March 2016
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Table 2: Speciesrecorded during 2008 dive survey
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Genus Species IUCN "Intake " Outfall " Outfall Control
Status Station" A" B"
Moray Eels Gymnothorax sp. U
Muraenidae
Groupers and Sea | Epaulet Grouper
Basses Epinephelus stoliczkae U
Serranidae
Persian Cardinalfish U
Cheilodipterus persicus
Indian Ocean
Cardinalfishes Cardinalfish U
Apogonidae Cheilodipterus
novemstriatus
Golden Cardinalfish U
Apogon aureus
Snappers Lutjanus sp. U
Lutjanidae
Sweetlips& Grunts | Pomadasys sp. U
Haemulidae
Dotted Bream U
Breams Scolopsis ghanam
Nemipteridae Seabream Rhabdosargus U
P
Mullets Mugil spp U
Mugilidae
Mulloidicththys sp. U
Yellowfin Goatfish
Mulloidichthys U
Goatfishes vanicolensis
Mullidae Pearly Goatfish U
Parupeneus marga
L ong barbel Goatfish
Parupeneus macronemus
Indo-Pacific Sergeant U
Damsalfish Abudefduf vaigensis
Pomacentridae Neopomacentrus sp. ]
Dameselfish sp. U
Black-and-Blue Cleaner
Wrasse LC
Wrasses Labroides dimidiatus
Labridae
Moon Wrasse LC
Thalassoma lunare
Parrotfishes Scarus sp.
Family Scaridae
Black spotted butterfly
. fish
gﬁ;ﬁgggﬁ; Chaetqdon nigropt_mctatus
Longfin Bannerfish
Heniochus acuminatus
Surgeon fishes Acanthurus sp. v
Acanthuridae
) ) Largescale  triggerfish U
Triggerfishes Canthidermis macrolepis
Balistidae Triggerfish p. U
Porcupine Fish Porcupinefish Diodon U
Diodontidae hystrix
TOTAL 17 4 0 ao
Environmental Survey for the Salalah IWP March 2016

AETS102/2015

8



T pepech e 4000 clasdd dallad) 5 puaa

- Masirah International Technical and Marine Services L.L.C

Al Safa Environmental & Technical Services ¢

4.3  Survey Methodology
Videos and photographs were taken by 3rd party contractor at the project site and supplied to

AETSfor analysis and interpretation. Surveys were done on Friday 4th March 2016.

The videos and photographs were from four spot dives and six line transects. The four spot dives
were of 'Objects' located on the seafloor as identified by the bathymetric survey and requested
by OPWP as requiring further examination (see Appendix B for information from bathymetric
survey regarding each 'object’ ). These four objects may be a coral reef, shipwreck, rock outcrop
or some other object and may have some ecological importance, and it was necessary to carry

out ground truthing of these sites to determine their significance.

In addition to the spot dives, six dive transects were made, from SWI Point 3 to SWI Point 2 to
SWI Point 1 and from SWI Point 1 to the shore. Videos were taken of these transects and the
figure below shows the location and approximate length of the transects (see Appendix A for
more details). The total lengths of the transects was approximately 1011m. Lengths of individual
sections was 463m from Point 1 to the shore, 172m from point 1 to point 2 and 376m from point
3to point 2. Each section was divided into two.

A total of 81 photographs (named IMG_7871.jpg to IMG_7957.jpg) were taken, along with six
videos. Details of the videos (Iength and distance covered) are given in Appendix A.

The co-ordinates of the dive locations are shown in the table below:

Environmental Survey for the Salalah IWP March 2016
AETS 102/2015 9
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Table 3: Dive Survey locations

OBJECT E N DEPTH REMARKS
18m Identified by
OBJECT -1 232390 1883776 bathymetric survey
19m Identified by
OBJECT -2 233891 1883648 bathymetric survey
16m Identified by
OBJECT -3 232738 1883906 bathymetric survey
14m Identified by
OBJECT -4 232718 1883989 bathymetric survey
11
SWI POINT -1 233321 1884336 m Proposed Intake 1
13m
SWI POINT -2 233380 1884159 Proposed Intake 2
15m
SWI POINT -3 233728 1883999 Proposed Intake 3

1

-~ \ LW Pdel-’FOnsht_}re"~
-

SWi Paint | Onshore -~ |
&n!nnn\wl Intake )
SWiPoimtltol 2

proposed intake 2

SWiPoint2tol -1 SWIPoint 3102 -2

;!‘ropmcd intake 3

‘e SWiPoint 2102
Y

Object 3

Object 4
e

Y

O
Object ]

Object 2 O

Image © 2016 TorraMet
2016 Coogle
Image 2016 ONES | Astrium » I >
Data $30, NOAA, LS. Navy, NGA, GERCO ( -l“’:{ C

Environmental Survey for the Salalah IWP March 2016
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SWI Point 1 Onshore - 2

SWI Point 1 Onshore - 1

proposed intake 1

b
y

“

SWiPoimtZ2tol -2

»SWl Point2to 1 - 1
proposed intake 2

SWIPoint3to2 -2

SWiPoint3to2 -1

Image © 2016 CNES |/ Astrium "Proposed intake 3

2016 Google

Figure5: Detail of Dive transects

Environmental Survey for the Salalah IWP March 2016
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. . . . . Intake 3to itk 2 Intake 1
Genus Species Object 1 Object 2 Object 3 Object 4 Intake 2 to Inltake to Shore
Unidentified rayl
Rays Unidentified ray2 L
Dasyatidae Unidentified ray3 L
Striped edl catfish
Plotosus lineatus L
Eel Catfishes Darkfin edl catfish
Plotosidae Plotosus limbatus L L
Sardines Indian oil sardine
Clupeidae Sardinella longiceps H
Groupers Epaulet Grouper
Serranidae Epinephelus stoliczkae L
Persian Cardinalfish
Cheilodipterus persicus H H
Golden cardinalfish Apogon
Cardinalfishes, | aureus L
Apogonidae Blackbanded Cardinalfish
Apogon cookii M
Dhofar Cardinalfish
Apogon dhofar H M M
Grunts, Bronzestriped Grunt
Haemulidae Pomadasys taeniatus M
Dotted Bream
Scolopsis ghanam L M
Whitecheek monaocle bream
Scolopsis VosSmeri H
Black-streaked monocle bream
Scolopsis taeniata M
Breams, Onespot Porgy
Nemipteridae Diplodus sargus kotschyi L
Environmental Survey for the Salalah IWP March 2016
AETS102/2015 12
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Intake 2
. . . . : Intake 3to Intake 1
Genus Species Object 1 Object 2 Object 3 Object 4 Intake 2 to Inltake to Shore
Emperors Blackspot Emperor
Lethrinidae Lethrinus harak L L
Goatfishes, Rosy Goatfish
Mullidae Parupeneus rubescens H
Indo-Pacific Sargeant
Abudefduf vaigensis M
Damselfish, Miry's Damselfish
Pomacentridae Neopomacentrus miryae H H
Sheila's Damselfish
Chrysiptera sheila L
Black-and-Blue Cleaner Wrasse
Wrasses, Labroides dimidiatus M
Lubridae Blackbar Coris
Coris nigrotaenia M
Parrotfishes, Bridled parrotfish
Scaridae Scarus frenatus L
Smallscale sandperch
Sandper ches Parapercisrobi ﬁsoni
Pinguipedidae M L
Butterflyfishes, | Vagabond Butterflyfish
Chaetodonitidae | Chaetodon vagabundus L
Triggerfishes, Bridled Triggerfish
Balistidae Sufflamen fraenatus L L
Filefishes Scrawled filefish
Monacanthidae Aluterus scriptus L
Puffers, Spiny Puffer Diodon
Tetraodontidae holocanthus L
Mullets, Fringelip mullet
Mugilidae Crenimugil crenilabis H
TOTAL 1 11 1 0 6 0 20

L - Low Density (2 or less) species encountered during transect. M - Medium Density (2 -10 species encountered). H - High Density >10 species encountered.

Environmental Survey for the Salalah IWP
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A tota of 29 species were recorded within the Project Area. Noteworthy fish include the Blackspot Emperor Lethrinus harak, found
close to the shore at the transect from SWI 1 to shore (13 mins), that is rare in Oman though has a distribution from Red Sea to Natal.
Sheila's Damselfish Chrysiptera sheila is a common resident of tidepools and exposed rock shore generally less than 3m depth but
only known from the Arabian sea coast of Oman to Muscat in the Gulf of Oman, so is endemic to Oman. It was found close to the
Blackspot Emperor. Diversity varied greatly across sites, according to habitat-types found at the site or transect. See section on
habitat-types for further information. The most important habitat was the artificial reef found near Intake 2; diversity here was low
(due to poor image quality) but fish numbers were extremely high per unit area. It is very likely that species diversity would be much
higher if aproper survey were to be carried out at this location.

Of the 991 fish recorded in Omani waters, 3 species are classified by the IUCN as critically endangered, 2 species are classified as
Endangered, 1 as Threatened, and 22 as Vulnerable, according to the IUCN 2016 website. The species mentioned above are shown in
the table below. None were found within the Survey Area.

Table 5: Threatened fish of Oman

Scientific Name Common Name (where known) Conservation Status
Anoxypristis cuspidata Narrow Sawfish IUCN: Ciritically endangered
Prigtiszijsron Olive Sawfish IUCN: Ciritically endangered
Carcharhinus hemiodon Pondicherry Shark IUCN: Ciritically endangered
Sohyrna lewini Scalloped Hammerhead Shark IUCN: Endangered

Sphyrna mokarran Great Hammerhead Shark IUCN: Endangered
Segostoma fasciatum Zebra Shark IUCN: Threatened

Albula glossodonta Shortjaw Bonefish IUCN: Vulnerable

Alopias pelagicus Pelagic Thresher IUCN: Vulnerable

Environmental Survey for the Salalah IWP March 2016
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Epinephelus gabriellae Multispotted Grouper IUCN: Vulnerable
Glaucostegus thouin Clubnose Guitarfish IUCN: Vulnerable
Manta alfredi Reef Manta Ray IUCN: Vulnerable
Carcharhinus longimanus Oceanic Whitetip Shark I[UCN: Vulnerable
Carcharhinus plumbeus Sandbar Shark IUCN: Vulnerable
Hemipristis elongata Fossil Shark IUCN: Vulnerable
I surus oxyrinchus Shortfin Mako IUCN: Vulnerable
Makaira nigricans Blue Marlin I[UCN: Vulnerable
Mola mola Ocean Sunfish I[UCN: Vulnerable
Oman ypsilon Oman Blenny IUCN: Vulnerable
Pomatomus saltatrix Bluefish I[UCN: Vulnerable
Rhina ancyl ostoma Shark Ray IUCN: Vulnerable
Rhynchobatus djiddensis Whitespotted Wedgefish I[UCN: Vulnerable
Rhynchobatus laevis Smoothnose Wedgefish I[UCN: Vulnerable
Sphyrna zygaena Smooth Hammerhead IUCN: Vulnerable
Sichopus herrmanni Curryfish IUCN: Vulnerable
Taeniurops meyeni Blotched Fantail Ray IUCN: Vulnerable
Thelenota ananas Prickly Redfish IUCN: Vulnerable
Thunnus obesus Bigeye Tuna I[UCN: Vulnerable
Urogymnus asperrimus Porcupine Ray IUCN: Vulnerable
Environmental Survey for the Salalah IWP March 2016
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As with fish, corals varied greatly between survey sites and this was aso due to the habitats encountered. The most important coral
habitats were found at Object 2 and Intake 1 to shore.

Table 6: Coralsfound within Project Area

Intake3to |Intake2to |Intake1to

Species Photo No. Object 1 Object 2 Object 3 Object 4 Intake 2 Intake 1 shore

(7896/7897), 7910, 7911, 7912,
Stylophora danae 7915, L
Favites peres 7912, L
Favia 7898, 7914, L
Leptastrea 7908, 7909, L/M L
Parasimplastrea L/M L
Plesiastrea 7907, 7908, L/M
Pseudosiderastre | 7898, 7902, 7908, 7909, 7910,
a 7915, L/M L
Montiporacf.
danae 1toshore16:31 L
Turbinaria
(mesenterina) (7888/7889) L
Goniopora 7898, 7902, 7895, /M
Subsessifloridae M L L
TOTAL 0 8 0 0 1 1 6

L - Low Density (2 or less) species encountered during transect. M - Medium Density (2 -10 species encountered). H - High Density >10 species encountered.

There are 17 corals classified by the IUCN as Vulnerable and 1 species is Endangered (see below) and there are at least 10 endemic
Species.

Environmental Survey for the Salalah IWP March 2016
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Scientific Name

Common Name (where known)

Conservation Status

Parasimplastrea sheppardi IUCN: Endangered
Acanthastrea ishigakiensis I[UCN: Vulnerable
Acropora aspera I[UCN: Vulnerable

Acropora hemprichii

IUCN: Vulnerable

Acropora horrida

IUCN: Vulnerable

Acropora pharaonis I[UCN: Vulnerable
Acropora spicifera I[UCN: Vulnerable
Anomastraeairregularis I[UCN: Vulnerable

Fungia curvata

IUCN: Vulnerable

Goniastrea deformis

IUCN: Vulnerable

Goniopora albiconus

IUCN: Vulnerable

Heliopora coerulea Blue Cord IUCN: Vulnerable
Montipora stilosa IUCN: Vulnerable
Pavona cactus I[UCN: Vulnerable
Pavona decussata Cactus Cord IUCN: Vulnerable

Pavona diffluens

IUCN: Vulnerable

Pavona venosa

IUCN: Vulnerable

Physogyra lichtensteini

IUCN: Vulnerable

Symphyllia hass

IUCN: Vulnerable

Environmental Survey for the Salalah IWP
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There was a genera low diversity of benthic epifauna. In contrast to fish and coral, the sandy habitats were more diverse than the
rock/algae habitats, though this may be because they are easier to see on the sandy habitats. None of the benthic epifaunal species
were rare or threatened (see lower table).

Table 8: Benthic epifauna found within Project Area

Intake 3 to Intake 2 to Intake 1 to

Species Object 1 Object 2 Object 3 Object 4 Intake 2 Intake 1 shore
Cerianthidae L
Polychaeta M M L
Ophistobranchia L
Holothuria atra L
Asteronotus
cespitosus L

0 0 0 1 3 2 1

L - Low Density (2 or less) species encountered during transect. M - Medium Density (2 -10 species encountered). H - High Density >10 species encountered.

Table 9: Threatened benthic epifauna of Oman

Scientific Name Common Name (where known) Conservation Status
Holothuria nobilis Black Teatfish IUCN: Endangered
Holothuria scabra Golden Sandfish IUCN: Endangered
Holothuria fuscogilva IUCN: Vulnerable
Environmental Survey for the Salalah IWP March 2016
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Table 10: Examples of fish found within the Survey Area

Spiny puffer Diodon holocanthus with Persian cardinalfish Cheilodipterus persicus

Striped eel catfish Plotosus lineatus 7890, & 3 to 2-2 | Indian oil sardine Sardinella longiceps 7874
08:09 & 08:27

Environmental Survey for the Salalah IWP March 2016
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Miry's Damselfish Neopomacentrus miryae

Striped eel catfish Plotosus lineatus 7890, & 3 to 2-2
08:09 & 08:27

Dotted Bream Scolopsis ghanam 7902

Dhofar Cardinalfish Apogon dhofar 7902
SWI Point 1 to onshore
Object 2

Smallscd e sandperch Parapercis robinsoni

SWI Point 1 to onshore; Object 2

Environmental Survey for the Salalah IWP
AETS 102/2015
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Epaulet Grouper Epinephelus stoliczkae
SWI Point 1 to onshore

Blackbar Coris Coris nigrotaenia
SWI Point 1 to onshore

Persian Cardinalfish Cheilodipterus persicus
SWI Point 1 to onshore

Black-streaked monocle bream
Scolopsis taeniata

Sting ray Dasyatidae near Object 3 (photo no. 7930,
possibly Taeniura lymna

Sting ray Dasyatidae near Object 1 (photo no.
7919). A different species to 7939, possibly

Environmental Survey for the Salalah IWP
AETS 102/2015
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Himantura jenkinnsii.

Table 11: Coral speciesfound within the Survey Area

Stylophora danae

Leptastrea Pseudosiderastrea

Parasimplastrea Favites peresi

Environmental Survey for the Salalah IWP March 2016
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Turbinaria Goniopora

Examples of benthic epifauna and soft coral found are shown in the table below.

Table 12: Bentic epifauna/soft coral found at site

Burrowing anemone Cerianthidae found at Object | Polychaete worm cast (photo 7871) & video 3 to 2-
4 2 (2:52, 06:13, 10:11, 10:24, 11,40, 12:00); 2to 1-2
(04:49, 04:53, 05:29,05;49, 06:13, 06:45, 07:07,
08:39); 1 to onshore 1-1 (01:06, 2;32)

Environmental Survey for the Salalah IWP March 2016
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Sea slug (Opisthobranchia)? (SWI point 3 to 2 -1: | Sea cucumber Holothuria atra (SWI point 3 to 2-2,

03:45-04:10) 5:30, 7:43)

Polychaete worm mounds SWI point 3 to 2-2, | Sea slug Asteronotus cespitosus?: SWI point 2 to 1-
(9:49); 2to 1-2(01:36, 06:04, 06:48, 07:30, 08:05); | 2 (05:31)
1 to onshore 1-1 (01:26)

Environmental Survey for the Salalah WP March 2016
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Sea pen (Subsessiflorae) Virgularidae?, 3 to 2-1
(06:03 & 09:29); 3to 2-2 (01:07, 2:52, 3:28, 5:46,
9:31) ; 2to 1 (00:51); SWI point 2 to 1-2 (05:32),
SWI 1 to onshore -1 (01:42)

6 Key Habitats
There are 8 habitat-types found within the survey area and these are mapped on the figure below
based on satellite imagery, bathymetric map and ground truthing through spot dives and video
transects.

The difference between some habitat-types is dramatic and is evident by looking at the video
SWI Point 1 Onshore - 1.MP4 at 02:49, that shows the transition from the sandy sea bed habitat
to the rocky areawith algal mats. Even more dramatic is the change from habitat 1 to 7 as shown
in the table below. As discussed, the best habitat for fish was the artifical reef (habitat 7) due to
the sheer numbers of fish present and its diversity was likely to be underestimated. The next best
habitat was the shallow rocky area with algae and sand (habitat 2) followed by the deep rocky
area with algae and sand (habitat 8). For corals the latter was better than the former , and no
corals were present in any of the other habitats, except for occasional sea pens (soft coral) in the
sandy areas (identification not certain due to low quality of pictures).

Environmental Survey for the Salalah IWP March 2016
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Table 13: Habitat-type examples

Al Safa Environmental & Technical Services s

Habitat 7: Man-made object colonised by large
numbers of fish.

Transition between Habitat 1 and 2, moving north.
Note the fish.

Habitat 1: sand with scattered Ulva algee.

Habitat 8: Deep rock areawith algae, cora and sand

Environmental Survey for the Salalah IWP
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Table 14: Key habitats found within the Survey Area

AETS102/2015

Habitat-type Fish Cord Benthic Algae & | Video
epifauna Seagrass examples
Sandy sea bed Stingrays Virgularidae | Arenicola Few green algae, | SWI Point 1
Striped eel | seapens? lugworms mostly loose. Onshore -
catfish Few 1.MP4
Thalassodendron | before 02:49
ciliatum
Rocky areas with | Second best | Isolated Nonefound | Several species | SWI Point 1
algal matsand coral | habitat for | patches of of agae, rock | Onshore -
fish corals and sand 1.MP4 after
02:49
Disturbed ground, | Not Not Not known Not known No videos
not surveyed but | surveyed surveyed
identified by
bathymetric survey
as different from
other sandy areas.
Sandy beach | Occasiond None Ocypoda Patches of much | SWI Point 1
exposed at low tide | fish during polychaetes, | floating loose | - Onshore -
-eulittora zone, | hightide amphipods, | broken  agae, | 2MP4
often turbid due to bivalves mostly Ulva spp.
wave action (Phaphia during high tide
undul ate,
Callista sp,
Tivda o)
gastropods
Land never covered | None None None None Not videoed
by sea (supralittoral,
terrestrial)
Boulders exposed at | Not Unlikely to | Likely to be | Padinaspp. Not videoed
low tide surveyed have many | colonised by
corals crabs, the
rocky oyster
Saccostrea
cucullata and
barnacles
Balanites
SPP.
Wrecks or other | Highest No coras Nonefound | Severa algal | SWI Point 3
man-made obj ects numbers of species to 2.MP4
fish. Also
diverse.
Deep rocky areas | Parapercis | Scattered Nonefound | Sand and rock, | Object 2
with algal mats and | robinsoni, patches agae and
coral e.g Object 2 seaweed
Environmental Survey for the Salalah IWP March 2016

27




@ pp. A panl) Al claddd dpallad) 3 paa

Al Safa Environmental & Technical Services
==~ Masirah International Technical and Marine Services L.L.C

w

P

Figure 6: Main habitat-types found within the Survey Area

Key

No.

1 Sandy sea bed

2 Rocky areas with algal mats and coral

3 Disturbed ground

4 Sandy beach exposed at low tide -eulittoral
zone, often turbid due to wave action

5 Land never covered by sea (suprdittoral,
terrestrial)

6 ﬁ Boulders exposed at low tide

7 Wrecks or other man-made objects

8 Deep rocky areas with algal mats and coral

Environmental Survey for the Salalah WP March 2016
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7 References For Taxonomic Identification

Clagreboudt, M. R. (2006) Reef corals and cora reefs of the Gulf of Oman. Historical
Association of Oman, Muscat.

Coles, S.L. (1995). Corals of Oman. Muscat Printing Press, Sultanate of Oman.
Field, R. (2013). Reef Fishes of Oman. Downloadable e-book from marinefisharabia.com.
Randall, J. E. (1995) Coastal Fishes of Oman. Crawford House, Bathurst, Australia

Richmond, M. D. (1997) A Field Guide to the Seashores of Eastern Africa and the Western
Indian Ocean Islands.

Wehe, T. and Fiege, D. (2002). Annotated checklist of the polychaete species of the seas
surrounding the Arabian Peninsula: Red Sea, Gulf of Aden, Arabian Sea, Gulf of Oman, Arabian
Gulf. Fauna Of Arabia 19: 7-238
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8 Appendix A: Dive Survey videos
The dive survey videos are included on aflash drive that is submitted along with this report
Video Name Time (on 6 Order Approx Duration (min) Size (GB)
Mar) transect
length (m)
OBJECT 2.MP4 10:13 13:44 3.100 GB
OBJECT 2 - 10:20 2 6:53 1.560 GB
CORAL.MP4
OBJECT 1.MP4 11:02 3 12:31 2.830GB
OBJECT 3.MP4 11:34 4 09:01 2.040GB
OBJECT 4.MP4 12:06 5 09:51 2.230 GB
SWI Point 3to 2 - 16:36 6 161 10:55 2.460 GB
1.MP4
SWI Point 3to 2 - 16:51 7 215 13:19 3.010GB
2.MP4
SWI Point 2to 1 - 17.07 8 153 00:91 0.193 GB
1.MP4
SWI Point 2to 1 - 17:17 9 19 9:44 2.200GB
2.MP4
SWI Point 1 17:39 10 396 17:43 4.000 GB
Onshore - 1.MP4
SWiI Point 1 17:43 11 67 2:40 0.602 GB
Onshore - 2MP4
Environmental Survey for the Salalah IWP March 2016
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9 Appendix B: Seafloor Anomaliesor " Objects’

91 Object 1
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Appendix |

Ambient Water Quality: Laboratory Analysis (ref. Analysis by Lonestar Laboratory

(2016), commissioned by Masirah International, on behalf of OPWP)

Salalah Independent Water Project Appendices
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onestar a Laboratories
3 3 L t Alph Lab t

Bueeat : PO Box 1897, P.C 130, Mescal Sultanate of Oman - Tel: #9568 24501524/ 5590, Fax : 2568 24503814
Wugeat Chemastry Lab © R0, Box 1787, R.C 130, Musca, Sattanate of Oman - Tel.: 4368 24504006, 2450483, Fc: 4563 R4502635
Bohar : PO Eayx 34, BC 107, Sohar iedusinal Etnte, Suftanzte of Oman - Tel: 4968 26751705 / 000/ 970, Fax o963 35751050
Dugm ; Tel. 4568 S5278040, E-mail dugm iaonastaniphicom

Balalah | PO Bee 137, PG 271, Telo o956 73 3395, Fax <360 23313331, E-mal: salalah IabEomestaraipipcam

E-maail: [rlo@nnestaralpha.com, Wabsie wm bnastarapha. com

TEST CERTIFICATE - ANALYSIS OF WATER

Rapeort Mo, LMCHE ! 20805 Date Reportad 28 Aug 2016
Cust Ref. - Date Received 16 Aug 2016
1. Infarmation Provided By Customar
Customsr MASIRAH INTERMATIONAL TECHMNICAL AND MARINE SERVICE LLC

PO Box 3283, PC 112 Ruwi, Sultanate of Dman
Project Mot Given

Sample Description Sea Water
Sampling Location SALALAH

Sampled By Cusfomes Sampling Date & Time MG

Sample Brought By | Customer Sampling Method NG

2. Infarmation Previded By Laboratory

Date Testad 18 Aug 2016 ~ 28 Aug 2016 | Method Variation MIL

Test Location MCT 'LAL Sample No. CHE | 5284

Ramarks Mane

3. Test Results

TEST LUNIT TEST METHOD MOL RESULTS
Chemical Testa

Arsani; ﬂ'l_g.._"L BPHA 31208 00 =001

" Bariuen mal APHA 3120 B 0.1 0.1
Bicarbonatas myiL APHL 2320 B 1 145

_Einl:hnmu:-ul Creygen Demiand mgil BPHA MO B 2 g

" Boron mgiL APHA 3120 B 0.10 4.5

" Bromide mgfl APHAA110B | oni 57.19
Chilorides mgit APHA 4500 CI-B 1 J0m7
Total Kjsidahl Nitrogan mgiL APHA 4500 Norg B 08 <06

" Cadmium mail APHA 3120 B 0003 <0.003
Caiclum gL APHS SR CaB 1 436
Chemical Dygen Demand maiL HAGH 8000 5 <5

" Cobsiy gl APHASI20B | 003 L
Color PLCo HACH 8025 | 1 <1

" Coppat il APHA 3120 8 0,02 <102
Cyanide — HACH 8027 0.001 (.00
Fluomds gl H&CH 8029 0.0 1.71
Magnesium mail APHA, 3500 Mg B 1 1374

" Mercury gL APHA 1120 B 0,004 <{3 001

" Malybdenum miL APHA 3120 B 0.01 =0.01

" backel mal APHA 3120 B 0.00 <002
Nitrts mglL HACH BSOT 0.001 0,033
Sulphide mglL HACH B13 004 <001
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3 + Lonestar Alpha Laboratories

Muscat ; PO Box 1157, PC 130, Muscat. Sultanate of Oman - Tel.: +368 24501524 / 5550, Fax : <558 24503614
Muscat Chamistry Lab : PO, Box 1907, R0 130, Muscst, Sultanate of Gman - Tel: 4968 24504208, 24504024, Fax : 4963 24500615
Bohar : P, 3o 84, PG 327, Sehar tedinsinial Bstate, Sulnase of Oman - Talz #8958 25750058 / 000 /07, Fax; o062 BGT0REEEY
Dugrme: Td.; +563 S1278358, Emat dugm st @onestankbacom

Salalah - P, Boe 1887, B 211, Tl o858 E321 3300, Fa 4050 23205081, Emil: salalah leb@onestaraipba.com

E-mail; infedoresliaphecom, Websile: wwaboneshraphecom

Repori No. LMCHE / 806041 Date Reported 28 Aug 2018
Cusl Ref. . Diate Recaived 18 Aug 2016
TEST UNIT TEST METHGD MOL RESULTS
Carbonates /L APHA 2320 B 1 10
Tin L APHA 3120 8 0.01 <001
Cizantved Siiica as S0, FrgL HACH 8188 001 015
Silicaies L HALCH 8136 0.0 .14
" Disscived iron &s Fe gl APHA 3120 B 0.02 =002
" Disscived Manganase as Mn il APHA 3120 B 0.02 <002
" Disscived Aluminium as Al il APHA 3120 B 0.03 =013
" Total Iron mglL APHA 3120 B 0,02 0.0
* Total Meanganass m/l. LPHA 20 B 0.02 =000z
" Total Aurminium mglL APHA 3120 B 0.03 <0.03
" Polassiim mgll APHA 3120 B 0.2 421
Salinity ppt APHA 2520 B .01 36,61
Selenium mgll APHS M20 B 0.0 =009
" Strontium mplL APHA 3120 B .03 7.13
Sulphata mgil APHA 4500 5042-C 1 bl (1]
* Total Dissolved Solids Mol APHA 2540 C 5 F7R00
" Total Suspanded Solids mgiL APHA 2540 - 3
il & Greass moil APHE 5520 B 5 <
Organic matter . Dualitativg 1ask - M
" Sodium malL APHA 3120 B 0.2 10850
Turbidity HTU HACH 8237 0.1 0.7
* Zing mgL APHA 3120 B 0,1 =1
Fhiosphaste a6 P04 mgil HACH 80448 0.01 0.05
Density @ 25"C el by Hydromter .00 1.026
Carbon ditwide migiL APHA 4500 C02 1 |
Mitrata gL HALCH 8171 0.1 3.7
Plumib a5 Lead mgiL APHA 3130 8 0.3 <001
Ammarsam a5 RS gl HACH 8155 0.0 ={.0%
“*Enumeration of Fryloplsnklon Ml APHA 10200 F . 4R00
Total Crganic: Carbon gL HaCH 1012 b5 1.8
Dizmohied Organic Carkon il HACH 10123 5 1.7
Total petroleum Hydrocarbons
n-Hertriseontane ngu_ LUSEPA SW 0.01 20,01
A4GEE01IE
n-Ciang mp'L LISEFA SN 0. =(1,01
A4 6058
Pape Z of &
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3 » Lonestar Alpha Laboratories

]

Muzcat ; PO, Box 1187, PG 130, Muscat. Sultanate of Oman - Tel: s960 28501524 ¢ 5590, Fax : <563 24503814
Muzzat Chsenlstry Lab : Pl Box 1207 BC 130, Muscat, Selianate of Bman - Tal: #5680 24504008, M4504074, Fax - 868 24500H3

Sahar : P, Box M, PC 337, Seher ndusirial Estate, Sultenetg of Ciman - Tal= +369 28751755 1 Q00 /476, Fax ; «068 Bor5t o
Dugme; Ta.; +563 S127304D, E-mal: dugm lfti@#onestamlpbacom

Salalah ; P, B LEEY, PG L, Tel - 068 31 3390, For o260 23003351, Emal: salaban iehiBlonestaraipbucam
E-mail ; Irfediionestaraipha com, Websile: wwakoneshirapie.com

Report No. LMCHE  80&01 Date Reported 28 Aug 2018
Cust Ref. - Date Received 18 Aieg 2018
TEST UNIT TEST METHOD MDL RESLLTS

n-Clofriscontans gl LUSEPA W 0.01 w01
FAGIET 50

n-Trilriscontana rrig'l. LISEP& 5W 0.01 =
BB/ B0 5R

n-Telralriacontana gL LUSEFA 5W 0.01 ilald
B8 58

n-Pantatiasonisne Pl LISERA 3W 0,01 =01
BB 5B

n-Hexalrigooniang gL LISEFS 5W 0.0 =07
B B0158

n-Heptatriacontane L USEFA SW 0.0 <003
B4E/B015E

n-Oclatriscontane ma'l LUSEPA 3W 0 =0.01
BB B0 SR

n-Monatriacantans mpll LSERA SW Clr =001
B4EB01SE

n-Telraconamnes mpil USEPA W Ry =007
B4BD1GE

Phiytane mgll USEPA 5w .01 <0.01
B4E/BD158

n-Manadecang mo/l USEFPA BwW 00 <0001
B4BB01SE

n-Eicoaans mgil USEFA 5w 0.0t =0
BAEBO1SE

n=Hénpcosmnn moik LUZEPA SW .09 =g
B46R0ER

n-Daccosane gl LISERS SW 0.04 <00
B4GH0168

e T oS o miL LISERA 5W 0. <004
Ea6/801 58

n-TetrecosEna megil LISERS SW 0.04 =001
B 60401 5B

n-Panlacosans USERA W 0.4 <0.0%
BdfEIN GR

n-Hexasosans LSEPA 5w . =0.01
Bl GBI SE

n-Hepiecosana LISEFA SW 0.0 =0.01
B4 BIBD1SE
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Lonestar Alpha Laboratories

Muscal : PO, Box 1187, PG 130, Muscat, Sultanate of Oman - Tal.: +968 24501524 / G580, Fax ; 568 24503814
Musest Chernlabry Lab . PO Dox 1157, B 130, Muzcat, Sshanate of Bman - Tel, +568 24504206, 24504874, Fas  + 953 4500635
Schar 70, o i, BG 327, Sobae Indusinal Bstate, Suftenate of Oman - Tal: #9658 PA7517a5 EIE'I.'.'I‘.]?E, o TR | B o
Dugm ; T ¢065 BERT040, E-mal; dunm abSionestanipha.com

Salalah : P{, S SEIT, PCT1Y, Tl 4360 23713398, Fac <068 2313301, Famal: salakh leblonestarafbi cam

E-mll | irie@ionesiarainha com, Vebsie ww bnastardpa.cos

Report Mo, LMCHE / 8060/1 Date Reported 28 Aug 2016
Cust Ref, - Crate Received 18 Mg 20168
TEST LNIT TEST METHOD MDL RESULTS
n-Ciekacnsans migl LUSERA S8 0.0 =0
FAG/A015R
n-hanacsasans mall LISERA SW 0.0 =}
BAE/B158
n-Trincontane mg/L LISEFASW 0.0 <01
BdGtRI 5B
n-Caladecans mgl. LIGEPA 5'W i <01
BB BB
n-Norane migL LISERPA SW 0.0 =001
BB 5B
n-Decans mipl LISEF& 3 001 =001
BAE/B016E
n-TricksGang mgil LUSEPA B'W 0l =[,01
BAEBD1SE
n-Takadecans gl LSERPA SW o =[1.09
B4EBDSE
nePintadiaeang mgil USERA 5W Qun =0.01
BHEB015E
n-Hexadecans gl USEFA SW a0 =[.01
84680158
n-Haptadezane mgi LIBEFA W Q.04 =[.09
EﬂEEDiEE
Pristana gl LIZEFPA S5W 0,04 <=[.011
B4RMA0158
r-Lindecans gl LISERA SW 0.01 <it.01
B4BE/AEE
D S A e il LISEP#S& SW 0.01 <0
BAGET SR
Total Petroleum Hydrocarons mgil LSERA BW LA <01
E4G/E015B
Microbiclogical Tests
" Total colforms GFLIF1D0mL APHA 8222 B 1 <1
Facal codfpme CFLUM ODmL APHA OFF2 0O 1 =1
Facal siraptococci D «.-— APHABZMIC  ¢| . 1 <1
® This parameder & undar e g ediat
Hﬁim::m ||:I|,;-H|; i) hh"' N ""-. 5 F2nd Edilion i(] m I m
= o ; %
beoniracied - I r_',, \‘LH&E

Colery Forming Unn

For and behalf of Lo r Alpha Laboralories Muscat
siderad &5 absent -

LB-0T2-TEST

|RCEL 17005 205
Terms and Conddions on the Reverse side of the sheet
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. Lonestar Alpha Laboratories

Muyscat ; P, Boe 1187, PC 130, Muescat, Sultanate of Oman - Tal: 958 24501524 7 5580, Fax : +953 24503814
Muscat Chomistry Lab @ P10, Beo 1957, PG 130, Musca, Sultanate of Dman - Tel. +360 24504200, 24500, Fa : £968 ME135
Sohas - PO, By 84, [P0 237, Sahar mdustrial Exsate, Sullanate of Dsas - Tel: 080 2ET517RE 920, 078, Fax: #9685 25751331

Dugm - Te. 1353 T5276340, E-rall: dugm Bodlonasariphecem
Salalan: PO Box 1867, BD 211, Tel: #5938 3113292, Fac <986 PINEES, Bmail; salalsh sb@lonestaalpha.com
E-madl ; infoBiarasiaaiphacom, Hebale wew kneslariphacon

TEST CERTIFICATE - ANALYSIS OF WATER

Tarms and Condiions o tha f

Report Mo LMCHE { 29001 DCate Reporied 00 Aug 2018

Cust Ref. = Cate Recaived 20 Jul 2016

1. Information Provided By Customer

'Euntnmuf MASIRAH INTERNATIONAL TECHNICAL AND MARINE SERVICE LLC
PO Box 3283, PC 112 Ruswd, Sullanate of Qman

Project Not Given

Sample Description Saa Water

Sampling Location SALALAH

Sampled By Customer Sampling Dats & Time NG

".'::r;uﬂa Brought By Customer Sampling Method MG

2. Information Provided By Laboratory

Date Tested 20 Jul 2096~ 08 Aug 2016 Meathod Variation MIL

Test Location MCT LAL Sample No. CHE [ 4816

Remarks None

3. Test Results

TEST UNIT TEST METHOD MODL RESULTS
Chemical Testa
frsgnio /L APHA 31208 [Ty =010

" Badum mall APHA 3120 B 0.1 <01
Bicartionates mgiL APHA 2320 B 1 131
Bizchamical Ceygan Demand moiL APHAS210 B 2 o

" Bomn mgiL APHA 3120 B 010 4,39

" Bromide gl APHA 4110 B 0.0 B4 81

__ﬂ'l-'ﬂtlrl;:E mgiL AFHA, 4500 CI-6B 1 133598
Todal Kjaldahl Nirogen mgiL APHS 4500 Morg B LE =0.8

" Cadmium mail APHA 3120 B 0.003 =0.003
Calgiurm mgiL APHA 3500 Ca B ____1 445
Ghemical Oaygen Demand il HACH 800 5 <5

" Cobalt il APHA 3120 B oo | <0103

_.-G:; PLCo HACH &025 i ={

" Copper mgll APHA 3120 B 0.07 et
Cranida mpiL HaCH 807 0.001 <0000
Fluzicla mgiL HACH aiEs 0.01 1.83
Magrasium mgiL APHA J500 Mg B 1 1374

" Mercury Mg BPHA 3120 B 0.001 <000

" Molybdenam il APHA 3120 B 0. <001

" Macked migil APHA 31208 .02 0,02
Nt mgil HACH 2507 0.001 0.012
Bulphide mail HAGCH B131 oot | <001

Page 1 of 4




Lonestar Alpha Laboratories

Museat ; 2.0, Box 1197, PC 130, Muscat, Sultanabe of Oman - Tal.: +968 24501524 / 5590, Fax : +953 24500814
Miugcat Chamiairy Lab - R0, Bo 1597, PC 130, Muscat, Subtanate of Oman - Tel: 4568 24534206, 2450492, Fax | #368 4502535
Sohar ; 0, B 34, P 327, Sehar industrial Extaie, Seitznate of Omer - Tal: +D58 26T507RE /020,076, Fax: #3685 57R1331
Dugm - Td, 1863 32276040, E-mail dugre B@lonasaaipha com

Salatah : PO, B 1387, PG 2910, Tel: o055 ¥3713390, Fax o068 23015331, F-mal: sahaban eb@banastanipta com

E-mail | Infdio rassta rad phacom, 'Wabsite: wne bnestaralpha com

Report No. LMCHE ! B200M Date Reported 08 Aug 2015
Cust Ref. - Date Received 20 Jul 2018
TEST LINIT TEST METHOD MDOL RESULTS
Cahonatas mgiL APHAZAZO B 1 <1
Tin mgil APHA 20 B 0.01 =0t
Ceasoheed Silica as S5ilk mpil HACH 8184 001 015
Silivates maiL HACH 8166 0.01 0.20
" Dissohved Iron as Fe miilL AFHA 2O B .oz =0
" Dissohed Manganese s Mn gL APHA 3120 B 0.2 ol (T
" Dissohved Aluminium as Al mgil AFHA 208 0,03 =02
I Teds Iran mgiL AFHA 21208 .02 <1 (12
" Total Manganase mail AFHA 31208 0.0z <002
i Tl Aduminiuem mgil AFHA 31208 0.3 <003
" Potagsium mgiL APHA 3120 B 0.2 432
Salinity Pl &FHA 2530 B 04 a35.04
Salanium mail APHA 31X B 0.0 =0.01
" Strontium gl APHA 3170 8 0.03 7.15
Suiphaie gl APHA 4500 50420 i 2ro2
" Total Disscived Sclids mip/L APHA 2540 G |7 A5R50
" Total Suspended Solds mgiL BFHA 2540 O 5 ki
* Zinc mip/l APHA T2 B 0.4 =0.1
Cil & Greasa mplL AFPHASS20 B | oL
Organic maties - Laakiative 1ast - MIL
; Sodium miL APHA MZDE 0.2 11430
Fhesphale ag PO mil HACH 3048 0.01 .22
Dansity @ 25°C gmlk by Hydrometer (001 1.026
Carhian diaxde gl APHA 4500 SO 1 =
Hitrale magil H&CH 8171 .1 4.1
Plumb a% Laad gL APHS 31208 0.1 <001
Arrenoniuim as MH4 gL H&CH 8155 0.1 =001
““Enumeration of Phyloplankion Mof APHA 000 F . B
Total Organic Cabon il HACH 10128 o5 | 19 ]
Digsnlvad Onganle Catan gL HACH 10128 0.5 1.7
Turbadity NTLI HACH B227 0.1 L
Total petroleum Hydrocarbons
ri-Handnacantans mpil USERA SW .04 ki
BLAEMEN15E
moiL LISERA 5W 0.1 =001
B£EMA015
Fage 2 of 4
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Lonestar Alpha Laboratories

Muscat ; P00 Bow 1197, PC 130, Muscat, Sultanate of Oman - Tal: +968 24501524 /5590 Fax ; +053 24500214
Museat Chemisiry Lab | PO, Bisi 1997, BC 130, Musc, Sollanabe of Dmaa - Tal: +508 2504205, 2504924, Fax t 4568 24202515
Sohar - P10, Beo B4, 0327, Sehar ndustrial Estale, Solanate of D - Tel: +050 PES175 /000, 078, Fad: +860 26751331
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1 Introduction

1.1 Background

WKC Environment Consultancy (WKC) have been contracted by 5 Capitals Environmental and Management
Consulting (5 Capitals) to conduct hydrodynamic modelling and a brine plume assessment for the proposed
outfall conditions from the proposed ACWA Power, Salalah and Shairgiyah Independent Water Project
(hereinafter referred to as the “Salalah IWP”), located in the Salalah region of the Dhofar Province of south
western Oman.

The overall project involves the assessment of brine plumes for the existing and proposed outfalls in the area,
based on one existing, and two future design scenarios. The flow of brine from the nearby existing Salalah
Independent Water and Power Plant (IWPP) outfall has also been included in the study but is not expected to
change based on the scope of works of this study. 5 Capitals have been commissioned to prepare an
Environmental and Social Impact Assessment (ESIA) for submission to the regulatory authorities. The scope
of works outlined within this report were commissioned in support of this ESIA to aid in 5 Capital's impacts
assessment.

The future Salalah IWP and existing IWPP outfalls are located approximately 750m and 170m perpendicularly
south of the shoreline respectively, with the IWPP outfall at the end of a man-made rock groyne. The IWPP
and IWP facilities are located within Salalah Bay and are approximately 50 km ENE of the Port of Salalah.
The project location in relation to the surrounding area is presented in Figure 1-1.

1.2 Study Objectives
Two key objectives form the basis for this study:
e Simulation of hydrodynamics to feed into subsequent plume assessments; and,

* Simulations to determine the mixing zone of brine plumes discharged from the IWP and IWPP outfalls;

1.3 Assessment Method

The discharges from the proposed development have been simulated using sophisticated atmospheric and
ocean models:

* Analysis of European Centre for Medium Range Weather Forecast (ECMWF) data to obtain wind
and atmospheric pressure fields over the Project area;

* Analysis and incorporation of the Oregon State University (OSU) Barotropic Tidal Inversion Model
for tidal prediction and model boundaries;

5 Capitals Marine Modelling Report
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Simulation of tidal and wind driven ocean currents using the GEMMS 3D Coastal Ocean Model
(GCOM3D) which predicts the variation horizontally and vertically of the currents in the Project
area;

Simulation of near-field brine plume behaviour using the United States Environmental Protection
Agency (US EPA) approved Cornell Mixing Zone Model (CORMIX), which simulates the ‘jet-like’
dispersion of the discharge; and,

Simulation of far-field brine plume behaviour using the GEMMS 3D Plume Dispersion Model
(PLUMES3D), which simulates the ‘plume-like’ dispersion of the discharge.

The major stages of the methodology were:

5 Capitals

Setup an accurate bathymetric representation of the study region from the General Bathymetric
Chart of the Oceans (GEBCO), digitised chart data and local bathymetric data collected as part
of this study;

Extract two representative periods (summer and winter) of 6-hourly wind fields from the ECMWF
Global Atmospheric Prediction Model;

Establish a hydrodynamic model for the area of interest;
Incorporate OSU tidal data at model boundaries;
Predict 3D currents with GCOMS3D within a summer and winter scenario; and,

Investigate the dispersion of the brine plumes discharged from the outfall using the CORMIX and
PLUME3D models driven by the currents predicted by GCOM3D.

Marine Modelling Report
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Figure 1-1 - Project Location
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2 Project Standards

The environmental legislature of Oman is governed primarily by the Law on the Conservation of the
Environment and Combating of Pollution (Royal Decree No. 114/01) [1]. Although its forerunner (of the same
name — Royal Decree No. 10/82 [2]) now stands repealed, it enabled the enactment of a series of
environmental legislations, most of which continues to be in force today.

The legislative requirements for the operation of a brine outfall are outlined in the sections that follow, along
with the guidance from the International Finance Corporation.

2.1 Ministry of Environment and Climate Affairs

The Council for Conservation of Environment and Prevention of Pollution established the Ministry of
Environment in 1984, which pursuant to Royal Decree 90 or 2007, is now called the Ministry of Environment
and Climate Affairs (MECA) [3].

MECA and conjunction with the Council for Conservation of Environment and Prevention of Pollution published
Ministerial Decision No: 159 of 2005 - Promulgating the bylaws to discharge liquid waste in the marine
environment [4]. These bylaws express the requirements of all facilities to obtain discharge permits subject to
the following requirements:

1. Setthe end of the liquid waste discharge pipe at a depth of not less than one meter below the lowest
tide line;

2. The temperature of liquid waste at the discharge point should not exceed 10 degrees centigrade over
the temperature of the water surrounding the seawater intake, if any. The Ministry may request
continuous monitoring of the water temperature at the discharge inlet and outlet, in the form of monthly
reports. The Ministry may also request, every now and then, continuous monitoring to ensure that the
temperature of the inlet is equal to the temperature of the surrounding water;

3. Set the end of the discharge pipe where it will not allow the liquid waste to impact the corals and
seaweeds at the seabed;

4. The special utilities and equipment should be maintained by taking samples of the seawater and liquid
waste in accordance with the conditions set by the Ministry;

5. Specify a circular area of 300-meter diameter, with the point of liquid waste discharge as its centre,
as the initial mitigating area, whereby the discharge of liquid waste in this area should not result in the
followings:

a. Increase of the temperature of surrounding water for more than one degree centigrade (weekly
average);

5 Capitals Marine Modelling Report
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b. Reduction of average dissolved oxygen for more than 10% (weekly average);

c. Changes in the pH by more than 0.2 unit; and,
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d. Increase or decrease in rate of salinity for more than 2 salinity units (2 parts per thousand) of

the daily surrounding averages.

Additionally, the discharge should be characterised in the form of three-dimensional modelling covering one
seasonal year and high and low tides cycles. Provided that this modelling shall be applied in the worst initial
mitigation conditions, i.e. the lowest wind speed concurrent with the diminishing high and low tides, the lowest
recorded current speed in the location and the tidal reflection in view of such conditions, unless otherwise

decided by the ministry.

Said modelling should include the following considerations and information as a minimum requirement;

1. Meteorology measurements: Wind speed and direction for at least one month during the south-western

and north-eastern seasonal winds (winter and summer);

2. Marine currents measurements: High and low tide currents and the currents resulting from wind action
on the surface, the central and seabed waters covering an area of (1) km on either sides of the

discharging point and for (1) km into the sea;

3. Seabed bathymetry: Depth contours covering an area of (1) km on either sides of the discharging point

and for (1) km into the sea; and,

4. Multi-port diffusers should be used at the pipe-end, provided they allow gradual dispersion and assist

in preventing the liquid from reverting to the beach area.

The following minimum discharge standards, as outlined in Table 2-1, are applied at the point of discharge,
with all standards expressed in terms of milligrams per litre (mg/l) unless stated to the contrary:

Table 2-1 - Omani Federal Discharge Quality Standards [4]

Parameter

pH
Temperature

Biochemical Oxygen Demand (BOD) (5d@20degrees

centigrade)

Chemical oxygen demand (COD)

Total Suspended Solids
Aluminium (as Al)
Arsenic (as As)
Barium (as Ba)
Beryllium (as Be)
Boron (as B)
Cadmium (as Cd)
Chromium (as Cr)
Cobalt (as Co)
Copper (as Cu)
Cyanide (total as CN)
Fluoride (as F)

5 Capitals
ACWA Power, Salalah IWP Project

Standard
Between 6 - 9
<10 °C above ambient temp
20.0

200.0
30.0
5.0
0.100
2.0
0.300
1.0
0.010
0.050
0.050
0.200
0.100
2.0
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Parameter Standard
Iron (as Fe) 15
Lead (as Pb) 0.08
Lithium (as Li) 0.070
Mercury (as Hg) 0.001
Molybdenum (as Mo) 0.05
Nickel (as Ni) 0.100
Nitrogen: Ammoniacal (as N) 1.0
Nitrogen: Nitrate (as N) 15.0
Nitrogen: Organic (Kjeldahl) (as N) 5.0
Total-Nitrogen 15.0
Oil & Grease 15.0
Phenols (total) 0.002
Phosphorus (total as P) 2.0
Selenium (as Se) 0.020
Silver (as Ag) 0.010
Sulphide (total as S) 0.100
Total chlorine (as Cl2) 0.4
Vanadium (as V) 0.100
Zinc (as Zn) 1.0
Faecal Coliform Bacteria (per litre) 1,000
Viable Nematode Ova (per litre) <1
Organo-halogens <0.001
Pesticides or their by-products <0.001
Organosilicon compounds <0.001
Organocopper compounds <0.001
Organotin compounds 0.00002

2.2 US EPA Chronic and Acute Toxicity Thresholds

The United States Environmental Protection Agency (US EPA) provides acute and chronic toxicity thresholds
for various pollutants as maintained in the National Recommended Water Quality Criteria - Aquatic Life Criteria
Table [5]. These thresholds are terms as the Criterion Maximum Concentration (CMC) and Criterion
Continuous Concentration (CCC) respectively.

The toxicity thresholds are described for both acute (1 hour) and chronic (96 hour) averaging periods and each
have a maximum 1 period exceedance over any three-year period.

The CMC criterion (applicable to non-continuous discharge concentrations) must be met within a set distance
of the outfall, as defined by the most stringent of the following three options:

e Option 1: 10% of the RMZ;

* Option 2: 50 times the discharge length scale (square root of the area of each discharge port) in
any spatial direction; or,

* Option 3: 5 times the local water depth at the point of discharge.

5 Capitals Marine Modelling Report
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Based on these options, the most stringent standard would therefore be applied over a distance of 17.7 m
(Option 2).

A summary of these limits is provided in Table 2-2.

Table 2-2 — US EPA Toxicity Thresholds for Residual Chlorine [5]

Pollutant CMC CECE

Descriptor Acute Chronic
Averaging period 1 hour 96 hours
Allowable Exceedances 1 every three years 1 every three years
Concentration (Chlorine) 13 ug/L 7.5 pg/L

Required to be met within 17.7m 300 m

It should be noted that toxicity thresholds are defined based on eco-toxicity testing at up to three trophic levels
and generally include zooplankton species (e.g. Daphnia), the most stringent of which is selected in an attempt
to ensure the majority of species are protected. The values therefore do not necessarily represent toxicity
values for macro fauna species.

2.3 International Finance Corporation

In keeping with a conservative approach, international best practice standards are also considered for
application to this project.

Therefore, the IFC EHS guidelines for Thermal Power Plants [6], can be applied to the discharges to thermal
desalination plants due to general similarities in the discharge contents. Despite the fact that this project
involves the development of a reverse osmosis desalination system, the IFC standards are considered
applicable to this scope of works.

Based on this approach, the following discharge standards for residual chlorine are applied for the purposes
of assessment in this study.

Table 2-3 — IFC EHS Guidelines for Thermal Power Plants [6]

Parameter Standard

Chlorine (residual) 0.2 mgl/l

2.4 Summary

A review of relevant regulations indicates that a target water quality objective of less than 2 parts per thousand
(ppt) at the edge of the regulatory mixing zone (RMZ) of 300 metres is suitable for brine discharges into the
marine environment. In terms of the modelling assessment, this requirement will be converted to a target
dilution ratio and incorporated into the model set up.

Residual chlorine at the point of discharge will be assessed against the IFC EHS Guidelines for Thermal Power
Plants [6], with ambient concentrations compared to the US EPA CMC and CCC toxicity thresholds [5].
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3 Modelling Systems

3.1 3D Hydrodynamics (GEMMS 3D Coastal Ocean Model)

GCOM3D has a proven record for modelling ocean currents the world over, and has been validated extensively
in many locations.

GCOM3D calculates water currents in both the horizontal and vertical planes. The model operates on a regular
horizontal grid and uses a z-coordinate vertical-layering scheme (there is a varying number of layers,
depending on the depth of water, and each layer has a constant thickness). This scheme avoids errors in
current predictions at a particular depth caused by averaging of currents over varying depths, as used in sigma
co-ordinate and “depth-averaged” model schemes.

3.2 Plume Dispersion

3.2.1 Mixing Processes

The mixing and dilution of brine from the marine outfall can be considered in two distinct phases, near-field
and far-field dilution.

The initial near-field dilution is a function of several parameters including:
* The physical properties of the discharge;

* The momentum flux of the discharge velocity, which induces entrainment of the surrounding
ambient fluid;

¢ The speed (and direction) of the receiving waters; and
* The design of the diffuser/outfall.

Far-field mixing and dilution rely on the ambient conditions of the receiving waters (tidal and wind driven
currents, wave induced turbulence and thermodynamic gradients) to induce horizontal and vertical mixing.

Some plumes are positively buoyant and will rise to the surface (e.g. oil) whilst denser (negatively buoyant)
plumes (such as brine) will sink to the bottom of the water column. While both plumes will undergo similar
near-field mixing processes of entrainment induced by momentum flux, buoyant plumes experience more
mixing in the far-field than dense plumes, as buoyant plumes ultimately reside near the surface where the
actions of turbulent mixing due to winds (and waves if in the ocean) are more pronounced.

In the far-field, dense plumes tend to move in the lower part of the water column where mixing occurs
predominantly due to bed velocities, baroclinic flows and turbulent mixing down from the surface, which are
typically less energetic, depending on the depth of the water, than the processes closer to the surface.

Simulation of these processes can be carried out in three ways:
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* The use of near field dilution algorithms which define the near-field dilution achieved by different
discharge/diffuser configurations;

* The use of specific near-field CFD (computational fluid dynamics) sub-models such as the US
EPA CORMIX and PLUME3D models to define the behaviour of the water in the first few metres
from the outlet; or

* Undertake laboratory studies with scaled down models of diffusers to measure initial dilution
under a range of receiving water conditions. A relationship can then be determined which can
be used in far-field modelling to define the initial dilution.

3.2.2 Cornell Mixing Zone Expert (CORMIX)

The CORMIX model is an approved US EPA mixing zone model and primarily used for the assessment of
regulatory mixing zones resulting from continuous point source discharges. Mixing behaviour can be assessed
from a range of discharge designs within bounded channels (e.g. rivers, estuaries or industrial discharge
channels) and unbounded channels (e.g. coastline or lakes). The mixing behaviour is modelled based on
discharge characteristics and ambient conditions such as current speed, buoyancy of the brine, stratification
of the ambient fluid, brine flow rate and port diameter/design. CORMIX is particularly effective at determining
near field mixing characteristics based on outfall design and the ambient conditions at the point of discharge.

3.2.3 GEMMS 3D Plume Discharge Model (PLUME3D)

The more advanced 3D model was required in order to accurately simulate the behaviour of the plume when
influenced by ambient parameters, such as winds and tides in the far-field.

PLUME3D is a Lagrangian random walk far-field plume dispersion model which obtains oceanic conditions
from GCOM3D and includes 3D plume dispersion algorithms for modelling the far-field behaviour of a wide
variety of discharge materials including sediments, sewerage, thermal discharges, oils and chemicals,
accounting for processes such as dispersion and dissolution, under defined release conditions (quantity, rate
etc).

PLUME3D uses predictions from GCOM3D to provide the ocean conditions into which the discharge is
released. The Lagrangian nature of the model allows the discharge plume to be simulated throughout the
water column taking into account the effects of natural processes such as surface waves, horizontal diffusion
and dispersion. The model is free from numerical diffusion problems (such as experienced by Eulerian models)
because it is not run on a grid.

The plume model can be used stochastically if required, to simulate a large number of random events over
time or can be used for specific case studies in a deterministic mode.

PLUME3D can model the behaviour of a variety of constituents within a single release volume given
information on the density and other physical and chemical parameters. The model reports mass and
concentration levels on the water surface, on shorelines, in the sediments or through the water column. Where
multiple constituents are involved, the model can report the distribution of each constituent individually.
Horizontal and vertical cross-sections are also available to better illustrate the three-dimensional distributions.
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4 Methodology

4.1 Overview

The hydrodynamic model is used to generate ocean tide and 3D current data, a pre-requisite to the subsequent
plume modelling. The results of this hydrodynamic modelling have been used to ‘drive’ the plume and coastal
processes assessments.

The assessment was broken down into the following components to enable a full and comprehensive
assessment to be carried out:

* Hydrodynamic Modelling;
o 3D Hydrodynamic Modelling (GCOMS3D);
* Brine Plume Assessment;
0 Near-Field Plume Dispersion Assessment (CORMIX);

o Far-Field 3D Plume Dispersion Assessment (PLUME3D);

4.2 Hydrodynamic Modelling

4.2.1 Overview

The hydrodynamics of the project area were simulated utilising the GEMMS 3D Coastal Ocean Model
(GCOM3D) driven by tidal constituent amplitude and phase predictions for the Arabian Gulf by the Oregon
State University (OSU) global tidal model and by meteorological data from the European Centre for Medium-
range Weather Forecast (ECMWF). An overview of the hydrodynamic modelling approach is presented in
Figure 4-1 and Table 4-1 for reference.
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Figure 4-1 —Modelling Flow Chart
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Table 4-1 — Summary of Hydrodynamic Modelling Approach

Task

Model

Model Features
Meteorological Data

Period Modelled

Bathymetry

Model Verification

Resolution

4.2.2 Ocean Model Setup

Hydrodynamic Modelling

GCOM3D

3-dimensional

Horizontal and vertical planes

z-coordinate vertical layering scheme

European Centre for Medium Range Weather Forecasting (ECMWF) Re-Analysis
Interim Data (ERA-Interim) at 80 km spatial and 6-hour temporal resolution.

Two simulations for 1 month from 01/01/2016 and 01/07/2016 to cover both winter
and summer conditions respectively.

Simulations were conducted for the existing physical bathymetry only.

Verification was conducted against water heights predicted using harmonic
constituents at the nearest tide station at the Port of Salalah over a period of 30
days in January 2017.

50 m

The modelling domains were driven by the best available tidal and meteorological data, with the physical
domains being developed utilising multiple sources of bathymetric and topographic data. The model set-up is
considered the most suitable, considering the availability of relevant project specific data.
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4.2.3 Model Grids and Bathymetry

Bathymetry within the project area was obtained from a number of sources in order to accurately portray the
physical environment within the modelling domain. The sources of data utilised, in the order that they were
used, are summarised below:

* General Bathymetric Chart of the Oceans [7];
e British Admiralty Bathymetric Charts 2895 [8];
* A bathymetric survey of the coastal areas in the vicinity of the project; and,

* Manual manipulation of the bathymetric grid data to better define existing coastal features
identified via satellite imagery.

Specific bathymetric data collected in in the area of the Salalah IWP project included both a physical
bathymetric and topographic survey.

The physical surveys were conducted by Masirah International Technical and Marine Services LLC between
18t December 2015 and 23 December 2015. The survey was conducted over an area of approximately 300
hectares which covered 2,000 m of coastline and approximately 1,500 m out to sea with a survey line spacing
of 50 m. Additional detail can be found within the Bathymetric Survey Report within Appendix A.

The final small and large bathymetric grids (immediate Project Area and Overall Salalah Bay respectively),
created from all data sets described, and which incorporate the entire modelling domain over the project area
are presented within Figure 4-2 and Figure 4-3.

The modelling was conducted on a 50 m spatial and 30-minute temporal resolution. Pre-determined locations
were inserted into the model to generate numerical outputs for comparison purposes. The location of these
‘stations’ are provided within Figure 4-4. High definition figures of the physical model set-up are provided
within Appendix C.
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Figure 4-2 —Project Area Bathymetric Grid
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Figure 4-3 — Salalah Bay Area Bathymetric Grid
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Figure 4-4 - Station Locations
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4.2.4 Winds

Wind data was obtained from WKC'’s data base of global reanalysed forecast data from the ECMWF. The
ECMWEF routinely operates a suite of Numerical Weather Prediction (NWP) models at a range of spatial and
temporal resolutions.

Data from a routinely archived data set of these winds have been used to force the GCOM3D models. For the
model grids, the ECMWF winds are available at a grid resolution of approximately 70km and at every six hours.

Wind roses in the months of January 2017 and July 2016 at the project location (IWP Outfall) are provided
within Figure 4-5 and Figure 4-6. The dominant wind direction at the site changes dramatically between the
seasons, which in summer is the primary cause of the Khareef weather between June and October.

Figure 4-5 - Wind Rose (ECMWF) at IWP Outfall (January 2017)
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Figure 4-6 - Wind Rose (ECMWF) at IWP Outfall (July 2016)
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In order to accurately simulate the propagation of the tides to the project area within the modelling domain,
boundary tidal conditions were sourced from the Oregon State University (OSU) Tidal Data Inversion Model
[9]. The modelled tidal constituent data was checked against constituents obtained through measurements at
local ports, sourced from the UKHO Admiralty Tide Tables [10].

4.3 Simulation of Brine Discharges

4.3.1 Overview

The Salalah IWP will make use of a single diffuser outfall located approximately 800 m from the shoreline. The
diffuser will have five risers with a spacing of 5 m (totalling 20 m in length) with each riser has two ports facing
in opposite directions at a vertical angle of 45°. Each of the ten (10) diffuser ports has a diameter of 0.4 m.
The flowrate of brine through this outfall will vary from 11,680 m3/hr to 12,270 m3/hr (represented in the
modelling as Scenarios 2 and 3 respectively). The IWP project is currently in the Engineering, Procurement
and Construction (EPC) phase and once operational, will produce a concentrated brine stream which will be
discharged through the Salalah IWP diffuser outfall

An additional existing outfall (known as the IWPP outfall) is located closer to the shoreline at the end of a man-
made rock groyne and is included in the modelling assessment. The IWPP outfall consists of a single outfall
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pipe, approximately 1.8 m below the surface which is orientated vertically upwards. The outfall has a diameter
of 1.29 m and has a flowrate of approximately 6,000 m3 of brine per hour. This outfall is represented in isolation
for Scenario 1 (existing conditions) and is not expected to change during the development of the IWP outfall.

In summation, the following scenarios and outfalls were selected for assessment within this study:
1. Existing Conditions;
a. IWPP Outfall — 6,000 m¥hr.
2. Nominal Future Conditions;
a. IWPP Outfall — 6,000 m3/hr; and,
b. IWP Outfall - 11,680 m3/hr.
3. Exigency Conditions;
a. IWPP Outfall — 6,000 m3/hr; and,
b. IWP Outfall — 12,270 m3/hr.

In order to capture the near-field mixing facilitated initial momentum as the brine leaves the outfalls, the plume
was first simulated utilising CORMIX. The far-field modelling was conducted utilising PLUME3D, with ambient
conditions driven using outputs from GCOM3D.

The ‘near field’ can be defined as the zone where mixing behaviour is influenced by the momentum and
buoyancy (influenced by discharge design and brine characteristics) of the discharge as well as boundary
interactions. CORMIX is particularly useful in determining plume behaviour in the near field based on
discharge brine parameters and is therefore considered suitable for this task.

The behaviour of the brine plumes at distance (within the ‘far-field’) is influenced by ambient parameters such
as tidal currents (and tidal reversal), and meteorological conditions.

Brine characteristics and discharge design parameters were obtained from the client where possible and
schematised into the CORMIX model to simulate mixing within short distances. The output from CORMIX was
then interrogated by PLUME3D to determine the point where momentum no longer influenced plume trajectory.
PLUMER3D takes relevant data from this point (such as plume velocity, trajectory, density, dimensions, dilution
etc.) to create an input file for use within the far-field assessment.

An overview of the 2-stage approach to modelling is presented in Table 4-2, with additional information
provided in the following sections.

Table 4-2 — Plume Discharge Modelling Overview

Stage Near-field Plume Modelling Far-field Plume Modelling
Model CORMIX PLUME3D
Task Pre-requisite  GCOM3D Hydrodynamic Modelling GCOM3D Hydrodynamic Modelling
Near-field Plume Modelling
Model Features Approved US EPA mixing zone model for Lagrangian random walk far-field plume
near-field applications dispersion model
5 Capitals Marine Modelling Report
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Stage Near-field Plume Modelling Far-field Plume Modelling
Scenarios Discharges from each outfall were The results of the near-field mixing
simulated to determine mixing simulations with CORMIX were
characteristics during mean current and incorporated at the end of the near field
ambient conditions. zone using the dilutions attained from
CORMIX.

In addition, variance in ambient parameters
were considered for two seasons (summer

and winter).
No. of Sources 2 2
Parameters Simulated Dilution and Salinity Dilution and Salinity

4.3.2 Near-Field Simulation methodology

Discharge Parameters

The brine parameters are important to define the differential of the parameters of concern with the ambient
concentration in order that an assessment against criteria can be carried out. The brine parameters also define
the buoyancy of the plume which will determine the plume trajectory and determine how the plume will interact
with the ambient environment (i.e. will the plume rise to the surface, sink or remain neutrally buoyant), all of
which can significantly affect mixing behaviour.

Parameter data was supplied by the Client based on historic works carried out as part of the design works.
Where data gaps existed, parameters were calculated or conservatively assumed based on industry
knowledge. A summary of the brine parameters for the undiluted and diluted scenarios is provided within
Table 4-3.

Table 4-3 - Summary of Brine Parameters *

Value
Parameter Units Summer Winter
Sc_1 Sc_2 Sc_3 Sc_1 Sc_2 Sc_3

Outfalls Included IWPP IV:/\;E IVIV\;FP’ IWPP IV:/\;E IVIV\;FP’
Brine Flow Rate md/s 1.277 3.245 3.408 1.277 3.245 3.408
Brine Temperature °C 32 32 32 19 19 19
Brine A Temperature A°C 2 2 2 2 2 2
Brine Salinity ppt 50 67 67 50 67 67
Brine A Salinity ppt 10 27 27 10 27 27
Brine Density kg/m3 1031.9 1044.8 1044.8 1036.2 1049.2 1049.2
Brine A Density A kg/m?3 6.78 19.7 19.7 7.0 20.0 20.0

* - note that the IWPP outfall is included in all three modelled scenarios.

It is noted that the rate of dosing of chlorine in the IWP system is expected to be 5-15 mg/l of raw seawater.
Shock dosing will occur for a period of 3 hours once every 72 hours. It should be noted that based on the
understanding of the Project, residual chlorine at the point of discharge will meet the IFC EHS Guidelines for
Thermal Power Plants [6] as one of the EPC requirements. Therefore, for the purposes of assessment, it is
assumed that a maximum concentration of 0.2 mg/l will occur during dosing periods, with the average residual
chlorine then calculated over a 72-hour period.
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Table 4-4 — Semi-quantitative Chlorination Mixing Requirements

Maximum Cl2 at Outfall Average Cl2 at Outfall Dilutions Required
mg/l mg/l US EPA CMC [5] US EPA CCC [5]
0.2 0.00833 15.4 11
Notes

Note that ambient chlorine dispersion and degradation in the environment (or within the IWP system) has not been
simulated as shock dosing is not continuous and will only occur for 3-hour periods, once every 72 hours. As a result,
the outfall concentration of chlorine is not expected to be constant

Ambient Parameters

Ambient parameters, such as depth, current velocity, current direction, tidal period etc. were obtained from the
GCOM3D simulations, and the bathymetric grid; and are time dependent in nature. However, certain
parameters were assumed to be static in each near-field scenario.

For reference purposes, a summary of the ambient parameters is provided in Table 4-5.

Table 4-5 - Summary of Ambient Parameters

Summer Winter
Parameter Units
IWPP OQutfall IWP Qutfall IWPP OQutfall IWP Qutfall
Depth at Discharge (MSL) m 5.4 13.1 5.4 13.1
Ambient Velocity (mean) m/s 0.233 0.449 0.242 0.427
Ambient Temperature (mean) °C 30 30 17 17
Ambient Density (mean) kg/m? 1025.2 1025.2 1029.1 1029.1

Outfall Design Parameters

The outfall design was provided in the EPC data package for the Salalah IWP outfall and the diffuser
parameters are shown in Table 4-6 below with schematics for both the IWP and IWPP outfalls shown in
Appendix B.

Table 4-6 — Summary of Actual Outfall Design Parameters

Value (Actual)

Parameter Units Comment
IWPP WP

Outfall Distance from Shoreline m 200 800 Approximate values

Number of risers # 1 5

Number of ports # 1 10

Riser Spacing m N/A 5

Port Diameter m 1.29 0.4

Mean depth at discharge m 5.4 13.1
Port elevation above seafloor m 3.6 15 Assumed

Discharge angle (vertical) * ° 90 45
Discharge angle (horizontal) 2 ° N/A 0 and 180 IWP Diffuser ports face in opposite
directions, parallel to the shoreline

Notes
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Value (Actual)
Parameter Units Comment
IWPP IWP

1: Vertical angle is measured from the horizontal plane. Positive values indicate the ports are oriented towards the water surface.
2: Horizontal angle is measured from the direction/position of the nearest bank (in this case the shoreline).

The CORMIX software is based on laboratory experiments, therefore outfall designs must be ‘schematised’
(or simplified) to fit within the parameter confines that have been assessed within laboratory, or to a degree of
similarity that it is considered likely that the same plume behaviour (or flow-class) will result. In addition, as
CORMIX is often used as a design tool, the software does not allow parameters that the developers consider
impractical. Please note however that none of the parameters listed in Table 4-6 were changed for the
schematisation of these outfalls, however the gradient of the seafloor was assumed in each case to align with
the required schematisation parameters.

The far-field modelling (Section 4.3.3) utilises the results from CORMIX to simulate the near-field mixing
behaviour caused by turbulence associated with the initial momentum and buoyancy of the brine due to the
exit velocity from the diffuser and the initial differential in density between the brine and ambient waters. During
this near-field phase, the brine can be considered as ‘jet-like’, where the discharge and brine parameters are
more significant in influencing mixing behaviour than ambient current speeds and directions.

Within this jet phase, the ambient conditions, such as current speed and direction will influence the behaviour
and trajectory of the jet. However, CORMIX is a straight line, scenario model that cannot take into account
differences in ambient conditions over time. Due to the design of the IWP diffuser and IWPP outfall, the
ambient current will vary in strength and direction, however due to the constraints of CORMIX, these currents
were assumed as per Table 4-5 in a single direction (average current speed taken from GCOMS3D simulations).

The results of the near-field simulations are then utilised as input into the far-field simulations at a
representative set distance where the momentum of the jet is minimal. This distance is representative only, as
the actual jet behaviour and trajectory will vary depending on the influence from ambient current speeds and
directions. The link between the near-field and far-field simulations is not an exact science. However, the
estimation of near-field behaviour utilising near-field modelling software such as CORMIX is preferable to
utilising simplified algorithms for this behaviour within the far-field modelling software itself.

4.3.3 Far-Field Simulation methodology

CORMIX is a steady state model (i.e. cannot take into account variables within the ambient environment e.g.
variance in current speed and direction) therefore the brine plume has been simulated in the far-field using the
sophisticated three-dimensional plume simulation model PLUME3D. This plume was simulated in both
summer (July 2016) and winter (January 2017) for a period of 30 days.

PLUME3D has been linked to CORMIX so that the results output from CORMIX are automatically read into
PLUME3D as inputs at a set, representative distance to account for the jet phase trajectory of the brine.
Therefore, the input parameters within PLUME3D are identical to those within CORMIX, with the exception
that additional time and space dependent ambient parameters are also considered.

Ambient parameters, such as three-dimensional currents speeds and velocities, surface wind speed and
direction and temperature, are obtained directly from the hydrodynamic simulations obtained through
GCOM3D.

4.4 Assumptions and Limitations

The modelling assessment has been carried out utilising the most accurate data available at this time, however
a number of assumptions/calculations were used, these are summarised below:
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4.4.1 Hydrodynamic Modelling

Meteorological data input is derived from the ECMWF public domain model data and is relatively
coarse spatially and temporally. The spatial resolution is not anticipated to produce significant
error but the temporal resolution of 6 hours may tend to smooth out significant changes in the
weather and underestimate peak conditions;

Tidal forcing is based on tidal constituent amplitudes and phases from the OSU global tidal
inversion model.

The majority of bathymetric data was imported from a digitised British Admiralty chart [8]. This
may result in some variation between modelled bathymetry and actual bathymetry due to the
quality and spatial resolution of the chart soundings, or variance in actual bathymetry due to
physical changes (such as dredging activity) across the domain.

Validation of 3D current speeds and directions was not conducted due to lack of available
‘observed’ current data.

Validation was carried out against tidal harmonic data collected at Salalah Port and published in
the Admiralty Tide Tables for the Indian Ocean [11]. Tidal harmonic data is available for only four
of the tidal constituents; namely the M2, S2, K1 and O1 harmonics, when in reality the tidal height
at any location can be affected by many more. Therefore, the tidal heights predicted using the
available tide tables may result in a perceived weaker correlation between simulated and
observed findings.

4.4.2 Plume Simulations

5 Capitals

CORMIX simulations were carried out of a ‘schematised’ outfall design i.e. some variation
between the simulated and actual design conditions exist, in order to fit the design within the
parameter confines of the software.

The linkage between near and far-field models is not an exact science. However, this method is
considered more accurate that excluding the near-field factors, or using simplified algorithms to
simulate this complicated behaviour.

The outfalls simulated are based on designs provided by the EPC data package and other
available information provided by the Client. No attempt at optimising the outfall/intake design
has been carried out as part of this assessment.

In mapping and presentation of the plume data, the 95" percentile highest salinity concentration
at each point in the modelling domain is calculated as an average through the depth of the water
column.

Shock dosing of chlorine is non-continuous, with dosing occurring for 3-hours, once every 72-
hour period and has therefore not been included in the continuous outfall modelling assessment.
It has been assumed for the purposes of assessment of chlorine dosing that Clz at the point of
discharge will meet an absolute maximum of 0.2 mg/l at the point of discharge [6] during shock
dosing. The average concentration of chlorine over any 72-hour period is therefore 0.008333
mgl/l.
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5 Results

5.1 Hydrodynamic Modelling (GCOMS3D)

5.1.1 Overview

In order to provide preliminary data, which captured a full tidal cycle and achieved steady state equilibrium,
GCOM3D was run for one month (30 days) for the month of July 2016, and January 2017 to represent a
summer and winter scenario respectively.

Figure 5-1 and Figure 5-2 show the typical circulation within the project area modelled during representative
summer conditions. It is noted that particularly during summer, there is very little tidal influence as the strong
monsoon (or Khareef) south westerly winds and the forcing effect of the coast line drive the currents in a
generally constant direction from west to east across the bay.

Similarly, Figure 5-3 and Figure 5-4 shows a typical winter circulation although the tidal influence during this
period is more pronounced. This is in part due to the generally lower wind speeds.

High definition plots of the currents of both summer and winter conditions are provided within Appendix D.
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Figure 5-1 — GCOMS3D Currents and Winds for Typical Summer Conditions (02/07/2016 22:30) — Wider Salalah Area
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Figure 5-2 — GCOMS3D Currents and Winds for Typical Summer Conditions (02/07/2016 22:30) — Project Area
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Figure 5-3 — GCOMS3D Currents and Winds for Typical Winter Conditions (11/01/2017 11:00) — Wider Salalah Area
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Figure 5-4 — GCOMS3D Currents and Winds for Typical Winter Conditions (11/01/2017 11:00) — Project Area
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The current velocities are relatively high, particularly during summer when strong Khareef winds create faster
flowing surface currents across the bay from west to east. The influence of the tide during these periods is
virtually unnoticeable beyond the immediate inshore area as the deeper waters are less affected by
comparatively minor changes in sea level.

During winter, the effect of the wind is diminished and tidal influence and eddy-currents become more evident
when considering prolonged periods. The general trend is however for winds and currents to flow from east to
west during winter months. “Time-lapse” videos series for both summer and winter periods are shown in
Appendix D.

Current speeds and constituent velocity profiles (u- and v-directions) are shown for summer and winter periods
at the IWP outfall location

Figure 5-5 — IWP Outfall Ambient Surface Current Speed Profile - Summer

Figure 5-6 — IWP Outfall Ambient Surface Current U-velocity Profile - Summer

Figure 5-7 — IWP Outfall Ambient Surface V-velocity Profile - Summer
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Figure 5-8 — IWP Outfall Ambient Surface Current Speed Profile - Winter

Figure 5-9 — IWP Outfall Ambient Surface Current U-velocity Profile - Winter

Figure 5-10 — IWP Outfall Ambient Surface Current V-velocity Profile - Winter

A comparison between wind and current roses for the IWP outfall location for summer and winter periods is
provided within Figure 5-11. These current roses allow greater understanding of current direction, and
subsequent plume dispersion. The current roses clearly show the increase in velocity of the currents at the
IWP outfall location for the summer period, as the currents are forced by stringer surface winds. As expected,

the roses also indicate a change in orientation for both wind and currents, caused by the seasonal Khareef
conditions for which the Salalah region is famous.
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Figure 5-11 — Current and Wind Rose Comparison at IWP Outfall Location
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5.1.2 Verification of Tide and Current Predictions

The tidal water heights utilised within the assessment were simulated for the summer and winter periods using
OSU and Admiralty Tide Tables in order to compare the model performance at simulating tidal variations in
the area. In order to ensure that the hydrodynamic model is accurately simulating the physics of the area of
interest correctly, a statistical analysis of tidal water height predictions was carried out for the tide gauge station
at the Port of Salalah, for which the tidal constituent data is known. Due to the lack of available ‘observed’
data, validation of current speeds and constituent (u- and v-velocity) vectors was not carried out.

Please note that WKC do not calibrate our hydrodynamic models as this potentially leads to spurious results
elsewhere within the modelling domain. Calibrating an entire modelling domain to ensure correlation between
simulated and measured data at a single grid point does not provide a model validation, as if significant
calibration is required then the behaviour of the ocean physics is not being accurately represented in the model.
In addition, although calibration can ensure that the simulated data correlates with measured data at a single
point of interest, the correlation factors utilised will also influence the simulated data at grid points where
measured data is unavailable which a) may result in the modification of simulated data elsewhere that cannot
be validated due to the use of a correlation factor not suitable to that point, and b) may result in unrealistic
simulated data (due to correction of magnitude or direction) resulting from the use of an unsuitable correlation
factor at that point.

GCOM3D utilises both tidal and meteorological data to simulate currents and water heights and, ideally, site
specific current and water height data is utilised within the verification process. However, in this instance, no
observed current or tidal height data is available and the model validation has therefore been carried out
against tidal water height data from the tide station at the Port of Salalah only.

To statistically analyse the modelled data, the Index of Agreement (IOA) is compared to the semantic scale
presented in Table 5-1. The statistical agreement and analysis of the data has been conducted for both periods
and is shown in Table 5-2 below with explanation of the various metrics and indices given in the text that
follows:

Table 5-1 — Correlation / Agreement Score Qualifications

Range Qualification
0.6<x<0.8 Good
0.3<x<0.6 Reasonable
0.0<x<0.3 Poor

Table 5-2 — Statistical Performance of GCOM3D for Water Height

RMSE I0A CORR Skillv SkillR
Ideal score 0 1 1 1 <1

Water Height 0.10 _ 0.97 1.10 0.28

Table 5-2 presents the root-mean-square error (RMSE), the IOA, and the results of the Skill V and Skill R
statistical test for water height, along with the ideal score for each test.

The RMSE can be described as the standard deviation of the difference for predicted and observed pairing at
the tide gauge location. The RMSE is a quadratic scoring rule which measures the average magnitude of the
error. The RMSE is a good measure of model performance, but since large errors are weighted heavily, its
value can be distorted. RMSE is equal to the unit of the values being analysed.
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The IOA can take a value between 0 and 1, with 1 indicating perfect agreement. The I0A is the ratio of the
total RMSE to the sum of two differences, the difference between each prediction and the observed mean, and
the difference between each observation and the observed mean. Therefore, the IOA is a measure of the
match between departure of each prediction from the observed mean and the departure of each observation
from the observed mean.

The correlation coefficient (CORR) gives the general correlation of any two sets of data, in this case the
agreement of the observed and modelled water height at the Salalah tidal station located at the Port.

The Skill V test shows how closely the modelled standard deviation matches the observed standard deviation
(close to 1 shows model skill), whereas Skill R takes into account systematic and unsystematic errors in relation
to the observed standard deviation (less than 1 shows model skill).

5.1.3 Discussion

Although no site-specific observed data is available, the correlation of the modelled water height data against
the constituent predicted tidal heights shows excellent statistical, and good visual agreement as shown in
Figure 5-12.

Due to the fact that only four constituents are known for the Salalah tidal station, it is expected that some
disagreement will be present. Tidal water heights are influenced by upwards of 50 constituents around the
world and only the four most prominent are included in the analysis carried out for the tide station in this
instance. Additionally, observed current data is not available therefore more robust validation against observed
currents was not carried out.

It is worth noting that due to the complexity of predicting ocean currents, WKC aim internally for an 10A of
greater than 0.5, which was achieved for the water height analysis for modelled and constituent predicted tidal
water height.
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Figure 5-12 — Verification of sea level heights for the month of January 2017
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5.2 Simulation of Brine Discharges

5.2.1 Near Field Simulations

The near-field simulations were carried out utilising CORMIX, the methodology of which is summarised in
Section 4.3. The purpose of the near-field modelling is to accurately determine the dilution of the brine at
short distances where plume momentum, initial spreading and buoyancy are more significant to dilution rate
than ambient parameters. Dilution at this distance is heavily influenced by the outfall design (See Appendix
B) and the brines physical characteristics (Table 4-3).

The near-field modelling did not attempt to ‘optimise’ the design of the outfall, as the design has already
been finalised as per the EPC data package provided.

The CORMIX predictions indicated that the negatively buoyant, highly saline ‘jet’ is released at a marginally
differential temperature of approximately 2°C from both the IWPP and IWP outfalls and in both cases, tends
to sink to the seafloor.

In the instance of the IWP diffuser outfall, the flow is classified by CORMIX as an ‘MNU1’ class plume. This
flow class describes a negatively buoyant plume emanating from a deeply submerged discharge port (or in
this case diffuser) and sinking to the bottom in a crossflow current of less than 1 m/s.

At this point, the mixing is dominated by the initial momentum causing relatively constant spreading in the
horizontal direction as the heavy plume disperses against the seafloor. Initial momentum begins to subside
at approximately 7 m from the outfall structure, and the negatively buoyant plume centreline flows down the
seafloor gradient into deeper water.

Due to the vertical design, the IWPP outfall produces a plume with a flow class of ‘NV5'. This applies to
“negatively buoyant plumes emanating from a vertical or near-vertical port, located near the surface”. The
initial momentum at the discharge point causes the plume to reach the surface and spread horizontally until
the negative buoyancy takes over and the plume sinks back towards the bottom and is carried away by the
ambient current.

For both simulations, the simulations continue after this point and into the far field region; however, they are
beyond the intended scope of the CORMIX nearfield model (the far field is more accurately simulated with
PLUME3D). Note that any inaccuracies further down the plume trajectory do not impact upon the accuracy
of the assessment as a whole, as the far-field modelling commenced at approximately 8 m for both outfalls,
where these inaccuracies were not yet evident.

5.2.2 Far-Field Simulations

The far-field modelling was conducted using PLUMES3D utilising the predictions of the near-field CORMIX
simulations to represent the dilution behaviour of the brine at distances where momentum and buoyancy
are significant factors. It must be noted that CORMIX is a steady state model which does not take into
account pooling effects, or re-entrainment due to tidal reversal. These effects are however accounted for
within PLUME3D.

CORMIX is a straight-line, scenario based model which cannot vary plume trajectory or mixing behaviour
due to variance in ambient current speed and direction that will occur at different points in time over the tidal
cycle. ltis therefore necessary to select a representative ambient condition, and distance along the plume
trajectory at which the inputs to the far field simulations can be formulated.

PLUME3D automatically reads the CORMIX predictions files at these locations (approximately 8 m) to
determine the geometry of the jet/plume, the depth, the number of dilutions achieved prior to this location,
and the remaining momentum (if any). The concentration of the pollutant of concern is distributed within
the jet in a Gaussian distribution from the plume centreline. PLUME3D is a modified Lagrangian particle
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model, and therefore does not run on a grid, however analysis of the results was conducted at a spatial
resolution of 20 m, with the results being analysed to determine the minimum plume centreline dilution
(converted to excess salinity above ambient for ease of understanding) exceeded 5% of the time (otherwise
known as the 95th percentile).

The assessment has considered the discharge of brine during representative summer and winter conditions.
A comparison of the 95" percentile (below which 95% of simulations can be found) dilutions for summer
and winter are provided in Figure 5-13 to Figure 5-18 with plots of dilution shown in Figure 5-19 to Figure
5-22. High definition plots are included within Appendix E.
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Figure 5-13 — Differential Salinity (95" Percentile) — Scenario 1 — Existing Conditions (Summer)
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Figure 5-14 — Differential Salinity (95th Percentile) — Scenario 1 — Existing Conditions (Winter)
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Figure 5-15 — Differential Salinity (95" Percentile) — Scenario 2 — Nominal Conditions (Summer)
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Figure 5-16 — Differential Salinity (95th Percentile) — Scenario 2 — Nominal Conditions (Winter)
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Figure 5-17 — Differential Salinity (95" Percentile) — Scenario 3 — Exigency Conditions (Summer)
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Figure 5-18 — Differential Salinity (95th Percentile) — Scenario 3 — Exigency Conditions (Winter)
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Figure 5-19 — Dilutions (95" Percentile) — Scenario 2 — Nominal Conditions (Summer)
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Figure 5-20 — Dilutions (95th Percentile) — Scenario 2 — Nominal Conditions (Winter)
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Figure 5-21 — Dilutions (95" Percentile) — Scenario 3 — Exigency Conditions (Summer)
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Figure 5-22 — Dilutions (95th Percentile) — Scenario 3 — Exigency Conditions (Winter)
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Mixing within the far-field zone occurs within a relatively short distance due to the velocity of the tidal and wind
driven currents as they are forced around the outfall structure, and the fully re-stratified geometry of the brine
at the end of the near-field zone (which increases the availability of ambient water for dilution purposes). A
differential salinity of less than 2 ppt is anticipated to be met within less than 60 m and 220 m for the IWPP
and IWP outfalls respectively, for at least 95% of the time in both summer and winter. It is therefore predicted
that ambient water quality thresholds will be met within the RMZ, minimising the outfall's potential to impact
upon the surrounding marine environment and beaches.

The plume is anticipated to dilute less during the winter months, due to weaker and less sustained winds. The
influence of wind direction is more pronounced however with the summer and winter plume trajectories at both
outfalls showing almost complete reversal. The summer monsoon (Khareef) winds force currents (and
subsequently plumes) to flow from west to east while in winter the direction is ostensibly reversed.

A minor reduction in dilution (and hence increase in salinity effected area) is anticipated to occur in winter, due
to pooling effects caused by the low current speeds during these periods.

Overall however, the regulatory water quality guidelines for salinity are anticipated to be met within the
RMZ. The lack of ecologically sensitive features within the outfall area, and the limited mixing zones predicted,
the overall impact associated with the discharge of brine is not anticipated to be significant.

It is expected that the US EPA CCC [5] thresholds for chronic residual chlorine toxicity will be met within the
requisite distance of 300 m from the outfall for all scenarios, however the acute (CMC) standard will not be
met within the 17.7m radius for either season. Note that this is considered only as an indicative absolute worst
case where the maximum chlorine concentration is discharged and coincides with worst case mixing
conditions. Note further that maximum dosing rates will occur for approximately 4% of any 72 hour period.
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6 Conclusions and Discussion

WKC Environment Consultancy (WKC) was contracted by 5 Capitals Environmental and Management
Consulting (5 Capitals) to conduct hydrodynamic modelling and a brine plume assessment for the proposed
Salalah Independent Water Project, located to the east of Salalah, Oman.

The hydrodynamics of the project area and the brine discharges, have been simulated utilising the GEMMS
modelling suite and other 3™ party software.

The hydrodynamics of the project area were simulated for representative summer and winter scenarios using
GCOM3D as well as for three different operating conditions; namely, existing, nominal and exigency
conditions. The modelling domains were driven by the best available tidal and meteorological data, with
physical domains being developed utilising multiple sources of bathymetric and topographic data.

Comparisons between modelled and predicted tidal water heights were used to validate the hydrodynamic
modelling and showed an agreement which is considered to be satisfactory for this type of assessment,
particularly given the lack of site specific data available.

Brine discharged from the newly installed IWP outfall were simulated in both the near and far-field in order to
gain a complete understanding of both the ‘jet-like’ and ‘plume-like’ mixing behaviour. Near field simulations
indicated that initial momentum in the near-field is relatively weak, resulting in limited turbulent mixing.
However, horizontal spreading, and vertical stratification result in the brine being diluted by up to 2.2 times at
approximately 8 m from the outfall mouth.

Far field modelling of the brine commenced at this point, 8 m from the outfall, where initial momentum begins
to subside and the brine plume travels along the seafloor due to its high density. Mixing within the far-field
zone occurs within a relatively short distance due to the velocity of the tidal and wind driven currents, and the
geometry of the brine plume at the end of the near-field zone. A differential salinity of less than 2 ppt is
anticipated to be met within less than 60 m and 220 m for the IWPP and IWP outfalls respectively, for at least
95% of the time in both summer and winter. It is therefore predicted that ambient water quality thresholds will
be met within the RMZ, minimising the outfall’'s potential to impact upon the surrounding marine environment.

Similarly, the US EPA CCC toxicity thresholds are expected to be met for summer and winter conditions,
however the acute toxicity threshold (CMC) will not be met for up to 55 m and 175 m during summer and winter
respectively. These thresholds are developed for macro and infaunal species and would not be representative
of acute or chronically toxic concentrations for fish or marine mammal species.

Note that this is considered only as an indicative absolute worst case where the maximum chlorine
concentration is discharged and coincides with worst case mixing conditions. Further, this assessment
considers only dilution of chlorine and not the breakdown of residual chlorine in the environment which would
be expected to occur rapidly in sea water.

5 Capitals 47 Marine Modelling Report
ACWA Power, Salalah IWP Project J18006_01



WKC

6.1 Recommendations

Based on the findings of this modelling study, the following recommendations are made with regards to the
IWP outfall design and operating procedures:

* Monitoring of outfall residual chlorine concentration, particularly during shock dosing;

* Lowering of chlorine dosing concentration based on biocide performance and results of exit
concentration monitoring;

* Use of sodium hisulphate (SBS) or other means to reduce residual free chlorine prior to discharge
into the marine environment.
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Appendix A — Bathymetric Survey Report
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Appendix B — Outfall Design Figures
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Appendix C — Model Set-Up Graphics
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Appendix D — GCOM3D Results
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Appendix E — PLUME3D Results
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In principle NOC from MECA regarding boron, fluoride and lithium concentrations
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Date:
Ref:

TRANSLATION

10 May 2016
72/8320/485/16

Eng. Ahmed Saleh Al Jahdhami
CEO - OPWP

Subject:

Salalah IWP - Discharge Effluent into the Marine Environment

Reference is made to your letter (Ref:opwp/gp.salwip/mecal6/429) dated 31 March 2016 which
indicates some observations on the high concentration levels for Boron, Fluoride and Lithium for the
above project and the possibility of non-compliance with environmental regulation No. 159/2005 for the
discharge of effluent into the marine environment.

We would like to inform you that the Ministry has no objection in principle to discharge effluent (Brine
from desalination process) produced by Salalah IWP into the marine environment provided the
following:

Prepare (EIA) for the project which should determine the concentrations of Boron, Fluoride and
Lithium and to ensure that the marine environment within the project area won’t be affected
during the construction and operation of the project.

Use the latest equipment for monitoring contaminants prior to discharge with Online
monitoring to send data directly to the ministry and to prepare a program to monitor
contaminants in the marine environment through which the environmental impacts of the
discharge process can be assessed in accordance with the requirements of the Ministry.

The discharge has to be done through a multi-nozzle tube, and a numerical model to be
prepared to determine the appropriate length of the tube to ensure the dispersion of water
discharged into the marine environment.

Prepare a risk mitigation plan to deal with any environmental incidents resulting from non-
complaint discharge effluent in accordance with environmental limits allowable in Regulation
No. 159/2005 for the discharge of effluent into the marine environment and mechanisms to
deal with those incidents environmentally.

Yours Sincerely,

Ahmed Abdullah Mahroos
DG for Environmental Affairs in Dhofar Governorate



