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EXECUTIVE SUMMARY
Background
The Oman Power and Water Procurement Company SAOC (OPWP) is a government owned
company responsible for meeting the demand for electricity and water in the Sultanate of
Oman. The demand for electricity and water has been increasing in the Sultanate, especially
in areas experiencing industrial and commercial developments, viz., Sohar, Capital Region,
etc. OPWP conducts annual reviews and studies to analyse this demand and supply pattern.
Presently, such studies have indicated an increased requirement of 1,300 MW electric power
from CY 2012 onwards in the Batinah and Capital Regions.
OPWP will meet the above demand for additional power by constructing two Independent
Power Projects (IPPs), viz., Sohar Phase II (Sohar II) and Barka Phase III (Barka III).
Through a competitive tendering process, OPWP has awarded the build-own-operate (BOO)
contract for the two IPP projects to a consortium (STSA Consortium) formed by SuezTractebel S.A (SSTA), Multitech LLC (Suhail Bahwan Group) (Multitech), Sojitz
Corporation (Sojitz), Shikoku Electric Power Co. (Yonden), and Public Authority for Social
Insurance (PASI). STSA Consortium will establish a project company which will be
responsible for the development, financing, construction, ownership and operation of IPPs.
STSA Consortium has awarded the Engineering, Procurement and Construction (EPC)
contract to a consortium of Siemens Energy Sector and GS Engineering & Construction
(Siemens-GS).
As per the categorization of projects by the Ministry of Environment and Climate Affairs
(MECA), the proposed projects are classified under Group 1, ‘Industrial Projects’, requiring
detailed evaluation of the environmental impacts and identification of appropriate control
measures to mitigate significant impacts to obtain the Preliminary Environmental Permit
(PEP), prior to commencing construction. Accordingly, STSA Consortium is required to
undertake an Environmental Impact Assessment (EIA) study; and has commissioned HMR
Environmental Engineering Consultants (HMR) to conduct EIA studies for the Sohar II and
Barka III IPPs. The present report discusses the EIA study conducted for Sohar II IPP.
Regulations
The EIA study has been conducted as per the “Guidelines on Environmental Impact
Assessment” issued by Directorate General of Environmental Affairs (DGEA) at MECA.
Thus the planning and development of the project will be in compliance with Omani
regulations on environmental protection and pollution prevention. In addition, applicable
international regulations such as those contained in the environmental directives of World
Bank and environmental standards provided by United States Environmental Protection
Agency (USEPA) will be used as appropriate to ensure that the technology, equipment and
operations selected for the project are capable of meeting national and international
HMR Environmental Engineering Consultants
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environmental requirements. Further, the project will take into account the World Bank
Equator Principles in order to address the significant environmental and social impacts.
Furthermore, the project will also follow the requirements of international engineering
standards and codes as per contractual agreement with the technology providers.
Project Description
Overview
The proposed Sohar II IPP will be a combined cycle plant with a capacity of about 745 MW.
The plant will mainly comprise two Gas Turbine (GT) Units, two Heat Recovery Steam
Generators (HRSG) Units and one Steam Turbine (STG) Units. The GT Units and HRSG
Units will be designed for enhanced thermal efficiency with each GT Unit having an
independent HRSG Unit, which will be provided with supplementary firing facilities.
The primary fuel for the project will be natural gas, with diesel oil as the back up fuel. In the
GT Units, the fuel will be burned with excess air.
The resulting exhaust gases will be passed through the HRSG Units, wherein the waste heat
of the exhaust gas will be recovered to generate steam. The HRSG Units will be fed with
demineralised seawater for steam generation. The steam generated in the HRSG Units will be
routed to the ST Unit to generate additional electricity.
The exhaust gases leaving the HRSG Units will be released to the atmosphere through the
attached main stack (two main stacks for two GT-HRSG trains). Each GT Unit will be
provided with a bypass stack through which the exhaust gases may be released to the
atmosphere during upset / emergency conditions.
Facility Location
The proposed Sohar II IPP will be located within Sohar Industrial Port Area (SIPA), on Plot #
19B, (about 94,000 m2 land area), which lies adjacent to the existing Sohar I Independent
Water and Power Project (IWPP). The temporary laydown area (TLA) for the Sohar II IPP
construction phase will be located on a 60,000 m2 area located south of Plot#23 (Sohar
Aluminium Power and Desalination Plant) and northeast of Plot#21A.
Manpower and Construction Camps
The peak labour requirement during project construction is estimated to be about 900. Most
of the employees will be sub-contractor staff engaged by the EPC contractor for executing
various civil, mechanical and electrical works. The manpower required during normal
operation of the facilities will be about 40, working in 3 shifts. The plant operations will be
mostly controlled by Distributed Control System or other remote control systems and
therefore, will not require frequent manual interventions on the field for control of the plant
HMR Environmental Engineering Consultants
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operations. The control room will be typically manned for monitoring plant operations and
for necessary operational control. In addition, inspection and maintenance personnel will be
required for periodic inspection and maintenance of the plant.
The accommodation for plant personnel during both the construction and operation phases
will be arranged by the contractors/STSA Consortium at existing/available local apartments
or rented accommodation facilities in Sohar. No new accommodation camps/facilities will be
installed as part of the project development.
Environmental Baseline
Site Characteristics
The project site is located within SIPA, which covers an approximate land area of 2,000
hectare (20 km2), located on the Batinah coast. SIPA is situated about 20 km from Sohar
town and 240 km northwest of Muscat. A number of industries are planned to be put up in the
industrial area, which currently features fully operational businesses along with large scale
construction activities.
Topography
The proposed project site is relatively flat and featureless. The site has a ground elevation of
2 to 4 m above mean sea level. Prior to the development of SIPA, the area was flat and
similar to other undeveloped areas along the Batinah coast. The industrial area was built-up to
the present elevation using dredged material, recovered during development of coastal
facilities of the industrial area.
Climate
Like the rest of the country, the Batinah region experiences a hot and humid climate. The
nearest meteorological station to the site is at Majis, which is located about 1 km southeast of
the site. The data recorded from Calendar Year (CY) 2006 through 2008 shows higher mean
ambient temperature varies between 15 and 35 ºC. The maximum temperature occurs during
the months from May to August with the peak temperature touching up to 38 ºC; while the
minimum occurs during November to February going as low as 13 ºC. The mean relative
humidity in the area varied between 45 and 80 % during the three years from 2006 to 2008.
The minimum and maximum relative humidity recorded during the three years were 27 %
(May 2008) and 87 % (August 2007), respectively. The mean wind speed ranged between 5
and 6 knots, with the predominant wind direction being towards east during summer, and
towards west-southwest during winter. Most of rainfall occurred during the winter months
between December and April/May.
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Geology and Soil Quality
The Sohar area forms a part of the Batinah plain comprising piedmont and coastal zones
dominated by late tertiary-quaternary alluvial deposits. The piedmont zone comprises the
slightly elevated Batinah plain that extends between the coastal plain and the western AlHajar mountain foothills. The SIPA is established within the coastal zone that extends
between the piedmont zone and the Gulf of Oman. The coastal zone is extremely flat and
comprises extensive sand and gravel plain. Immediately adjacent to the coast, aeolian sands
of recent to sub-recent age predominate commonly intermingled with deposits of clay and
silt. A thin veneer of beach sand stretches along the foreshore.
The soil along the Batinah coast in Sohar is regarded as moderately to highly suitable for
agriculture. However, as part of the land preparation for SIPA, the land was elevated using
dredge material from the port and associated facilities construction. Soil sampling and
analysis efforts for the project site and the TLA indicate that the soil quality (except arsenic
which is just above the applicable limit at both sites) at both the locations are compliant with
the USEPA site notification standard limits for industrial soil. Further, appreciable level of
total petroleum hydrocarbons were detected in the soil sample taken from the project site.
This can be attributed to activities on the site during the construction of Sohar I IWPP.
Hydrology and Hydrogeology
Two major wadis, Wadi Suq and Wadi Fizh / Bani Gharbi originating from the southwest
slopes of the Western Al-Hajar Mountains make up the wadi system in the SIPA area. These
wadis along with numerous braided channels drain large areas and carry large volumes of
water during rainfall events. However, since the establishment of the SIPA, a peripheral
storm water drainage has been constructed which is designed to collect and convey the storm
water flow from these wadi systems away from the developments within the SIPA. During
rainfall events, this storm water drain empties the flow into the sea on the north-western and
south-eastern sides of SIPA.
The natural surface drainage extends from the western Al Hajar Mountains towards the sea
providing variable infiltration throughout the region. Typically, alluvial deposits found in
wadi channels will allow surface water to quickly dissipate.
Batinah region has a coastal aquifer system, which provides most of the current water
demands of the region for agricultural and urban developments along the coast. The current
system of water supply is provided by the abstraction of groundwater through the use of dug /
bore wells and pumps.
Earlier sampling and analysis of groundwater collected from a well in Al Hadd village
located near SIPA indicate that the quality of water in the region is well within the applicable
standard limits.
HMR Environmental Engineering Consultants
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Ambient Air Quality
The ambient air quality in SIPA has been affected by emissions from the construction and
operation of various industries in SIPA, vehicle traffic within SIPA and on Muscat-Sohar
highway, and operation of construction equipment within SIPA. The ambient air quality
monitoring conducted for the area show that the ground-level concentrations (GLCs) of
critical pollutants and the ambient dust levels are within applicable standards.
Noise Quality
The ambient noise levels in the area are currently affected by the operation of the existing
facilities and vehicle traffic at SIPA. Accordingly, as part of the baseline studies, the ambient
noise levels at the project site and the TLA were monitored; and the noise levels observed to
be within the applicable standard limits.
Terrestrial Ecology
Terrestrial ecological surveys were conducted at the project site and the TLA as part of the
EIA study to identify the flora and fauna species present at the project site along with any
endemic, threatened or sensitive species. The walkthrough surveys identified eighteen plant
species and fourteen bird species; all of which are commonly occurring and are not listed as
threatened species. The shrubs found at the project site and the TLA are very resilient and can
easily colonize vacant habitats. Similarly, the birds identified are generalist feeders who can
survive on any diet available in the area, implying that shifting habitats will not affect their
availability of food for survival.
Marine Ecology
The proposed project includes marine components viz. seawater intake and outfall. The
existing intake and outfall at SIPA are proposed to be used as part of the Sohar II facilities to
meet the cooling water requirements in the power plant and subsequent discharge of the
return cooling water along with other effluents into the marine environment. The increased in
the quantities of cooling water discharge along with brine rejects and other effluents may
have impacts on the marine environment in this region. Accordingly, as part of the present
study seawater and sediment samples were collected from four locations and analyzed to
assess for any contamination in the area. In-situ data for various parameters were recorded
from the water column at the existing outfall, intake and reference regions. Assessment of
marine ecology was conducted at three regions (intake, outfall and reference) to determine
the status of marine biota. Benthic and zooplankton samples were also collected to assess the
status of benthic infauna, epifauna and pattern of mesozooplankton distribution of this region.
The protected sea wall with large boulders at the intertidal area supports a diverse and
noticeable assemblage of invertebrates. Typical fauna in this region include barnacles, few
rock oysters (Saccostrea sp), several gastropods like; Lunella sp., Nerita sp and few rock
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crabs (Grapsus sp.). The density and distribution of various species was observed to be very
low among the boulders close to the mouth area of the outfall. Large amount of dead bivalves
like Callista erycina, Tivela ponderosa, Phaphia undulate, Anadara sp., Cardites bicolour
and gastropods shells Murex sp, Cypraea sp, Strombus sp., Bulla amppulla, Oliva sp were
observed at the nearshore region of the outfall .
Three subtidal regions were surveyed around the intake, outfall and reference area. The
subtidal environment at the intake location composed of fine sediment and covered with algal
mat. The sediment was fine, rich in organic matter and rapidly hypoxic below the algal mat.
Sandy sediment texture was observed all along the sampling locations at outfall and reference
location.
Fish diversity was very low and species like Gobies (Amblyeleotris sp), Lizardfish (Saurida
sp), Grunt (Pomadasys sp) and school of pelagic sardines were observed at the reference
location. The epifauna observed in this area included invertebrates like small starfishes
(Astropecten cf. polyacanthus), gastropods, Bulla ampulla, Oliva sp, Strombus sp, bivalves
Callista erycina, Anadara sp. Phaphia undulate and heart urchins.
Zooplankton samples were collected from intake, outfall and reference location to assess the
variations in the biomass distribution and total population density. Ten groups of
zooplanktons were identified in the current survey and total population density varied
between 39.756 × 103 to 150.425 × 103 individual/1000m2 and biomass index varied between
12 ml/1000m3 to 41.5 ml/1,000m3. The low zooplankton density and biomass at the outfall
region indicates the strong influence of outfall effluents. The macrobenthic analysis was
conducted at four locations to study the present population of benthic infauna and epifauna.
The analysis show that polychaetes and amphipods were the common and dominant group at
all stations followed by bivalves and gastropods. In the collected samples, the total benthic
biomass varied between 17.18 to 149.95 g/m2 and total density varied from 624 to 2080
individual/m2.
Seawater and sediment samples were analysed for heavy metals, TPH, BTEX, and nutrients,
BOD, COD etc. In the absence of applicable Omani standards for seawater quality and
sediment, the results have been compared with UK Environmental Quality Standards (EQS)
and with Interim marine Sediment Quality Guidelines (ISQG) and Probable Effect Levels
(PEL) issued by Canadian Council of Ministers of the Environment (CCEM 1999). The
seawater analytical result shows that, copper concentration at all the sampling sites (0.006 to
0.14mg/L) slightly exceeds the UK EQS of 0.005 mg/L. The water column temperature
varied between 31.3 and 39.1 ºC (from bottom to surface) at the mouth area of the outfall
region. The average water column temperature was varied between 35.4 and 37.5 ºC at the
150 m radius and slightly reduced to 33.1 to 34.8 ºC at the 300 m regulatory mixing zone.
However, the sea surface temperature (SST) was almost same (39.1 ºC) up to the regulatory
mixing zone (300 m).
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Social Baseline
Socio-economic baseline was prepared following the related provisions of the World Bank
guidelines and the Equator Principles. Accordingly, the data collection for preparing baseline
profile of the settlements located within the study area comprises primary socio-economic
survey, at the household level and consultation with the relevant local stakeholders like the
Wali and the village Sheikhs. However, the Ministry of National Economy (MoNE) denied
giving the necessary permission to conduct any primary socio-economic survey at any part of
the Sultanate of Oman as the Census 2010 is currently on-going. Hence all socio-economic
information for the study was obtained through secondary information, viz., Census 2003,
Statistical Year Books of MoNE, data obtained through previous social surveys conducted in
the area, etc.
Total five settlements, viz., Al Ghuzayyil, Ghadfan, Al Khuwairiya, Majis, Amq, are
identified within the study area. The project site itself is devoid of any human settlement as
the site is within a designated industrial area. Furthermore, access to the site is restricted as
access into the SIPA itself is confined to authorized personnel only.
The housing units in the villages are well distributed spatially interspersed with open and
agricultural land. The housing typologies in the identified villages reveal a mix of traditional
Omani housing units as well as contemporary housing structures. Majority of which are
concrete structures, while the fishing huts near the shore are temporary sheds made of palm
leaves and wooden logs for storing fishing gears. Amq and Majis reveal typical coastal
settlement characteristic with a linear housing pattern along the coast.
All villages had adequate provisions towards meeting the requirements for drinking water,
sanitation, waste disposal, electric power, market, access roads, education and transport
facilities. However, there are no provisions for adequate drainage system and healthcare
facilities in the vicinity of the project site. The two nearest healthcare centres, which are
affiliated to the Ministry of Health, are located at about 7 km to the project site and do not
possess in-patient facilities. The report further presents qualitative and quantitative
discussions on the following aspects of social set-up in the study area: religious sites, asset
ownership, population and economic profile.
As per the archaeological survey conducted by Ministry of Heritage and Culture (MHC),
there are no sites or structures of archaeological and cultural importance at the site.
Releases to the Environment
Construction Phase


The sources of air emissions during construction phase will include various construction
equipment, diesel generator (DG) units, and vehicles. Major pollutants released from such
sources include NOX, SO2, CO, PM10 and unburnt hydrocarbons (UHC).
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Wastewater streams will include construction machinery and vehicle washings, spent
hydrotest water, sanitary wastewater and surface run offs.



Non-hazardous solid wastes will comprise construction debris, excavated soil, packaging
materials, metal and wooden scraps, electrical wastes, empty containers of non-hazardous
materials and domestic wastes.



Solid and liquid hazardous wastes will include cleaning solvents, waste oil, oily sludge,
paints, batteries, containers of hazardous materials, contaminated soils from spills, etc.



Major sources of noise during construction activities are construction machinery /
equipments such as DG units, compressors, engines, drillers, cement/concrete mixers,
compactors etc., and activities such as excavation, bull dozing, and piling. The vehicles
used for the transport of men and materials to the site will also generate noise along the
access road.



Accidental releases at construction sites may result mostly from any spills during loading
/ unloading, transportation and use of hazardous materials. The cleanup of such spills
generates contaminated sands, oil-soaked rags and floor sweepings. In instances where
compressed gas cylinders or welding gases are used, there is a likelihood of accidental
leaks during storage and handling.

Operation Phase


During the operation phase, air emissions will be mainly from the stationary point
sources, mobile sources and fugitive emission sources. The point sources will include the
stacks attached to the GT units and the HRSG units. Fugitive emission sources include
storage tanks, valves, flanges and pipe fittings. Mobile sources include the vehicles used
for transportation of men and materials. Major pollutants released from such sources
include NOX, SO2, CO, PM10, UHC and Volatile Organic Compounds (VOCs). Various
measures for control of emissions will be incorporated in the facility as described in the
relevant chapters of the report.



The cooling water from the power plant will be discharged into the sea through the
common seawater outfall channel along with treated wastewater from the wastewater
treatment system. The storm water from non-plant areas will be drained to sea using
outfalls through storm water drains.



Non-hazardous solid wastes will include domestic and office waste, packing materials,
metal scrap and containers of non-hazardous materials. The hazardous wastes mainly
include spent batteries, containers of hazardous materials, filter mediums, empty
containers of hazardous materials, waste oils, oily sludge, waste chemicals and solvents,
waste paints, etc.
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Equipment such as the GT units, HRSG units, ST unit, compressors, blowers, pumps,
etc., will generate noise during the operation of the plant. The vehicles for transportation
of men and materials will also lead to generation of noise at site as well as along their
travel route.



Accidental releases from the facility will mainly include release of hazardous materials
such as natural gas and diesel oil from storage tanks and pipelines.

Environmental Impacts
The identification and assessment of environmental impacts is based on the guidelines
provided in ISO 14001 series of standards and the requirements of Equator Principles. The
assessment of potential impacts is carried out utilizing both qualitative and quantitative
assessment techniques. In qualitative assessment, the impacts are rated as ‘low’, ‘medium’ or
‘high’ using the Impact Assessment Matrix. The description of the matrix and the terms used
therein are presented in the report. The rating of impacts for construction and operation phase
of the project is presented in Table 1 and Table 2, respectively.
Table 1: Rating of Construction Phase Impacts
Receiving Environment
Natural Resources
Topography and
Landscape
Ambient Air Quality
Ambient Noise
Terrestrial Ecology
Soil and Groundwater
Marine Environment
Land use
Local Community
Traffic
Livelihood
Local Economy
Archeology and Heritage

Nature
Adverse

Severity
Minor Effect

Duration
Medium Term

Likelihood
-

Impact Rating
Low

Adverse

Slight Effect

Medium Term

-

Low

Adverse
Adverse
Adverse
Adverse
Adverse
Adverse
Adverse
Adverse
Adverse
Beneficial
Adverse

Moderate Effect
Moderate Effect
Slight Effect
Moderate Effect
Slight Effect
Slight Effect
Moderate Effect
Moderate Effect
Slight Effect
Positive Effect
Slight Effect

Medium Term
Medium Term
Long Term
Medium Term
Short Term
Long Term
Medium Term
Medium Term
-

Likely
Unlikely
Likely
Likely
Unlikely
Likely

Medium
Medium
Low
Medium
Low
Low
Medium
Medium
Low
+
Low

Table 2: Rating of Operation Phase Impacts
Receiving Environment
Natural Resources
Topography and Landscape
Ambient Air Quality
Ambient Noise
Terrestrial Ecology
Soil and Groundwater
Marine Environment
Local Economy
Local Community
Land Use
Industrial and Tourism
Development

Nature
Adverse
Adverse
Adverse
Adverse
Adverse
Adverse
Adverse
Beneficial
Adverse
Adverse

Severity
Slight Effect
Slight Effect
Moderate Effect
Moderate Effect
Slight Effect
Moderate Effect
Moderate Effect
Positive Effect
Moderate Effect
Slight Effect

Duration
Long Term
Long Term
Long Term
Long Term
Long Term
Long Term
Long Term
Long Term
Long Term
Long Term

Likelihood
Likely
Likely
-

Impact Rating
Low
Low
Medium
Medium
Low
Medium
Medium
+++
Medium
Low

Beneficial

Positive Effect

Long Term

-

+++
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Environmental and Social Management Plan
An Environmental Management Plan (EMP) and a Social Management Plan (SMP) are
proposed for the construction and operation phases of the project in order to the impacts so as
to reduce them to As-Low-As-Reasonably-Practicable (ALARP) levels. The EMP follows the
‘Plan-Do-Check-Act’ (PDCA) system in line with the ISO 14001 Environmental
Management System Guidelines and includes the organization structure, resources,
responsibilities, control and mitigation measures, monitoring / auditing programs, systems for
review and implementation of corrective actions.
Conclusions
The residual impacts identified through the EIA study for the Sohar II project will be
minimized through effective implementation of the proposed EMP and SMP. These impacts
are not expected to cause any significant, long term and irreversible impacts on the
environment and the local community. The proposed project is thus considered to be
acceptable from an environmental and social standpoint within the context of local and
internationally comparable environmental standards.
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inches

ALARP

As Low As Reasonably Practical

ASGS

Auxiliary Steam Generation System

BOO

Build-Own-Operate

CH6N4O

Carbohydrazide

CO

Carbon Monoxide

CO2

Carbon Dioxide

CY

Calendar Year

dB (A)

decibels (A-weighted)

DG

Diesel Generators

DGEA

Director General of Environmental Affairs

DNV

Det Norske Veritas

E

Easting in meters

ECC

Erection Clearance Certificate

EIA

Environmental Impact Assessment

EMP

Environmental Management Plan

EPC contractor

Engineering, Procurement and Construction contractor

FAC

Flow Accelerated Corrosion

GDP

Gross Domestic Product

GHG

Greenhouse Gases

GSS

Gas Supply Station

GT

Gas Turbine

HC

Hydrocarbons

HMR

HMR Environmental Engineering Consultants

HP

High Pressure

hr

hour

HRSG

Heat Recovery Steam Generator

IAM

Impact Assessment Matrix

I&C

Instrumentation & Control

IEP

Initial Environmental Permit

IP

Intermediate Pressure

IPP

Independent Power Plant project

IUCN

International Union for Conservation of Nature and Natural Resources

IWPP

Independent Water and Power Plant
2

km; km

kilometre; square kilometres

Leq

Equivalent Noise Level measured by a noise meter

LP

Low Pressure
3

m; m

meter; cubic meters
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MD

Ministerial Decisions

MECA

Ministry of Environment and Climate Affairs

MHEW

Ministry of Housing, Electricity and Water (former)

MISC

Majis Industrial Services Company

MoCI

Ministry of Commerce and Industry

MSDS

Material Safety Data Sheet

MSL

Mean Sea Level

MW

megawatt

Multitech

Multitech LLC (a Suhail Bahwan Group company)

N

Northing in meters

NAAQS

National Ambient Air Quality Standards

Na3PO4

Tri-sodium phosphate

NOX

Oxides of Nitrogen

ºC

Degree Centigrade

OAAQS

Omani (Provisional) Ambient Air Quality Standards

ODS

Ozone Depleting Substances

OETC

Oman Electricity Transmission Company

OGC

Oman Gas Company

OPWP

Oman Power and Water Procurement Company

OS

Omani Standard

PAEW

Public Authority for Electricity and Water

PASI

Public Authority for Social Insurance

PCB

Polychlorinated biphenyl

PHAST

Process Hazard Analysis Software Tool

PM

Particulate Matter

POP

Persistent Organic Pollutants

RD

Royal Decree

REC

Recognisable Environmental Conditions

RO Plant

Reverse Osmosis Plant

ROP

Royal Oman Police

Scoping Report

Environmental Impact Assessment Scoping Report

SIPA

Sohar Industrial Port Area

SIPC

Sohar Industrial Port Company

SO2

Sulphur Dioxide

Sohar-I

Sohar Phase-I Power Plant

Sohar-II

Sohar Phase-II Power Plant

Sojitz

Sojitz Corporation

SSTA

Suez-Tractebel S.A.

ST

Steam Turbine
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STP

Sewage Treatment Plant

TDS

Total Dissolved Solids

The Sector Law

Law for Regulation and Privatisation of the Electricity and Related Water
Sector (RD 78/2004)

TOC

Table of Contents

UNFCCC

United Nations Framework Convention on Climate Change

USEPA

United States Environmental Protection Agency

UTM

Universal Transverse Mercator

VOC

Volatile Organic Compounds

WGS

World Geodetic System

WTP

Wastewater Treatment Plant

Yonden

Shikoku Electric Power Co.
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1

INTRODUCTION

1.1

Preamble

Environmental Impact Assessment
Sohar Industrial Port Area

Power and water in Oman are included under a single sector and the responsibility of meeting
the demand for electricity in the Sultanate lies with Oman Power and Water Procurement
Company (OPWP), which was established by the Government of Oman through Royal
Decree (RD) 78/2004 (Law for Regulation and Privatisation of the Electricity and Related
Water Sector – “The Sector Law”). OPWP is the single wholesale buyer of electricity and
related water from licensed production facilities in Oman and the sole seller of electricity and
related water to licensed electricity suppliers and water authorities.
Under the provisions of The Sector Law, OPWP is responsible for preparing an annual 7
Year Statement reviewing the requirement of supply and demand for power and related water
in the country. The 7 Year Statement covering the period from 2009 to 2015 indicates that
2012 onwards an increased power of 2,300 MW would be required. In order to fulfil this
demand OPWP is proposing two new Independent Power Plant (IPP) projects, viz., Barka
Phase-III Power Plant and Sohar Phase-II Power Plant (Sohar-II). This Environmental Impact
Assessment (EIA) scoping report will address only Sohar-II, which will be located in the
Sohar Industrial Port Area (SIPA). The Sohar-II IPP will be designed and built to generate
about 745 MW of electric power.
Suez Tractebel S.A. (STSA) in consortium1 with Multitech LLC (Suhail Bahwan Group)
(Multitech), Sojitz Corporation (Sojitz), Shikoku Electric Power Co. (Yonden), and Public
Authority for Social Insurance (PASI) have been awarded the build-own-operate (BOO)
contract for the Sohar II IPP. STSA is the lead developer in the consortium (STSA
Consortium). STSA Consortium will form a project company, which will be responsible for
the development, financing, construction, ownership and operation of Sohar II IPP.
As per Omani regulations and requirements specified in Section 4.5 of the tender document,
it is required to undertake an Environmental Impact Assessment (EIA) study to address the
potential impacts of the projects to the environment. Further, as per the categorization of
projects by the Ministry of Environment and Climate Affairs (MECA), the proposed projects
are classified under Group 1, ‘Industrial Projects’, requiring detailed evaluation of the
environmental impacts and identification of appropriate control measures to mitigate
significant impacts to obtain the Preliminary Environmental Permit (PEP), prior to
commencing construction.

1

STSA is the lead developer in the Consortium.
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For this purpose, STSA Consortium commissioned HMR Environmental Engineering
Consultants (HMR) to conduct EIA study as per guidelines of Ministry of Environment and
Climate Affairs (MECA). The present EIA report is prepared to meet the objectives of the
tendering process and to obtain the Preliminary Environmental Permit (PEP) for the project.
The EIA has been conducted based on the information available and provided by STSA
Consortium on the Sohar II project and the environmental settings of the SIPA.
1.2

Objective and Scope of the EIA Study

The objective of the EIA is to identify and assess potential environmental (including impacts
on climate change) impacts of the project activities in order to develop suitable control
measures and management plans to mitigate significant impacts and ensure compliance with
applicable Omani Environmental Regulations and International Finance Corporation (IFC) /
World Bank requirements (as contained in their operational policies and Equator Principles)
and to obtain the PEP for Sohar II IPP from MECA. The impact assessment will typically
cover all phases of the project, viz., construction, operation and decommissioning. However,
impacts during the decommissioning phase are considered to be similar to that of the
construction phase and therefore are not discussed in detail.
The EIA study methodology was conducted according to MECA’s ‘Guidelines on
Environmental Impact Assessment’ and World Bank’s ‘Guidelines on Environmental
Analysis & Review of Projects’. The Department of Climate Affairs at MECA recently
promulgated guidelines on the extent of information on greenhouse gasses (GHG) and ozone
depleting substances (ODS) emissions to be provided in the EIA reports. These guidelines
were also adhered to during the present EIA study. Accordingly, the scope of the EIA
includes the following:


Assessment of various plant operations with regard to environmental compliance;



Identification and characterization of various environmental releases from the facility by
review of available operating manuals, process flow diagrams, etc.;



Assessment of current environmental quality at site by conducting site surveys, sampling
and analysis, and review of available published information on the area;



Identification and assessment of impacts to the environment from the facility considering
various operational activities, releases and the environmental settings of the area;



Identification of impacts on the local, national and global climate from the facility during
the construction and operation phases;



Identification of appropriate control measures to mitigate potential impacts; and



Proposing a feasible framework environmental management plan (EMP); and

HMR Environmental Engineering Consultant
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Preparation of the EIA report for review by the Directorate General of Environmental
Affairs (DGEA) and the Directorate General of Climate Affairs (DGCA), in MECA for
obtaining the PEP for the project.

1.3

EIA Methodology

1.3.1

Overview

The EIA study was conducted during the period April to June 2010. The overall methodology
was based on MECA’s ‘Guideline on Environmental Impact Assessment’. As mentioned in
Section 1.2, MECA’s recently promulgated guidelines on the ‘Information on Climate Affairs
to be provided in the Environmental Impact Assessment study submitted to the Ministry’
were also followed. In addition, World Bank Group’s requirements as contained in their
operational policies and Equator Principles were also considered.
As per MECA’s guidelines, prior to the EIA study, it is required to submit an EIA scoping
report providing an outline of the project along with preliminary information on the
environmental settings of the project site, environmental releases and impacts and the scope
of subsequent EIA study. Accordingly, the EIA scoping report for Sohar II IPP was submitted
to MECA during December 2009. MECA reviewed the EIA scoping report and provided its
comments, which are addressed at relevant sections of this EIA Report. The overall study was
carried out in phases as described in the following sections.
1.3.2

Document Review

Project details such as process description, flow diagrams, plant layout, capacities, raw
materials and chemicals, utilities, project schedules, etc., provided by STSA Consortium,
were reviewed to gather relevant information on the facility configuration, wastes generated
and their storage, treatment and disposal methods, air emissions, etc., and information on the
project construction such as locations of lay-down areas, manpower requirement, etc.
Continued communication was maintained with STSA Consortium through the study period
for exchange of project information, better understanding of the project and STSA
Consortium’s environmental management philosophies.
The socio-economic interactions of the project were identified based on the locations of the
project site and lay-down area, tentative location of labour camp, etc. This also facilitated
delineation of the project influence area for the assessment of the social baseline and impacts.
The 2003 Census Report and relevant previous studies for the area were used to obtain
information on the socio-economic profile of the area.
Environmental baseline information from previous studies in the area was reviewed to plan
acquisition of primary data through field studies, considering the interaction of the project
components with various environmental elements. Field studies mainly focused on potential
HMR Environmental Engineering Consultant
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areas of significance with regard to the environmental and social impacts of the project
development.
1.3.3

Environmental and Social Data Gathering

As mentioned above, environmental data gathering included primary data collection from
field studies and review of secondary data from previous study reports and published
documents. Field studies/primary data collection were carried out for ambient air quality,
noise, terrestrial ecology, marine ecology, seawater and sediment quality and socio-economic
environment, while the baseline information on geology, hydrology, hydrogeology,
topography, meteorology, etc., were obtained from relevant previous study reports and other
published reports for the area.
The primary data collection with regard to the socio-economic profile of the area and the
priorities and concerns of the local communities was carried out through consultations with
the Wali of Sohar. With regard to the data collection through household surveys, during the
period of the present study, Government of Oman had issued a directive not to conduct any
such surveys till completion of Census 2010 activities (expected by end of 2010). Therefore,
such surveys could not be undertaken as part of the present EIA study. However, adequate
information was obtained through consultations with the Wali in order to enable the
assessment of impacts and development of EMP.
The terrestrial ecological survey was conducted by walkthrough along the project site in order
to identify plant and animal species by visual observation. The floral composition was
analyzed using the quadrate sampling technique while a combination of point counts and
opportunistic observations were employed to determine the species richness of terrestrial
vertebrates at the study area. The sampling methods are further explained in Section 4.11.3.
An archaeological survey was conducted through Ministry of Heritage and Culture (MHC) at
the project site to identify any historically or archaeologically sensitive area within and in
proximity of the project site.
1.3.4

Environmental Impact Assessment

Based on the above, the potential environmental impacts from the proposed project during the
construction and operation phases are identified using checklists and matrices. Various
assessment techniques, both qualitative and quantitative, are used to determine the magnitude
of these impacts. The significance of each impact is determined based on the nature of the
impact and the current environmental quality.
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Environmental Management Plans

Environmental Management Plans (EMP) (including social management plan) are developed
to mitigate significant adverse environmental (and social) impacts to acceptable levels. The
management plans primarily address the construction and operation phases of the project. For
the decommissioning phase (including site restoration), which is envisaged to be after about
25 or 30 years of plant operation, a generic consideration is provided due to lack of detailed
information. Also, the impacts during the decommissioning phase are considered to be
similar to that of the construction phase. Environmental monitoring programs are developed
based on review of feasible alternatives. An environmental (and social) management
organisation is also proposed for effective implementation of the management plans
1.4

Project Promoters and Contractors

STSA Consortium will form a project company that will be responsible for the development,
financing, construction, ownership and operation of Sohar II project. As mentioned in Section
1.1, the consortium is formed by STSA, Multitech, Sojitz, Yonden and PASI.
The facility will be managed under a classical IPP structure with STSA Consortium and other
members mentioned above owning the assets, contracting the operations and maintenance
(O&M) activities to another company. The O&M Company will be established subsequent to
the execution of the Power Purchase Agreement (PPA) and STSA will be the majority
shareholder of this company.
The Engineering, Procurement and Construction (EPC) contractor for the project will be a
consortium of Siemens Energy Sector and GS Engineering & Construction (Siemens-GS).
Siemens will be responsible for the supply of the gas turbines, steam turbine, generator,
System Control and Data Acquisition (SCADA) systems and diesel generators; while GS will
be in charge of timely supply of heat recovery steam generators, gas compressors,
transformers, execution of civil works and maintaining the overall balance-of-plant. The EPC
contractor will typically engage subcontractors, some of who are expected to be local
(Omani) companies.
1.5

Project Execution and Scheduling

Various project components, such as design, engineering, procurement, construction,
commissioning and operation will be executed by the STSA Consortium upon award of the
project by OPWP. The project implementation will be in co-ordination with technical
consultants, technology providers and contractors. Currently, the schedule presented in Table
1-1 is envisaged for the project execution.
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Table 1-1: Project Schedule

Project Component
Submission of project proposal to OPWP
Award of the project to selected bidder
Detailed design of the project
EIA and Environmental Permitting
Project Construction
Commissioning and Operation

1.6

Schedule
December 2009
May 2010
May – June 2011
December 2009 – July 2010
Commencing on July 2010
15th May 2012

Structure of the Report

The EIA report is divided into 10 chapters as presented below. A technical summary of the
report is presented ahead of the main report. All other pertinent information that is not
included in the main sections is presented in appendices.
Chapter 1

Introduces the project and background of the proposed development. It states
the objectives of the study, scope of work entailed in conducting the EIA and
the methodology followed.

Chapter 2

Presents applicable Omani environmental regulations and standards. It also
discusses relevant international best practices and highlights relevant
international and regional treaties potentially applicable for the project.

Chapter 3

Presents the description of the IPP along with brief details of design and
layout. It also details the utilities and manpower requirements during
construction and operation phases of the project along with details of the
offsite facilities.

Chapter 4

Provides description of the existing environmental conditions at the project
site, based on primary and secondary data analysis.

Chapter 5

Details the releases to the environment from the project activities, primarily
during the construction and operational activities of the project along with
methods of their collection, storage, treatment and disposal.

Chapter 6

Reviews and need for the project and provides an analysis of alternatives for
the critical processes and technologies associated with the project development
from an environmental standpoint.

Chapter 7

Discusses the affects on climate changes due to project activities.

Chapter 8

Identifies and assesses the environmental impacts in view of the existing
environmental setting during construction and operation. Also includes
assessment of consequences of accidental releases of hazardous materials
(natural gas and diesel) during operation phase of the project.

Chapter 9

Presents the EMP including control measures for mitigating significant
impacts

Chapter 10

Briefly presents the conclusions of the study.
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REGULATORY FRAMEWORK

2.1

Overview
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In Sultanate of Oman, the laws and regulations are issued as Royal Decrees (RDs) and
Ministerial Decisions (MDs). The project development and operation is required to be in
compliance with applicable environmental laws and regulations contained in various RDs and
MDs. Government policies in the areas of air, water, noise, waste generation, storage,
handling, treatment and disposal and pollution prevention are highly significant for any
industrial development. It is within the scope of this EIA to highlight such laws and
regulations and detail their significance with regard to the proposed Sohar II IPP.
For areas where Omani regulations are not available, applicable international regulations such
as those contained in the environmental directives of World Bank and environmental
standards provided by United States Environmental Protection Agency (USEPA) will be used
to ensure that the technology, equipment and operations selected for the project are capable of
meeting national and international environmental requirements. The project will also take
into account the World Bank guidelines and Equator Principles (along with the requirements
of the project financing agencies) in order to address the significant environmental and social
impacts. In addition, the project will follow the requirements of international engineering
standards and codes as per contractual agreement with the technology providers and the EPC
contractor. Following sections detail the various local and international regulations and
standards that are applicable to the present project.
2.2

Environmental Legislations in Oman

2.2.1

Overview

The Omani law on environmental protection, control and management is covered under the
basic law viz., the ‘Law for the Conservation of the Environment and Prevention of
Pollution’ first promulgated in 1982 as RD 10/82 and superseded in November 2001 as RD
114/2001. The responsibility for the implementation of the environmental laws and
regulations rests with MECA, which issues regulations, standards and guidelines through
MDs. Within MECA, DGEA is the authority responsible for environmental permitting,
inspection and control in the Sultanate of Oman. Recently, MECA has established DGCA,
which is the authority to assess the potential aspects of the project with regard to climate
change. The Omani environmental laws and regulations with regard to air emissions, noise,
wastewater, solid and hazardous wastes, hazardous materials and chemicals etc., potentially
applicable for the present project are listed in Table 2-1.
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Table 2-1: Applicable Omani Environmental Laws and Regulations

Reference
Description
Number
Environmental Laws
RD 114/2001
Law for the conservation of the
environment and prevention of pollution
RD 115/2001
Law on protection of potable water
sources from pollution
RD 46/95
Law on handling and use of chemicals
RD 6/80

Law of protection of natural heritage

RD 8/2003

Law of grazing lands and animal
resources
Law on nature reserves and wildlife
conservation

RD 6/2003
RD 29/2000

Issuing the law of water resources
conservation
Environmental Regulations
MD 118/2004
Regulations for air pollution control from
stationary sources
MD 187/2001
Regulations for organizing and obtaining
environmental approvals and final
environmental permit
MD 68/2004
Amendment to articles of regulations for
organizing and obtaining environmental
approvals and final environmental permit
(MD 187/2001)
MD 281/2003
Regulations for control and management
of radioactive materials
MD 243/2005
Regulation for the control and
management of ODS
MD 159/2005
Regulation for discharge of liquid
effluents into the marine environment
MD 200/2000
Regulations for crushers, quarries and
transport of sand from coasts, beaches
and wadis
MD 248/97
Regulations for handling of toxic
substances
MD 80/94
Regulations for noise pollution in
working environment
MD 79/94
Regulations for noise pollution in public
environment
MD 317/2001
Regulations for the Packing, Packaging,
and Labelling of Hazardous Chemicals
MD 17/93
Regulations for the management of solid
non-hazardous wastes
MD 18/93
Regulations for the management of
hazardous wastes
MD 316/2001
Barring of circulation and usage of some
hazardous chemical substances including
Polychlorinated biphenyls (PCBs),
HMR Environmental Engineering Consultant
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Applicability
Basic law governing the
environmental protection in Oman
Domestic and industrial wastewater
management
Chemicals and fuels storage,
handling and transportation
Protection of archaeological and
cultural heritage sites
Protection of grazing lands and
livestock
Protection of wildlife and habitat in
the vicinity of the proposed
activities
Guiding law on sustainable use of
water resource
Emissions from the gas turbines
and steam generator stacks
Environmental approval of the
project
Environmental approval of the
project
Management of radioactive
substances
Management of ODS
Construction and operation of the
marine outfall facilities
Rock, aggregates and soil sourcing
during construction phase
Chemicals management
Workplace noise level control
Ambient noise control
Handling and storage of hazardous
chemicals
Non-hazardous waste management
Hazardous waste management
Use of chemicals during
construction and operation
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Reference
Number
MD 286/2008
MD 145/93
MD 128/93
MD 421/98
MD 101/2002
OS 8/2006

Ambient Air
Quality Standards
Climate Affairs
Guidelines
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Description

Applicability

brown and blue asbestos
Occupational health and safety
precautions
Regulations for wastewater reuse and
discharge
Ban on cutting of trees
Regulations for septic tanks, soak away
pits and holding tanks
Prohibition of killing, hunting or
capturing of wild animals and birds
Omani standard for unbottled drinking
water (Issued by the Directorate General
for Specifications and Measures,
Ministry of Commerce and Industry)
Provisional Omani standards for ambient
air quality
Guidelines on information to be provided
towards evaluation of climate change
impacts of the project

Health and safety of employees and
contractors
The treatment and disposal of
wastewater
Prohibits the cutting of trees
Construction of holding tanks for
domestic wastewater
Protection of wildlife
Groundwater quality at project area

Ambient air quality in the project
area
Control of green house gas
emissions, ozone depleting
substances, energy consumption,
etc., during construction and
operation of the project

Environmental Protection and Pollution Prevention

RD 114/2001 provides the framework for environmental protection and prevention of
pollution in Oman. Applicable requirements of the above RD are listed below:


Article 7 imposes a general prohibition on disposal of pollutants to the environment
unless permitted by a regulation or MD;



Article 9 requires all establishments to possess requisite permits prior to commencing
work;



Article 10 requires the use of best available technology to prevent pollution and protect
natural resources;



Article 11 requires all establishments to comply with emissions/discharge limits specified
in relevant MDs;



Article 19 and 22 restrict dumping /disposal of hazardous and non hazardous wastes into
the environment without any permit; and



Article 41 states that in the event of any violation, the violator must undertake the
removal of pollution at his own expense in addition to payment of the specified
compensation.

2.2.3

Protection of Potable Water Sources from Pollution

RD 115/2001 provides the framework for protection of potable water sources from pollution.
Listed below are applicable Articles from this RD:
HMR Environmental Engineering Consultant
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Article 8 states that non-household effluents shall not be discharged in sewage networks
unless they are treated to specifications stated in Appendix No. 3 of the RD;



Article 9 requires that solid non-hazardous waste shall only be disposed off in sanitary
landfills (sites licensed by the Ministry for disposal of non-hazardous solid wastes)
licensed by the Ministry. Solid non-hazardous waste shall not be mixed with any category
of hazardous waste at any stage;



Article 13 requires any person causing pollution to water to remove the pollution at his
own expense in addition to payment of the specified compensation;



Article 16 prohibits discharge of hazardous wastes or substances into aflaj and their
channels, surface watercourses, wadis or places of groundwater recharge; and



The RD further specifies conditions for treatment, discharge and re-use of wastewater.

2.2.4

Wastewater Reuse and Discharge

The Omani standards for wastewater2 discharge and re-use on land are issued under MD
145/93 and RD 115/2001. There are two types of standards, based on the crops grown on the
land where the wastewater is applied, as described in Table 2-2.
Table 2-2: Wastewater Discharge and Re-use Standards - Categories

Specification
Crops

Standard A-1
Vegetables and fruits likely to be eaten
raw within 2 weeks of irrigation

Grass and
ornamental areas

Public parks, hotel lawns, recreational
areas
Areas and lakes accessed by public
All aquifer recharge controlled and monitored by the Ministry
Spray or any other method of aerial irrigation is not permitted in areas with
public access unless with timing control
Subject to the approval of the ministry

Aquifer recharge
Methods of
irrigation
Any other re-use
applications

Standard A-2
Vegetables to be cooked or
processed
Fruits if not irrigated within 2 weeks
of cropping
Fodder, cereal and seed crops
Pastures and areas with no public
access

The maximum permissible concentrations of various pollutants in the treated wastewater are
as presented in Table 2-3.
Table 2-3: Wastewater Discharge and Re-use Standards

Parameter
Aluminium (as Al)
Arsenic (as As)
Barium (as Ba)
Beryllium (as Be)
Biochemical oxygen demand
2

Units
mg/L
mg/L
mg/L
mg/L
mg/L

Standard A-1
5
0.10
1
0.10
15

Standard A-2
5
0.10
2
0.30
20

Liquid wastes discharged from any household, commercial, agricultural, industrial or laboratory uses or any other uses (as
defined by RD 115/2001)
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Parameter
(BOD) - 5 days @ 200C
Boron (as B)
Cadmium (as Ca)
Chemical oxygen demand (COD)
Chloride (as Cl)
Chromium (Total as Cr)
Cobalt (as Co)
Copper (as Cu)
Cyanide (Total as CN)
Electrical conductivity (EC)
Faecal coliform bacteria
Fluoride (as F)
Iron (Total as Fe)
Lead (as Pb)
Lithium (as Li)
Magnesium (as Mg)
Manganese (as Mn)
Mercury (as Hg)
Molybdenum (as Mo)
Nickel (as Ni)
Nitrogen: Ammoniacal (as N)
: Nitrate (as NO3)
: Organic (Kjeldahl as N)
Oil and grease (Total extractable)
pH
Phenols (Total)
Phosphorus (Total as P)
Selenium (as Se)
Silver (as Ag)
Sodium (as Na)
Sodium absorption ratio (SAR)
Sulphate (as SO4)
Sulphide (Total as S)
Suspended solids (SS)
Total dissolved solids (TDS)
Vanadium (as V)
Viable nematode ova
Zinc (as Zn)
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Units

Standard A-1

Standard A-2

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
μs/cm
Number per 100 mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

0.50
0.01
150
650
0.05
0.05
0.50
0.05
2000
200
1
1
0.10
0.07
150
0.10
0.001
0.01
0.10
5
50
5
0.50
6–9
0.001
30
0.02
0.01
200
10
400
0.10
15
1500
0.10
<1
5

1.00
0.01
200
650
0.05
0.05
1.00
0.10
2700
1000
2
5
0.20
0.07
150
0.50
0.001
0.05
0.10
10
50
10
0.50
6–9
0.002
30
0.02
0.01
300
10
400
0.10
30
2000
0.10
<1
5

mg/L
mg/L
-mg/L
mg/L
mg/L
mg/L
mg/L
-mg/L
mg/L
mg/L
mg/L
mg/L
Number per L
mg/L

The following are Omani standards for re-use or disposal of sludge3 resulting from
wastewater treatment4. The sludge generated from the wastewater treatment may be applied
on land for agricultural use (after obtaining permit from MECA for the same), subject to the
conditions given in Table 2-4.

3

Liquid, solid or semi-solid material resulting from treatment of wastewater (as defined by RD 115/2001)

4

Treatment in a single integrated unit or several different units for treatment of wastewater through physical, chemical or
biological methods or any other method in an open or partially closed system
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Table 2-4: Wastewater Treatment Sludge Re-use Standards

Metal
Cadmium
Chromium
Copper
Lead
Mercury
Molybdenum
Nickel
Selenium
Zinc

Maximum
concentration
(mg/kg of dry solids)
20
1000
1000
1000
10
20
300
50
3000

Maximum Applicable
rate (kg/ha)5
0.15
10
10
15
0.10
0.10
3
0.15
15

Maximum permitted
concentration in soil
(mg/kg of dry solids)
3
400
150
150
1
3
75
5
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:


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



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



On soils with a pH < 7.0.

2.2.5

Handling and Use of Chemicals

RD 46/95 provides the framework for the handling and use of chemicals. Relevant Articles of
this RD are listed below:


Article 2 states persons involved in manufacture, import, export, transport, handling,
storage, and use of chemicals must satisfy requirements of this RD;



Article 8 states that transport and storage of hazardous chemicals require permits from the
Director General of Civil Defence – Royal Oman Police (ROP);



Article 9 states import, export, transport, or handling of any hazardous chemicals requires
packing in special containers;



Article 11 requires the user of any hazardous chemical to dispose at his expenses empty
container and hazardous wastes, under supervision of the Ministry, per requirements of
MD in force; and



Article 12 requires training and provision of personal protective equipment to staff. It
further requires maintaining records of staff handling hazardous chemicals, quantities,
and handling process.

5

Based on a ten-year average and a soil pH > 7.0
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Registration of Chemical Substances and Relevant Permits

MD 248/97 provides regulations for the control and management of chemical substances. The
relevant articles promulgated under this regulation are presented below:


Article (2) – Any natural or juridical person who intends to deal with any hazardous
chemical by manufacture, import, export, transport, storage, handling, use or disposal
shall apply to the Ministry, by filling the designated form, obtain the environmental
permit after paying the necessary fees;



Article (4) – Any person dealing with hazardous chemicals shall maintain a valid
environmental permit and chemical safety data as per Annex (2), and shall keep copy of
the permit and the data in a safe place far from where the chemical is kept or transported;



Article (5) – The dealer shall abide to carry out all condition, follow all procedures
specified in the chemical safety data or any other conditions or procedures required in the
environmental permit or in the Law.



Article (6) – Staff designated by decision of the Minister shall have the powers to
examine any chemical transaction, activity, or conduct necessary tests and investigations
to enforce the provisions of these regulations.



Article (7) – Offenders of the provisions of these regulations shall be liable to penalties
stated in the Law.

2.2.6

Management of Radioactive Materials

MD 249/97, amended by MD 281/2003 specifies regulations for the control and management
of radioactive materials. The relevant articles promulgated under this regulation with regard
to the proposed project are listed below:


Article (2) – Any organization intending to import, transport, store or use radioactive
materials or equipment containing radioactive material must apply to the Ministry for a
permit;



Article (3) – The organization shall, after obtaining approval from the Ministry, provide
qualified personnel to monitor and control radioactive material and ensure that the
provisions of this regulation are complied with;



Article (22) – Permanent storage of radioactive materials shall be permitted only at
locations approved by the Ministry. The Organization using these locations should have
written procedures of operations, security facilities, dose rate limitations, notices and
labels as per the specified design model;



Article (23) – The storage locations must fulfil the following:
 Should be away from populated areas;
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 All radioactive materials shall be adequately shielded, labelled and kept in locked and
secure places to protect them from theft, damage or use by unauthorized persons;
 Special procedures shall be established for control of the storage facilities keys;
 Clearly label “Radioactive Materials” both in Arabic and English on each store
containing radioactive materials as per instructions of the Ministry; and
 The dose rate outside the storage facility shall not exceed 2.5 µSv/h.
2.2.7

Air Emission from Stationary Sources

Omani standards for air emissions from stationary sources are specified under MD 118/2004.
Applicable limits for emissions from stationary point sources in the present project are
provided in Table 2-5. The key provisions of this regulation applicable for the project are
presented below:


Article (2) – Emission controls have to be provided to emission sources from the facility
in order to prevent noxious or offensive emissions;



Article (3) – The emission standards specified by this regulation is to be complied with.
Further, the monitoring of emissions from sources within the facility is to be conducted
and reported to the Ministry. The Ministry has the right to request to improve the
monitoring method and equipment used in such monitoring;



Article (4) – Necessary action shall be taken by the operator of the facility to eliminate
any harmful effects to public health, nuisance or emission of noxious odours arising from
the work area;



Article (5) – Dark smoke shall not be emitted from chimneys unless specially permitted
by the Ministry for specific reasons and periods. The smoke shall not be as dark as or
darker than shade one on the Ringlemann scale (20 % opacity);



Article (6) – The facility shall submit an application for an environmental permit and
shall not commission or operate the plant unless the height of the chimney serving the
plant has been approved by the Ministry that it is sufficient enough to prevent the smoke,
grit, dust and toxic gases from becoming prejudicial to health or nuisance. The minimum
stack heights for power plants, from ground level shall be as follows:
 Power plants (Natural gas fired) – 26 m;
 Power plants (Diesel fired) – 35 m;
 Boiler plants (Natural gas fired) – 15 m;
 Boiler plants (Diesel fired) – 20 m.
In other cases, the chimney height shall be calculated as “2.5 times multiplied by the
height of the highest building (in meters) in the concerned establishment complex”.
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Article (7) – The permit to operate shall be issued for a period of three years, renewable
for a same period within one month from the date of expiry;



Article (8) – Concerned inspectors from the Ministry may enter the facility to inspect any
processes causing emission of any noxious or offensive substances, to ensure efficiency
of emission controls and to ascertain the quantity and quality of emissions and suggest
requirements for further controls or measurements;



Article (9) – The facility shall provide access and assistance to the concerned
environmental inspectors from the Ministry to perform their duties for inspection and
monitoring of the sources at the facility;



Article (10) – Any change of ownership or production process of the facility shall be
communicated to DGEA; and



Article (11) – Failure to comply with any provisions of this regulation will result in
penalties and the Ministry may close down the establishment if there is prejudice harm to
the public health or environmental damage.
Table 2-5: Emission Standards as per MD 118/2004

Pollutants
Maximum permissible limits
GENERAL
Grit and dust Dark smoke products of combustion shall not
emits smoke as dark as or darker than shade one on the
0.050 g/m3
Ringelmann scale (20 % opacity)
POWER PLANTS – NATURAL GAS FIRED
Nitrogen dioxide
0.150 g/m3
Particulates
0.050 g/m3
Unburnt hydrocarbons
0.010 g/m3
Carbon dioxide
5 g/m3
POWER PLANTS – DIESEL OIL FIRED
(LESS THAN 0.5 % SULPHUR)
Sulphur dioxide
0.035 g/m3
Carbon monoxide
0.050 g/m3
Nitrogen dioxide
0.150 g/m3
Particulates
0.100 g/m3
Unburnt hydrocarbons
0.010 g/m3
COMBUSTION SOURCES – DIESEL OIL FIRED
(INDUSTRIAL BOILERS, FURNACES, INDUSTRIAL OVENS)
Carbon monoxide
0.050 g/m3
Sulphur dioxide
0.035 g/m3
Nitrogen dioxide
0.150 g/m3
Particulates
0.100 g/m3
Unburnt Hydrocarbon
0.010 g/m3
COMBUSTION SOURCES –NATURAL GAS FIRED
(INDUSTRIAL BOILERS, FURNACES, INDUSTRIAL OVENS)
Nitrogen dioxide
0.150 g/m3
Particulates
0.050 g/m3
Unburnt Hydrocarbons
0.010 g/m3
Carbon dioxide
5 g/m3
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Disposal of Liquid Effluents into Marine Environment

Omani Regulations for the disposal of liquid effluents into the marine environment is issued
under MD 159/2005. The requirements of this legislation and applicable standards are
presented below.


The discharge of liquid effluent into the marine environment either directly or indirectly
is prohibited without a permit to discharge from the Ministry;



Suitable treatment shall be provided to the effluents prior to discharge in order to destruct
the hazardous constituents or methods such as re-use or recycle of the effluents shall be
used. The Ministry has the right to reject the application of the permit if there is a
possibility of reusing, recycling or treating the discharge without any risk to human or the
ecosystem;



A detailed description and characterization of the effluent is an essential precondition for
the consideration of the issuance of the permit to discharge. If the effluent is poorly
characterized that proper assessment cannot be made of its potential impact on human
health or the environment, such effluent may not be discharged to the marine
environment;



The discharge end of the effluent discharge pipe must be sited a minimum of 1m below
the lowest low tide level at the proposed discharge site;



At the discharge point, the effluent temperature shall not exceed 10 °C above the ambient
intake seawater temperature;



The discharge point of the liquid effluent should be sited in such a way that it doesn’t
reach coral reefs, algal beds and sea grass at the seabed;



The facilities and the equipments have to be maintained by taking seawater and liquid
effluent samples according to regulation of the Ministry;



A 300 m radius from the point of effluent discharge is set as the initial zone of dilution.
At the periphery of the initial zone of dilution, the following conditions shall be met;
 Increase in the ambient water temperature shall not exceed 1 °C as weekly average;
 Depression of dissolved oxygen shall not exceed 10 % of the ambient values (weekly
average);
 Change in the pH shall not exceed 0.2 units of the ambient values; and
 Change in the salinity shall not exceed 2 parts per thousand from the ambient values
(daily average).

The liquid effluents discharged into the marine environment shall comply with the limits
specified in MD 159/2005 as presented in Table 2-6.
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Table 2-6: Marine Disposal Standards (Maximum Quality Limit)

Parameter
pH
Temperature
Biochemical Oxygen Demand (5 days at 20 0C)
Chemical Oxygen Demand
Total Suspended Solids
Aluminium (as Al)
Arsenic (as As)
Barium (as Ba)
Beryllium (as Be)
Boron (as B)
Cadmium (Cd)
Chromium (as Cr)
Cobalt (as Co)
Copper (as Cu)
Cyanide (as Total CN)
Fluorine (as F)
Iron (as Fe)
Lead (as Pb)
Lithium (as Li)
Mercury (as Hg)
Molybdenum (as Mo)
Nickel (as Ni)
Nitrogen: Ammoniacal (as N)
Nitrogen: Nitrate (as N)
Nitrogen: Organic (Kjeldal, as N)
Total Nitrogen
Oil and Grease
Phenol (Total)
Phosphorus (as Total P)
Selenium (as Se)
Silver (as Ag)
Sulphide (as S)
Chlorine (as Total Cl2)
Vanadium (as V)
Zinc (as Zn)
Fecal Coliform Bacteria (per liter)
Viable Nematode (per liter)
Organo-Halogen
Pesticides or their by-products
Organo-silicon compounds
Organo-copper compounds
Organo-tin compounds
2.2.9

Units
ºC
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
Counts
Counts
mg/L
mg/L
mg/L
mg/L
mg/L

MD 159/2005 Limits
6–9
<10 ºC above the ambient temperature
20
200
30
5
0.1
2
0.3
1
0.01
0.05
0.05
0.2
0.1
2
1.5
0.08
0.07
0.001
0.05
0.1
1
15
5
15
15
0.002
2
0.02
0.01
0.1
0.4
0.1
1
1,000
<1
<0.001
<0.001
<0.001
<0.001
0.00002

Noise

The regulations for noise control are applicable to workplace noise levels and ambient noise
levels. The ambient noise standards are issued under MD 79/94 and the limits for ambient
noise levels from industrial sources are summarized in Table 2-7.
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Table 2-7: Ambient Noise Standards

Type of District
Rural residential and recreational
Sub-urban residential
Urban residential
Urban residential with some
workshops or business city hub
Industrial and commercial

Maximum Permissible Noise Level [as Leq in dB (A)]
Night Time
Day Time
Evening Time
(11 PM – 7 AM)
(7 AM – 6 PM)
(6 PM – 11 PM)
on workdays and all
workdays
workdays
times on holidays
45
40
35
50
45
40
55
50
45
60

55

50

70

70

70

MD 80/94 specifies the regulations for noise pollution control in working environment. These
regulations state that no employee shall be exposed to noise levels exceeding 85 dB(A). If the
workplace noise level exceeds 85 dB(A), suitable ear protection devices shall be provided.
The attenuation of such protection devices shall reduce the noise level to 80 dB(A) or lower.
2.2.10 Hazardous Wastes

MD 18/93 specifies the Omani regulations on hazardous waste management. Hazardous
waste is defined as “any liquid or solid waste, which because of its quantity, physical,
chemical or infectious characteristics can result in hazards to human health or the
environment when improperly handled, stored, transported, treated or disposed off”. The
relevant articles in the regulation are listed below:


Article (4) – No hazardous waste shall be mixed with any other category of waste nor
shall it be discharged to a common or other internal or external sewerage or other
drainage system without a license from the Ministry;



Article (5) – Every hazardous waste generator shall complete a Consignment Note for
each category of hazardous waste before the hazardous waste leaves his land or premises;



Article (6) – All hazardous waste shall be labeled and packed according to the Ministerial
Decision issued in this respect;



Article (7) – A hazardous waste or any components of a hazardous waste may be recycled
at the point of generation or elsewhere only within the conditions of these Regulations. In
case recycling is limited only to the point of generation, hazardous waste generator shall
not be committed to complete a consignment note;



Article (8) – Every hazardous waste generator shall store hazardous waste in approved
storage facilities on his land or at his premises until its removal in accordance with the
terms of the license issued by the Ministry;
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Article (9) – Hazardous waste shall be transported by transporters licensed by the
Ministry to collect, handle, store and dispose hazardous waste outside the waste
generator's premises. This license will be issued with conditions after the approval of
Royal Oman Police;



Article (10) – Every owner of any site where hazardous waste is to be stored, shall apply
for a license from the Ministry and shall operate the site only in accordance with the
terms of the issued license which shall include a requirement that all hazardous waste
received at the site shall be accompanied by appropriate Consignment Note(s) in
accordance with Article (5); and



Article (11) – Every owner of a storage facility shall only release hazardous waste from
that facility if it is accompanied by a Consignment Note in accordance with Article (5).

2.2.11 Solid Non-hazardous Wastes

MD 17/93 specifies the Omani regulations for non-hazardous solid waste management (the
relevant articles of RD 115/2001 are also to be referred to). The relevant articles in the
regulation are listed below:


Article (2) – Occupants of the premises (including industries which generate any solid or
semi solid non-hazardous waste) shall store and dispose off solid non-hazardous waste in
accordance with the provisions of these regulations and decision of the concerned
authorities to this effect, such that there is no nuisance or hazard to the public health;



Article (5) – The occupants of the premises shall collect these wastes and transport it in a
safe manner to a site designated by the concerned authority; and



Article (13) – No solid non-hazardous waste should be mixed with any category of
hazardous waste at any time.

2.2.12 Regulation for Crushers, Quarries and Transport of Sand

MD 200/2000 provides regulations for crushing and quarrying works at coasts, beaches and
wadis. The relevant articles of this regulation with regard to the proposed project are
presented below:


Article (8) – It is not permitted to make any excavations or remove sand from coasts,
beaches or wadis other than places determined by MECA. In addition, it is not permitted
to excavate any part of a hill without obtaining the necessary permit issued by the
concerned authority; and



Article (9) – Every municipality shall install fixed boards along its coasts, beaches and
wadis stating, in both Arabic and English languages, this prohibition.
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2.2.13 Septic Tanks, Holding Tanks and Soakaway Pits

MD 421/98 specifies requirements for designing, locations, and constructing septic tanks,
soakaway pits, and holding tanks. Important Articles of this MD are listed below:


Article 3 of the MD allows the use of septic tanks in institutions where the population
equivalent is not greater than 150;



Article 4 and 11 states requirement of consent of local municipality prior to establishment
of septic and holding tanks; and



Article 10 and 13 present the minimum setback distances for construction of septic tanks,
soak away pits, and holding tanks.

2.2.14 Ambient Air Quality

Presently, there are no Omani standards for ambient air quality. Therefore, MECA
recommends the use of USEPA's National Ambient Air Quality (NAAQ) standards. The
NAAQ standards are presented in Table 2-8.
Table 2-8: Ambient Air Quality Standards

Pollutant
Particulates (PM10)

Averaging Period
24-hour average
24-hour average
Annual arithmetic mean
3-hour average
24-hour average
Annual arithmetic mean
Annual arithmetic mean
1-hour average
1-hour average
8-hour average
1-hour average
8-hour average
Rolling 3-month average
Quarterly average

Particulates (PM2.5)
Sulphur dioxide (SO2)
Nitrogen dioxide (NO2)
Carbon monoxide (CO)
Ozone (O3)
Lead (Pb)

Maximum Permissible Limit
150 µg/m3
35 µg/m3
15 µg/m3
0.5 ppm (1300 µg/m3)
0.14 ppm
0.03 ppm
0.053 ppm (100 µg/m3)
0.100 ppm
35 ppm (40 mg/m3)
9 ppm (10 mg/m3)
0.12 ppm
0.075 ppm
0.15 µg/m3
1.5 µg/m3

MECA however is currently in the process of developing Omani Ambient Air Quality (AAQ)
Standards. Although the standards have not yet been promulgated, the provisional standards
are provided as presented in Table 2-9.
Table 2-9: Omani AAQ Standards (Provisional)

Parameters
NO2
SO2
CO
H2S
O3

Averaging Period
24-hour average
24-hour average
8-hour average
24-hour average
8-hour average
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Averaging Period
3-hour average
24-hour average

Standard Limits (µg/m3)
160
125

There are no Omani standards for work place air quality. Therefore, United States
Occupational Safety and Health Administration (OSHA) 8-hr time weighted average (TWA)
can be used. The maximum permissible limit specified by OSHA for respirable particulate
matter (PM10) within the workplace is 5,000 μg/m3.
2.2.15 Environmental Permits

The proposed project will potentially require the following permits, as applicable for the
construction or operation phases:


Preliminary Environmental Permit (PEP) from MECA – Issued upon submission of EIA
Report along with application for the Environmental Permit;



Permit for marine disposal of return cooling water and other treated liquid effluents;



Permit for disposal of treated wastewater (if any) during construction phase;



Permit for storage, handling, transportation and disposal of hazardous wastes during
construction and operation;



Permit for storage, handling and transportation of chemicals and fuel used at site during
construction and operation;



Permit for operating stationary emission sources (stacks);



Permit for disposal of hydrotest water;



Permit for import, transportation, usage and storage of radioactive material, if required
(mainly during construction phase);



Consent for setting up construction camps from local municipality (Sohar or Liwa as
applicable);



Permit for setting up temporary desalination plant (if required ) during construction; and



Approvals from the MHC and Ministry of Awqaf and Religious Affairs (MARA), as
required.

In addition to the above, the contractors transporting/handling chemicals, fuels, other
hazardous materials and hazardous wastes will require approvals/permits.
2.3

Requirements of OPWP

In order to exhibit eligibility for the tendering process of the project, OPWP had requested
compliance to limits on exhaust gas qualities, noise levels and water effluents from the

6

HCNM stands for “Hydrocarbons – Non Methane”
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bidders. The limits put forth in the Request For Proposal (RFP) during the bidding process
are presented in the subsection below.
2.3.1

Air Emission Criteria

The limits presented in Table 2-10 were set for emissions from continuous firing of natural
gas and diesel in the GT Units. This information has been taken from Appendix O of the Bid
Form 6, Part I-3: Emissions. The limits are to be achieved under conditions of 0 ºC, 1,013
mbar, dry condition and 15 % O2.
Table 2-10: Air Emission Limits in RFP

Parameters
NOX as NO2
CO
2.3.2

Limits (mg/m3)
Natural Gas Firing
Diesel Firing
60
120
40
40

Noise Emissions

This information is also taken from Appendix O of the Bid Form 6, Part I-3: Emissions.
According to the information presented in the aforementioned document, the maximum
sound pressure level (SPL) at specified measuring locations should be as follows:


≤ 70 dB(A) [during steady-state operation with rated output] at 1 m outside the plant
fenceline, with all equipment in operation;



≤ 85 dB(A) at 1 m from the GT enclosure and at 1.5 m above ground level of the GT
enclosure;



≤ 85 dB(A) at 1 m from each equipment inside ST house and 1.5 m above the ground
level of the ST house;



≤ 50 dB(A) at 1.5 m above the floor level inside the central control room;



≤ 85 dB(A) at 1 m distance from equipment within turbine halls (outside operational
areas), and 1.5 m above ground level; and



≤ 85 dB(A) at 1 m distance from equipment within machine rooms and workshops, and
1.5 m above ground level.

2.3.3

Effluent Discharge

This information is taken from Appendix O of the Bid Form 6, Part I-4: Effluent Discharge.
The quality criteria for the effluent as given in the aforementioned document are presented in
Table 2-11.
Table 2-11: Effluent Discharge Quality Criteria in RFP

Description
Maximum expected rise in surface temperature of
seawater at full production (measured at plant outlet)
HMR Environmental Engineering Consultant
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Description
Ammoniacal nitrogen
Arsenic
Biochemical oxygen demand (BOD) – 5 days
Cadmium
Chlorine (residual)
Chromium total
Copper
Cyanide
Grease and oil
Iron
Aluminium
Lead
Mercury
Nickel
pH
Phenols
Phosphate (total as P)
Selenium
Silver
Sulphide
Zinc
Faecal coliforms
Faecal streptococci
Salmonella
Total suspended solids (TSS)

Unit
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mpn/100mL
mpn/100mL
mpn/1 L
mg/L

Total dissolved solids (TDS)

%

Temperature (outlet area)

ºC

Maximum cooling water temperature rise (ΔT) in ST
condenser
Maximum cooling water temperature rise (ΔT) in
auxiliary cooling water heat exchanger
Turbidity

Limit
40
0.05
30
0.05
< 2.5
0.5
0.5
0.1
5
2
0.1
0.001
0.1
6–9
0.1
0.1
0.02
0.005
0.1
0.1
100 (80 % of samples)
100
Non-detectable
30
Not more than 5 % above
receiving water
Not more than 1 ºC above
receiving water

K

10*

K

10*

NTU

75

* Subject to acceptance of same by MECA based on Environmental Impact Assessment study

2.4

Conventions and Protocols

Several RDs concerning conventions and protocols to which Oman has acceded have been
issued so that these are taken into account during development of new projects in the country.
RDs which potentially apply to Sohar II IPP are listed below:


Sanctioning the Accession of the Sultanate of Oman to the Convention on Prevention of
Marine Pollution by Dumping of Wastes and Other Matter (RD 26/81);



Sanctioning the Accession of the Sultanate of Oman to the Marine Environment
Protection Protocol (RD 90/91);



Sanctioning the Accession of the Sultanate of Oman to two Protocols on Environment
Protection (RD 57/94);
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Sanctioning the Accession of the Sultanate of Oman to Basel Convention on the Control
of the Transboundary Movement of Hazardous Wastes and their disposal, the United
Nations Framework Convention on Climate Change and Convention on Biological
Diversity (RD 119/94);



Sanctioning the Accession of the Sultanate of Oman to the Vienna Convention for the
Protection of the Ozone Layer and the Montreal Protocol on Substances that Deplete the
Ozone Layer (RD 73/98);



Sanctioning the Protocol on the Transboundary Movement of Hazardous Wastes and
Other Wastes and their Disposal (RD 24/2002);



Sanctioning Montreal and Beijing Amendments to Montreal Protocol on Substances that
deplete the Ozone Layer (RD 106/2004);



Sanctioning Kyoto Protocol to the United Nations Framework Convention on Climate
Change (RD 107/2004); and



Sanctioning Stockholm Convention on Persistent Organic Pollutants (POP) RD
117/2004).

2.5

Legal Framework for Social Issues

In addition to the environmental regulations discussed in the preceding sections, the project
will be governed by relevant regulations for addressing the social issues. The social laws in
Sultanate of Oman address aspects such as community involvement, local employment,
protection of cultural / heritage / archaeological sites, etc. These are stipulated through RDs
as presented in Table 2-12.
Table 2-12: Omani Laws for Social Aspects

#
1

Description
Law on national
heritage protection

Reference Number
RD 6/80

2

Law for involving local
citizens in project
Guidelines for
development of new
areas
Protection of grazing
areas
Management of fishery
and supporting its
habitats

Oman Labour policy

3
4
5

Supreme Committee
for Town Planning
(SCTP) standards
Ministry of Agriculture
RD 8/2003
RD 34/74
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Applicability to Project
Any development work to protect and
conserve archaeological sites Any
development activity to be initiated only
after obtaining clearance from Ministry of
Heritage and Culture, and Ministry of
Awqaf and Religious Affairs
Provision for employing local citizens
Physical planning norms to be adopted for
infrastructure development
Areas in and around the site, used for
grazing
It prohibits interference with movement of
marine species or harm to their eggs and
young ones
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2.6

Equator Principles and World Bank Guidelines

2.6.1

Overview

The World Bank / Equator Principles Financial Institutions (EPFI) have adopted the ‘Equator
Principles’ (EPs) to ensure that the projects financed by international financing agencies are
developed in a manner that is socially responsible and reflects sound environmental
management practices. EPs are a set of standards for determining, assessing and managing
social and environmental risk in project financing. The adoption of these principles require
that the negative impacts on project-affected ecosystems and communities should be avoided
where possible, and if these impacts are unavoidable, they should be reduced, mitigated
and/or compensated appropriately. The Equator Principles are based on the policies and
guidelines of the International Finance Corporation (IFC), the private-sector development
arm of the World Bank.
The Equator Principle guidelines take into consideration not only compliance with the host
country’s environmental laws, regulations and permitting requirements but also the minimum
environmental standards issued under the ‘Pollution Prevention and Abatement Guidelines’
by World Bank and IFC. The working pattern as per EPs is presented in Figure 2-1.

Figure 2-1: Equator Principles – Work Flow

2.6.2

Categorization of Projects

In accordance with Equator Principles, projects are classified into A, B or C categories,
depending on the type, location, sensitivity, and scale of the project and the nature and
magnitude of its potential environmental and social impacts as discussed below.
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Category A: Proposed project is classified as Category A if it is likely to have significant
adverse environmental impacts that are sensitive, diverse, or unprecedented. A potential
impact is considered “sensitive” if it may be irreversible (e.g., lead to loss of a major natural
habitat) or affect vulnerable groups or ethnic minorities, involve involuntary displacement or
resettlement, or affect significant cultural heritage sites. These impacts may affect an area
broader than the sites or facilities subject to physical works. Environmental Assessment (EA)
for a Category A project examines the project's potential negative and positive environmental
impacts, compares them with those of feasible alternatives (including, the “without project”
situation), and recommends measures needed to prevent, minimize, mitigate, or compensate
for adverse impacts and improve environmental performance.
Category B: The project is classified as Category B if it’s potential adverse environmental
impacts on human populations or environmentally important areas, including wetlands,
forests, grasslands, and other natural habitats are less adverse than those of Category A
projects. These impacts are site-specific; few if any of them are irreversible; and in most
cases mitigation measures can be designed more readily than for Category A projects. The
scope of EA for a Category B project may vary from project to project, but it is narrower than
that of Category A project. Like EA for Category A project, it examines the project's
potential negative and positive environmental impacts and recommends measures needed to
prevent, minimize, mitigate or compensate for adverse impacts and improve environmental
performance.
Category C: A proposed project is classified as Category C if it is likely to have minimal or
no adverse environmental impacts. Beyond screening, no further EA action is required for a
Category C project.
Based on the initial screening, it can be noted that the proposed Sohar II IPP can be classified
as Category B considering the project location, environmental and social sensitivities at site,
wastes generated and potential environmental and social impacts. Accordingly, the ESIA
report will address the following:


Assessment of the baseline environmental and social conditions;



Requirements under host country laws and regulations and applicable international
treaties and agreements;



Sustainable development and use of renewable natural resources;



Protection of human health, cultural properties, and biodiversity, including endangered
species and sensitive ecosystems;



Assessment of major hazards;



Occupational health and safety;



Socio-economic impacts;



Land acquisition and land use;
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Involuntary resettlement;



Impacts on indigenous people and communities;



Cumulative impacts;



Public consultation and disclosure;



Consideration of feasible environmentally and socially preferable alternatives;



Efficient production, delivery and use of energy; and



Pollution prevention and waste minimization, pollution control, and emission and waste
(air emissions, aqueous, solid and hazardous wastes) management.

2.7

IFC Guidelines for Thermal Power Plants

2.7.1

General

The Environment, Health and Safety (EHS) guidelines issued by IFC are technical reference
documents with general and industry-specific examples of Good International Industry
Practice (GIIP)7. When one or more members of the World Bank Group are involved in a
project, the EHS guidelines are applied as required by their respective policies and standards.
These guidelines provide guidance on common EHS issues potentially applicable to the
proposed IPP.
The EHS Guidelines contain the performance levels and measures that are generally
considered to be achievable in new facilities by existing technology at reasonable costs.
Application of the EHS Guidelines to existing facilities may involve the establishment of sitespecific targets, with an appropriate timetable for achieving them. The applicability of the
EHS Guidelines should be tailored to the hazards and risks determined for each project on the
basis of the results of an EA in which site-specific variables such as host country context,
assimilative capacity of the environment and other project factors are taken into account.
When host country regulations differ from the levels and measures presented in the EHS
Guidelines, projects are expected to achieve whichever is more stringent. If less stringent
levels or measures than those provided in these EHS Guidelines are appropriate, in view of
specific project circumstances, a full and detailed justification for any proposed alternatives is
needed as part of the site-specific assessment.
2.7.2

Applicable Environmental Regulations

The applicable environmental regulations are presented in sections below:

7

GIIP is defined as the exercise of professional skill, diligence, prudence and foresight that would be reasonably expected
from skilled and experienced professionals engaged in the same type of undertaking under the same or similar
circumstances globally
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Ambient Air Quality

Projects with significant sources of air emissions, and potential for significant impacts to
ambient air quality, should prevent or minimize impacts by ensuring that the emissions do not
result in pollutant concentrations that reach or exceed relevant ambient quality guidelines and
standards by applying national standards or in their absence, the current World Health
Organization (WHO) Ambient Air Quality Guidelines (see Table 2-13) or other
internationally recognized sources.
Table 2-13: WHO Ambient Air Quality Guidelines

(ii)

#
1

Pollutant
SO2

2

NO2

3

PM10

4

O3

Averaging Period
24-hour average
10-minute average
1-year average
1-hour average
1-year average
24-hour average
8-hour daily maximum

Guideline Value (µg/m3)
125
500
40
200
70
150
100

Effluent Discharge

Effluent discharge guidelines are applicable for direct discharges of treated effluents to
surface waters, for general use. Site-specific discharge levels may be established based on the
availability and conditions in the use of publicly operated sewage collection and treatment
systems or, if discharged directly to surface waters. Guideline values for process effluents are
indicative of good international industry practice as reflected in standards of countries with
recognized regulatory frameworks. These levels (see Table 2-14) should be achieved, without
dilution, at least 95 % of the time that the plant or unit is operating, to be calculated as a
proportion of annual operating hours.
Table 2-14: Guidelines on Effluent Quality

#
1
2
3
4
5
6
7
8
9
10
11
12
13

Parameter
pH
Total suspended solids
Oil and grease
Total residual chlorine
Total chromium
Iron (Fe)
Copper (Cu)
Lead (Pb)
Zinc (Zn)
Cadmium (Cd)
Arsenic (As)
Mercury (Hg)
Temperature increase by thermal
discharge from cooling system

HMR Environmental Engineering Consultant
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Limits (in mg/L except for pH and temperature
Between 6 and 9
30
10
0.2
0.5
1
0.5
0.5
1
0.1
0.5
0.005
Discharge of once-through cooling water should be
minimized by adjusting intake and outfall design
through the project specific EA depending on the
sensitive aquatic ecosystems around the discharge
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#
Parameter
Limits (in mg/L except for pH and temperature
Applicability of heavy metals to be determined in the EA. Guideline limits presented in the table
are from various references of effluent performance by thermal power plants
(iii)

Noise Levels

Noise impacts should not exceed the levels presented in Table 2-15, or result in a maximum
increase in background noise levels of 3 dB at the nearest receptor location off-site.
Table 2-15: Guidelines on Noise Limits

Receptor
Residential, institutional and educational
Industrial and commercial
2.7.3

One Hour Leq in dB(A)
Day Time Night Time
55
45
70
70

EA Guidelines for Thermal Power Projects

The tasks related to carrying out the impact analysis for the EA should include:


Collection of baseline data ranging from relatively simple qualitative information (for
smaller projects) to more comprehensive quantitative data (for larger projects) on ambient
concentrations of parameters and averaging time consistent with relevant host country air
quality standards [e.g., parameters such as PM10, PM2.5, SO2 (for oil and coal-fired
plants), NOX, and ground-level ozone; and averaging time such as 1-hr maximum, 24-hr
maximum and annual average], within a defined air shed encompassing the proposed
project;



Evaluation of the baseline air quality (e.g., degraded or non-degraded);



Evaluation of baseline water quality, where relevant; and



When there is a reasonable likelihood that in the medium or long term the power plant
will be expanded or other pollution sources will increase significantly, the analysis should
take account of the impact of the proposed plant design both immediately and after any
formally planned expansion in capacity or in other sources of pollution.

The present EIA study takes into account the above EHS guidelines.
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Overview
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The proposed Sohar II facility will be a combined cycle plant with a capacity of about 745
MW. The plant will mainly comprise two GT units, two HRSG units and one ST unit. A
process flow diagram for Sohar II, for a single train of GT unit, HRSG unit and associated
facilities is shown in Figure 3-1. The facility layout diagram is presented in Appendix A.

Figure 3-1: Process Flow Diagram (single train)

The proposed Sohar II IPP will be located within Sohar Industrial Port Area (SIPA), on Plot #
19B, adjacent to the Sohar I Independent Water and Power Project (IWPP). The plot covers a
land area of about 94,000 m2. The temporary laydown area (TLA) for the Sohar II IPP will be
located on the south, slightly away from the project site; south of Sohar Aluminium Power
and Desalination Plant and northeast of Plot#21A. The TLA will be spread over a land area of
60,000 m2. The project site is surrounded by following facilities (see Figure 3-2 overleaf):


Sohar I site to the north;



MHEW (PAEW) site to the west;



Sohar Aluminium Power and Desalination Plant site to the south; and



Seawater intake pumping system, the seawater return channel and access road to the east.
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Figure 3-2: Sohar II site and neighbouring facilities

3.2

Power Plant - Overview

Sohar II will be designed to generate about 745 MW of electric power under normal
operating conditions. As mentioned earlier, the plant will operate on combined cycle and will
comprise of multishaft arrangement consisting of two GT units with two generator, two
coupled HRSG units and one ST unit with a generator.
Sohar II will be equipped with the advanced SGT5-4000F GT with annular combustion
chamber and an increased turbine inlet temperature. The high temperature GT unit will be
fired with natural gas (primary fuel) with the option of utilizing diesel oil as back-up fuel. To
optimize the operation of the GT unit air preheating, fuel gas preheating and evaporation
cooling will be used. The heat released from the combustion of the fuel will be transferred to
the combustion gases in the form of kinetic energy, which will rotate the turbine blades. Each
GT unit will be coupled to an electrical generator, consisting of a rotating inner component
called the rotor and the stationary part called the stator. The stator is provided with a
magnetic circuit to generate electrical current.
The HRSG units will be designed as a horizontal triple pressure natural circulation boiler
with reheat section (triple pressure/reheat). The exhaust gas from each GT unit will be at a
temperature of about 600 ºC and will be fed to the unfired HRSG unit, where the waste heat
of the exhaust gas will be recovered to generate steam that will be passed through the ST unit
HMR Environmental Engineering Consultant
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to generate additional electricity. The HRSG will be provided with supplementary firing
system for situations when any of the GT units fail, necessitating duct firing in HRSG to limit
the loss of power output.
The ST unit (SST5-5000) will be a dual-casing reheat condensing turbine with combined high
pressure (HP) / intermediate pressure (IP) casing and rigidly coupled dual-stage low pressure
(LP) turbine. In the ST unit, the kinetic energy of the high pressure steam will rotate the
turbine blades. The ST unit will be coupled to an electrical generator, where the mechanical
energy is converted into electrical energy.
Each GT unit will be provided with a main stack and a bypass stack. During normal
operations, exhaust from the GT unit, after passing through the HRSG unit will be released to
the atmosphere through the main stack. For single cycle operation of the GT unit or during
HRSG breakdown/maintenance the bypass stack will be used to release the exhaust gases.
High purity demineralised water will be required as feed water for the HRSG units. The
demineralised water will be produced in the demineralisation plant to be installed within
Sohar II. Once-through cooling water system using seawater will be used for the steam
condenser cooling, and the condensate will be fed back to the HRSG units. The generators
associated with the GT and ST units will be hydrogen cooled.
Natural gas to Sohar II will be supplied by Oman Gas Company (OGC) through its Gas
Supply Station (GSS) located within the SIPA. A tie in from the 24 pipeline supplying
natural gas to Sohar I will be used to supply Sohar II also. All necessary facilities to tie-in
Sohar II to the 24 natural gas pipeline (up to Sohar II fenceline) will be provided by OGC.
Sohar II will include a new gas supply (receiving and metering) station within its fenceline.
Diesel to be used as back-up / secondary fuel will be stored in two tanks of about 7,700 m3
capacity each. Sohar II will have six diesel generators and transformers for black start
operations.
The seawater required for once-through cooling and for producing demineralised HRSG feed
water will be sourced from the SIPA seawater common intake system. Return cooling water
with treated demineralisation plant rejects will be let into SIPA’s common outfall channel.
The intake and outfall systems are operated and maintained by Majis Industrial Services
Company (MISC), which is a Government of Oman owned company engaged in providing
various water utility services within SIPA. Sohar II will be catered by a new seawater intake
pumping station and outfall system currently being planned by MISC.
Electrical transmission system for carrying the generated power from the power plant to the
exclusive end user will be built and operated by Oman Electricity Transmission Company
(OETC). Power for Sohar II operation will be tapped from the power generated by Sohar II
itself. Three diesel generator (DG) units will be available for black-start operations.
HMR Environmental Engineering Consultant
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The wastewater from the plant will be collected and treated in the wastewater treatment plant
(WTP) proposed within Sohar II. Also the IPP will have areas for workshops, material
laydown, infrastructure (containers, tools, sanitary, etc.) within its fenceline.
During construction it is expected that SIPA will provide a laydown area, as the adjacent
plots around Sohar II have already been developed. The location for the laydown area will be
identified by Sohar II in consultation with SIPC.
3.3

GT Units

As mentioned earlier, Sohar II project will have two GT units, which will be the SGT5-PAC
4000F type GT units supplied by Siemens. These units are designed for dual firing with
natural gas as primary fuel and diesel oil as the back-up fuel. Each GT unit will consist of a
compressor and a turbine inside a single casing with a single shaft, a common rotor, and
annular combustion system with 24 hybrid burners. Figure 3-3 and Figure 3-4 show the
generic section of the GT unit with annular combustor, and longitudinal section of the GT
unit with annular combustor, respectively.

Figure 3-3: Generic Section of the GT unit with Annular Combustor
HMR Environmental Engineering Consultant
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Figure 3-4: Longitudinal Section of the GT unit with Annular Combustor

The GT unit can give a power output in the range of 280 to 290 MW at ISO conditions. The
GT unit will be fitted with dry low-NOX burners for minimizing NOX emissions to levels
below the standard limits prescribed by relevant Omani environmental regulation. Each GT
unit will be provided with bypass stacks (40 m height and 6.8 m diameter) and diverter
dampers. The GT assembly will be enclosed within a steel structure for noise attenuation.
The GT will be attached with several auxiliary system to enhance performance and output.
Some of these are briefly described below:


Turbine Cooling System – for cooling turbine parts that are subjected to high thermal
loadings with air extracted fro the compressor;



Blowoff System – for preventing possible interruptions in the flow of air in the
compressor;



GT Drainage System – for draining cleaning fluid that collects at several locations within
the GT upon spraying into the compressor during the cleaning operation;



Natural Gas System – for supplying natural gas to the burners and for controlling the
volume of natural gas flowing into the combustion chamber;



Liquid Fuel System – for supplying the diesel oil to the burners and for controlling the
volume of diesel oil injected into the combustion chamber;
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Purge Water System – for supplying of demineralised water for various purposes. Purge
water will be required during changeover operations between the GT’s fuel oil premix
and fuel oil diffusion systems. The purging operation will clean the oil burners to prevent
coking of fuel oil residues. Purge water can also be used for fuel oil system cooling and
filling operations;



Mobile Compressor Cleaning System – for removal of fouling deposits on the blades and
vanes in the compressor section of the GT. These deposits could reduce the output and
efficiency of the GT;



GT Air Intake System – for providing filtered air for combustion in the GT. The intake
system will be equipped with a self-cleaning filter system. Furthermore, silencers will be
included in the system to reduce the noise emissions of the GT compressor inlet; and



Evaporative Cooling System – for reducing the temperature of the inlet air for the GT by
evaporation of water. The system will be designed as an open-circuit water cooling
system.

3.4

HRSG Units

The HRSG units form part of the Water Steam Cycle (described in Section 3.6). The HRSG
units will receive exhausts from the GT units and utilize the thermal energy therein for
generation of steam, which itself will be used in the ST unit for generation of additional
electricity. The HRSG units will be designed as a horizontal, top supported, triple pressure
unit with provision for reheat and natural circulation. The HRSG unit will be provided with
combustion system designed for natural gas as primary fuel and diesel oil as back-up fuel.
This system will be used when the exhaust from GT unit is not received.
The HRSG units will comprise of the following systems:


HP Steam System – will heat the feedwater and generate superheated steam for admission
to HP steam turbine. This system will contain HP Superheater, HP Drum, HP Evaporator
and HP Economizer;



Reheat System – the Reheat attemperator along with the HP attemperator will limit the
temperature of the team supplied to the HP and IP sections of the ST unit. This system
will contain a Hot Reheater;



IP Steam System – will heat the feedwater and generate superheated steam to be mixed
with the cold reheat steam, and will then admit this steam mixture to the reheater and into
the IP section of the ST unit. It will also provide hot water from the IP economizer to the
fuel gas heater. This system will contain IP Superheater, IP Drum, IP Evaporator and IP
Economizer;



LP System – will heat the feedwater and generate superheated steam for admission to LP
section of the ST unit. This system will contain LP Superheater, LP Drum and LP
Economizer; and

HMR Environmental Engineering Consultant
Sultanate of Oman

3-6

HMR/2826
July 2010

Sohar-II Power Plant
Suez Tractebel S.A. Consortium



3.5

Environmental Impact Assessment
Sohar Industrial Port Area

Exhaust Gas Path System – the exhaust gas received from the GT unit, upon utilization
for steam generation will be released to the atmosphere through the main stack (40 m
height and 6.8 m diameter). This system will contain inlet duct, casing and the exhaust
stack (main stack).
ST Unit

The SST-5000 type ST unit supplied by Siemens will installed for the project. These turbines
can give an output in the range of 120 to 500 MW. The SST-5000 will have one combined
high-pressure/intermediate-pressure (HP/IP) cylinder and one double flow-low-pressure (LP)
casing. The individual shafts of the cylinders and the generator rotor shaft are coupled rigidly
together.
The HP/IP turbine will be of single flow design and will feature a horizontally split double
shell casing. Steam received from the HRSG units will enter near the middle of the casing.
Steam flow will be towards the front bearing in the HP blading and towards the generator in
the IP blading. A shaft seal will separate the two areas of expansion. At the HP exhaust side,
the rotor will be supported by a combined thrust/journal bearing. At the IP exhaust side the
rotor will be supported by the LP turbine front journal bearing. The LP turbine will be of
double-flow design in a low level arrangement with one condenser located on each side of the
LP turbine (double side exhaust).
Some of the auxiliary systems attached to the ST unit are briefly described below:


Drain System – for draining of condensate collected inside the ST unit due to
condensation of incoming steam during ST start up. Presence of large quantities
condensate may result in mechanical damage to the turbine blading, and distortion of the
casing due to temperature differences between the top and bottom halves of ST casing;



Condenser – for condensing the steam exhausted from the LP cylinders and to produce
and maintain as high a vacuum as possible in order to increase the heat drop which can be
utilized in the turbine.

The ST will be equipped with noise protection enclosure, consisting of steel frame and
acoustic panels, to comply with noise level limits stipulated by applicable environmental
regulations. The condenser will be equipped with sound insulation made of mineral wool mat
covered in a galvanized metal jacket.
3.6

Water-Steam Cycle

The Water-Steam Cycle will include the following components:


Condensate System;



Feedwater System;
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HRSG Units (described in Section 3.4);



Fuel Gas Preheating;



Main Steam Systems;



Auxiliary Steam System;



GT Air Inlet Preheating System;



Start-up and Shut-down Steam System; and



Clean Drains System.

3.6.1

Main Condensate Supply System

The exhaust steam from the ST unit will be condensed by a water cooled condenser. The
resulting condensate and demineralised water will accumulate in the condenser hotwell and
will be then discharged to the condensate preheating system. The condensate will be
deaerated in the condenser under vacuum.
3.6.2

Condensate Preheating System

The condensate extraction pumps will deliver the condensate from the condenser hotwell to
the LP drum and suction side of the feedwater pumps via the condensate preheater (CPH) of
the HRSG.
In order to avoid condensation of flue gas on the heat exchanger tubes and the stack, the
condensate inlet temperature into the CPH will be controlled by extracting some amount of
feedwater from the first stage of the feedwater pumps and recirculating it to the CPH inlet,
where it will be mixed the condensate being pumped in. This process will also avoid the dew
point corrosion of the heating surfaces and stack of the cold preheater.
Further, the temperature of the condensate pumped into the CPH will have to be controlled to
enhance the temperature level as the diesel oil to be used in the GT supplementary firing
system will be containing sulphur. This control will be realized through following steps:


Feedwater recirculation;



Additional condensate recirculation, if required;



Increased LP-pressure; and



The condensate preheater cold bypass.

Thus, more exhaust heat will be shifted to the CPH to ensure adequate condensate inlet
temperature and also to ensure the required inlet temperature for the HP and IP economizers.
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Feedwater System

The feedwater to HRSG units will be routed downstream of the HRSG condensate preheater
in separate suction lines to the feedwater pumps. The HP pump discharge lines will be
connected to a common header, which will deliver the feedwater to the HP part of the HRSG,
while the IP feedwater will be tapped from a specific pump stage. The tapping lines will be
connected to a common header, which will deliver the feedwater to the IP part of the HRSG.
Another tapping point on the feedwater pump will be provided to recirculate the feedwater
via a common header into the condensate preheating system.
Under normal operating conditions, the feedwater will be pumped via the HP/IP economizers
into the HP and IP drums of the HRSG units. As described in Section 3.4, various
components of the HRSG units will generate HP, IP and LP steam.
3.6.4

Main Steam System

From the main steam line in the HRSG units the HP, LP and IP steam will be routed to the
ST unit. During start-up and shut down, and in case of turbine failure, the IP and LP steam
will be routed via the bypass station to the condenser. The saturated steam from LP drum will
be routed to the auxiliary steam system.
3.6.5

Fuel Gas Preheating System

The objective of this system is to preheat natural gas being fed to GT units during low NOX
operation mode for increasing the efficiency of the power plant.
In order to preheat the gas, IP feedwater will be extracted from the inlet and/or outlet of the
IP economizer. Depending on the fuel gas temperature required, the warm feedwater from
inlet of IP economizer with the hot water from the outlet of IP economizer will be mixed by a
temperature control valve. The IP feedwater will be routed through the Fuel Gas Preheater
and sent to the CPH system in the HRSG units.
Downstream of the Fuel Gas Preheater a mass flow control valve will be provided to control
the fuel gas temperature at the outlet of the Fuel Gas Preheater. To ensure sufficient mass
flow through the Preheater at part load and Preheater start-up conditions, and to limit the
temperature gradient at the Preheater a recirculation pump will be installed.
3.6.6

Auxiliary Steam System

Auxiliary steam will be supplied to the seal steam system of the ST unit and to the
evaporators of the HRSG for warming during plant standstill.
The auxiliary steam system will receive saturated steam either from the LP drum steam
headers in the HRSG units or from the auxiliary boiler depending on the operation mode of
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the plant. During normal combined cycle operation, the auxiliary steam will be delivered
from the LP steam generating system. If the LP steam systems fail to supply the necessary
steam the auxiliary steam system will be fed by the auxiliary steam boiler.
3.6.7

Start-up and Shutdown Steam System / Clean Drains System

High temperature steam and water generated in the boiler area during start-up, warming up
procedure and normal plant operation of the Water-Steam Cycle will be routed to the
combined flash/condensing tank. The condensed drains will be collected and discharged into
the service cooling water system.
Similarly, all drain and warm-up stations in the turbine building area, used during start-up,
shutdown and normal operation of the main steam systems, and of the auxiliary steam system
are led to the LCM flash tank. The condensed drains are collected and discharged into the
service cooling water system.
3.6.8

GT Units Intake Air Preheating System

This system will transfer the heat from the Water-Steam Cycle to the air intake of the GT
units in order to reduce the CO emissions during part load operation and to increase the part
load efficiency of the GT units.
To achieve the heat transfer, the auxiliary steam will be routed to the secondary heat
exchanger (condensing heat exchanger), which will be always operated at auxiliary steam
pressure. This will allow maximum heat transfer at high differential temperatures and
increases the suction pressure of the air preheater condensate return pumps. The heat transfer
to the water cycle will be controlled by varying the condensate level in the heat exchanger
(partly flooding of the heat transfer bundles) and/or by partly bypassing the water around the
secondary heat exchanger. The heat exchanger will be equipped with a subcooling zone to
subcool the condensate leaving the heat exchanger.
3.6.9

Chemistry of the Water-Steam Cycle

The chemical composition of the water/steam will have to be maintained at values or
conditions that will sustain the plant operation, maintain plant efficiency and also minimize
corrosion, scaling and deposits. This will be done by considering following steps:


Using demineralised water;



Increasing the pH value; and



Reducing the oxygen content.

The Water-Steam Cycle will be normally operated with All Volatile Treatment (AVT) by
dosing ammonia as volatile alkalizing agent into the condensate system. In cases of upset
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conditions, such as, increased acid conductivity values, the cycle will be operated with
Phosphate Treatment (PT) by dosing tri-sodium phosphate (Na3PO4) into the boiler water.
3.7

Cooling Water Systems

The Cooling Water Systems will consist of the following components:


Circulating Water System (42,077 m3/h) - to absorb heat from the steam surface
condenser of the ST Unit, and to transfer this heat to the sea;



Service Cooling Water Systems for the GT and ST Units - to absorb the heat from the
closed cooling water systems for the GT and ST Units; and



Closed Cooling Water Systems for the GT and ST Units (2,000 m3/h) - to cool the
equipment and components of the GT Units, ST Unit and Water-Steam Cycle.

The circulating water from the sea (about 50,000 t/h) will be extracted by the circulating
water pumps located in the pump chamber of the circulating water pump building. A
circulating water screening plant will be located between the circulating water intake
structure and the pump chambers in order to remove debris from the circulating water as
required for the power plant. This circulating water screening plant will be provided as a
black box system.
A biocide (like sodium hypochlorite) will be added separately in the circulating water system
at the intake structure by means of the biocide dosing system, in order to prevent organic
growth in the system. The dosing will be continuous.
The circulating water will be pumped to the condenser, which will be a divided shell type
with two water passes. Before entering the condenser the circulating water will be routed
through the circulating water debris filter located upstream of each condenser shell. The
debris filter will be provided in order to screen the circulating water flow from mussels and
debris to prevent blockage or damaging of the condenser tubes. For reliable operation each
debris filter will have an automatic backwash capability.
The backwash cycle of the debris filter will be initiated either by high differential pressure
across the filter or by timer setting. The backwash cycle will not interfere with the screening
function of the filter itself. During the backwash cycle the debris will be flushed out via the
backwash line which will be equipped with a motorized backwash valve. This valve will be
kept open while the backwash cycle takes place. The backwash line will join the circulating
water pipe downstream of the condenser. The circulating water debris filter will be provided
as a package control system / black box system.
Impurities that may form deposits in the condenser tubes will be removed by means of the
condenser tube cleaning system in order to maintain a steady state of heat transfer. This
system will feed sponge rubber balls into the circulating water line upstream of the
HMR Environmental Engineering Consultant
Sultanate of Oman

3-11

HMR/2826
July 2010

Sohar-II Power Plant
Suez Tractebel S.A. Consortium

Environmental Impact Assessment
Sohar Industrial Port Area

condenser. The sponge balls will be forced through the condenser tubes by means of the
circulating water flow. The balls will be removed from the circulating water line by a ball
strainer downstream of the condenser. From the ball strainer the sponge balls will be
extracted by means of a ball recirculation pump and then returned into the circulating water
line upstream of the condenser. The condenser tube cleaning system is a package control
system / black box system.
The service cooling water piping system for the ST will branch off the circulating water line
upstream of the condenser. It will supply cooling water to the closed cooling water heat
exchangers and then will re-enter the circulating water line downstream the condenser.
After passing the condenser shells, the circulating water will be routed to the circulating
water seal wells utilizing the advantage of the siphon-effect. The benefit of the siphon-effect
is that in addition to the friction losses of the system, the circulating water pumps will have to
cope only with the static difference between the water level in the pump chambers and the
water level in the seal well. The siphon-effect will be established as soon as the circulating
water flow from the condenser high points down to the seal wells is stable.
During filling of the circulating water system, air will be evacuated from the condenser, in
order to assist the circulating water pump in creating the siphon-effect. In addition, during
normal operation the air removal system will be in operation permanently for extraction of
gases, since the dissolved gases in the circulating water will be released by effects of
temperature rise and sub-atmospheric pressure.
From the circulating water seal well the water will flow back to the sea by gravity via the
circulating water outfall structure.
3.7.1

Service Cooling Water Systems for GT and ST Units

The service cooling water system will supply the closed cooling water heat exchanger with
cooling water taken from the circulating water piping system. This heat exchanger will be of
a shell and tube type.
Before entering the closed cooling water heat exchanger, the service cooling water will be
routed through the service cooling water debris filter located upstream of the heat exchanger,
for removal of any deposits during longer operation periods and prevention of any blockage
or damage of the hear exchanger. The filter will be provided with backwash facility. The
service cooling water debris filter will be provided as a package control system/black box
system.
During maintenance or inspection of the debris filter the service cooling water will be routed
through a bypass line.
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For the closed cooling water heat exchanger a tube cleaning system will be provided.
Impurities that may form deposits in the heat exchanger tubes will be removed by means of
the tube cleaning system in order to maintain a steady state of heat transfer. The tube cleaning
system will be a package control system / black box system.
3.7.2

Closed Cooling Water System for the GT Units

The closed cooling water systems for the GT Units will provide cooling water for most of the
components of the GT Units. The system will be a closed cooling water circuit, which will be
cooled by the service cooling water piping system via the closed cooling water heat
exchanger. The closed cooling water heat exchanger will be of shell and tube type.
After flowing through the closed cooling water heat exchanger the cooling water will be
distributed to the individual coolers. After cooling the components, the heated water will be
routed to a common line on the suction side of the closed cooling water pumps.
To maintain the required cooling water quality the water will be conditioned from the central
chemicals supply system. In order to establish an exact dosing regime, manual analysis of the
water would be done regularly.
The following components will be cooled by the closed cooling water system:


GT Lubrication Oil;



Generator Seal Oil Cooler;



Generator Primary Water Cooler;



GT Generator Cooler;



GT Generator Primary Water Cooler; and



Fuel gas compressor cooler.

3.7.3

Closed Cooling Water System for the ST Unit

The closed cooling water systems for the ST Unit will provide cooling water for most of the
components of the ST Unit. The system will be a closed cooling water circuit, which will be
cooled by the service cooling water piping system via the closed cooling water heat
exchanger. The closed cooling water heat exchanger is of shell and tube type.
After flowing through the closed cooling water heat exchanger the cooling water is
distributed to the individual coolers. . After cooling the components, the heated water will be
routed to a common line on the suction side of the closed cooling water pumps.
To maintain the required cooling water quality the water is conditioned from the central
chemicals supply system. In order to establish an exact dosing regime, manual analysis of the
water would be done regularly.
HMR Environmental Engineering Consultant
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The following component will be cooled by the closed cooling water system:


Deaerator Pump;



Feedwater Pump;



Condensate Recirculation Pump, if applicable;



Condensate Extraction Pump, if applicable;



Evacuation Pump;



ST Lubrication Oil Cooler;



Gland Steam Condenser;



ST Generator Cooler;



ST Generator Seal Oil Cooler;



ST Generator Primary Water Cooler; and



Sampling Coolers.

3.8

Auxiliary Systems

3.8.1

Fuel Supply System

As mentioned earlier, natural gas will be the primary fuel for the GT Units and the HRSG
Unit supplementary firing systems. About 20 kg/s of natural gas will be supplied to Sohar II
IPP by Oman Gas Company SAOC (OGC) through a Pressure Reducing Terminal (PRT),
provided by OGC.
The gas from the PRT will be routed through a pipeline to on-site facilities within the Sohar
II plant for gas metering, processing and further pressure reduction. The maximum daily
consumption will be equivalent to 129,162 MMBTU (i.e., 5381.7 MMBTU/h).
The backup fuel, diesel oil will be transported to the site by road tankers from the refinery in
SIPA. The consumption rate would be a maximum of 94.7 t/h (4,034 GJ/h). Two bulk diesel
oil storage tanks, each capable of storing about 7,700 m3 of diesel will be available.
Necessary permits/approvals will be obtained from MECA and ROP for storage of diesel.
The specifications of the natural gas and diesel oil that will be used for Sohar II project are
presented in Table 3-1 and Table 3-2, respectively.
Table 3-1: Specifications of Natural Gas for Sohar II Project

Parameter
Lower heating value
Nitrogen
Carbon dioxide
Methane
Ethane
Propane
HMR Environmental Engineering Consultant
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kJ/kg
% mol
% mol
% mol
% mol
% mol
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Value
45,884.7
3.75
0.64
89.531
3.76
1.02
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Parameter
n-butane
i-butane
n-pentane
i-pentane
n-hexane
Benzol
Water
Carbon to hydrogen ratio (CO2 free)
Maximum sulphur content
Temperature8
Pressure7

Unit
% mol
% mol
% mol
% mol
% mol
% mol
% mol
w
/w %
ppmv
ºC
bar

Value
0.32
0.475
0.121
0.141
0.212
0.02
0.01
3.134
5
15
36

Table 3-2: Specification of Diesel Oil for Sohar II Project

Parameter
Lower heating value
Carbon
Hydrogen
Maximum sulphur content
Temperature

Unit
kJ/kg
% wt
% wt
% wt
ºC

Value
42,600
86.40
13.40
1.0
15

The fuel gas supply system will comprise of the following components:


Motorized insulating inlet valve;



Inlet filter units (2×100 %) – to remove solid impurities and moisture from the gas;



Condensate tank (3 m3 capacity) – to collect the condensate that will drain from the inlet
filters;



Shell and tube heat exchanger – to heat the gas with hot water from a separate hot water
heating system;



Fuel gas compressor stations – to supply fuel gas for the GT Units based on the mass
flow, pressure and temperature requirements;



Gas pressure regulating station – to keep the outlet pressure constant within the pre-set
limits and independent of flow rate and inlet pressure changes;



GT Unit consumption metering;



Fuel gas preheater – to preheat the incoming gas in order to enhance the overall combined
cycle efficiency. Two shell and tube heat exchangers will be used with the heating media
being the hot feedwater taken from the IP section of the HRSG Units (see Section 3.6.5);



Final filter – to protect the GT Units by removing the corrosion products from the system
as well as any moisture entrained in the gas system. Each GT Unit will be provided with a
separate filter. The separator will be designed as a two-stage filter unit. The first stage
(baffle plate) will remove moisture and coarse particles, while the second stage (filter
cartridges) will provide for mechanical filtration; and

8

This condition will be at the GT Unit flowmeter downstream of the gas fuel treatment system / dew point heater.
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Shut-off and vent valves.

3.8.2

Water Treatment System

The water treatment system will be provided to produce service water, potable water and
demineralised water for the plant operations. Accordingly, the water treatment system will
comprise of desalination system, demineralisation system and potable water system.
The desalination system will consist of three gravity filters as pretreatment system and two
trains of Seawater Reverse Osmosis (SWRO) system with all accessories necessary for the
safe, efficient and reliable operation. Each SWRO system train will treat
The demineralisation system will consist of two Brackish Water Reverse Osmosis (BWRO)
trains and two Electrideionisation (EDI) units with all accessories necessary for the safe,
efficient and reliable operation. Each BWRO system train will treat 16 m3/h of seawater. The
demineralised water quality will be as below:


Conductivity (μS/㎝) < 0.08; and



Silica (mg/l) < 0.01.

The potable water (28.5 m3/h per train) will be supplied from SWRO permeate and/or BWRO
permeate to meet the potable water quality.
(i)

Desalination System



Seawater for desalination will be supplied from the discharge of circulating water pump
and delivered into reaction / coagulation tank for chemical reaction with suspended solids
and colloidal matter;



After coagulation, the seawater will be filtrated by three gravity filters and the filtrate is
delivered into the filtered water pond;



There will be two sets of filtered water pumps and cartridge filters;



There will be two sets of SWRO HP pumps with turbo chargers as energy recovery
device; and



Ferric chloride (FeCl3) will be injected into the reaction tank. Sodium metabisulphite
(SBS, Na2S2O5) for removing residual chlorine and inhibitor shall be injected into the
inlet of cartridge filter.

(ii)

Demineralisation System



There will be two sets of BWRO feed pumps and cartridge filters;



There will be two sets of BWRO HP pumps and EDI units shall consist;



The CIP system will be commonly used to the desalination system;
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The EDI units will be composed of EDI block, rectifier, resin trap; and



The final permeate from EDI unit will be monitored for conductivity and silica;

(iii)

Potable Water Treatment System



The potable water will be taken from the SWRO treated water tank and/or the BWRO
treated water tank;



The permeate of SWRO unit may contain high TDS composition, and therefore, the
permeate of BWRO unit which is low TDS will be blended to meet the proper TDS range
of 100 to 200 mg/L;



To mineralize the water, facilities for lime Ca(OH)2 solution preparation and injection
will be provided; and



CO2 gas shall be purged into the potable water tank.

3.8.3

Waste Water System

The wastewater treatment system will be designed to meet the permissible limits for
discharge of treated wastewater into the marine environment. The waste water from Sohar II
will be composed of chemical waste water, and oily waste water.
The chemical waste water will be generated from the HRSG blowdown, laboratory, and
chemical handling area drain. The oily waste water will be generated from fuel oil area,
transformer area, condenser pit and lubricant handling area drain.
(i)

System Description



The waste water with oily content will be transferred into the API9 oil separator, where
the waste water will be allowed to stand so that the oil floats on the surface of the water.
The floating oil will be skimmed and separated from the waste water.



The effluent from the API separator will be delivered to an oily waste water pong and
further subjected to oil separation in the EPS oil separator (a product of EPS Pumping &
Treatment Systems, Ireland) in order to meet the marine discharge limits.



The treated waste water shall be delivered into a normal waste water pond;



A coagulant and a coagulant aid will be injected into a reaction/coagulant tank holding
the waste water. The flocculated waste water from coagulant tank will be delivered into a
clarifier to separate the slurry from waste water;



The clarified water will be transferred into pressure sand filters to remove any remaining
suspended solids; and

9

American Petroleum Institute

HMR Environmental Engineering Consultant
Sultanate of Oman

3-17

HMR/2826
July 2010

Sohar-II Power Plant
Suez Tractebel S.A. Consortium



Environmental Impact Assessment
Sohar Industrial Port Area

The sludge from the clarifier will be sent to a thickener. The thickened sludge will be then
dehydrated in a dehydrator.

3.8.4

Sanitary Treatment System

The sanitary waste water from the various sources in the plant, viz., the admin building,
offices, etc. will be transferred to the sanitary treatment system, which will be located in the
administration and control building area. The treatment system adopted for the project will be
the contact oxidation process
The Sanitary drains which are from the related buildings shall be transferred into the sanitary
treatment package system located at Administration & Control building Area. The system
will be designed on the basis of 50 people.
The system will consist of screening, equalization, contact oxidization, and aerobic and
anaerobic digestion for treatment to standard limits. The treated effluent will be disinfected
through chlorination (addition of sodium hypochlorite) and disposed into the seawater
channel for onward sea disposal.
3.8.5
(i)

Central Chemicals Supply
Dosing System for Inhibitor

The inhibitor dosing station will be used to dose carbohydrazide (CH6N4O, an oxygen
scavenger) into the closed cooling water system. The inhibitor will be added to prevent
corrosion in the closed cooling water system by binding residual oxygen in the water.


The commercially available CH6N4O will be directly taken from the supplier’s barrel by
means of the installed dosing pump;



The feeding rate of CH6N4O will be about 23 ppm / ppm O2;



An excess of about 1 ppm of CH6N4O in the closed cooling system will be ensured; and



The function will be controlled manually.

(ii)

Dosing System for Tri-sodium Phosphate

This dosing system will be used to dose tri-sodium phosphate (Na3PO4) directly into the
boiler drums. Dosing of Na3PO4 into the LP/IP/HP boiler water will be done only in cases of
malfunction (e.g., increased acid conductivity values).
The tri-sodium phosphate will be dissolved in demineralised water and stored in a tank. The
solution will be introduced directly into the boiler drums by means of the dosing pumps. The
delivery rate may be adjusted manually depending on the result of water analysis.
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Dosing System for Ammonia

This dosing station will be used to dose ammonia into the main condensate system. Ammonia
is a volatile alkalizing agent. The whole Water-Steam Cycle will be operated with AVT at a
pH-value of 9.8 in the feedwater. With this treatment flow accelerated corrosion (FAC) will
be also avoided.
The commercially available ammonia will be pumped from the supplier’s container into the
dilution tank by means of a transfer pump. The solution for dosing will be prepared in the
dilution tank by mixing the concentrated ammonia with demineralised water.
3.8.6

Sampling Systems

In order to control the Water-Steam Cycle chemistry as well as the chemistry of the auxiliary
systems it will be necessary to take samples from these systems. The sample flow, which will
be either water or steam, will be passed to the sampling rack. There the sample will be cooled
down if necessary before online measurement. The sampling rack will additionally offer
facilities to take grab samples for further laboratory analysis.
The sample taken from the monitored system will be passed from the system isolation valve
through stainless steel pipes to the central sampling rack. The sample flow will be cooled
down by primary coolers to approximately 35 to 45 °C with sample coolers at the sampling
rack. Prior to feeding the sample to an analyzer it will be secondary cooled by chilled water.
A cation exchanger will be used to bind ammonia before the cation conductivity of the
sample is measured. The cation exchanger columns will be filled with strong acidic resins. A
colour indicator will indicate the progressive depletion of the exchanger resins by changing
the colour. When the resins will be exhausted the filter will have to be disassembled and the
resins will have to be regenerated.
Cation conductivities and pH-values (pH only in the boiler water) will be continuously
monitored by suitable measuring instruments.
3.9

Ancillary Systems

3.9.1

Compressed Air Generating System

The compressed air system will consist of two air compressors, two air dryers and two air
receiver tanks to provide instrument air as well as service air to various in-plant consumers.
The instrument air will be provided for various pneumatic valves and instruments, while the
service air will be provided for services such as power tools.
Air directed to the instrument air system will pass through the instrument air dryer skid. A
pressure control valve located on the service air distribution system will not allow air to flow
HMR Environmental Engineering Consultant
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into the service air system unless the pressure in the compressed air system is high enough to
satisfy the instrument air system.
3.9.2

Fire Fighting System

The following systems will be provided to protect and suppress any fire in the plant facilities
and structures:


Fire pump system;



Outdoor hydrant;



Indoor hose reel hydrant;



Tank cooling system;



Water spray system;



Sprinkler system (wet type and pre-action type);



CO2 system; and



Fire extinguishers.

3.9.3

Cathodic Corrosion Protection System

Cathodic corrosion protection system will be either an impressed current type or a sacrificial
type. This will be decided on soil analysis and resistivity readings. The design and installation
of the cathodic protection shall be based on the NACE standards. As a minimum requirement,
the following equipment will be protected by means of a cathodic protection system:


Condenser water boxes (together with an epoxy coating);



Seawater pumps;



Seawater intake equipment (including bar screen and filters, gates and guides, rotating
screen, etc.);



Buried steel pipes; and



Other steel structures in contact with seawater (e.g., condenser ball tubes cleaning system,
etc.).

3.9.4

HRSG and Water-Steam Cycle Chemical Cleaning System

The HRSG and the Water-Steam Cycle (excluding the condensate preheater system) will be
chemically cleaned according to best industry practice to remove deposits, like iron oxide,
dirt, etc., on internal surfaces. This will ensure optimal formation of protective layers on
metal surfaces for operation and will achieve the required steam quality to bring the turbine
on within a short time.
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The boiler drums will be inspected prior and after execution of chemical cleaning and
manually cleaned, if debris will be found.
Waste waters and sludge generated from the chemical cleaning will be collected, treated and
properly disposed. The point of discharge will be located on site such that there will be no
flow restriction for effluent discharge (which could be greater than 20 m3 /h).
3.10

Chemicals and Materials

The chemicals and materials typically used in power plants include oxygen scavenger,
corrosion inhibitor, anti-scaling agent, hydrogen, etc. In addition, lube oils, cleaning solvents,
paints, welding cylinders, ignition gas, etc., may be used in the plant for maintenance
purposes. Applicable permits from concerned authorities will be obtained for storage of any
hazardous chemicals used during both the construction and operation of Sohar II. Details of
the chemicals and materials expected to be used during the project operation phase are
presented in Table 3-3.
Table 3-3: Chemicals – Operation Phase

#
1
2

3
4

Name
Oxygen scavengers
(carbohydrazide) for
Water-Steam Cycle
pH correction agent – 25
% NH4OH for normal
operation
pH correction agent –
Na3PO4 in case of
malfunction
Coagulant - 38 % FeCl3

5

Coagulant aid – 100 %
polymer

6

Dechlorination agent –
100 % NaHSO3

7

Scale inhibitor for RO

8

98 % Sulphuric acid

9

33 % Hydrochloric acid

10 45 % Caustic soda
11 70 % Calcium hydroxide

Mode of delivery and
Storage
Trucks;
In bags or drums at a
dedicated storage area
Trucks;
In above ground
storage tanks
Trucks;
In drums at a dedicated
storage area
Trucks;
In bags at dedicated
storage area
Trucks;
In bags at dedicated
storage area
Trucks;
In above ground
storage tanks
Trucks;
In above ground
storage tanks
Trucks;
In drums/tank
Trucks;
In drums/tank
Trucks;
In drums/tank
Trucks;
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Consumption
Rate/Storage
Not available

Material Form and
Nature of Hazard
Solid;
toxic

50 L/d
(depending on
factors such as
blowdown rate,
etc.)
Not available

Liquid;
Corrosive

68 kg/d

Solid;
Toxic, corrosive

8 kg/d

Powder;
Eye irritant

18 L/d

Liquid;
Toxic

17 L/d

Liquid;
Toxic

35 L/d

Liquid;
Toxic, corrosive
Liquid;
Toxic, corrosive
Liquid;
Corrosive
Liquid;

290 L/d
120 L/d
78 L/d

Liquid;
Toxic
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#

Name

12 Carbon dioxide gas

13 Disinfection agent – 10 %
NaOCl (sodium
hypochlorite)
14 Ammonia
14 Ignition gas for GT Unit
fuel oil ignition
15 Hydrogen for generator
cooling
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Mode of delivery and
Storage
In above ground
storage tanks
Trucks;
Cylinders
Trucks;
In above ground
storage tanks
Trucks;
In storage tank
Tankers;
Horizontal single
walled storage tank in
the fuel supply area
Trucks;
Bottle racks in
separated
compartments

Consumption
Rate/Storage

Material Form and
Nature of Hazard
Corrosive

93 L/d

Gas;
Non-toxic,
asphyxiant and
irritant
Liquid;
Corrosive

18 L/d
Not available
Storage
capacity of 5
m3 with 60 %
fill level
-

Liquid;
Corrosive
Liquefied gas;
Flammable, toxic
Gas;
Highly combustible

Black Start Facility

The facility will be provided with three black start Diesel Generator (DG) units with 100 %
capacity to start the power plant during failure of gas supply or during plant start-up. The
diesel for the black start DG Units will be stored either in three storage tanks (each of 6,000 L
capacities) or a single storage tank of 18,000 L holding capacity.
3.12

Auxiliary Steam Generating System (ASGS)

The ASGS will supply auxiliary steam for plant start-up and for preservation or heating
purposes. The ASGS will be an independent system consisting of a steam generator,
feedwater tank with deaerator and chemical dosing system, feedwater pumps, pipings, tanks
and valves.
The steam generator will essentially be a boiler with front mounted burners. The hot exhaust
gas from the combustion of fuel will flow through fire tubes and flue gas tubes arranged
inside a water drum, transferring its heat to the boiler feedwater to generate saturated steam.
The flue gas will be released to the atmosphere through a steel stack (20 m height and 1.8 m
diameter). It is to be noted that this system will be used only during failure of steam supply to
ST units or during plant start-ups.
The fuel to be used in the ASGS will be natural gas, with diesel as back-up. Natural gas will
be supplied through the pipeline network of the plant. The diesel will be trucked into the plant
from the nearby refinery and stored in a storage tank of 2,000 L capacity.
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The demineralised, undeaerated make-up water will be used for generating the feedwater for
the ASGS in a deaerator system, which will consist of a deaerator, feedwater tank and
chemical dosing. Condensate and boiler blowdown will be drained from the ASGS and
routed to the ASGS specific flash tank.
3.13

Electricity Transmission System

The electrical transmission system for transmission of the generated power from the power
plant will be built and operated by Oman Electricity Transmission Company SAOC (OETC).
The power required for internal consumption in the plant will be tapped from the generated
power itself. The output from the generators will be tapped to step down transformers for
feeding the internal distribution system.
3.14

Project Construction

3.14.1 General

As mentioned in Section 1-5, Siemens-GS has been selected as the EPC Contractor. The
specific construction methods are yet to be finalised. The project area is within a designated
industrial area and therefore, construction activities are not likely to have significant impacts
on environmental sensitivities. The construction and installation activities will comprise of
furnishing of materials, labour, technical supervisory, services and construction aids
necessary to install the proposed equipment and to prepare them for commissioning.
The broad construction and installation activities that will be carried out by the EPC
contractor are listed below:


Receiving of materials and equipment delivered to site including visual check upon
arrival;



Unloading and transporting of equipment and materials to the work site, as well as
sorting, inspection and storing of items received;



Excavation, piling (if necessary), construction of foundations for buildings, steel
structures and other equipment and components;



Placing of equipment on foundations;



Mounting and installation of mechanical and electrical equipment such as turbines, skids,
pumps, pipes, transformers, switchgear, control panels, breakers, cables and auxiliary
equipment;



Assembling and aligning of equipment, piping material and insulation;



Pressure and mechanical tests as specified in order to demonstrate the physical
completion of all parts of the work performed;
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Documentation of tests and examinations performed during construction, i.e., alignment
records, non-destructive examinations, pressure tests, etc.; and



Obtaining erection clearance certificate for each plant section or system installed.

During construction, site offices will be set-up within the project site. A temporary lay down
area for the construction phase of the project has been identified adjacent of Plot # 23 (Sohar
Aluminium Power and Desalination Plant) and Plot # 21A (MISC) within SIPA. Location of
the temporary lay down area with respect to the Sohar II project site is shown in Figure
Figure 4-2 (Chapter 4).
3.14.2 Site Preparation

Top soil with vegetation or shrubs, if any, will be removed and transported it to disposal area
located nearest the site. Site preparation will include clearing, backfilling with compaction,
earth works, setting out, etc.
3.14.3 Earth Works

Earth works will be carried out in accordance with the EPC contractor’s specification and
drawings, which will be in line with applicable International Codes & Standards, and
approved by the STSA Consortium. Major earth works that will be undertaken during the
construction phase are as follows:


Excavation;



Backfilling;



Removing of soil and rock; and



Grading and Leveling.

Excavated soil will be reused for backfill after laboratory test.
3.14.4 Concrete Work


All concrete used for the works will be obtained from ready mixed concrete supplies
approved by the STSA Consortium;



Aggregates for concrete will be obtained from proper aggregate sources of limestone
chipping under approval from STSA Consortium;



Water that will be used for preparing concrete will be clean, fresh and free from organic
and/or inorganic matter in solution or suspension in such amounts that may impair the
strength or durability of the concrete;



The reinforcing steel used in reinforced concrete will be in accordance with applicable
International Codes & Standards;
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The reinforcing steel will be transported and stored so that they remain clean, straight,
undamaged and free from corrosion, rust or scale; and



The reinforcing steel of different diameters will be separately bundled.

3.15

Project Commissioning

The project commissioning will be carried out systems and / or component wise. Mechanical
and electrical commissioning will be commenced immediately upon installation of individual
systems have been completed and erection clearance certificates have been obtained.
The commissioning will be carried out in the following phases:


Phase A: Cold Commissioning:
 The mechanical systems will be checked;
 The systems will be cleaned manually and flushed with water or compressed air;
 The systems will be checked for leaks through visual inspection;
 Electrical and instrumentation & control (I&C) checks on sensors and drives,
functional checks and preliminary optimization will be carried out;
 Electrical systems will be commissioned; and
 Process commissioning including interlock checks, test runs of components and test
of system operation (pump start/shut down and minimum flow operation) will be
carried out.



Phase B: Hot Commissioning:
 Interaction on individual systems will be tested;
 Main systems will be cleaned either by using chemicals or by blowing steam;
 The cleaned systems will be inspected during the dismantling of the temporary
cleaning equipment;
 First fire and run up to nominal speed will be done with GT, and the start-up shutdown program will be optimized;
 Steam bypass operation will be carried out in order to achieve the steam purity
required for operation of the ST Unit. Generation of protective oxide coating at the
entire Water-Steam Cycle will occur during the bypass operation;
 Initial steam admission to ST Unit and run-up to rated speed including “no load runs”
will be done; and
 The safety valves will be adjusted.



Phase C: Load Operation:
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 Turbine and generator protection tests will be conducted prior to first
synchronization;
 The power output will be increased in steps up to the base load and then the entire
plant will be monitored under operating conditions;
 The unit coordination and control system for the overall plant start-up / shut-down
and load variation will be optimized; and
 Overall plant testing according to project requirements for turbines, boiler, chemistry,
Water-Steam Cycle and ancillary systems will be carried out.
3.16

Early Power Period

Early power at Sohar II will be produced from 1st May 2012 to 30th September 2012. During
the early power period, following equipment will be in service to meet the initial power
requirements of 493 MW:


GT unit with associated auxiliary units, including the bypass stacks;



Structures for seawater intake and outfall;



Auxiliary seawater pumps for open cycle;



Closed circulating water heat exchanger for open cycle; and



Reverse osmosis with demineralisation plant.

The seawater intake facilities will include the intake pumps and associated pipe works. The
intake pumps will be installed on the foundations at the Seawater Intake Pumping Station-I
(SWIPS-I). While preparation of the pumps foundations at SWIPS-I will be done by MISC,
the procurement and installation of the pumps and the laying of necessary pipeline will be
done by STSA Consortium/EPC contractor. The pipeline for water discharge into the SIPA
seawater channel will also be laid by STSA Consortium/EPC contractor. The outfall pipeline
will be buried and the tie-in point at the channel is already available next to the Sohar I
outfall tie-in points. The pipelines route will be located near the northeastern boundary of the
plant. Provisions for the routes had been included during the development of SIPA.
3.17

Manpower and Accommodation

3.17.1 Construction Phase

The peak manpower requirement during the construction phase will be 900. Most of the
employees will be sub-contractor staff engaged by the EPC contractor for executing various
civil, mechanical and electrical works. The project workforce will be accommodated in local
apartments / rented accommodation facilities in Sohar. No new accommodation facility or
labour camp will be set-up as part of the project construction phase.
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3.17.2 Operation Phase

The manpower required during normal operation of the plant will be about 40, working in 3
shifts. The plant operations will be mostly controlled by Distributed Control System (DCS) or
other remote control systems and therefore, will not require frequent manual interventions on
the field for control of the plant operations. The control room will be typically manned for
monitoring plant operations and for necessary operational control. In addition, inspection and
maintenance personnel will be required for periodic inspection and maintenance of the plant.
The permanent plant staffs are likely to be housed in the city of Sohar.
3.18

Sourcing of Resources and Materials during Construction

3.18.1 Power

Power for construction phase is likely to be sourced from electricity grid. In anticipation of
power supply failure, DG units will be kept at site for back-up power supply. At peak
construction stage, the power requirement is anticipated to be around 5,500 kVA.
3.18.2 Water

The potable water requirements during the construction phase are expected to be met by
supplies from approved local contractors through tanker supplies. The freshwater
requirements for the construction site and labour camps are estimated to be approximately 80
m3/d. Some of the requirements at construction site such as dust suppression will be met
through utilizing treated wastewater.
3.18.3 Fuels

Diesel oil will be used as fuel for the DG units, various construction equipment, heavy
vehicles and some of the passenger vehicles used during construction. Diesel oil will be
sourced from local suppliers and stored onsite in dedicated storage tank. The peak fuel
requirement during the construction phase is envisaged to be 820 L/d.
3.18.4 Other Construction Resources

The list of other resources required for project construction, their sources of supply, mode of
transport and on-site storage facilities are presented in Table 3-4.
Table 3-4: Purpose, Sourcing and Quantities of Other Construction Resources Required

#

Resources

Purpose

1

Construction
materials

Installation and
erection

2

Chemicals

Cleaning pipes
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Supply Source and
Mode of Transport
From Korea and local
market;
Shipping and trucking
Local market;
Trucking
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Storage
Facility
Warehouse,
yards

Estimate
Quantity
2,000 ton

Warehouse
equipped with

5,000 m3
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Supply Source and
Mode of Transport

3

Solvents

Cleaning pipes and
equipment

Local market;
Trucking

4

Radioactive
material

Non-destructive
radiographic tests

Local market;
Truck/car
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Facility
fan
Warehouse
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fan
Vessel in
compliance with
regulatory
requirements

Estimate
Quantity
200 L
65 Ci
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4

ENVIRONMENTAL BASELINE STATUS

4.1

Overview

This chapter describes the prevalent environmental settings of the project site and its
surroundings. As mentioned in earlier chapters, the Sohar II project will be developed on
Plot#19B of SIPA. During the master-planning stages of the SIPA development, a
comprehensive environmental baseline study had been conducted. Further, HMR has carried
out environmental baseline studies for various industries within the SIPA. Consequently, a
large amount of data is available with regard to the physical and biological environment in
the area. These information have been reviewed to extract relevant secondary information on
the project site.
In addition to the above, primary information on the project site has been collected through
site surveys and baseline monitoring, conducted during June 2010. These surveys were
planned based on the available information and were conducted with the intention of data
validation and augmentation, as required. The objectives of the surveys were to establish the
current ambient air quality, noise levels, groundwater and soil quality, seawater and sediment
quality and marine ecology at the seawater outfall location at SIPA.
It is to be noted that the site has been used earlier as space for construction office, materials
and waste laydown areas during the construction and commissioning of Sohar I IWPP.
However, the site has been cleared since and is available for Sohar II project.
4.2

Project Location

As mentioned in the previous section the Sohar II project will be sited at Plot # 19B in SIPA,
located on the Batinah coast. SIPA is situated about 20 km from Sohar town and 250 km
from Muscat. The Sohar II site is almost rectangular in shape and covers about 94,000 m2
land area. The UTM co-ordinates of the project boundary are given in Table 4-1. The project
boundary have been marked in Google Earth imagery and presented in Figure 4-1 (overleaf).
Table 4-1: UTM Coordinates10 of the Sohar II site

Points
P1
P2
P3
P4
P5
P6

10

Easting
463062.146
463220.588
462860.736
462749.770
462795.660
462782.993

Northing
2706615.615
2706438.537
2706214.683
2706393.440
2706421.920
2706442.312

All coordinates are in WGS 84 Spheroid Datum Zone 40
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Figure 4-1: Location of Sohar II Project Site within SIPA
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The TLA for materials and wastes during the Sohar II construction period has been identified
by SIPC as a plot of 60,000 m2 (6 ha) located south of Plot # 23 (Sohar Aluminium Power
and Desalination Plant) and northeast of Plot # 21A (MISC). The UTM coordinates of the
laydown area are presented in Table 4-2, and the image of the area is shown in Figure 4-2
(overleaf).
Table 4-2: UTM Coordinates of the Sohar II Construction TLA

Points
1
2
3
4

Easting
463039.121
463216.747
463065.245
462887.619

Northing
2705756.822
2705471.283
2705377.038
2705662.576

The nearest human settlements to the site are Majis (about 1.7 km southeast), Al Hadd (about
2.8 km west) and Falaj Al Qabail (about 2.5 km south). The site can be accessed by road from
the Sohar Industrial Area roundabout on the Muscat-Dubai Highway located about 3.5 km
from the site. The nearest sea-port to the site is located within SIPA.
4.3

Current land use

SIPA is a declared industrial zone according to the Sohar Structure Plan, 1986, designated for
industrial activities and managed by SIPC (established in 2002). The Sohar II site was
previously used for offices and laydown area during the construction activities of Sohar I.
presently, the site is cleared and available for Sohar II project activities.
4.4

Topography and Landscape

The site is relatively flat and featureless. The site has an elevation of about 2 to 4 m above
mean sea level (MSL). The site slopes from the centre towards the boundaries, with the
difference in elevation being about 2 m.
Prior to development of the SIPA, the area was flat and similar to other undeveloped areas
along the Batinah coast. On a wider regional context, the SIPA is situated within a coastal
area featuring coastal dunes and belts of scrub starting approximately 300 m inland. Aeolian
sand dunes extend up to ½ km from the shoreline and reach up to 3 m height. Further from
the shoreline, featureless sabkhah with sparse vegetation is seen up to 1.5 km. Dense natural
vegetation dominated by Acacia can be seen along the wadi plains and in the agricultural
areas associated with the settlements at the outer limits of SIPA.
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Figure 4-2: Location of Sohar II TLA within SIPA
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Climate

The meteorological / climate data for the project area is sourced from the meteorological
station located at Majis (about 1 km southeast of the site, UTM Coordinates: E 463600, N
2706100). The station is operated and maintained by the Department of Meteorology under
the Directorate General of Civil Aviation. In this station, the meteorological parameters are
recorded continuously using an automatic data logger. A summary of the meteorological data
for Sohar recorded at Majis Station for CY 2006 through 2008 is presented in Table 4-3.
Table 4-3: Meteorological Data from Majis Station (2006 through 2008)

Month
Jan 2006
Feb 2006
Mar 2006
Apr 2006
May 2006
Jun 2006
Jul 2006
Aug 2006
Sep 2006
Oct 2006
Nov 2006
Dec 2006
Jan 2007
Feb 2007
Mar 2007
Apr 2007
May 2007
Jun 2007
Jul 2007
Aug 2007
Sep 2007
Oct 2007
Nov 2007
Dec 2007
Jan 2008
Feb 2008
Mar 2008
Apr 2008
May 2008
Jun 2008
Jul 2008
Aug 2008
Sep 2008
Oct 2008
Nov 2008
Dec 2008

Ambient Temperature
(ºC)
Mean Max
Min
19.5
24.1
14.6
21.6
25.9
16.5
23.4
27.7
18.1
27.4
31.8
21.9
32.0
36.8
26.2
33.2
36.7
28.9
33.8
37.3
30.7
31.9
35.1
28.9
31.2
34.9
26.8
29.5
33.8
24.4
26.0
30.3
20.8
20.9
24.3
16.8
19.3
23.5
14.3
21.6
25.7
16.8
23.3
27.8
18.0
28.0
32.6
22.5
32.2
36.5
26.8
32.4
35.2
29.4
33.5
36.0
30.3
32.0
35.1
29.2
30.9
35.2
26.0
27.1
32.7
20.9
25.5
30.0
20.2
22.5
27.5
16.8
19.7
23.5
15.3
19.3
24.1
13.3
23.6
29.1
16.7
28.1
32.6
22.2
32.7
37.8
27.0
33.2
36.9
29.3
32.5
35.2
29.8
30.9
33.5
28.5
31.2
34.8
27.4
29.4
34.1
24.2
25.1
29.2
20.4
20.4
25.1
15.4

Relative Humidity
(%)
Mean Max Min
58
72
43
70
84
52
62
79
44
56
72
35
55
74
31
63
77
47
64
76
50
74
84
60
67
80
50
64
80
46
61
75
45
63
77
49
60
73
44
66
82
48
65
82
48
59
77
39
59
77
36
72
83
58
72
83
60
76
87
61
65
80
49
56
75
36
66
80
48
61
76
43
63
77
49
60
77
41
60
80
34
54
75
33
49
71
27
62
78
41
73
84
60
76
85
64
70
83
53
59
76
40
63
77
47
61
75
44
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Average
Wind Speed
(knot)
6
5
5
5
5
5
6
6
5
5
5
6
5
5
5
5
5
6
6
6
5
5
5
5
6
6
5
5
5
6
6
6
5
5
5
5

Wind
Total
Direction Rainfall
(degree)
(mm)
240
2.4
240
23.6
60
2.2
60
0.8
90
0.0
90
0.0
90
0.0
90
0.0
90
0.0
240
0.0
240
0.0
240
13.2
240
2.4
240
7.0
90
78.4
90
0.6
90
0.0
90
3.6
90
0.6
90
0.0
90
0.0
240
0.0
240
0.0
240
0.0
240
10.6
240
1.0
90
0.8
90
0.0
90
2.2
90
0.0
90
0.0
90
0.0
90
0.0
240
0.0
240
6.8
240
5.2
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From the above table it is seen that the mean ambient temperature in the region around Majis
follows a similar trend during CY 2006 through 2008, varying between 15 and 35 ºC. This is
illustrated in Figure 4-3. The temperature peaks during the summer months of June and July;
while the ambient temperature dips during the months of December and January. The
maximum and minimum recorded ambient temperature at Majis during 2006 through 2008
are 37.8 ºC (May 2008) and 13.3 ºC (February 2008).

Mean Ambient Temperature

34
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20
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Figure 4-3: Mean AT at Majis from January 2006 through December 2008

The mean relative humidity (RH) over the three years from 2006 through 2008 demonstrates
a roughly sinusoidal trend and varied between 45 and 80 %. The humidity is highest during
the summer months, with the mean RH value peaking during August of every year (Figure 44). The minimum and maximum recorded RH at Majis during 2006 through 2008 are 27 %
(May 2008) and 87 % (August 2007), respectively.
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Figure 4-4: Mean RH at Majis from January 2006 through December 2008
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The mean wind speed ranged between 5 and 6 knots. The dominant wind direction during the
summer months is east (E), and during the winter months is west-southwest (WSW). Most of
the rainfall occurs during the winter months between December and April / May. 2007
recorded the highest rainfall (total 92.6 mm) and 2008 recorded the lowest rainfall (total 26.6
mm) among the three years.
A recent baseline survey involving installation of a mobile Continuous Ambient Air Quality
Monitoring Station (CAAQMS) was conducted during March 2010. The CAAQMS measures
meteorological parameters such as wind speed (WS in m/s), wind direction (WD in degrees),
relative humidity (RH in %) and ambient temperature (AT in ºC) at every 15 min during the
monitoring period. The monitoring results from this survey are presented in Table 4-4.
Table 4-4: Meteorological Parameters – Measured Values by CAAQMS (24-hr avg)

#
1
2
3
4
5
6
7
8

Date
17/3/2010
18/3/2010
19/3/2010
20/3/2010
21/3/2010
22/3/2010
23/3/2010
24/3/2010

WS (m/s)
1.4
1.4
1.3
1.5
1.4
1.6
1.8
1.8

WD (deg)
148
123
131
147
145
125
149
164

RH (%)
58
56
57
48
39
37
42
45

AT (ºC)
28
28
28
30
30
30
30
28

The CAAQMS also measured ambient air quality, which is discussed further in Section 4.9.
4.6

Geology and Soil Quality

This section presents the geology and soil quality of the project area. The information
presented is based on the geological map and description of the area (obtained from
Department of Mining, Ministry of Commerce and Industry) and previous studies of the area.
Sohar area forms a part of the Batinah plain comprising piedmont and coastal zones
dominated by late tertiary-quaternary alluvial deposits. The piedmont zone comprises of
slightly elevated Batinah plain that extends between the coastal plain and the western AlHajar mountain foothills. The SIPA is established within the coastal zone that extends
between the piedmont zone and the Gulf of Oman. The coastal zone is extremely flat and
comprises extensive sand and gravel plain. Immediately adjacent to the coast, aeolian sands
of recent to sub-recent age predominate commonly intermingled with deposits of clay and
silt. A thin veneer of beach sand stretches along the foreshore.
However, as part of the land preparation for SIPA, the land was elevated using dredge
material from the port and associated facilities construction. The proposed IPP site is known
to have been used for site offices and lay down area during the construction of Sohar I IWPP
during which it is expected that a certain amount of land preparation would have been carried
out through filling, compacting, etc.
HMR Environmental Engineering Consultants
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The soil along the Batinah coast in Sohar is regarded as moderately to highly suitable for
agriculture. With depth, the soils exhibit higher percentage of organic matter. According to
the Ministry of Agriculture, the land in Sohar is classified as S1 (land having either no
significant limitation or moderately significant limitation for sustained irrigated agriculture).
In order to determine the soil quality within the project site and laydown area, soil samples
were collected and sent to laboratory for analysis of various parameters. One composite
sample each was collected from the project site (PSSS2826) and the TLA (LASS2826); and
the co-ordinates are presented in Table 4-5 and shown in Figure 4-5. The samples were
collected from about 10 cm below surface, using scoop.
Table 4-5: Soil Sampling Locations

No.

Sample Id

1

PSSS2826

2

LASS2826

HMR Environmental Engineering Consultants
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UTM Coordinate (WGS 84 Zone 40)
Easting (m)
Northing (m)
462838
2706273
462832
2706281
463056
2706470
463052
2706500
462896
2706497
462922
2706513
463057
2705594
463054
2705599
463043
2705602
463088
2705526
462994
2705532
463046
2705498
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Figure 4-5: Soil Sampling Locations
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The results of analyses of the soil samples are presented in Table 4-6. The laboratory reports
are presented in Appendix B.
Table 4-6: Soil Sample Analysis Results

Parameter
Antimony
Arsenic
Barium
Boron
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel
Vanadium
Zinc
Calcium
Magnesium
Potassium
Sodium
Chloride
Sulphate
pH
Benzene
Toluene
Ethyl benzene
Xylenes
Volatile Petroleum
Hydrocarbons (VPH)
Extractible Petroleum
Hydrocarbons (EPH)

Unit
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
%
%
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

PSSS2826
0.22
7.2
25
12
< 0.1
160
38
24
31,000
4.3
400
< 0.1
3.8
820
22
150
30,400
31,500
400
2,090
0.227
0.28
7.7
< 0.05
< 0.05
< 0.05
< 0.05

LASS2826
0.17
1.9
27
24
< 0.1
120
30
16
28,000
3.2
390
< 0.1
1.4
620
27
90
42,000
48,100
955
11,445
1.17
1.33
8.1
< 0.05
< 0.05
< 0.05
< 0.05

USEPA Limits
410
1.6
190,000
2,00,000
810
1,400
300
41,000
720,000
800
23,000
28
5,100
20,000
5,200
310,000
5.6
46,000
29
2,600

g/kg

152

< 50

-

mg/kg

3,412

202

-

As evident from the above table, concentration levels of all the parameters, except arsenic, in
both samples are well below the applicable USEPA standard limits for industrial soil. The
VPH and EPH values are appreciable in the soil sample collected from the project site. This
can be attributed to activities on the site during the construction of Sohar I IWPP.
4.7

Hydrology

Two major wadis, Wadi Suq and Wadi Fizh / Bani Gharbi originating from the southwest
slopes of the Western Al-Hajar Mountains make up the wadi system in the SIPA region.
These wadis along with numerous braided channels drain large areas and carry large volumes
of water during rainfall events. However, since the establishment of the SIPA, a peripheral
storm water drainage has been constructed which is designed to collect and convey the storm
HMR Environmental Engineering Consultants
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water flow from these wadi systems away from the developments within the SIPA. During
rainfall events, this storm water drain empties the flow into the sea on the north-western and
south-eastern sides of SIPA.
The natural surface drainage extends from the western Al Hajar Mountains towards the sea
providing variable infiltration throughout the region. Typically, alluvial deposits found in
wadi channels will allow surface water to quickly dissipate.
4.8

Hydrogeology and Groundwater Quality

Batinah region has a coastal aquifer system, which provides most of the current water
demands of the region for agricultural and urban developments along the coast. The current
system of water supply is provided by the abstraction of groundwater from dug-wells or
borewells. Over the years, the groundwater salinity in the region has increased, which has
been attributed to the continuous abstraction of the groundwater and the proximity of the
wells to the coast.
Groundwater samples from a well in Al Hadd village, locate west of the SIPA, were collected
as part of a project baseline study in the industrial area. The analysis results of the sample
revealed that the concentrations of chloride (5,886 mg/L) and sulphate (1,600 mg/L)
significantly exceeded the stipulated limits of 0.7 mg/L and 400 mg/L, respectively. The
analysis of the sample also showed higher concentrations of total dissolved solids (TDS) and
sodium (1,465 mg/L; prescribed limit is 400 mg/L). These higher values conforms the
abovementioned increasing salinity values of groundwater wells located close to the coast.
The analysis result of the said sample is provided in Table 4-7. The location of Al Hadd
village is shown in Figure 4-6.
Table 4-7: Groundwater Sample Analysis Results

Parameter
Total Dissolved Solids
Sodium
Potassium
Magnesium
Arsenic
Barium
Cadmium
Chromium
Copper
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel
Zinc
Chloride
HMR Environmental Engineering Consultants
Sultanate of Oman

Unit
mg/L
mg/L
mg/L
mg/L
g/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

GW Sample
11,240
1,465
9.7
1,279
<1
0.12
< 0.0025
< 0.015
< 0.005
<1
< 0.025
< 0.05
< 0.0003
< 0.05
< 0.03
< 0.04
5,886
4-11

OS 8/2006
1,000
400
0.7
0.003
0.05
2
1
0.01
0.4
0.07
0.02
3
0.7
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Parameter
Sulphate
Nitrate
Nitrite
Hydrogen Sulphide
Fluoride
Total Coliforms
Benzene
Toluene
Ethyl Benzene
Xylenes
EPH
VPH
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Unit
mg/L
mg/L
mg/L
mg/L
mg/L
cfu/100 mL
mg/L
mg/L
mg/L
mg/L
g/L
g/L

GW Sample
1,600
0.8
0.02
Not detected
0.04
Nil
< 0.01
< 0.01
< 0.01
< 0.01
< 10
< 10

OS 8/2006
400
50
1.5
0
0.01
0.7
0.3
0.5
-

Figure 4-6: Groundwater Sampling Location

4.9

Ambient Air Quality

The ambient air quality in SIPA has been affected due to the construction and operation of
various industries in SIPA, the movement of vehicles and operation of construction
equipment. In addition, the quality of ambient air will also be affected from the vehicle traffic
on the Muscat-Sohar highway. Several environmental studies have been conducted during
2000 through 2006 in the industrial area, which included monitoring of the ambient air
quality. The monitoring was largely carried out by deploying passive diffusion tubes for a
period of 3 to 4 weeks to measure the ground level concentrations (GLCs) of various primary
pollutants. From these studies it has been observed that the GLCs of NOX ranges from 3.7 to
15.6 g/m3, the GLCs of SO2 ranges from 4.4 to 12.3 g/m3, and the GLCs of O3 range from
66 to 83 g/m3.
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A recent baseline study involving installation of a mobile CAAQMS near the project area
was carried out during March 2010. Since, baseline ambient air quality could not be
measured for the present project, this recent monitoring values (daily averages) are presented
herewith in Table 4-8.
Table 4-8: Results of Ambient Air Quality Monitoring using CAAQMS (24-hr avg)

No.

Date

1
17/3/2010
2
18/3/2010
3
19/3/2010
4
20/3/2010
5
21/3/2010
6
22/3/2010
7
23/3/2010
8
24/3/2010
Omani AAQS
USEPA NAAQS
WHO

CO
(g/m3)
396
319
302
312
320
265
260
287
-

O3
(g/m3)
41
43
38
46
67
57
40
41
-

NOX
(g/m3)
24.2
20.2
19.6
26.4
43.8
34.3
23.4
22.2
112
-

SO2
(g/m3)
3.1
2.9
2.7
2.7
3.7
2.9
3.1
3.8
125
395
125

H2S
(g/m3)
0.6
0.6
0.5
0.5
0.6
0.5
0.5
0.5
40
-

CH4
(ppb)
905
915
920
923
996
930
870
890
-

TNMHC
(ppb)
108
73
45
87
84
76
44
71
-

From the above table it is seen that the ambient air quality at the project site complied with
the Omani AAQS, USEPA NAAQS and WHO standards.
4.9.1

Ambient Dust

In addition to the above parameters, the ambient dust levels were also measured as part of the
baseline studies. The dust levels were measured in terms of particulate matters with size not
greater than 10  (PM10), using a direct reading PM10 monitor, Personnel Data RAM (pDR)
1000-AN. The instrument is a handheld dust monitor and draws air passively through sensor,
which works on the relationship between particulate concentration and attenuation of light
transmittance. It covers a measurement range of 0.001 mg/m3 to 400 mg/m3.
The ambient dust levels were measured at various locations within the project site and the
TLA on 19th June 2010, for about 10 minutes at each location. The UTM coordinates of these
locations and the dust levels measured are presented in Table 4-9 and indicated on Google
Earth imagery in Figure 4-7 (page 4-15).
Table 4-9: Ambient Dust Levels – Location Coordinates and Measured Values

Location
ADPS1
ADPS2
ADPS3
ADPS4
ADPS5
ADPS6

UTM Coordinate (WGS 84, Zone 40)
Easting (m)
Northing (m)
Project Site
463214
2706456
463149
2706518
463067
2706621
462900
2706524
462801
2706457
462793
2706309
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UTM Coordinate (WGS 84, Zone 40)
Easting (m)
Northing (m)
462977
2706423
462876
2706235
463003
2706312
TLA
463065
2705377
463003
2705480
462888
2705666
462942
2705700
463020
2705748
463093
2705648
463048
2705617
463224
2705484
463129
2705425

PM10 (g/m3)
58
57
52
101
93
103
78
76
65
65
56
60

On comparison of the measured dust levels in the above table with the limits stipulated by
Omani AAQS (125 g/m3) and by USEPA NAAQS (150 g/m3), it is seen that all the
measured values are well within the limits.
4.10

Noise

Similar to the ambient air quality, the ambient noise levels in SIPA are currently affected by
the construction and operation of various industries, movement of vehicles and operation of
the construction equipment. The construction and operation of Sohar II project will also
contribute to the elevation of noise levels in the industrial area. Accordingly, the ambient
noise levels within and around the project site and TLA were monitored as part of the
baseline studies (on 19th June 2010).
The ambient noise levels were measured using the Integrating and Logging Sound Level
Meter (ISLM), Quest Model 2900 UL, which enables measurement of 'A', 'C', or linear
weighted noise levels. The instrument has capabilities to measure equivalent continuous noise
levels (Leq) with standard measurement settings conforming to regulatory requirements.
Noise levels were measured within the project site and TLA at the same locations as that for
ambient dust level measurement. The measurements were taken for about 10 minutes at each
location during daytime.
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Figure 4-7: Ambient Dust and Noise Level Monitoring Locations
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The measured ambient noise levels are presented in Table 4-10 along with the UTM
coordinates of the measurement locations. The locations are indicated on Google Earth
imagery in Figure 4-7. The measured levels were compared to the regulatory limit of 70
dB(A) (as per MD 79/94).
Table 4-10: Ambient Noise Levels – Location Coordinates and Measured Values

Location
ADPS1
ADPS2
ADPS3
ADPS4
ADPS5
ADPS6
ADPS7
ADPS8
ADPS9
ADLA1
ADLA2
ADLA3
ADLA4
ADLA5
ADLA6
ADLA7
ADLA8
ADLA9

UTM Coordinate (WGS 84, Zone 40)
Noise Level
(Leq in dB(A))
Easting (m)
Northing (m)
Project Site
463214
2706456
56.8
463149
2706518
55.8
463067
2706621
58.6
462900
2706524
62.0
462801
2706457
57.5
462793
2706309
54.3
462977
2706423
56.9
462876
2706235
52.0
463003
2706312
53.6
TLA
463065
2705377
43.4
463003
2705480
47.0
462888
2705666
47.5
462942
2705700
47.6
463020
2705748
50.0
463093
2705648
49.0
463048
2705617
49.9
463224
2705484
46.0
463129
2705425
45.8

Standard - MD 79/94
(dB(A))

70

70

The measured noise levels at the project site as well as the TLA were found to be well below
the stipulated limit. Further, it is noticed that on an average the noise level at the project site
is about 9 dB(A) higher than the noise level at the TLA. This higher noise level at the project
site may be attributed to the continuous noise being generated from the operation of the Sohar
I plant, located adjacent to the project site.
4.11

Terrestrial Ecology

4.11.1 Regional Setting

The Al Batinah region supports at least 321 species of birds, about 18 species of terrestrial
mammals and at least 40 species of amphibians and reptiles as well as hundreds species of
vascular plants. The region is well known for its khawrs and mangrove forests of which most
are proposed as NNR (National Nature Reserves) and NRR (National Resource Reserves)
due to its high conservation value IUCN (1986). The most prominent of them are the
mangroves of Khawr Shinas and Khawr Harmul. The mangrove forests in the region,
characterized by homogenous stand of Avicennia marina, are known to harbor a population
of White-collared Kingfisher (Halcyon chloris kalbaensis) and the rare Syke’s Warbler
HMR Environmental Engineering Consultants
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(Hippolais calagita). Aside from this, hundreds of migratory species of birds are known to
use the Al Batinah Coastal area as temporary shelter during winter season.
The woodlands in the region, mainly composed of Acacia spp. and Prosopis cineraria, is also
a habitat to at least 121 species of birds, several species of medium and small bodied
mammals and numerous species of reptiles. The Striated Scops Owl (Otus brucei), Eastern
Pied Wheatear (Oenanthe picata) and Plain Leaf Warbler (Phylloscopus neglectus) are key
inhabitants of the woodlands. There are also sightings of Striped Hyaena (Hyaena hyaena),
Caracal (Caracal caracal) and Arabian Gazelle (Gazella gazella) in this habitat type.

Plate 4-1: Snapshot of Al Batinah Flora and Fauna

The Al Batinah region also includes a chain of about seventeen islands, of which an
archipelago of nine islands is of prominence in terms of nature reserve. This archipelago,
known as Daymaniyat Islands Nature Reserves, is located about 16 to 18 km offshore from
the mainland and is considered as one of the most biologically rich marine reserves in the
Sultanate of Oman housing rare species of turtles, sea birds, corals, reef fishes and a range of
other marine wildlife.
4.11.2 Local setting

As mentioned earlier in this report, the Sohar II project site is located within the SIPA, which
is geographically situated within the Greater Sohar and Liwa area. The natural landscape in
SIPA is heavily altered due to industrial development since its inception in 2002. However,
the surrounding environs of the port area still sustain several pristine areas like the Khawr
Harmul mangrove forest and patches of woodlands. Although these natural landscapes have
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suffered from varying degrees of habitat modification, they have nevertheless served as
refuge to hundreds of species of flora and fauna.
The mangrove forest in Khawr Harmul (Plate 4-2), located northwest of SIPA, is a proposed
NNR due to considerable biological richness and ecological importance. This mangrove
forest, together with its surrounding environment, serves as breeding and foraging ground to
at least 143 resident and migratory birds. More importantly, it is one of the recognized
habitats for the endangered race of White-collared Kingfisher (Halcyon chloris kalbaensis).
The woodlands in the adjacent environs have old stand of Ghaf trees (Prosopis cineraria)
(Plate 4-3), Christ’s Thorn (Ziziphus Spina-christi) and Samur (Acacia tortilis).

Plate 4-2: Mangrove forest in Khawr Harmul

Plate 4-3: Ghaf Woodland within SIPA

4.11.3 Site Specific

On 19th June 2010, a rapid flora and fauna assessment was conducted at the proposed Sohar II
IPP and the TLA. The objectives of the assessment are to:


Document the flora and fauna;



Identify sensitive areas and species; and



Determine the impact of the project on flora and fauna and their respective habitat.

The floral composition was analyzed using the quadrat sampling technique while a
combination of point counts and opportunistic observations were employed to determine the
species richness of terrestrial vertebrates at the study area. The brief descriptions of the
different sampling methods are given below:
A simple Point Count method using a 50 m radius plot was employed to determine the
general composition of bird life in the study area. In this method, all species observed at the
sampling point were recorded together with number of individuals per species. The status and
basic ecology of the species observed during the survey was also noted. A total of eight 5×5
m quadrat plots (four plots in project site and TLA) were used to analyze the vegetation
composition. Whenever possible all species with the quadrat was identified up to the species
level.
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The Relative Abundance (R.A) value of the avian community was computed using the
formula below:
No. of observed individual per species
RA = ----------------------------------------------------- × 100
No. of observed individuals for all species
The population status of all species, flora and fauna, were determined using the 2009 IUCN
Red list of Threatened Animals and the Wild plants of Oman, Pickering H. & A. Patzelt
2008. While nomenclature and general characteristics of flora and fauna recorded during the
survey period were taken from Cottridge, D. 2001, Eriksen H. and J. Eriksen 2005, Sargeant,
D. et al. 2008, Winbow, C. 2008 and Pickering H. & A. Patzelt 2008. Photographs of flora
and fauna were also taken for photo-documentation purpose (refer Appendix C). The
geographic coordinates of the sampling points were taken using a Garmin Map76 GPS model
and were plotted on Google Earth imagery (See Figure 4-8). The literature that was referred
to during the present terrestrial ecological baseline study is listed below:


Awatif, Abdullah, 2004. “Impacts of the Alien invasive Prosopis juliflora in the flora and
soils of the UAE and feasibility of using it in the afforestation of saline habitats”, UAE
University.



Cottrige, D. 2006. “A Pictorial Guide to Birds of the Middle East”, New Holland
Publishers (UK) Ltd.



Eriksen, H. and J. Eriksen, 2005. “Common Birds in Oman”, Al Roya Publishing.



Eriksen, J., D.E. Sargeant & R. Victor, 2003, “Oman Bird List - The Official list of the
birds of the Sultanate of Oman”, Edition 6, Centre for Environmental Studies and
Research, Sultan Qaboos University, Oman Printers & Stationers Co. LLC.



Ghazanfar, S.A., 1998b, “Status of the flora and plant conservation in the Sultanate of
Oman”, Biological Conservation 85: 287-295.



IUCN 1986, Sultanate Of Oman Proposal for a System of Nature Conservation Areas,
Prepared for Diwan of Royal Court Sultanate of Oman, Muscat.



IUCN 2009, IUCN Red List of Threatened Species,
<www.iucnredlist.org >. Downloaded on 18 December 2009.



Hughes-Clarke MW (1990). “Oman’s Geological Heritage”, Sultanate of Oman:
Petroleum Development Oman. 247 pp.



Ministry of Environment and Climate Affairs, “Guide to Oman’s Protected Areas”.



Pickering, H. and A. Patzelt, 2008, “Field Guide to the Wild Plants of Oman”, Royal
Botanic Gardens.



Sargeant, D, Eriksen, H & Eriksen, J. 2008, Bird watching Guide to Oman (2nd Edition).
Muscat: Al Roya Publishing.
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Tiwari, J.K., 1999, “Exotic weed Prosopis juliflora in Gujarat and Rajasthan, India-boon
or bane”, Tigerpaper 26: 21-25.



Winbow, C, 2008, “The Native Plants of Oman: An introduction”, The Environment
Society of Oman, Oman Printers & Stationers.

4.11.4 Terrestrial Fauna

Despite considerable effort to search for other vertebrate taxa such as small bodied mammals
and reptiles, the rapid site assessment has only recorded bird communities in both study sites.
This might be due the fact that both study sites were subjected to habitat alteration in the past.
In fact signs of land filling and grading are still very evident in both sites.
During the survey period, fourteen species of birds representing eleven avian families were
recorded at the study area. Of these, twelve are resident breeders, one is a migratory species
and the remaining is the introduced and highly invasive Crested Mynah (Acridotheres tristis).
All of the listed species are categorized as least concern species by the IUCN 2009 Red list of
threatened animals (IUCN 2009). The species full account, IUCN status and distribution of
listed birds are given on Table 4-11. The most well represented avian family in the area is
family Columbidae with four species while the remaining families are represented by a single
species. However, the avian species richness will likely increase during migration period as at
least 220 (68 %) of birds recorded in the Batinah region are migratory species. Most of these
migrant species are shore birds and will likely forage on the beach area and patches of
woodland in the SIPA area.
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Figure 4-8: Terrestrial Ecological Survey at Project Site and TLA
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Table 4-11: List of Recorded Birds in Study Area, IUCN 2009 and Distribution Status

Common Name
Family Columbidae
Rock Dove
Rufous Turtle Dove
Collared Dove
Laughing Dove
Family Meropidae
Blue-cheeked Bee-eater
Family Coraciidae
Indian Roller
Family Alaudidae
Crested Lark
Family Cisticolidae
Graceful Prinia
Family Timaliidae
Arabian Babbler
Family Nectariniidae
Purple Sunbird
Family Corvidae
Brown-necked Raven
Family Sturnidae
Common Mynah
Family Passeridae
House Sparrow
Family Estrildidae
Indian Silverbill

Scientific Name

Status

Distribution

Columba livia
Streptopelia orientalis
S. decaocto
S. senegalensis

LC
LC
LC
LC

Breeding resident
Migrant and summer visitor
Breeding resident
Breeding resident

Merops superciliosus

LC

Breeding resident

Coracias benghalensis

LC

Breeding resident

Galerida cristata

LC

Breeding resident

Prinia gracilis

LC

Breeding resident

Turdoides squamiceps

LC

Breeding resident

Nectarinia asiatica

LC

Breeding resident

Corvus ruficollis

LC

Breeding resident

Acridotheres tristis

LC

Introduced, spreading breeding
resident

Passer domesticus

LC

Breeding resident

Euodice malabarica

LC

Breeding resident

LC means Least Concern

The Relative Abundance (RA) values of listed birds in the study are given on Table 4-12.
Based on the Table 4-12, the House Sparrow (Passer domesticus), with R.A value of 0.38, is
most common bird in the area followed Common Mynah (Acridotheres tristis) and Crested
Lark (Galerida cristata) in which both have RA value of 0.08. The Arabian Babbler
(Turdoides squamiceps) and Rufous Turtle Dove (Streptopelia orientalis) are uncommon in
the area; both species have RA values of 0.03. One possible reason for such observation is
that T. squamiceps is a secretive species making it difficult to observe them on thick
vegetation while S. orientalis, a migratory species, is probably heading to their native country
as the avian migration period is on its last stage. The remaining species can be considered as
moderately common and might be using the vegetated area at the project site as feeding
grounds.
Table 4-12: Relative Abundance (RA) and Feeding Guild of Avifauna at the Study Area

Scientific name
Columba livia
Streptopelia decaocto
S. senegalensis
S. orientalis
Merops superciliosus

Number
5
8
3
2
4
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Scientific name
Coracias benghalensis
Galerida cristata
Prinia gracilis
Turdoides squamiceps
Nectarinia asiatica
Corvus ruficollis
Acridotheres tristis
Passer domesticus
Euodice malabarica
Total
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Number
3
8
6
2
4
7
8
39
3
102

Relative Abundance
0.03
0.08
0.06
0.02
0.04
0.07
0.08
0.38
0.03
1.00

Feeding guild
Insectivore
Omnivore
Insectivore
Omnivore
Nectarivore
Omnivore
Omnivore
Granivore
Granivore

4.11.5 Terrestrial Flora

At least eighteen plant species representing fourteen families were recorded at the study area
during the sampling period (see Table 4-13 for the species details). All, except for Ghaf al
bahri (Prosopis juliflora), are native and common species in the Sultanate of Oman. None of
these plants are listed at the Oman Plant Red Data Book as well as in the IUCN Red List
(IUCN 2009). Only one regionally endemic plant, Tetraena qatarense was found in the
southern section study area. Although regionally endemic, T. qatarense commonly found in
dry sands and gravel plains throughout the Arabian Peninsula. Comparison of species
richness suggests that plant communities in Sohar IPP site is higher with twelve species
compared to the species richness in TLA site with only seven species. Most of the plant
communities are found on the southern corner of the IPP site and its proposed TLA. The
species composition, plant life descriptions and distribution of plant communities in both
sites are given on the succeeding sub-section.
Table 4-13: Taxonomy of the Plants Species recorded at Project Site and TLA

Family/Species
Family Aizoaceae
Aizoon canariense

Status*
NE /NL#

Family Amaranthaceae
NE/NL
Aerva javanica
Family Apocynaceae
Calotrophis procera

NE/NL

Family Asteraceae
NE/NL
Pluchea dioscoridis
Family Boraginaceae
Arnebia hispidissima NE/NL
Echiochilon persicum NE/NL
Family Capparidaceae
Dipterygium glaucum NE/NL

Habitat

Distribution

Sandy and gravel areas

NAfrica, Canary Islands,
Mediterranean, Palestine, Arabia,
SW Asia

Common on disturb
ground

Dry areas of the old world tropics
and sub tropics

Sandy soils and gravel
plains

Pan-tropical

Disturbed sandy soils

Pan-tropical

Sand and gravel areas

N and NE Africa, Arabia, Middle
East, Iran and Pakistan
E Africa, Arabia, Iran and Pakistan

Sand and gravel areas
On sand and gravel plain

NE Africa, Arabia and east to
Pakistan

Family Chenopodiaceae
HMR Environmental Engineering Consultants
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Family/Species
Suaeda vermiculata
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Status*
NE/NL

Habitat
Salty and moist areas

Distribution
Coast of Europe, N. America
Mediterranean, Asia, Australia to S.
Africa

Sandy and gravel areas

Tropical Africa and Arabia to SW
India

Common in disturbed
areas

NE Africa, Sinai, Arabia and east of
Pakistan

Sand and gravel plains

N and W Africa, Arabia and east to
India

On sand and gravel areas
Commonly grows in arid
areas.
Common in Sand and
Gravel

Oman, Somalia and UAE
Africa and Middle East countries.

Common in gravel and
sandy areas
On dry sand and gravel
plains

N and NE Africa, Arabia and East
India
Arabian Peninsula

NE/NL

Coastal sandy areas,
sandy and gravelly soils

Dry regions of Africa, Arabia and SE
Asia

NE/NL

Sand and gravel plains

Pakistan, North Africa; Middle East;
India

Family Cucurbitaceae
NE/NL
Citrullus colocynthis
Family Euphorbiaceae
NE/NL
Chrozophora
oblongifolia
Family Heliotropiaceae
NE/NL
Heliotropium
bacciferum
Family Leguminosae
NE/NL
Indigofera intricata
NE/NL
Acacia tortilis
Prosopsis juliflora

NE/NL

Family Zygophyllaceae
NE/NL
Tetraena simplex
T. qatarensis
Family Cyperaceae
Cyperus
conglomeratus
Family Poaceae
Pennisetum divisum

NE/NL

Native to Mexico now found in arid
and semi-arid regions of the tropics.

* Status based on information sourced from Pickering and Patzelt (2008) and IUCN (2009)
# NE = Not Evaluated; NL = Not Listed

Plate 4-4: Snapshot of Study Area Flora
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Project Site

Vegetation is found in the southern and eastern periphery of the proposed project site. The
dominant plant life form in this site is chamaephytes and followed by phanerophytes. Only
two species of trees the Acacia tortilis and Prosopis juliflora exist in the area. The mature A.
tortilis is located outside the southern boundary of the site while the other one is situated on
the eastern section of proposed project site. The single stand of P. juliflora can be found in
the southeastern section of the site. The most common plants in the area are Suaeda
vermiculata, Aizoon canariense, Aerva javanica and Arnebia hispidissima. While Citrullus
colocynthis, Acacia tortilis, Indigofera intricata and Calotrophis procera (Plate 4-5) are also
found in the site but seldom.

Plate 4-5: Calotrophis procera flower

Cyperus conglomeratus and Pennisetum divisum from grass family also exist in the site.
Generally, only about 10 % of the total land-take of the Sohar II IPP project is covered by the
vegetation.
(ii)

TLA

The vegetation in this area is dominated by gregarious stand of Pluchea dioscoridis (Plate 46) and S. vermiculata which form green carpet like landscape on the southern section of TLA.
This is followed by sporadic stands on Acacia tortilis and species of grasses which are found
interspersed with the dominant S. vermiculata plant. The exotic and highly invasive P.
juliflora, only one individual, is also in the area. There only about seven species of plants in
the TLA, of which chamaephytes are still the dominant plant life followed by phanerophytes

HMR Environmental Engineering Consultants
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Plate 4-6: Pluchea dioscoridis flower

4.11.6 Conclusion

The rapid flora and fauna assessment have documented eighteen species of plants and
fourteen species of birds. All of the species encountered at the study area are common and
none are listed as threatened species. The ecologically sensitive areas are the patches of
shrubs, which are located on the southern areas of the two study sites. However, these shrub
communities are composed of species that are very resilient and can easily colonize or recolonize vacant habitat as opportunity arises. This is very evident as the land cover on both
study areas was heavily modified few months ago but some portions are now being recolonized by plant life. While avifauna in the area are very common and are highly adaptable
or can easily re-colonized vacant habitats whenever necessary.
In general, the Sohar II IPP project is foreseen to have a very minimal or insignificant impact
to the flora and fauna in the area. The development will cause a very minimal mortality to
plant life, all are common, and to large extent lost of foraging area for avifauna. However,
most of these species as stated above are common and has the ability to occupy and reoccupy vacant habitats. In addition, the fauna, which is largely composed of birds, at the site
are mostly omnivores (generalist feeders) that can easily shift from one diet to another. This
ecological trait will permit them to move from other vegetated areas especially the tree
communities surrounding the SIPA.
4.12

Marine Environment

4.12.1 Overview

The proposed Sohar II project will utilize the existing seawater intake and outfall channels to
meet the cooling water requirements of the power plant and subsequent discharge of cooling
water and other effluents into the marine environment. The increase in the quantities of
cooling water discharge along with brine rejects and other effluents may have impacts on the
HMR Environmental Engineering Consultants
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marine environment in this region. Considering the above, it is important to assess the
existing marine environmental quality at the outfall and intake area.
Accordingly, as part of the present study seawater and sediment samples are collected from
four locations and analyzed to determine any contamination. In addition, an assessment of
marine ecology was also conducted to determine the status of marine biota in the area.
Further, benthic and zooplankton samples were also collected to assess the status of benthic
infauna, epifauna and pattern of mesozooplankton distribution of this region. Subsequent
sections present the details of the analysis and related observations made from the survey.
4.12.2 Methodology

The region was conceptually divided into two zones namely intertidal and sub-tidal. The
intertidal areas were surveyed using wading and all encountered organisms were identified.
The sub-tidal areas were surveyed by SCUBA diving at the intake and reference locations for
a period of approximately 10 to 20 min, at each location. The sampling activity was
conducted at four locations in the sub-tidal area, two of which are within an approximate
distance of 300 m at the outfall region and one at the intake region. The fourth survey
location is a control station about 1,000 m away from the outfall. The locations of marine
sampling are presented in Figure 4-9.
The benthic and sediment samples were collected by Van-Veen Grab sampler (Plate 4-7)
while seawater samples were collected by Niskin water sampler (Plate 4-8).

Plate 4-7: Van-Veen Grab Sampler
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Figure 4-9: Marine Survey and Sampling Locations
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Further, In-situ data for various parameters were recorded from the water column at the
existing outfall, intake and reference regions using a 6-Series multi-parameter (6600 V2- 4)
YSI (Plate 4-9).

Plate 4-9: YSI 6-series Sonde and display

Mesozooplankton samples were collected by hauling a Standard Plankton Net horizontally
through the surface layer at three different sections of the survey area. The three locations
were selected in such a way to cover the known horizontal cross-section of the intake, outfall
and reference locations.
Photographic documentation of all the benthic organisms in the surveyed areas are provided
to know the underwater conditions and their ecological significance and as supporting
evidence. The survey locations in the subtidal and intertidal areas are presented in Table 4-14.
Table 4-14: Marine Sampling locations

Location
Outfall
Outfall-1
Reference
Intake

Code
OF
OF-1
RF
IN

Easting
464047
464166
464695
463713

Northing
2706314
2706412
2706924
2707456

4.12.3 Description of the Survey Areas
(i)

Intertidal Area

The intertidal region surrounding the outfall location was dominated by two distinct habitats,
viz., wide exposed rocky embankment (observed along both sides of the outfall) and tidally
exposed sandy bottom. The protected sea wall with large boulders supports a diverse and
noticeable assemblage of invertebrates. Typical fauna in intertidal region along the rocky
embankment include barnacles, few rock oysters (Saccostrea sp), several gastropods like;
HMR Environmental Engineering Consultants
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Lunella sp., Nerita sp and few rock crabs (Grapsus sp.). The density and distribution of
various species was observed to be very low among the boulders close to the mouth area of
the outfall. Relatively very small rocky embankment and wide sandy intertidal area was
exposed during the low tide in the outfall region. No sensitive biota was identified in these
tidal regions. Large amount of dead bivalves like Callista erycina, Tivela ponderosa, Phaphia
undulate, Anadara sp., Cardites bicolour and gastropods shells Murex sp, Cypraea sp,
Strombus sp., Bulla amppulla, Oliva sp were observed at the nearshore region of the outfall
(Plate 4-10) This mass mortality may be due to the thermal stress from the outfall discharges
during the low tide level in this region.

Plate 4-10: Dead shells along the beach

Reproductive mounds ghost crabs (Ocypode sp) (Plate 4-11) were sited along the beach.
These mounds were very common in summer breeding season. The relative abundance of
ghost crabs (20 per 50 m of beach) suggests a beach subjected to very low human
disturbances.

Plate 4-11: Reproduction mounds of Ghost Crabs (Ocypode sp.)
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Subtidal Environment

Two regions covering approximately 200 m2 area at each station around the intake and
reference area was surveyed and all observed organisms were identified.
Intake Region

The existing common intake region at SIPA operated by MISC was surveyed to understand
the existing marine quality. Currently six companies are utilizing this facility for various
industrial purposes. The subtidal environment in this location comprised very cohesive, fine
sediment, covered with a algal mat (Plate 4-12). The sediment was fine, rich in organic matter
and rapidly hypoxic below the algal mat. This may be primarily due to the existing
breakwater that typically promotes stagnant waters when compared coastal areas where
sediments tend to accumulate rapidly. The maximum depth was 6m, with visibility about 1m
due to the murky water at the bottom. Relatively high populations of polychaetes were
observed at this location. A few gastropods-Bulla ampulla were found foraging in the
sediment. Few pelagic fishes like sardines were the only fish species noted in this area.

Plate 4-12: Silty bottom at the seawater intake area

Outfall Region

It is estimated that about 0.14 million t/h of effluent is discharged through the existing outfall
at SIPA (Plate 4-13). Consequently, large amount of foam was observed near the region of
mixing zone, which then gets mixed by the diurnal tidal currents and get gradually dispersed
towards the south-eastern region along the coastal line. Hence owing to factors such as depth,
visibility and water quality of the existing outfall, diving was not conducted in this area.
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Plate 4-13: Seawater outfall during high tide

Past studies conducted in the area indicate the region to be highly disturbed and comprising
no significant faunal species in this region except for a few fishes, gastropods (Strombus sp.
Cerithridea sp. and Bulla ampulla), decapods and hermit crabs.
Reference Location

As previously mentioned, the reference location is located about 1,000 m away from the
outfall region and is considered as a control site to assess any environmental impacts. The
station was 8 m in depth and the visibility was about 2 m. The sea floor composed of fine
sand with silt in this area (Plate 4-14). Bottom was slightly disturbed due to the strong current
in this region and visibility was very poor (about 2 m) primarily due to the re-suspension of
fine particles from the bottom sediments.
Very few fish species were noted along the surveyed area. Fishes like Gobies (Amblyeleotris
sp), Lizardfish (Saurida sp), Grunt (Pomadasys sp) and school of pelagic sardines were
observed in this location. The epifauna observed in this area included invertebrates like small
starfishes (Astropecten cf. polyacanthus), gastropods, Bulla ampulla, Oliva sp, Strombus sp,
bivalves Callista erycina, Anadara sp. Phaphia undulate and heart urchins. Several shells of
Strombus persicus were also observed but all were inhabited by hermit crabs and their
clustering behavior was observed at various locations in the region. In many area, sea floor
was pockmarked by large depressions (50 to 80 cm in diameter) probably resulting from the
foraging of large fishes.
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Plate 4-14: Fine sandy bottom with gastropods

4.12.4 Seawater Quality

Four samples of seawater were collected and analyzed for the physical parameters such as
salinity, pH, Total Suspended Solids (TSS), Total Dissolved Solids (TDS), Biological
Oxygen Demand (BOD), Chemical Oxygen Demand (COD), heavy metals, Total Petroleum
Hydrocarbons (TPH), Benzene, Toluene, Ethyl benzene and Xylene (BTEX), etc.
In the absence of applicable Omani standards for seawater quality, the results have been
compared with UK Environmental Quality Standards (EQS). The analytical result shows that,
copper concentration at all the sampling sites (0.006 to 0.14 mg/L) slightly exceeds the UK
EQS of 0.005mg/L. The concentrations above 5 µg/L (annual average) in the water column
can pose acute toxicity to invertebrates and fishes, although to a lesser extent. The analytical
results are presented in Table 4-15. Detailed analysis reports are presented in Appendix D.
Table 4-15: Seawater Analysis Result

Parameter
pH
TDS
TSS
Oil & Grease
Sodium
Calcium
Magnesium
Aluminium
Arsenic
Barium
Boron
Cadmium
Chromium
Cobalt
Copper
Iron

Unit
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

OF(1)
8.2
39,880
<1
<0.1
11,325
481
1,332
0.027
0.0029
0.0081
3.4
<0.0005
<0.0005
<0.0005
0.014
<0.005
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Sampling Locations
OF-1(2)
IN(3)
8.5
8.5
41,520
39,240
<1
<1
<0.1
<0.1
11,249
11,285
481
465
1,337
1,322
0.03
0.026
0.0028
0.0024
0.011
0.0093
2.9
3
<0.0005
<0.0005
<0.0005
<0.0005
<0.0005
<0.0005
0.011
0.011
<0.005
<0.005
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RF(4)
8.5
39,250
<1
<0.1
11,229
473
1,322
0.026
0.0028
0.0084
2.8
<0.0005
<0.0005
<0.0005
0.0069
<0.005

UK EQS
Limit
0.025
7
0.0025
0.015
0.005
1
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Sampling Locations
OF-1(2)
IN(3)
0.0031
<0.0005
0.00071
<0.0005
<0.001
<0.001
0.0016
0.005
10
9.7
0.027
<0.015
18,340
17,882
2,978
2,849
<0.1
<0.1
5.76
5.3
1.3
1.2
1.83
1.82
8
<5
<2
<2
33,132
32,305

RF(4)
0.00055
<0.00005
<0.001
0.0011
9.8
<0.014
17,973
2,851
<0.1
5.32
1.2
1.82
<5
<2
32,469

UK EQS
Limit
0.025
0.0003
0.03
0.04
-

<10

<10

-

<100

<100

<100

-

<10
<10
<10
<10

<10
<10
<10
<10

<10
<10
<10
<10

-

Parameter

Unit

Lead
Manganese
Mercury
Nickel
Strontium
Zinc
Chloride
Sulphate
Phosphate
Nitrate
Total Nitrogen
Fluoride
COD
BOD
Salinity
Volatile
Petroleum
Hydrocarbons
(VPH) (C5-C10)
Extractable
Petroleum
Hydrocarbons
(EPH) (>C10-C40)
Benzene
Toluene
Ethyl Benzene
Xylene

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
ppt

OF(1)
0.00055
0.00057
<0.001
0.0022
10
0.025
18,294
2,874
<0.1
5.8
1.3
1.93
10
<2
33,049

µg/L

<10

<10

µg/L

<100

µg/L
µg/L
µg/L
µg/L

<10
<10
<10
<10

(1) OF = outfall location; (2) OF-1 = outfall location-1; (3) IN = intake location; (4) RF = reference location.

The results are typical for seawater, showing higher levels of salt cations and anions, and
higher salinity. The TPH and BTEX levels are low, indicating absence of any hydrocarbon
contamination. COD and BOD levels are also low, showing that the seawater supports marine
life. However, copper levels are just above the limits at all four locations. This could be
attributed to the industrial activities at the shore.
4.12.5 Marine Sediment Quality

As previously mentioned, sediment samples were collected from the four subtidal locations,
as shown in Figure 4-9, for determining the current marine quality. The results obtained were
compared with Interim marine Sediment Quality Guidelines (ISQG) and Probable Effect
Levels (PEL) issued by Canadian Council of Ministers of the Environment (CCEM 1999).
Results of the analysis are presented in Table 4-16. Detailed Analysis reports are presented in
Appendix E. Following are inferences made from the results.
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Table 4-16: Sediment Analysis Result

Sampling Locations

Parameter

Unit

Sodium
Potassium
Calcium
Magnesium
Aluminium
Arsenic
Barium
Boron
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Manganese
Mercury
Nickel
Strontium
Zinc
Acid soluble
Chloride
Acid soluble
Sulphate
Molybdenum
Phosphate
Nitrate
Fluoride
Total Organic
Carbon
Volatile Petroleum
Hydrocarbons(VPH)
(C5-C10)
Extractable
Petroleum
Hydrocarbons(EPH)
(>C10-C40)
Benzene
Toluene
Ethyl Benzene
Xylene

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

OF
3,388
352
26,042
96,230
7,519
6.4
3.9
14
0.04
149
27
9.2
27,098
2.3
273
0.22
617
205
52

OF-1
3,409
504
28,310
81,818
9,280
5.0
7.1
17
0.04
124
35
30
31,063
1.9
377
0.42
787
197
28

IN
12,874
1,552
59,780
77,046
7,674
3.8
7.0
13
0.1
71
14
10
16,336
1.8
177
0.20
295
212
15

RF
3,750
529
43,186
93,921
6,705
6.2
5.0
17
0.04
127
28
8.7
23,510
2.4
293
0.28
633
214
28

%

0.459

0.389

1.911

0.6

%

0.21

0.15

0.51

0.31

mg/kg
mg/kg
mg/kg
mg/kg

0.47
6.9
7.1
1.84

1.9
3.8
8.9
2.2

0.97
3.9
51.4
2.3

1.3
12.6
9.7
2.8

mg/kg

0.1

0.3

1.0

0.5

g/kg

<50

<50

<50

<50

mg/kg

<50

<50

<50

<50

g/kg
g/kg
g/kg
g/kg

<50
<50
<50
<50

<50
<50
<50
<50

<50
<50
<50
<50

<50
<50
<50
<50

Canadian
Standards
ISQG
PEL

41.60
4.20
160
18.70

108

30.20

112

0.13
15.9

0.7
42.8

124

271

Following are the inferences from the results presented in the above table:


Chromium concentration in all the samples exceeds the Canadian ISQG (52.30 mg/kg)
limits. However, the concentrations are found to be within the PEL (160 mg/kg);
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Copper concentration exceeds the Canadian ISQG (18.7 mg/kg) at the existing outfall
location (at 300 m radius). However, the concentrations are found to be within the PEL
(108 mg/kg);



Mercury concentration in all locations slightly exceeds the Canadian ISQG (0.13 mg/kg).
However, the concentrations are well below the PEL (0.7 mg/kg);



Nickel concentration in all locations is significantly above the Canadian ISQG limits
(15.9 mg/kg) and PEL (42.8 mg/kg).

According to Canadian interim marine quality guidelines, chromium can pose a hazard to
sediment dwelling organisms at concentrations above 52.3 mg/kg. Accumulation of copper in
sediments can pose a hazard at concentrations above 18.7 mg/kg. Nickel is known to
accumulate in sediments, however, there are no Canadian interim marine sediment quality for
nickel accumulation. The mercury level above 0.13 mg/kg may pose hazards to sediment
dwelling organism.
From the particle size distribution of the sediment at 150 m from outfall (OF), it is seen the
sediment is largely sandy (98 %). However, at 300 m from the outfall (OF-1) the sediment is
a mix of sand and gravel. At the reference location, the sediment is sandy; while at the intake
location the sediment is silt-sandy. The particle size distribution graphs are presented in
Appendix E.
4.12.6 Water Column Profiling

The seawater column profiling in terms of parameters such as temperature, conductivity,
dissolved oxygen, chlorophyll, salinity, TDS, turbidity, etc was conducted at the existing
outfall, intake and reference site to evaluate the present status of the water quality in the
region. The locations of the seawater column profiles are presented in Table 4-17 and graphs
are presented in Appendix F. The data compiled are presented in subsequent subsections.
Table 4-17: Water column profiling locations at existing outfall, reference and intake region

Location
Existing Outfall Location at 150 m radius

Existing Outfall Location at 300 m radius
Location at 500 m
Location at 700 m
Reference location at 1,000 m
Location at 1,200 m
Intake locations
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Code
OF150A
OF150B
OF150C
OF300A
OF300B
OF300C
OF300D
OF300E
OF500A
OF700A
RF1000A
RF1200A
INA
INB
4-36

Easting
463938
464047
464073
463853
463974
464166
464233
464201
464317
464480
464695
464828
463768
463713

Northing
2706365
2706314
2706227
2706464
2706494
2706412
2706204
2706052
2706552
2706681
2706924
2707065
2707385
2707456
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Location

(i)

Code
INC

Easting
463680

Northing
2707520

Existing outfall location

The seawater quality at the existing outfall region (150 m away from the outfall and 300 m
within the regulatory mixing zone) is presented in Table 4-18 and Table 4-19. The graphical
profiles of the parameters obtained at the existing outfall region are presented in Appendix F.
Considering the depth and mixing zone of this open outfall region, water column profiling
was conducted during the high tide. The column water temperature varied between 31.3 and
39.1 ºC (from bottom to surface) at the mouth of the outfall region (OF150B). The average
water column temperature varied between 35.4 and 37.5 ºC at 150 m radius and slightly
reduced to 33.1 to 34.8 ºC at the 300 m regulatory mixing zone. However, the sea surface
temperature (SST) was almost same (39.1ºC) up to the regulatory mixing zone (300 m). The
average salinity varied from 37.1 to 38ppt at 150m radius and from 37.1 to 37.9 ppt at 300 m.
Table 4-18: Water quality measurement at 150 m radius (Existing outfall area)

Location
OF150A
OF150B
OF150C

Date &
Time

Water column Profile - Depth
(m)
Temperature (ºC)

6/15/2010
14:05
6/15/2010
13:54
6/15/2010
13:59

Minimum Maximum Average

0.1 - 2.4

32.8

36.5

35.4

0.2 - 2.8

31.3

39.1

36.2

0.1 - 2.9

34.4

38.6

37.5

0.1 - 2.4

65.4

70.5

68.2

0.2 - 2.8

64.0

73.0

68.6

0.1 - 2.9

64.1

73.8

71.5

0.1 - 2.4

6.1

6.2

6.1

0.2 - 2.8

5.9

6.3

6.0

0.1 - 2.9

5.5

5.9

5.6

0.1 - 2.4

0.10

0.30

0.12

0.2 - 2.8

0.10

0.80

0.26

0.1 - 2.9

0.10

0.60

0.18

37.0

37.6

37.3

Conductivity (mS/cm)
OF150A
OF150B
OF150C

6/15/2010
14:05
6/15/2010
13:54
6/15/2010
13:59

Dissolved Oxygen (mg/L)
OF150A
OF150B
OF150C

6/15/2010
14:05
6/15/2010
13:54
6/15/2010
13:59

Chlorophyll (g/L)
OF150A
OF150B
OF150C

6/15/2010
14:05
6/15/2010
13:54
6/15/2010
13:59

Salinity (ppt)
OF150A

6/15/2010
14:05
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Location
OF150B
OF150C

Date &
Time
6/15/2010
13:54
6/15/2010
13:59
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Water column Profile - Depth
(m)

Minimum Maximum Average

0.2 - 2.8

34.8

37.8

37.1

0.1 - 2.9

35.6

38.6

38.0

0.1 - 2.4

36.6

37.0

36.8

0.2 - 2.8

34.6

37.4

36.7

0.1 - 2.9

35.3

38.1

37.5

0.1 - 2.4

2.1

2.8

2.4

0.2 - 2.8

1.2

9.6

3.1

0.1 - 2.9

1.8

2.0

1.9

TDS (g/L)
OF150A
OF150B
OF150C

6/15/2010
14:05
6/15/2010
13:54
6/15/2010
13:59

Turbidity (NTU)
OF150A
OF150B
OF150C

6/15/2010
14:05
6/15/2010
13:54
6/15/2010
13:59

Table 4-19: Water quality measurement at 300 m radius (Existing outfall area)

Location
OF300A
OF300B
OF300C
OF300D
OF300E

Date &
Time
6/15/2010
14:10
6/15/2010
14:12
6/15/2010
13:33
6/15/2010
14:21
6/15/2010
14:18

Water column Profile Minimum
Depth (m)
Temperature (ºC)

Maximum

Average

0.1 - 1.9

34.8

34.8

34.8

0.3 - 2.3

32.5

34.8

34.0

0.1 - 4.5

30.4

39.1

33.1

0.1 - 3.6

30.7

38.9

33.7

0.1 - 2.6

30.7

36.2

32.5

0.1 - 1.9

68.2

68.2

68.2

0.3 - 2.3

65.4

68.1

67.1

0.1 - 4.5

62.6

73.4

65.6

0.1 - 3.6

62.8

72.9

65.9

0.1 - 2.6

62.9

69.3

64.6

0.1 - 1.9

5.8

5.9

5.9

0.3 - 2.3

5.8

6.0

5.9

Conductivity (mS/cm)
OF300A
OF300B
OF300C
OF300D
OF300E

6/15/2010
14:10
6/15/2010
14:12
6/15/2010
13:33
6/15/2010
14:21
6/15/2010
14:18

Dissolved Oxygen (mg/L)
OF300A
OF300B

6/15/2010
14:10
6/15/2010
14:12
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Water column Profile Depth (m)

Minimum

Maximum

Average

0.1 - 4.5

5.6

6.1

5.9

0.1 - 3.6

5.8

6.2

6.1

0.1 - 2.6

6.4

6.6

6.5

0.1 - 1.9

0.1

0.6

0.4

0.3 - 2.3

1.3

2.1

1.6

0.1 - 4.5

0.2

0.6

0.5

0.1 - 3.6

0.2

0.8

0.5

0.1 - 2.6

1.0

1.4

1.2

0.1 - 1.9

37.9

37.9

37.9

0.3 - 2.3

37.6

37.9

37.8

0.1 - 4.5

36.5

38.0

37.5

0.1 - 3.6

35.5

37.8

37.3

0.1 - 2.6

36.6

37.6

37.3

0.1 - 1.9

37.3

37.3

37.3

0.3 - 2.3

37.0

37.3

37.2

0.1 - 4.5

36.2

37.6

36.9

0.1 - 3.6

35.2

37.4

36.7

0.1 - 2.6

36.2

37.1

36.7

0.1 - 1.9

0.9

2.3

1.2

0.3 - 2.3

0.9

4.8

1.9

0.1 - 4.5

1.0

1.7

1.3

0.1 - 3.6

1.2

2.0

1.5

0.1 - 2.6

0.9

1.7

1.2

Chlorophyll (g/L)
OF300A
OF300B
OF300C
OF300D
OF300E

6/15/2010
14:10
6/15/2010
14:12
6/15/2010
13:33
6/15/2010
14:21
6/15/2010
14:18

Salinity (ppt)
OF300A
OF300B
OF300C
OF300D
OF300E

6/15/2010
14:10
6/15/2010
14:12
6/15/2010
13:33
6/15/2010
14:21
6/15/2010
14:18

TDS (g/L)
OF300A
OF300B
OF300C
OF300D
OF300E

6/15/2010
14:10
6/15/2010
14:12
6/15/2010
13:33
6/15/2010
14:21
6/15/2010
14:18

Turbidity (NTU)
OF300A
OF300B
OF300C
OF300D
OF300E

6/15/2010
14:10
6/15/2010
14:12
6/15/2010
13:33
6/15/2010
14:21
6/15/2010
14:18
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Considering the volume and depth of the mixing zone, series of water column profiles were
recorded at every 200 m intervals towards the north-east from the regulatory mixing zone.
The data compiled from the aforesaid locations are presented in the Table 4-20
Table 4-20: Water quality measurement at 500 to 700 m radius (Existing outfall area)

Location

OF500A
OF500A
OF500A
OF500A
OF500A
OF500A
OF500A
OF700A
OF700A
OF700A
OF700A
OF700A
OF700A
OF700A

Date &
Time
6/15/2010
14:28
6/15/2010
14:28
6/15/2010
14:28
6/15/2010
14:28
6/15/2010
14:28
6/15/2010
14:28
6/15/2010
14:28
6/15/2010
14:32
6/15/2010
14:32
6/15/2010
14:32
6/15/2010
14:32
6/15/2010
14:32
6/15/2010
14:32
6/15/2010
14:32

Water
column
Profile Depth (m)
0.4 - 5.4
0.4 - 5.4
0.4 - 5.4
0.4 - 5.4
0.4 - 5.4
0.4 - 5.4
0.4 - 5.4
0.3 - 6
0.3 - 6
0.3 - 6
0.3 - 6
0.3 - 6

Parameter
500 m radius
Temperature
(ºC)
Conductivity
(mS/cm)
Dissolved
Oxygen
(mg/L)
Chlorophyll
(g/L)
Salinity
(ppt)
TDS (g/L)
Turbidity
(NTU)
700 m radius
Temperature
(ºC)
Conductivity
(mS/cm)
Dissolved
Oxygen
(mg/L)
Chlorophyll
(g/L)
Salinity
(ppt)

Minimum

Maximum

Average

30.4

37.5

32.4

62.6

70.5

64.6

5.6

6.3

6.0

0.5

1.1

0.7

36.8

37.9

37.4

36.2

37.4

36.8

1.2

1.8

1.5

30.2

35.2

31.9

62.3

68.7

64.0

5.7

6.6

6.2

0.8

1.4

1.1

35.8

38.0

37.4

0.3 - 6

TDS (g/L)

35.4

37.4

36.8

0.3 - 6

Turbidity
(NTU)

1.0

1.4

1.2

The column water temperature was varied between 30.4 and 37.5 ºC from bottom to surface
at 500 m and from 30.2 to 35.2 ºC at 700 m from the outfall region. From the above table it is
observed that there are minimal deviations among the recorded parameters. The detailed
graphical profiles for 500 and 700 m are presented in the Figure 4-10 and 4-11, respectively.
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ODO mg/L

Salinity ppt

Depth (m)

3.9

3.9
4.5

3.2

5.0

3.2

3.9

3.9

4.5

4.5

5.0

5.0

4.5
5.0

2

2.5

1

2.5

3.2

1.5

1.8

0.5

0

1.8

2.5

Depth (m)

1.4

2.5

4.5

1.2
1
0.8
0.6
0.4
0.2
0
1.4

Depth (m)

1.4

2.5

3.9

38.0

0.5

1.8

Depth (m)

Depth (m)

0.5

1.8

3.2

Turbidity NTU

Chlorophyll ug/L

0.5

1.8

3.2

37.5

1.4

1.4

37.0

0.5

0.5

36.5

36.0

38.0
36.0
34.0
32.0
30.0
28.0
26.0

6.4
6.2
6.0
5.8
5.6
5.4
5.2

Temp oC

5.0
37.5

37.0

36.5

36.0

35.5

72.0
70.0
68.0
66.0
64.0
62.0
60.0
58.0
Cond mS/cm

TDS g/L

Figure 4-10: Seawater column profiles at 500 m distance (OF500A)
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5.7
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5.8

5.8
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1.9

1
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1

0
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Depth (m)
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1.0

1.0

3.0
Depth (m)

Depth (m)

0.3
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1.9

Turbidity NTU

0.3
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3.0

35.0
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6

1.9

6.5

5

1.0
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0.3

Chlorophyll ug/L
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Cond mS/cm
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6.0

6.0

6.0

TDS g/L

Figure 4-11: Seawater column profiles at 700 m distance (OF700A)
(ii)

Reference Location

The reference locations are located about 1000 and 1200m away from the outfall region and
considered as control site to assess the variations in the water column parameters. Compared
to the outfall region, significant changes were observed in many parameters at these
locations. The ambient surface temperature was varied between 33.5 and 34.3 ºC and salinity
(37.7 to 37.9 ppt) is almost same at this location. The recorded data is presented in the Table
4-21 and Figure 4-12 and 4-13.
Table 4-21: Water quality measurement at 1,000 to 1,200 m radius (Reference location)

Location

Date &
Time

Water
column
Profile Depth (m)

Parameter

Minimum

Maximum

Average

1,000 m radius
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Location
RF1000A
RF1000A
RF1000A
RF1000A
RF1000A
RF1000A
RF1000A
RF1200A
RF1200A
RF1200A
RF1200A
RF1200A
RF1200A
RF1200A

Date &
Time
6/15/2010
12:25
6/15/2010
12:25
6/15/2010
12:25
6/15/2010
12:25
6/15/2010
12:25
6/15/2010
12:25
6/15/2010
12:25
6/15/2010
14:37
6/15/2010
14:37
6/15/2010
14:37
6/15/2010
14:37
6/15/2010
14:37
6/15/2010
14:37
6/15/2010
14:37

Temp oC

Environmental Impact Assessment
Sohar Industrial Port Area

Water
column
Profile Depth (m)

Parameter
Temperature
(ºC)
Conductivity
(mS/cm)
Dissolved
Oxygen
(mg/L)
Chlorophyll
(g/L)
Salinity
(ppt)

0.2 - 6.8
0.2 - 6.8
0.2 - 6.8
0.2 - 6.8
0.2 - 6.8
0.2 - 6.8
0.2 - 6.8
0.3 - 6.7
0.3 - 6.7
0.3 - 6.7
0.3 - 6.7
0.3 - 6.7

TDS (g/L)
Turbidity
(NTU)
1,200 m radius
Temperature
(ºC)
Conductivity
(mS/cm)
Dissolved
Oxygen
(mg/L)
Chlorophyll
(g/L)
Salinity
(ppt)

Maximum

Average

30.1

34.3

32.0

62.3

67.4

64.5

6.0

6.6

6.3

0.0

1.1

0.4

36.9

37.9

37.6

36.4

37.3

37.0

0.4

1.0

0.6

30.1

33.5

31.5

62.2

66.2

63.7

6.0

6.5

6.3

0.4

1.1

0.7

36.2

37.7

37.5

0.3 - 6.7

TDS (g/L)

35.8

37.0

36.8

0.3 - 6.7

Turbidity
(NTU)

0.4

1.0

0.6

Salinity ppt

ODO mg/L

Turbidity NTU

0.19

0.19

0.43

0.43

0.43

1.02

0.78

0.78

0.78

0.78

1.34

1.02

1.02

1.02

1.02

1.69

1.34

1.34

1.34

2.01

1.69

2.99
3.20

3.20

3.62

5.02

3.62

4.69

5.43

4.69

5.02

6.42

5.02

5.43

4.69

37.5

37.0
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36.5

Cond mS/cm

6.42
36.0

6.42

2.99
3.20
3.62

35.5

68.00
66.00
64.00
62.00
60.00
58.00

5.43

1.69

2.01

Depth (m)

2.99

2.01

z

3.62

1.69
Depth (m)

3.20

2.01

1.69
Depth (m)

Depth (m)

Depth (m)

2.99

1.34

1.5

0.19

0.43

0.78

1

0

1.5

1

0

0.5

0.19

0.43

0.5

Chlorophyll ug/L

38

37.5

37

36

36.5

6.8
6.6
6.4
6.2
6
5.8
5.6

36
34
32
30
28
26
0.19

Minimum

2.01
2.99
3.20

4.69

3.62

5.02

4.69

5.43

5.02

6.42

5.43
6.42

TDS g/L

4-42

HMR/2826
July 2010

Sohar-II Power Plant
Suez Tractebel S.A. Consortium

Environmental Impact Assessment
Sohar Industrial Port Area

Figure 4-12: Seawater column profiles at reference location (1,000 m) [RF1000A]
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Figure 4-13: Seawater column profiles at reference location (1,200 m) [RF1200A]
(iii)

Intake location

Water column profiles were recorded from three different locations at the intake region.
Compared to the outfall location, the ambient temperature was considerably varied in this
region. The maximum temperature was 33.3 ºC and minimum bottom temperature was 30.4
ºC at this location. Higher range of bottom turbidity (3.5 to 5.9 NTU) was observed in all
intake locations, especially due to the fine silt deposition in this region. The recorded data is
presented in the Table 4-22 and figure .
Location

Date & Time

INA
INB
INC

6/15/2010 14:51
6/15/2010 14:54
6/15/2010 14:58

INA
INB
INC

6/15/2010 14:51
6/15/2010 14:54
6/15/2010 14:58

INA
INB
INC

6/15/2010 14:51
6/15/2010 14:54
6/15/2010 14:58

INA
INB
INC

6/15/2010 14:51
6/15/2010 14:54
6/15/2010 14:58

INA
INB
INC

6/15/2010 14:51
6/15/2010 14:54
6/15/2010 14:58

Profile Depth (m)
Minimum
Temperature (ºC)
0.1 - 6
30.5
0.1 - 6
30.5
0.1 - 6
30.4
Conductivity (mS/cm)
0.1 - 6
62.8
0.1 - 6
62.7
0.1 - 6
62.6
Dissolved Oxygen (mg/L)
0.1 - 6
6.0
0.1 - 6
6.0
0.1 - 6
6.1
Chlorophyll (g/L)
0.1 - 6
0.4
0.1 - 6
0.6
0.1 - 6
0.8
Salinity (ppt)
0.1 - 6
37.0
0.1 - 6
36.7
0.1 - 6
36.3
TDS (g/L)

HMR Environmental Engineering Consultants
Sultanate of Oman

4-43

Maximum

Average

33.3
33.3
33.3

32.0
32.4
32.7

66.2
66.0
66.0

64.4
64.7
65.0

6.3
6.3
6.6

6.1
6.1
6.2

1.0
1.3
1.5

0.6
0.9
1.1

37.8
37.6
37.7

37.6
37.5
37.4
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Location
INA
INB
INC

Date & Time
6/15/2010 14:51
6/15/2010 14:54
6/15/2010 14:58

INA
INB
INC

6/15/2010 14:51
6/15/2010 14:54
6/15/2010 14:58
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Profile Depth (m)
Minimum
0.1 - 6
36.5
0.1 - 6
36.2
0.1 - 6
35.8
Turbidity (NTU)
0.1 - 6
0.4
0.1 - 6
0.6
0.1 - 6
2.5

Maximum
37.1
37.0
37.1

Average
36.9
36.8
36.8

3.5
4.2
5.9

0.9
1.0
3.2

4.12.7 Plankton
(i)

General

Plankton as defined by Hensen in 1887 can be summarized as “a comprehensive term which
includes all organisms, plants and animals that are passively ‘drifting’ along with water
movements”. The plant component of plankton, ‘the phytoplankton’ is made up of unicellular
algae which are either solitary or colonial. The main components of phytoplankton in the sea
are diatoms, dinoflagellates, coccolithophorids and some other flagellates.
Zooplanktons include an array of macro and microscopic animals and comprise
representatives of almost all major taxa particularly the invertebrates. They play a vital role in
the marine food chain. The herbivorous zooplankton feed on phytoplankton and in turn
constitutes an important food item to animals in higher trophic level including fish. This
plankton can be divided into various operational categories. One means of classification is
based on developmental stages and divides animals into meroplankton and holoplankton.
Meroplanktonic forms spend only part of their life cycles as plankton and include larvae of
benthic worms, mollusks, crustaceans, echinoderms, coral, and even insects, as well as the
eggs and larvae of many fishes. Holoplankton spends essentially their whole existence in the
water column like chaetognaths, pteropods, larvaceans, siphonophores, and many copepods.
Nearly every major taxonomic group of animals has either meroplanktonic or holoplanktonic
members.
(ii)

Phytoplankton

Marine Phytoplankton organisms are minute algae suspended in the sea, drifting or floating
within the currents and usually remaining near the surface. They are extremely varied in their
morphology and physiology, which helps them to adapt to the local marine environment. This
phytoplankton, which constitutes diatoms, dinoflagellates, blue-green algae, silicoflagellates,
cocolithophors etc., contributes about 95 % of primary production in the oceans. The
secondary (zooplankton) and tertiary consumers (fish, shellfish, mammals, etc.) in the food
chain are dependent on this phytoplankton. Since phytoplankton serve as a basic food source
for animals in the sea their presence in large numbers will help to indicate/predict the
abundance of commercially important fish and shellfish populations.

HMR Environmental Engineering Consultants
Sultanate of Oman

4-44

HMR/2826
July 2010

Sohar-II Power Plant
Suez Tractebel S.A. Consortium
(iii)

Environmental Impact Assessment
Sohar Industrial Port Area

Algal Blooms

The process of rapid reproduction of phytoplankton reaching a peak and then dying down is
called blooming or flowering. One manifestation of bloom is red tide. Under certain
circumstances one or a few species of Phytoplankton multiply to such a degree to discolor the
water. The colour of the water at the time of bloom may be red, brown, yellow and green.
The leading cause attributed to the triggering and spread of blooms is increasing nutrients in
the marine environment. The nutrients that reach coastal waters by natural processes and due
to increased anthropogenic development activities stimulate the growth of ‘background’
population of blooming species. Dust particles from the costal development projects are very
important in ‘seeding’ coastal areas of Oman with iron and other trace elements. Coastal
upwelling, oceanic currents and wind patterns are represent the extreme case of natural new
nutrient input and thus are characterized by intense blooms of both harmful and benign
species.
(iv)

Red Tides in Oman

As in many other parts of the world, there has been an apparent increase in the frequency,
intensity and distribution of harmful algal blooms in Oman during the past two decades. The
frequent occurrence of algal blooms and mass kills of marine organisms created panic
amongst the public in recent times in this region. Further, it may potentially disrupt a range of
industrial activities that depend on seawater intakes such as industrial plants, power station,
desalination plants etc. In Sohar II the seawater will largely be used for once-through cooling.
The equipment used for cooling will be shell and tube exchangers. Thus, the occurrence of
red tide is not expected to affect the Sohar II operations
The first record of red tides in Oman dates back to 1976. The common and dominant red tide
causing species in the Gulf of Oman is Noctiluca scintillans. This species formed red tide
blooms every year in the Gulf of Oman between the period January and May since 1988.
About 19 species of diatoms, 17 species of dinoflagellates and one species of blue green algal
blooms were reported from the Omani waters.
A massive outbreak of Red Tide blooms were reported along the Sohar region in 2008
severely affecting many industries and utilities that depend on seawater for cooling,
desalination and other purposes. It can thus be commented that the present trend of algal
blooms in the Sohar region will definitely affect the water quality of the existing intake
system. Hence there is a need to continuously monitor the water quality of the region to
predict this natural phenomenon
(v)

Mesozooplankton

The mesozooplankton (0.2 to 20 mm) constitutes an important part of the pelagic food web,
since they form the link between primary producers and higher trophic levels. Changes in
HMR Environmental Engineering Consultants
Sultanate of Oman

4-45

HMR/2826
July 2010

Sohar-II Power Plant
Suez Tractebel S.A. Consortium

Environmental Impact Assessment
Sohar Industrial Port Area

phytoplankton biomass and species/size composition as well as in abiotic properties, like
salinity and temperature, may change mesozooplankton community structure and
productivity. Detectable changes in the abundance or species composition of
mesozooplankton may reflect fundamental changes in the ocean environment. For these
reasons they are considered to be the focal point in marine environmental impact
assessments.
The zooplankton samples were collected by towing Plankton net (mouth area- 0.13 m2 and
mesh size 200 µ) horizontally through the surface water at specified locations near intake
region, reference region and outfall region (shown as IN-Z, RF-Z and OF-Z, respectively, in
Figure 4-9). The collected zooplanktons were preserved in 5 % formalin solution.
Subsequently, biomass estimation, taxonomical and numerical analysis were carried out in
the laboratory. Index of biomass was estimated by the displacement volume method and
expressed as ml/1,000 m3, density expressed as individuals /1,000 m3.
Compared to OF-Z (12 ml/1,000m3), higher biomass values were noticed at RF-Z (41
ml/1,000m3) and IN-Z (36 ml/1,000m3) of the survey area. Ten groups of zooplanktons were
identified in the current survey and the distribution and density was varied from each
locations. Almost all the groups like copepods, cladoceras, chaetognaths, decapods,
gastropod, polychaetes, amphipods etc. were identified from all location. In the present
analysis, distribution of fish eggs was observed only at the reference location. The total
zooplankton composition is presented in Figure 4-14.

100.00
Intake
Outfall
10.00

%

Reference

1.00

0.10

0.01
COP DEC
CHE LUF

FIE

OIK

Zooplankton Categories

POL GAS
CLD

Code
COP
DEC
CHE
LUF
FIE
OIK
POL
GAS
CLD
OST

Life form
Copepoda
Decapoda
Chaetognatha
Lucifer
Fish Eggs
Oikopleura
Polychaeta
Gastropoda
Cladocera
Ostracoda

OST

Figure 4-14: Distribution of Zooplankton Categories (% in Logarithmic scale)

Table 4-22: Population Density and Biomass of Zooplankton

Location
Intake (IN-Z)
Outfall (OF-Z)

Population Density
(Individual /1,000m3)
150.425 × 103
39.756 × 103
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Population Density
(Individual /1,000m3)
111.986 × 103

Biomass Index
(ml/1,000m3)
41.47

The total population density of zooplankton was expressed as individuals/1,000 m3. The
zooplankton assemblages in these areas were dominated by Copepoda, Cladocera Decapoda,
Chaetognatha and each of which contributed to a mean of 77 %, 11 %, 7 % and 3.8 %,
respectively, of the total zooplankton count. In the current observation, the total population
density was found to be the highest at IN-Z and least at OF-Z. The low population of
zooplankton at OF-Z indicates the strong influence of outfall effluents in the distribution and
abundance of zooplankton.

Plate 4-15: Decapods – Lucifer sp.

Plate 4-16: Decapods – Brachyuran Larvae

Plate 4-17: Decapods – Larvae

Plate 4-18: Chaetognaths
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Plate 4-19: Copepods

Plate 4-20: Cladocera – Evadne sp.

4.12.8 Macro Benthic Sediment Fauna

The dominant groups of organisms that constitute the macrobenthos are the sub littoral soft
bottom inhabitants belonging to four major taxonomic groups - polychaetes, crustaceans,
molluscs and echinoderms. Estimation of benthic production is important in assessing the
biological productivity of any given area. Benthos being sedentary and sessile organisms is
very susceptible to any disturbances and is ideally suited for environmental impact
assessment studies. The changes in the physio-chemical characteristics of the sediment in this
existing intake and outfall might be directly or indirectly affecting the population of benthic
epifauna and infauna. Macro benthic samples were collected from five subtidal stations by
using Van-Veen Grab sampler. The samples were then sieved through a 0.5 mm sieve and
preserved in 5 % formalin solution with rose bengal stain and analyzed in the laboratory.
Density of organism was calculated by counting the actual number and then converting to
Individual/m2. The determination of the biomass was done on a fresh/wet weight basis and
expressed in g/m2. The analytical results are presented in Table 4-23.
Table 4-23: Macro Benthic Biomass and Density

Location
Intake (IN)
Outfall (OF)
Outfall (OF-1)
Reference (RF)

Density (No/m2)
2,080
1,008
624
1,760

Wet Wt (g)
1.07
2.95
1.09
9.37

Biomass (g/m2)
17.18
47.15
17.43
149.95

Sandy sediment texture was observed all along the sampling locations at outfall and fine
sediment texture was observed at intake region. In the collected samples, the total benthic
biomass varied between 17.18 to 149.95 g/m2 and total density varied from 624 to 2080
individual/m2. The maximum population density and biomass was noticed at IN-Z. The
polychaetes (Nereis sp., Goniadopsis sp., Syllis sp. Glycera sp, Prionospio sp etc) were the
common and most dominant group noticed at all stations, contributing about 30 to 43 %
(Figure 4-15) of the total population and density varied from 256 to 896 individuals/m2.
Amphipods were the next abundant group noticed at all stations, contributing about 19 to 38
% of the total population and density varied from 160 to 784 individuals/m2. In all locations,
presence of gastropods and bivalves were the major part of the total biomass.
Gastropods (Strombus sp, Cerithium sp, Oliva bulbosa and Whelks Nassarius sp) and other
major groups, crustaceans, (Cumacea, Ostracods, Decapods- Crabs- Philyra sp, hermit crabs
etc), Echinoids (Brittle stars) were recorded from this survey area. The intake and reference
area sustained relatively good benthic population and species composition. The surface
temperature variations in the outfall region were not affected the distribution of benthos in
this area.
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Figure 4-15: Distribution of Benthic Categories

Plate 4-21: Polychaetes

Plate 4-22: Amphipods

Plate 4-23: Decapods (Philyra sp.)

Plate 4-24: Ostracods
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Plate 4-25: Bivalves

4.13

Plate 4-26: Gastropods

Social Baseline

4.13.1 Overview

The aim of the social baseline survey to conducted the existing social profile of the
communities near the project site, so as to identify and assess the social impacts from the
project and also helps in identifying and assessing project impacts on the nearby
communities. The study also includes the assessment of impacts on the infrastructural, socioeconomic and cultural resources and potential impacts on human health and safety.
Consequently, the provisions in WB guidelines and Equator Principles are followed / referred
during the preparation of the socio-economic baseline status for the project area.
The scope of work for the present project entails primary survey at household level in nearby
communities. However, the required permission from the Ministry of National Economy
(MoNE) could not be obtained to avoid likely interface with national population census 2010.
Therefore, all socio-economic information for the study is sourced through secondary
information, viz., 2003 census, Statistical Year Books of MoNE, etc. Further, previous studies
conducted by HMR in 2007 within the same locality are also reviewed and used for
appreciating the present socio-economic situation of the nearby settlements.
The social baseline prepared for the present EIA includes details on the existing land
utilization, settlement pattern, population composition, economic profile which are essential
parameters to understand the socio-economic environment. The methodology for social
impact assessment including the baseline, its further analysis for evaluating impacts and
identifying the need for SMP is illustrated in Figure 4-8.
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Figure 4-16: Methodology for Social Baseline and Social Impact Assessment

4.13.2 Delineation of the Study Area

A study boundary is defined for the construction and commissioning phase of the plant to
analyze the socio-economic and cultural baseline and also to assess the likely impacts from
the project. The study area is defined taking into consideration the potential areas for project
impacts in the unlikely events and abnormal operating conditions. The study area is centered
on the plant site with an approximate radius of about 5 km, which includes facilities,
buildings and infrastructure of the offshore area and is plotted on Google Earth imagery,
image of the same is shown in Figure 4-9 (page 4-52). Total five settlements are identified
within the study area. Name of the settlements and its approximate aerial distance from the
center of the proposed project site is presented in Table 4-14.
Table 4-24: Settlement within the Study Area

#
1
2
3
4
5

Name of the
Settlements
Al Ghuzayyil
Ghadfan
Al Khuwairiya
Majis
Amq
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4.13.3 Location and Land Use

The study area is located within Sohar Wilayat of Al Batinah Region. The project site itself is
located within SIPA fenceline and is about 400 m away from the coast line. Approach road
for the proposed site from the existing main road within SIPA is located to northeast of the
site. Access within SIPA fenceline is permitted only to the authorized persons.
There is no human inhabitation at the site, as it is part of a designated industrial area. The
project site characterized by open land and is sparsely vegetated. Apart from SIPA the land
use of the study area includes residential build-up areas, agricultural lands and fish landing
areas along the coast.
4.13.4 Settlement Pattern

The housing typology reveals a mix of traditional Omani housing units and contemporary
housing structure. The Omani housing units consist of majlis/outhouse, living rooms, toilet
and kitchen around a courtyard. Majority of the housing units are concrete structures with
temporary car and animal sheds outside the house. However, the fishing huts near the project
site are temporary sheds made of palm leaves and wooden logs for storing fishing gears. Amq
and Majis reveal a typical coastal settlement characteristic with a linear housing pattern along
the coast marked by fishing huts.
4.13.5 Infrastructure

The infrastructure profile of the villages reveals that the basic amenities are available within
the settlements and in the nearest town of Sohar. The information on the infrastructure is
presented in the Table 4-15.
Table 4-25: Infrastructures available at each Settlement

Sewerage

Waste
Disposal

Drainage

Power
Supply

Market

Approach
Road

Healthcare

Education

Transport

Al Ghuzayyil
Ghadfan
Al Khuwairiya
Majis
Amq

Sanitation

Village

Drinking
Water

Amenities

























×
×
×
×
×



















×
×
×
×
×













4.13.6 Water Supply

The communities access water from the existing Phase I desalination plant located next to the
project site. Most of the households store the water in overhead tanks of approximately 600
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gal capacities. According to the communities, the water supplied to the households is of good
quality and is adequate in quantity for household purposes. However, from secondary sources
(PAEW Supply) it is revealed that the average per capita water requirement is 33 gal/d.
4.13.7 Sanitation and Sewerage

Each housing unit has individual septic tanks which are emptied by private wastewater
trucking companies as and when required. No drainage system was observed in the villages.
4.13.8 Street Lighting and Power Supply

Almost every household will enjoy quality and more reliable electric power supply provided
by the government. The government has provided proper street lighting along the main
approach roads.
4.13.9 Waste Disposal

It is observed during the site reconnaissance that disposal bins are placed at different
locations within the settlements. These bins are emptied twice a week by the Municipality,
and are found to be adequate according to the local community representatives.
4.13.10 Access to Market

The main market for the nearby communities is located in Sohar for purchasing household
goods and clothes. There are some petty shops within the villages providing groceries,
eatables and other household items for the daily use.
4.13.11 Healthcare Facility

There are two government owned health centers namely Multaqa and Liwa health center
located under Sohar Wilayat and Liwa Wilayat. Multaqa Health Center was started in 2004 at
an approximate distance of 7 km south-east to the project site whereas, Liwa health Center
was opened in 1984 at an approximate distance of 9 km north-east to the project site. Health
centers equipped with Radiological and Laboratory services but do not have admission
facility. Additionally, there is Regional hospital located in Sohar Wilayat at an approximate
distance of 17 km south-east to the project site and facilitated with Maternity, Radiology and
laboratory services.
Apart from these health centers there are also a few private clinics located within the study
area namely Arab Building Establishment Medical Clinic, Mazan Medical Clinic and Badr Al
Sama polyclinic. Besides, there are three other private clinics located in Sohar Wilayat at an
approximate distance of 6 km from the project site.

HMR Environmental Engineering Consultants
Sultanate of Oman

4-54

HMR/2826
July 2010

Sohar-II Power Plant
Suez Tractebel S.A. Consortium

Environmental Impact Assessment
Sohar Industrial Port Area

4.13.12 Education Facility

As per the Ministry of Education (MoE) database there are totally forty-one MoE supported
schools in Sohar and twelve schools are in Liwa. However, within the study area there are
seven schools of which four are located in Sohar Wilayat and three are located in the Liwa
Wilayat. Significant number of the community members is completing higher education in
Sohar and Muscat.
4.13.13 Transport

Main mode of transportation for the villagers is private cars. School buses transport the
children between schools and houses. Taxis or pickups owned by the villagers also serve as
the means of transportation.
4.13.14 Religious Site

The project site does not have any religious precincts. The nearest religious sites are the
mosques located in the nearby communities. Moreover, there are fenced graveyards on the
outskirts of the villages.
4.13.15 Asset Ownership

Majority (95 %) of the households own their houses and the associated plots of land along
with household assets such as air-conditioners, refrigerators, fans, television sets, car,
telephone, etc. The project site is free from any personal assets of the locals.
4.13.16 Population

Since primary survey is not permitted by MoNE, population figures available in census report
2003 is considered for analyzing the demographic features of the study area. It is to be noted
that segregated population figures for the three localities (Amq, Majis and Al Khuwairiya) of
the study area are not available in 2003 census report. As understood population figures of
these are compiled under the extended Sohar area. However, the population growth trend of
the study area is examined by considering the growth of extended Sohar area.
Demographical analysis of the other two localities of Liwa Wilayat, which are located within
the study area, are conducted based on available data in 2003 census report.
(i)

Demographic Profile

The demographic profile of the population is based on evaluation of parameters including
population, its composition, and age structure and gender ratio.
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Population Figures

According to 2003 census, the total population of Al Ghuzayyil and Ghadfan study area is
6,200, out of which the male population comprises 53 % and the female population comprises
47 % of the total. Whereas, the total population of Sohar urban area is 95,728, out of which
the male population comprises 56 % and the female population comprises 44 % of the total.
Table 4-16 presents the details of Omani, Non Omani and total population of the settlements
as per 2003 census.
Table 4-26: Settlement wise Population Details as per 2003 Census
#
1
2
3

Settlement

Al Ghuzayyil
Ghadfan
Sohar Wilayat
Centre which
also include
Amq, Majis and
Al Khuwairiya
localities
Total

Omani Population
Male Female Total
961
955
1,916
1,842
1,809
3,651

Non-Omani Population
Male
Female Total
74
46
120
441
72
513

Total Population
Male Female
Total
1,035
1,001
2,036
2,283
1,881
4,164

38,432

37,391

75,823

14,843

5,032

19,905

53,305

42,423

95,728

41,235

40,155

81,390

15,358

5,150

20,538

56,623

45,305

1,01,928

The settlement wise Omani and non-Omani population details as per the 1993 census is
represented in graphical form in Figure 4-10 and Figure 4-11, respectively.

Figure 4-18: Settlement wise Omani Population Details
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Figure 4-19: Settlement wise non-Omani Population Details
(iii)

Household and Household Size

Review of 1993 and 2003 census reports reveals number of household in Al Ghuzayyil has
reduced by 47 % between 1993 and 2003. However, an increase is evident in the average
household size for the study area (refer Table 4-17). In 1993, Al Ghuzayyil had 7.8 people
per household whilst, Ghadfan had 8.3 people per household and Sohar urban area had 7.1
people per household. Whereas in 2003, Al Ghuzayyil had 8.5 people per household,
Ghadfan had 7.3 people, and Sohar urban area had household size of 6.9 people. This shows
that that, over the decade stretching from 1993 to 2003, there has been an increase in
household size in Al Ghuzayyil, while there has been a decrease in the household size in
Ghadfan and in the Sohar Wilayat Centre.
Table 4-27: Settlement wise Household Size in the Study Area
#
1
2
3
(iv)

Settlements
Al Ghuzayyil
Ghadfan
Sohar Urban Area

Number of
Households in
1993
451
3
11,604

Average
Household Size
in 1993
7.8
8.3
7.1

Number of
Households in
2003
239
565
13,811

Average
Household Size
in 2003
8.5
7.3
6.9

Age Composition

In the absence of primary survey, information gathered through HMR’s previous study in
2007 has been used. The study indicated that the economically productive age group (15 to
64 years age group) constituted more than 65 % of the total population of the study area.
Detailed age composition of population is presented in the following Table 4-18.
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Table 4-28: Age Composition of the Study Area Population in Percentage
#
Settlement
Adult (15 to 64 years)
1 Al Ghuzayyil
68.70
2 Ghadfan
58.22
3 Majis
69.74
4 Al Khuwairiya
65.83
Total
65.63
Source: Primary Census Survey, HMR, 2007

Children (under 15 years)
28.22
38.70
27.67
31.67
31.57

Elderly (over 64 years)
3.07
3.08
2.59
2.50
2.81

4.13.17 Economic Profile

The employment characteristics of the population base in the study area are evaluated through
their livelihood pattern, income and engagement in economically gainful activities.
(i)

Labour Force Participation Ratio

As per the survey conducted by HMR in 2007, the employed population of every settlement
belongs to the economically active age group of 15 to 64 years. The study has tried to assess
the labour force participation rate for all the identified settlements which is presented in Table
4-19).
Table 4-29: Labour Force Participation Rate
#

Settlement

1 Al Ghuzayyil
2 Ghadfan
3 Majis
4 Al Khuwairiya
Average in All Settlements

% of Adult Population
among Total
Population
68.70
58.22
69.74
65.83
65.63

% of Employed
Population among
Total Population
15.49
15.75
23.34
20.00
19.37

Labour Force
Participation
Rate
23.16
23.16
33.47
30.38
29.52

It is understood from the above table that on an average only 30 % of the economically active
population is involved in gainful economic activities. It is maximum (33 %) in the Majis
settlement and minimum in the Al Ghuzayyil settlement.
(ii)

Workers by Income Group

21 % of the total number of workers in all settlements earns less than RO 130 per month
while 30 % workers show a monthly earning between RO 130 to 330. As presented in the
Table 4-20 below, majority of the employed workforce earns more than RO 330. It is
revealed from the previous study that majority of the earners who earn more than RO 300 are
employed in government or private departments / companies, more than those employed in
other economic activities. Maximum percentage of families in Ghadfan earns less than RO
130 per month. People of Majis had an average income ranging from RO 130 to 330/month.
However, in Al Khuwayriah, and Al Ghuzayyil had recorded the highest number of families
earning more than RO 330/month. It was also reveled from the study that the majority of
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workers involved in transportation services such as taxis, water trucking and truck driving
earn in the range of RO 130 to 330/month.
Table 4-30: Income Distribution in Percentage
#

Income (RO per month)
0 to 130
130 to 330
330+
13.33
26.67
60.00
39.13
32.61
28.26
20.99
39.51
39.61
12.50
20.83
66.67
21.49
29.91
48.61

Settlement

1 Al Ghuzayyil
2 Ghadfan
3 Majis
4 Al Khuwairiya
Earning of average % of people in all the selected settlements
(iii)

Occupational Pattern

The 2007 survey reveals that about 19 % of the total populations of those settlements are
involved in gainful economic activities. Table 4-21 below presents the settlement wise total
percentage of people involved in gainful economic activities and the type of economic
activities they are involved in.
Table 4-31: Distribution of Workforce in Percentage
Total
Employed
population
1
Ghadfan
15.75
2
Al Ghuzayyil
18.40
3
Majis
23.34
4
Al Khuwayriah
20.00
Total
19.37
Source: HMR Primary Survey, 2007
#

Settlement

Government

Private

Fishing

Commercial

36.96
60.00
61.73
62.50
55.30

34.78
33.33
25.93
12.50
26.64

0.00
0.00
6.17
0.00
1.54

4.35
3.33
2.47
8.33
4.62

Taxi /
Truck
Driver
17.39
3.33
2.47
0.00
5.80

Other
6.52
0.00
1.23
16.67
6.11

It is understood from the above table that there are five distinct economic activities in which
the people are involved. The other economic activity includes agricultural activities,
caretakers, laborers and freelancers. Over 55 % of the population of all the settlements is
engaged in government services and the next major area of employment is private sector (27
%). Therefore, the majority of the workforces from the settlements are employed in either
Government or private sector. The rest of the workers earn their living from commercial or
business pursuits (5 %) and transport services (taxi or truck drivers) (6 %). Further, the above
table reveals that only in Majis locality people are involved in fishing. However, only (6 %)
of the total employed workforce of Majis locality is involved in fishing activity. As
understood, this may be due to the distance of the majority of the settlements from the
shoreline and the presence of SIPA the people from other locality have limited access to see
for fishing.
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4.13.18 Findings

The survey reveals the socio-economic characteristics of the population of the villages in the
area and potential concerns of the community from project activities which are summarized
below:


The project site is devoid of any human habitation and therefore will not need acquiring
any individual or community built up assets;



The movement of heavy vehicles and equipment, especially during construction are likely
to have safety and health impacts on the community;



Pollution (air and noise) from movement of heavy vehicles and machinery during
construction, operation of the plant and movement of vehicles are likely to impact the
local community;



The drainage and sanitation facilities in the local villages are found to be inadequate;



The project activities are not likely to impact any cultural sensitive sites;



The likely increase in pressure on existing infrastructure from migrant labour in absence
of adequate facilities at labour camp may have adverse impacts;



The community exhibits a social composition of various tribes; and



The local job seekers could be potentially benefited from the project.

4.14

Archaeological and Heritage Sites

There are no religious or cultural sites, within the project site. Reportedly, there are few
mosques within the study area in each village and fenced graveyards at the outskirt of the
villages. MHC conducted an archaeological survey at the project site which revealed no
archaeologically sensitive sites or structures within and around the project site and temporary
lay down area. Subsequently, a no objection letter has been issued by MHC, a copy of which
is attached in Appendix G.
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5.1

Overview
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In this chapter, the various environmental releases from the construction and operation of the
Sohar II project will be identified and discussed. The releases will be identified based on the
information available on the project and the knowledge of typical releases from a power
plant. The project will interact with the environment through consumption of resources such
as land, water, etc., through releases of waste streams such as air pollutants, wastewater,
hazardous and non-hazardous solid wastes, etc., and through accidental releases of hazardous
materials like natural gas, toxic chemicals, etc. Releases during the decommissioning phase
will be similar to that of construction phase but for a shorter duration, and hence are not
discussed separately.
Various classifications and sub-classifications of the waste streams have been done based on
the physical and chemical nature of these streams. These are as listed below:


Air emissions;
 Stationary point source emissions;
 Area and fugitive source emissions; and
 Mobile source emissions.



Wastewater;
 Process / industrial wastewater (effluent);
 Sanitary wastewater (sewage); and
 Surface runoffs.



Solid wastes;
 Non-hazardous industrial solid wastes; and
 Domestic wastes including kitchen wastes.



Hazardous wastes;
 Solid hazardous wastes; and
 Liquid hazardous wastes.



Noise; and



Accidental releases.
 Gaseous releases into atmosphere; and
 Liquid and solid spills onto land.
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The construction and operation phases of the project are discussed with regard to waste
generation, handling, storage, treatment and disposal. The waste management plan including
monitoring programmes is further discussed in Chapter 9.
5.2

Releases during Construction Phase

5.2.1

Overview

The releases during construction phase will depend upon the type of construction activities,
construction methods, construction equipment, chemicals / materials used, source / amount of
utilities and duration of site work. Releases and related impacts are identified based on
available information, the construction methodology presented in Section 3.14 and technical
assessments.
The environmental releases during the construction phase will include emissions from the DG
units, emissions from construction equipment and vehicle, dust generation from earthworks,
sewage generated at site and camp, waste chemicals generated at site, maintenance wastes,
constriction wastes, and metal, wooden and plastic scraps, etc. These releases are further
discussed in the following sections.
5.2.2

Characterization of Releases

Releases during the project construction are presented in Table 5-1. It is difficult to provide
accurate quantities of releases during the construction, at this stage. Typical characteristics
and proposed treatment and disposal methods are also summarized.
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Table 5-1: Environmental Releases during the Project Construction Phase

No.
Waste Stream Type and Source
Air Emissions
1
Air emissions from DG units
(stationary point source)




2



Air emissions from construction
equipment and vehicles (mobile point
sources)

Waste Stream Characteristics




3

Emissions from onsite diesel storage
tanks and filling stations (area source)





4

Dust emissions from earthwork,
vehicle movement, welding and
soldering works, coating and painting
works, fabrication works, etc. (fugitive
emissions)
Wastewater
5
Wastewater from hydrotesting of
equipment, tanks, pipelines



6

Sanitary wastewater from site offices
and labour camps




7

Surface runoffs – drainage of rain
water from within the project site




Non Hazardous Solid Wastes
8
Excavated soil from excavation for
foundations, roads, etc.









Proposed Control, Treatment and Disposal Methods

Continuous release during construction phase
Combustion products containing primary pollutants,
viz., NOX, SO2, CO, unburnt hydrocarbons and
greenhouse gases (GHG)
Intermittent and transient releases during
construction phase
Combustion products containing primary pollutants,
viz., NOX, SO2, CO, unburnt hydrocarbons and GHG
Airborne dust (PM10) from movement of vehicle on
unpaved roads
Continuous release during storage (breathing loss),
tanks loading and vehicle/equipment filling activities
(working loss)
Mainly contains volatile organic compounds (VOC)
Intermittent release during various construction
works
Airborne dust (PM10), VOC and metallic fumes





Use of standard DG unit in line with good operation practice
Periodic maintenance schedule
Use of standard exhaust pipes




Use of standard construction equipment and vehicles
Scheduled maintenance of equipment and vehicles including
engine tuning, filter cleaning, etc.
Providing standard exhaust pipes
Water spraying to reduce dust emissions

One time discharge
May contain traces of rust, oil and corrosion
inhibitors
Continuous discharge
Will contain biodegradable organics and suspended
solids
Rare occurrence
Typically uncontaminated unless drained from/
through contaminated areas

To be reused to the extent possible
Land discharge if water is uncontaminated, else to be collected
in lined evaporation ponds
Collection in appropriate holding tanks and send to onsite or
nearby sewage treatment plant (STP) for treatment



Holding pits to hold any runoffs from contaminated areas
Draining outside if water is uncontaminated

Continuous during excavation works
Typically uncontaminated




Stockpiling in dedicated storage areas at the laydown area
Reuse for backfilling to the extent possible / disposed off in
municipal dump sites
If contaminated then collected and stored in dedicated bunded






Periodic inspection/maintenance of tanks and fittings to
eliminate leaks
Vapour conservation vents to minimise emissions




Water spraying to reduce dust emissions
Enclosed painting booths and dedicated fabrication areas
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Waste Stream Type and Source

Proposed Control, Treatment and Disposal Methods
storage areas
Collection in dedicated waste skips and disposal at the nearest
municipal dump site
Storage in dedicated areas / skips and disposal at the nearest
municipal dump site
 Segregation and storage in dedicated area at site
 If possible selling to scrap buyers
 Segregation and storage in dedicated area at site
 If possible selling to scrap buyers or disposal at dump site
 The scraps will not be burnt
 Segregation and storage in dedicated area at site
 If possible selling to approved recyclers or disposal at dump site




Intermittent
Non-recyclable and biodegradable
Intermittent
Recyclable and non-biodegradable
Intermittent
Recyclable and non-biodegradable
Intermittent
Recyclable and biodegradable

Empty plastic containers of nonhazardous materials, packaging
material, etc.
Hazardous Waste
14
Containers of hazardous materials like
oil, paints, chemicals, etc.




Intermittent
Recyclable and non-biodegradable




Segregation and protected storage at site

15




Intermittent
Empty containers contaminated with hydrocarbons
and chemicals
Intermittent
Contaminated soil or sludge




Intermittent
Acids, caustic, detergents, organics, solvents, etc.



10
11
12

Domestic waste, wastes from project
offices and kitchen wastes
Miscellaneous wastes such as waste
tyres, electrical wastes, etc.
Metal scraps, empty metal drums of
non-hazardous materials, etc.
Paper and wood scrap, packaging
material, etc.

Waste Stream Characteristics

13

16

Contaminated soils due to accidental
spills and leaks of oils and liquid
chemicals from oil-water separation
pits, hydrotest water storage pond, etc.
Unused and off-spec chemicals,
paints, coatings, etc.








Storage at site in segregated, bunded and lined area or in drums
for disposal to an approved hazardous waste storage facility



17

Waste oil and oil sludge from fuel oil
storage and maintenance workshops




Intermittent
Oil and sludge





18

19

Chemical cleaning solutions for
cleaning of equipment prior to
commissioning
Miscellaneous wastes such as spent
batteries, used rags, etc.
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Intermittent
Washwater potentially contaminated with acids /
alkalis / solvents, detergents, corrosion products,
suspended solids, and oil and grease



Intermittent
Hazardous waste
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Segregation and storage on site at dedicated hazardous waste
storage yard
Recycle waste chemicals / solvents to the supplier if feasible
and / or dispose accordingly
Segregation and protected storage at site
Recycling of waste oil to authorized waste oil treatment
facilities
Oily sludge, if any, will be sent to approved land farms for
treatment or stored at site as hazardous waste
Will be collected and stored to allow settling of suspended
solids, separation of oil and grease, and then will be neutralized
if required
This settles and possibly neutralized washwater will be then
sent to onsite STP or municipal STP for further treatment
Storage on site in segregated, roofed, bunded and lined area,
and recycling as feasible
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Waste Stream Type and Source

Waste Stream Characteristics


Noise
20
Noise from construction equipment
and vehicles
Accidental Releases
21
Accidental releases of flammable and
toxic chemicals during loading /
unloading, storage, transportation and
usage
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Continuous during construction activities
Engine noise, noise from excavation works, rock
breaking, earthworks, grading, vehicle movement,
etc.




Rare occurrence
Liquid, solid or gaseous hazardous materials



5-5



Proposed Control, Treatment and Disposal Methods
Non-recyclable material will be stored on site for treatment and
disposal once the hazardous waste treatment facility is
operational
Proper maintenance of equipment and vehicles
Avoiding high noise generating activities during the night time
to the extent possible
Providing ear protection to workers in high noise area
Hazardous materials will be stored in dedicated, ventilated,
bunded and lined areas with controlled access
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Air Emissions
Nature of Emissions

Major sources of air emissions during the construction phase will be the construction
equipment and vehicles, passenger vehicles and possibly any fuel oil storage tanks. The DG
units will be operated only during grid supply failure and hence will not contribute to air
emissions during construction phase. Pollutants released from these sources include NOX,
SO2, CO, VOC, and PM10, which are formed as a result of combustion of fuel. CO and VOC
are results of incomplete combustion of fuel and PM10 is formed due to the ash content in the
fuel as well as particles (soot, sulphates, etc.) formed during combustion. VOC emission from
storage tanks primarily include non-methane hydrocarbons released due to working/breathing
losses of the fuel storage and handling systems. Suspension of dust particles is possible due to
the movement of vehicles on un-paved roads and during excavation and earthworks.
Due to the nature and complexity of industrial construction activities, it is difficult to quantify
such emissions given the fact that details such as engine rating, number of units, run time,
detailed construction methodology, schedule etc., are not available for both continuous and
intermittently operating equipment. In addition, it is to be noted that the above releases are
short term in nature and will be present only for limited periods when the associated
activities, as discussed above, are performed.
(ii)

Control Measures

The equipment and vehicles will be of standard design and models and the equipment and
vehicles will have standard exhaust pipes. The emission rates of pollutants will be controlled
through proper engine maintenance and tuning. Similarly, the back-up DG units will also be
of standard design and periodic maintenance will be undertaken for such units as well. The
fuel oil storage tanks, if present, will be fixed roof tanks provided with vents to release the
hydrocarbon vapours (working and breathing losses) into atmosphere during tank utilization.
The dust risings will depend on the nature of the surface and the weather conditions. Water
spraying will be done to reduce dust emissions. The vehicle speeds on graded roads will be
limited in order to minimise dust emissions.
5.2.4
(i)

Wastewater
Nature of Effluents

The wastewater sources and nature during the construction phase are presented in Table 5-1.
With regard to the characteristics of the effluents, it is difficult to estimate the chemical
composition of the various effluent streams. Therefore, first order approximations for the
characteristics of these effluent streams (before any treatment) are also presented in the table.
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Control Measures

For the segregation, treatment and disposal of the various wastewater streams generated
during the construction period, the following measures will be implemented.


Construction equipment and vehicles will be water washed periodically to remove any
accumulated dirt;



No detergents will be used;



Washing will be done in a designated area (washing ramp) and the washings will be
collected into a settling tank in order to separate suspended solids and oil & grease;



The clarified effluent will be sent to an onsite STP / nearest municipal STP11 for further
treatment and disposal; and



The separated oil will be skimmed off or removed using soaking pads and the collected
oil will be disposed as hazardous waste. The settled solids from the bottom of the tank
will be removed periodically and disposed in accordance with regulations.

Hydro-testing will be carried out for storage tanks and piping. The spent hydrotest water will
be virtually free of any contaminants, except for small amounts of corrosion products, oil and
corrosion inhibitor chemicals (if used). Adequately designed holding pond/basin will be
constructed for storage and evaporation of spent hydro-test water. Water that is not
evaporated will be routed to the wastewater treatment plant for treatment once the plant is
operational.
Sewage generated from various toilets, kitchens and washrooms at the project site, project
offices and labour camps (if any) will be collected through underground pipes into holding
tanks. The sewage from the holding tanks will be removed periodically by vacuum trucks and
transferred to an onsite STP / nearest municipal STP for treatment and disposal. Storm water
will be a rare occurrence due to scarcity of rainfall. The storm water from non-contaminated
areas will be drained onto land. Storage areas of hazardous wastes / hazardous materials will
be enclosed to protect from rains and storm water. If storm water is suspected to be
contaminated, it will be collected in collection pits and prevented from entering surface
drains. Normally run-offs from areas where hazardous substances (oils and chemicals) are
stored will not occur. If there are any accidental spillages of hazardous substances on the soil,
such areas will be immediately remediated to avoid the run-offs being contaminated.

11

Information on installation of an on site STP was not available at the time of preparation of this report. However, this
possibility has not been ruled out considering the number of people involved during the construction phase
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Non-hazardous Wastes
Nature of Wastes

Due to the nature and complexity of the construction activities, it is not practical to quantify
the non hazardous wastes as the details on construction activities, quantities of materials,
excavation and scrap generation rates, etc., are not available. The types of wastes typically
generated during construction and the methods of handling and disposal are presented in
Table 5-1.
(ii)

Control Measures

Various wastes will be segregated and collected in appropriate skips, drums, etc. Nonhazardous wastes will be prevented from mixing with hazardous waste materials. The storage
skips / areas for each type of waste will be clearly identified and marked. The collected
wastes will be periodically disposed off to local recyclers, as feasible. Non-recyclable waste
will be sent to nearby municipal waste disposal sites.
Excavated soil will be stockpiled and reused for backfilling onsite, wherever possible. The
excess quantity will be disposed in an approved waste disposal site, if uncontaminated. If soil
found contaminated will be packed and stored has hazardous waste. The possibility of
recycling of materials such as scrap metal, wooden and paper packing materials, metal and
plastic drums etc., will be assessed and will be recycled to the extent possible or offered to
the local contractors for re-use. Non-recyclable wastes will be segregated, properly stored and
disposed off in an approved waste disposal site.
5.2.6
(i)

Hazardous Wastes
Nature of Wastes

The quantities of hazardous waste streams cannot be estimated at present as the quantities of
hazardous materials such as cleaning solvents, paints, fuels, oil, etc., which will be used for
the construction activities, are not available at present. Typically, the pollutants will be
hydrocarbons / petrochemical compounds. The EPC contractors will include adequate
provisions [as per Material Safety Data Sheet (MSDS)] for the safe handling, storage,
transportation and disposal of such wastes.
(ii)

Control Measures

Various hazardous waste materials will be segregated and stored in appropriate protected and
enclosed areas. Wastes will be segregated in such a way that those, which are explosive,
flammable, reactive, corrosive, toxic, etc., will be separately stored. As appropriate, such
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wastes will be stored on concrete floored, bunded, enclosed and covered areas in order to
protect from heat, sunlight and rains, and to prevent runoffs.
Contaminated soils generated due to accidental spillage/leakage of oils, liquid chemicals,
solvents and paints will be stored in bunded areas to prevent runoff and on impervious
flooring to prevent leaching of hazardous materials and contamination of land and water.
Unused and off-spec paints, chemicals and miscellaneous materials such as batteries will be
considered for returning to supplier, recycling or reuse either onsite or offsite. Any nonrecyclable material will be stored in a dedicated area. Waste oils and contaminated
containers/packaging material such as oil drums, paint drums and chemical packaging
materials will be sent to authorized recyclers. Empty containers of hazardous materials may
be decontaminated as feasible and disposed as non-hazardous wastes. Non-recyclable
hazardous wastes cannot be disposed off-site as currently, there are no authorized facilities
for treating/disposing such wastes in Oman. The stored material, at the end of construction
activity, will be transferred to the central storage yard of the EPC contractor or designated
storage areas as part of the Sohar II facilities for storage and will be disposed off as per
guidance from MECA. All storage areas, drums, containers, etc., used for storing hazardous
wastes will be clearly identified and labeled.
5.2.7
(i)

Noise
Sources

It is difficult to quantify noise emissions during construction as the details of the number and
type of potential noise sources such as construction equipment, DG units, construction
vehicles, etc., that will be used at site and the method and periods of their site deployment are
not available at present. However, the source noise levels of construction equipment will be
maintained in such a way as to comply with applicable regulatory requirements. Typical
noise levels from various construction equipment and activities and the periods of operation
are presented in Table 5-2.
Table 5-2: Noise Levels from Construction Equipment

No.
1
2
3
4
5
6

Source of Noise

Duration of Operation

Excavator, shovels, dumpers etc.
Compactors
Concrete mixers
Motors and compressors
DG units
Trucks

Day time only
Day time only
Day time only
Day time only
24 hours
Day time only
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Control Measures

Noise levels of 70 dB(A) will be maintained at the fence lines of the construction site in
compliance with MD 79/94. Workers on site will be provided with adequate ‘personal
protective equipment’ (PPE) so as to alleviate noise levels to below 80 dB (A) as required by
MD 80/94. Construction equipment/machineries will be provided with suitable noise
dampening devices such as mufflers, silencers, etc., as feasible, to minimise noise at source.
Also, the construction activities will be scheduled / planned in such a way as to prevent high
noise activities during night times and simultaneous operation of multiple high noise
equipment will be avoided to the extent feasible.
5.2.8
(i)

Accidental Releases
Nature of Release

Leakage and spills of hazardous materials on to land and water may occur through failure of
containers, spills during handling, transportation and use. It is not practical to quantify the
releases due to lack of adequate information on type and quantities of materials used,
methods of storage and handling, etc. The released materials will be mostly hydrocarbon
based liquids or gases.
(ii)

Control Measures

The hazardous materials will be stored in segregated, enclosed and protected areas in such a
way as to store materials, which are explosives, flammables, corrosives, toxic, etc.,
separately, as per guidance in the MSDS. Such materials will be stored in enclosed and
roofed storage areas to the extent feasible in order to protect from rains and prevent runoffs
from storage areas. Appropriate spill containment systems and remediation plans will be
established. In addition, standard procedures will be followed for receiving shipments at site
and for storage, handling, transportation and use of such materials.
5.3

Releases during Operation Phase

The assessment of environmental releases during operation phase of the project addresses
various waste streams generated due to the operation of the various units of the power plant
and associated utilities. The facilities are still at the design stage and hence a few waste
streams cannot be quantified during the course of this study. The releases during the
operation phase will include emissions from various stacks, fugitive emissions from storage
tanks, pipe fittings and pumps, process and domestic wastewater, hazardous wastes such as
waste oil, waste chemicals, vessel cleanouts, etc., packing materials, metal scrap and other
general wastes. Various environmental releases during the plant operation are presented in
Table 5-3.
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Table 5-3: Environmental Releases during Project Operation Phase

No.
Waste Stream Type and Source
Air Emissions
1
Air emissions from GT units and HRSG
units (stationary point sources)

Waste Stream Characteristics



Continuous
Combustion products including NOX, SO2, CO,
CO2, PM10 and unburnt hydrocarbons (UHC)

Proposed Control, Treatment and Disposal Methods




2

Air emissions from transport vehicles
(mobile sources)




3

Emissions from storage tanks, piping
connections, glands, pumps, etc.




Intermittent
Combustion products including NOX, SO2, CO,
CO2, PM10 and UHC
Continuous
Mainly containing VOC






Wastewater
4
Return cooling water from once through
cooling




Continuous
Seawater with elevated temperature




5

Rejects from SWRO and BWRO plants




Continuous
Containing brine




6

Sewage from the facility







7

Regeneration effluents from
demineralisation plant, blowdown from
HRSG units and ST unit
Wastewater from the sampling system
Oily water from turbine building sump.
Transformer areas catch basin, oil
unloading and forwarding facility sump
Blowdown from the ASGS




Continuous
Wastewater with high organic load (BOD) and
suspended solids
Continuous
Effluents containing TDS and acid / alkali

8
9
10







11

Water used for clean-up of spills,
washings, fire events, etc. from process
and utility areas
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Continuous
Intermittent
Oil contaminated water

Dry low NOX burners will be used
Stack height will be designed to comply with MD 118/2004
requirements
Units will be designed and operated for high combustion
efficiency to minimise CO and UHC emissions
Vehicle engines will be periodically tuned
Appropriate schedules for periodic maintenance will be
prepared
Appropriate operating / storage conditions will be maintained
in order to minimise safety releases
Vapour recovery and recycling will be provided as feasible
Will be disposed through the SIPA seawater outfall
The discharge effluents and ambient seawater will be
monitored for temperature and salinity.
Will be disposed into sea through the SIPA seawater outfall
The discharge effluents and ambient seawater will be
monitored for temperature and salinity.
Will be treated in the sanitary treatment system
The treated water will be discharged into sea, if the quality is
compliant with limits stipulated in MD 159/2005

Will be treated in the WTP

Generation only during start-ups or during failure of
steam supply to ST Unit
Typically containing TDS and boiler feed chemicals
Unique occurrence
Possible contaminated with traces of chemicals
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12

Waste Stream Type and Source
Chemical cleaning water

13

GT Unit cleaning water

14

Storm water collected from storm water
drains
Combined treated wastewater stream
from the WTP

15

Environmental Impact Assessment
Sohar Industrial Port Area
Waste Stream Characteristics
Rare occurrence
Wastewater containing chemicals
 Rare occurrence
 Wastewater with chemicals
 Unique occurrence
 Typically uncontaminated
Continuous



Proposed Control, Treatment and Disposal Methods
Will be treated in the WTP





Solid Non-Hazardous Wastes
16
Domestic waste comprising office waste,
kitchen waste, etc.




Continuous
Biodegradable and non-biodegradable solid waste
from administration building and control rooms

Metal and wood scrap and packaging
materials




Intermittent
Recyclable

Sludge from the sanitary treatment
system
Hazardous Wastes
19
Waste oils and oily sludge, waste
chemicals, solvents and maintenance
activities




Periodic
Biodegradable waste




Intermittent
Contaminated with hydrocarbons and chemicals





20




Intermittent
Hazardous due to the presence of hydrocarbons and
chemical residues



17
18

Containers of hazardous materials like
oil, paint, chemicals , etc.

Appropriate waste collection and storage facilities will be
provided
 Will be segregated and stored in a secluded area
 Non-recyclable wastes will be disposed at municipal waste
disposal site
 Will be recycled as feasible
 Remaining materials will be stored at segregated storage area
and disposed at municipal waste disposal area
The sludge will be collected in the storage area and disposed at
the nearest municipal dumpsite




21

Contaminated soils due to accidental
spills and leaks of diesel, lube oil,
solvents, paints, chemicals, etc.




Unique occurrence
Soil contaminated with hydrocarbons, heavy
metals, etc.
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Storm water from process and utility areas will be collected in
holding tanks and treated in the WTP if found contaminated
Will be tested to ascertain compliance of the quality with the
limits stipulated in MD 159/2005
If compliant, the treated wastewater stream will be routed to
the SIPA seawater discharge channel
If not compliant, the treated wastewater stream will be
recirculated to the WTP for further treatment

Will be stored in segregated, bunded areas
Waste oil will be sent to authorized waste oil recyclers
Waste solvents and chemicals, if feasible, will be sent back to
the suppliers or disposed off in accordance with the MSDS
Will be decontaminated, if feasible, for disposal as nonhazardous waste or stored onsite in enclosed area for disposal
at hazardous waste disposal facility
Will be returned to the suppliers of the corresponding
material, if feasible
Excavated contaminated soil to be stored in appropriate
storage area with impervious lining, bunds and spill
containment facilities
Will be sent to land farm or the hazardous waste treatment
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Waste Stream Type and Source

Waste Stream Characteristics

22

Used equipment and spares




Intermittent
Contaminated equipment and spares

23

Unused and off-spec materials such as
waste paints, chemicals and solvents




Intermittent
Contaminated with acids, alkalis and hydrocarbons

24

Miscellaneous wastes such as spent
batteries, waste tyres, waste cables, etc.




Intermittent
Contaminated with acid, mainly contains VOCs

25

Sludge from the WTP, remineralization
unit and neutralization pit




26

Spent filter mediums




27

Empty chemical containers from the
sampling system




Periodic
Contaminated with acids, metals and chemical
additives, O&G, SS etc.
Periodic
Contaminated with acids, metals and chemical
additives, O&G, SS etc.
Periodic
Contaminated with acids and chemicals

Noise
28
Noise from operation of the various plant
units and utilities




Continuous
85 dB(A) at 1 m from source

29



Intermittent




Rare occurrence
Hazardous gaseous and liquid materials

Noise from vehicles used for the
transportation of men and materials
Accidental Releases
30
Releases due to failure of natural gas
pipelines, fuel storage tanks, other
storage vessels and associated pipelines

HMR Environmental Engineering Consultants
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Proposed Control, Treatment and Disposal Methods
facility, once the facility is operational
 Will be stored in enclosed and dedicated storage area at site
and will be decontaminated and recycled as feasible or
disposed as directed by the Ministry
 Will be returned to the supplier, if feasible
 Will be segregated and stored at site in a lined and bunded
area
 Will be disposed according to the MSDS
 Will be returned to the supplier, if feasible
 Will be stored at site at segregated, lined and bunded area for
future disposal
Will be disposed at the nearest municipal dump site
Will be stored in dedicated storage areas at site and disposed as
directed by the Ministry
Will be stored in dedicated storage areas at site and disposed as
directed by the Ministry
Design of source noise levels will be ≤85 dB(A)
Noise enclosures will be provided as appropriate
PPE for personnel working in high noise areas
Well maintained vehicles will be used
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Appropriate control and safeguarding measures will be
incorporated to prevent failures
Spill containment facilities will be provided and response
plans will be prepared
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Air Emissions

During the operation phase, significant amount of air emissions will be from the stationary
point sources. The area sources will be less significant when compared to the stationary point
sources, while the mobile sources will be insignificant and intermittent. The point sources
include the exhausts from HRSG units (through the main stacks during closed cycle
operation) or the GT units (through the bypass stacks during open cycle operation). The area
sources primarily include onsite storage tanks. Fugitive emissions will be from valves,
flanges and other pipe fittings. Mobile sources include vehicles used for transport of men and
materials. The emission rates of significant pollutants from the stacks, as provided by STSA
Consortium, are presented in Table 5-4. The stack details are provided later in Section 8.5.4.
With regard to the emissions from the GT units, significant pollutants include NOX and CO.
The final estimation of emission rates of these pollutants will be available after the detailed
design. The design will incorporate appropriate emission controls, systems for maximizing
combustion efficiency, etc., and will ensure that the emission rates of pollutants are well
within the limits provided by MD 118/2004.
Table 5-4: Emissions from the stationary point sources
#

Source

1 HRSG-1
2 HRSG-2
3 GT-1
4 GT-2
MD 118/2004
OPWP RFP

CO (g/Nm3)
NG
DO
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.050
0.040
0.040

NOX (g/Nm3)
NG
DO
0.050
0.120
0.050
0.120
0.050
0.120
0.050
0.120
0.150
0.150
0.060
0.120

SO2 (g/Nm3)
NG
DO
0.00048
0.518
0.00048
0.518
0.00048
0.518
0.00048
0.518
0.035
-

UHC (g/Nm3)
NG
DO
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.010
0.010
-

1. NG = natural gas; DO = diesel oil
2. Data provided by STSA Consortium.

It can be noted from Table 5-4 that the emission rates of NOX and UHC are in compliance
with limits stipulated in MD 118/2004. The SO2 emissions are higher than the stipulated limit
for all the sources; however, it is to be noted that the diesel oil will be used as back up fuel
only during failure of natural gas supply. This will be a rare and short term event.
Nevertheless, state-of-the-art technologies will be incorporated in the process in order to
minimise the air emissions. The storage tanks will be provided with vent condensers/floating
roofs, submerged loading facilities, etc. Further, the results imply that the stack height of 40
m considered for the project is adequate for dispersion of the pollutants such that the
maximum occurring GLCs are below the applicable standard limits.
Further, the NOX and CO levels in the stacks presented in Table 5-4, will also meet the
requirements of OPWP.

HMR Environmental Engineering Consultants
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Wastewater

The main wastewater streams that will be generated during Sohar II operation phase are the
return cooling water, rejects from the RO systems, and the chemical and oily waste water
streams. The cooling water and the rejects will be routed to the SIPA seawater discharge
channel for onward disposal to sea. The chemical and oily waste water streams will be treated
in the WTP, which will be located on the eastern part of the plant site. The WTP will consist
of processes such as API and EPS oil separation, flocculation, clarification, sludge thickening
and dehydration, and disinfection.
The disposal of the aforementioned streams may result in increase of temperature and salinity
at the outfall area if the above streams are not properly treated / controlled. Improper
treatment of wastewaters will result in increase of pollutant concentrations in the outfall.
However, the WTP, as explained above, and the seawater discharge configuration will ensure
adequate treatment of wastewater streams, control of pollutant concentrations and adequate
dispersion of temperature and salinity as required by applicable regulations.
Further, the treated water from the WTP will be tested for compliance with the limits
prescribed for seawater discharge in MD 159/2005, prior to disposal into the seawater
channel. If the quality is in compliance with the regulatory requirement, then the treated
water will be disposed into the sea through the discharge channel, along with the cooling
water and the rejects.
It is to be noted that the detailed design of the WTP is yet to be completed and thus there
could be minor changes in the configuration of the WTP. Any changes made in the
configuration will be notified to MECA through an update to the present EIA.
In addition to these streams, the plant will generated sanitary waste water, which will be
treated in the sanitary treatment system. The sanitary waste water will be treated through
screening, equalization, oxidation, and aerobic and anaerobic digestion, and disinfection to
meet the limits prescribed in MD 159/2005, in order to facilitate discharge to marine
environment through the seawater channel along with the above streams.
The waste water streams anticipated to be generated during Sohar II operation phase, its
quality and quantity, and mode of treatment and disposal are presented in Table 5-5.
Table 5-5: Waste water streams during Sohar II Operation Phase

Waste Water Stream
Chemical Waste Water
Return cooling water
from once-through
system
12

Untreated Waste Water
Characteristics

Treated Effluent
Characteristics

Quantity Generated
(m3/d)

Not available

ΔT12 = 10 K

Not available

Temperature difference between the treated effluent and the ambient sea at point of discharge.

HMR Environmental Engineering Consultants
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Waste Water Stream
Rejects from
demineralisation plant
HRSG / boiler
blowdown
Laboratory
Sampling water
Chemical pits
Oily Waste Water
Fuel oil tank area
T/R area
GT/ST Units area
HRSG Unit area
Sanitary Waste Water
Plant sewage
5.3.3
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Untreated Waste Water
Characteristics

Treated Effluent
Characteristics

Quantity Generated
(m3/d)

pH = 1 to 14

pH = 6 to 9

10

pH = 7 to 10

pH = 6 to 9

340

pH = 1 to 14
pH = 7 to 10
pH = 1 to 14

pH = 6 to 9
pH = 6 to 9
pH = 6 to 9

5
20
20

Oil = 500 mg/L
Oil = 500 mg/L
Oil = 500 mg/L
Oil = 500 mg/L

Oil < 5 mg/L
Oil < 5 mg/L
Oil < 5 mg/L
Oil < 5 mg/L

86
5
5
5

BOD = 250 mg/L;
TSS = 200 mg/L

BOD < 30 mg/L;
COD < 30 mg/L

9

Noise

Equipment such as GT units, ST units, pumps, blowers, etc., will generate noise during the
operation of the plant. The vehicle movements for transportation of men and materials will
also lead to generation of noise at site as well as along their route to the facility. Presently
available information on noise levels of all significant noise generating sources are presented
in Table 5-6. Nonetheless, it is expected that further specific information will be available
after detailed design, and will be produced, if required, as an update to the present EIA report.
Table 5-6: Typical Source Noise Levels of Plant Equipment

#
1

Sources
(Number of)
GT Unit (2)

2

ST Unit (1)

3

HRSG Unit
safety valves (2)

4
5
6
7
8

Bypass valve –
boiler (1)
IP steam bypass
station (1)
LP steam bypass
station (1)
Demineralisation
plant (1)
Blower in WTP
(1)

Duration of
Operation
Continuous
Continuous

Noise Level at 1 m
distance from Source
Sound Pressure Level,
Lp ≤ 85 dB(A) (spatially
averaged outdoor)(1)
Lp ≤ 85 dB(A) (spatially
averaged outdoor)(1)





Proposed Noise Control and
Attenuation Method
Acoustic enclosure;
Air intake silencer; and
Exhaust gas duct silencer

Acoustic enclosure

Intermittent;
Very rarely
operated

Lp ≤ 113 dB(A) each(2)

Silencer

Intermittent

Lp ≤ 100 dB(A) each(3)

Insulation

Intermittent

Lp ≤ 110 dB(A)(3)

Insulation

Intermittent

Lp ≤ 108 dB(A)(3)

Insulation

Intermittent

Lp ≤ 85 dB(A)

Continuous

-

Noise enclosures will be provided
wherever appropriate
 Source noise levels will be
maintained ≤ 85 dB(A);
 Noise enclosures will be
provided wherever appropriate

(1) During normal, steady-state operation
HMR Environmental Engineering Consultants
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(2) During emergency case
(3) During start-ups and shut-downs

The EPC contractor will strive to maintain the source noise level at ≤ 85 dB (A) in order to
comply with the regulatory requirements (MD 80/94), and this will be ensured during the
commissioning phase. Noise enclosures will be provided wherever appropriate. All areas
where high noise levels are expected will be marked. The operators working in such areas
will be provided with suitable PPE with instructions to use them before entering such areas.
Furthermore, the EPC contractor will enterprise to ensure that the maximum source noise
levels at the plant boundary will be  70 dB(A), which will be in compliance with the
regulatory requirement of MD 79/94.
5.3.4

Hazardous Wastes

Hazardous wastes include solid and liquid wastes. Solid hazardous wastes include oily sludge
from the WTP (0.1 t/d), used cotton waste, spent batteries, waste chemicals, containers of
hazardous materials, etc. Liquid hazardous wastes include waste oil / paints / solvents and
chemicals. The quantities of hazardous wastes generated are not available at present and will
be available after detailed design.
5.3.5

Non-hazardous Wastes

The non-hazardous waste generation from the facility during normal operation is not
expected to be significant. Non-hazardous solid wastes include domestic and office waste
from various sources within the facility, metal and wooden packaging materials, used
electrical fittings, metal scrap, cans, drums and containers of non-hazardous materials, sludge
from the sanitary treatment system, etc., that are primarily non hazardous in nature. The
nature, frequency of generation and disposal methods for the various non-hazardous solid
wastes generated from the facility is summarized in Table 5-3.
5.3.6

Accidental Releases

Accidental releases from the facility during operation include gaseous or liquid material leaks
from storage tanks and/or pipelines due to corrosion, failures from overpressure situations, or
external damage. The significance of the above leaks depends on the quantities (inventory) of
material contained, type of leak (small / medium leak or rupture), hazardous properties of the
material, operating conditions and the location of leak. An assessment of consequences of
such releases and the control measures for such incidents are discussed further in Section 8.6.
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ANALYSIS OF ALTERNATIVES

6.1

Overview

Environmental Impact Assessment
Sohar Industrial Port Area

The development, design and construction of the proposed project involve several major
management and technical decisions, some of which will have significant influence on the
environmental impacts of the project. In this chapter, the environmentally critical alternatives
selected for the project are identified and the rationale for their selection is discussed. The
following key elements are considered, which will have significant impacts on the
environment, with regard to development, construction and operation of the project.


Need for the project;



Selection of project site;



Selection of process and technology;



Sourcing of utilities such as power and water;

The following are discussed specifically with regard to the construction phase:


Sourcing of construction materials; and



Sourcing of fuels and other utilities

6.2

Need for the Project

During the conclusion of the first phase of the Sultanate’s planned development from 1970 to
1995, a vision of Oman’s economic future up to 2020 was set out. During the advent of the
second phase of the development process (1996 to 2020) “Vision 2020” was established
outlining the Sultanate’s economic and social goals. This vision is intended to develop the
country’s economy and improve the Gross Domestic Product (GDP) through
industrialization, and move away from the extensive dependency on oil and gas.
Accordingly, Oman’s economy has been continuously growing thus resulting in the increased
demand for power and water. While the current demands for water are adequately met
through the supplies from the existing facilities, the existing supplies of power are
insufficient to cater the demands from the continued industrial growth and development in
other sectors of the economy.
OPWP foresees an additional requirement of 2,300 MW of power till 2015 (as highlighted in
Section 1.1). Forecasts of electrical power consumption till 2010 in the Sultanate of Oman
were prepared by Fichtner Consultants. The forecast for Muscat and Wadi Jizzi are presented
in the Figure 6-1. Accordingly, the need for new power generation facilities in the region has
resulted. Furthermore, the proposed IPPs will contribute to the economic development also
by creating new employment and business opportunities.
HMR Environmental Engineering Consultants
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Figure 6-1: Power demands in Oman

6.3

Selection of Project Site

As explained in earlier chapters, the project site is located in SIPA, wherein a part of the total
land area was earmarked for development of power and desalination projects. The Sohar II
project will be developed on this land area, adjacent to the Sohar I (IWPP) which is already
operational. Therefore, there was no site selection process for the present project.
Presumably, the following criteria have been considered for the selection of the site for the
projects.


Proximity to the coast;



Availability of land;



Site preparation costs;



Current land use;



Availability of access roads;



Proximity to main gas pipelines;



Proximity to human settlements;



Visual intrusion;



Proximity to recreation and tourism sites, historical and cultural sites; and



Proximity to wildlife, natural parks and reserved areas.

6.4

Selection of Process for Power Plant

Power plants can be broadly classified into the following categories


Thermal power plants (coal based, gas / fuel oil and steam turbine / engine based);
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Nuclear power plants;



Hydroelectric power plants; and



Renewable energy power plants (based on wind, wave energy, solar energy, etc.)

The comparison of the above power plants is presented in Table 6-1.
Table 6-1: Comparison of Processes for Power Plants
#
1

Process
Thermal
process – ST
based

Explanation
The steam process involves the
generation of high pressure
steam using the burning of
fossil fuels, which will be used
to drive ST unit-generators to
generate electricity.
Gaseous / liquid fuel along
with air is combusted in the
GT units, which drives the
turbine and also the generator
coupled to the turbine. The
heat content from the exhaust
is generally recovered using
HRSG units which in turn
drive the ST.
The energy released from the
fission of nuclear materials is
used to produce steam and in
turn produces power from ST.
Hydroelectric power is
generated utilizing the kinetic
energy of flowing water for
rotating the turbines.

Fuel
Coal / Natural
gas / Liquid
fuels

Comments
The burning of fossil fuels will
produce emissions such as CO,
NOX, PM10, etc.

2

Thermal
process – GT
based

Gaseous /
Liquid fuels

Wind / Wave
energy based

Energy from wind or wave is
used to turn the turbine.

Wind / Wave

Solar energy
based

Solar power is generated using
the solar radiation from the sun
harnessed by the use of solar
cells.

Solar energy

The burning of fossil fuels will
produce emissions such as CO,
NOX, PM10, etc. The heat content
is generally recovered using
HRSG units which in turn drive
the steam turbine and thus
reducing the consumption of fuel
and increase the efficiency of
power generation.
The nuclear materials have to be
imported and also the complexity
of operation proves other options
viable.
This is a renewable source of
energy which requires no burning
of fuels. But absence of suitable
flowing water sources in Oman
makes this option unsuitable.
This is renewable source of
energy which requires no burning
of fuels. Due to initial investment
costs and requirement of more
land area, wind energy is not
considered. As the wave energy
utilization is not common across
the world, this option is not
considered
This is renewable source of
energy which requires no burning
of fuels. This requires huge
investments. In addition, the
operation and maintenance of the
facilities pose difficulties. Suitable
for small capacities

3

Nuclear power

4

Hydroelectric
power

5

6

Uranium or
plutonium
Flowing water

Considering the above, it can be noted that the most suitable option will be gas turbine based
power plant along with heat recovery facilities (HRSG units and ST units) for power
generation, which is selected for the present project. The technologies selected by STSA
Consortium are of high efficiency when compared to existing power plants in the Sultanate.
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Selection of Fuel

As discussed above, the option considered for the present project is GT unit based power
plant along with HRSG units and ST unit using natural gas as primary fuel. In case of
shortage of natural gas, diesel oil will be used as a back-up fuel. Natural gas will be provided
by MOG. Heat will be recovered using HRSG units and in turn steam will be used to run the
ST unit to generate power.
6.6

Sourcing of Construction Materials

The construction materials include aggregates, sand, cement, steel, wood, surface coating
materials etc. All such materials can be sourced from local market. Since the project is
located in SIPA, the supply and transport of materials can be done through existing vendors
and transporters. The site is located within SIPA, major plant equipment and components,
which are to be sourced from suppliers outside Oman, can be imported through Port.
However, equipment/components, which are supplied from vendors in Oman, will have to be
transported via road to the site.
6.7

Utilities for Construction

6.7.1

Power

The alternatives considered are sourcing from national grid and use of onsite DG units.
Employing DG units to generate the entire power requirement during the construction phase
will involve consumption of significant quantities of fuel and will result in air emissions from
DG units. Moreover, storage of fuel within the site will cause fugitive emissions and
accidental releases that may pose safety hazards. The possibility of tapping power from the
local grid, availability and reliability during the construction period is to be further explored.
Portable DGs may be required to supply power to some parts of the site or construction
activities. A suitable option will be selected based on the site logistics and power availability
from grid at a later stage of the project development.
6.7.2

Water

The following alternatives are available to meet water requirements during the project
construction phase:


Sourcing from local groundwater resources;



Installing onsite desalination units; or



Obtaining water from external sources.

The local groundwater resources are limited and are not suitable for direct use due to high
salinity. Onsite desalination plant can be installed for producing potable water for
HMR Environmental Engineering Consultants
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construction and domestic uses. This will however result in generation of reject water having
high TDS. This reject water will have to be routed to the existing seawater outfall channel.
Another alternative is to obtain water for construction and domestic uses from external
sources using tankers. The possibility of using treated water to meet the construction
requirement also needs to be explored. Accordingly, road tankers can be employed to meet
the daily fresh water requirements of the labour force.
A suitable option will be selected based on the total quantity and quality of water required at
site during the detailed design of the project.
6.7.3

Fuel

The fuels required for the construction equipment and vehicles can be stored onsite or can be
met by using fuel-dispensing tankers. The option of using dispensing tankers will be more
suitable option. Such tankers can be supplied and maintained by the contracting companies.
This avoids the need for onsite fuel storage and related safety protection systems. However,
this will depend upon the quantity of fuel required during the construction and will be
finalized by the EPC contractor based on the site requirements and logistics.
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7

CLIMATE IMPACT ASSESSMENT

7.1

General

This chapter presents the impacts on climate due to the proposed project activities. The
aspects discussed in this chapter are in line with the guidelines issued by DGCA.
7.2

Climate Affairs Contact

Organization and Contact Details during construction and operation phases of the project are
as provided below:
Organization
Address

:
:

Name of the Contact Person
Telephone Number
E-mail

:
:
:

7.3

Suez Tractebel S.A.
31st Floor, API Tower, Sheikh Zayed Rd.
PO Box 66235, Dubai, United Arab Emirates
Mr. Mathieu Ablard
+971 4 3184 521
mathieu.ablard@gdfsuezuae.com

Ozone Depleting Substances (ODS)

The only device likely to contain ODS are the room air conditioners. Window or split air
conditioners will be installed in the office and administration building, during construction
and operation. Standard air conditioners commercially available in the local market through
authorized distributors will be sourced. The exact number and make of these air conditioners
will be finalized during subsequent design stage of the project. Use of air conditioning is not
envisaged in the plant areas. The window / split air conditioners will be sourced, serviced and
maintained by authorized suppliers and service centers in Oman. The suppliers and service
centers are expected to comply with the requirements of MD 243/2005. Further, standard fire
extinguishers will be sourced from approved local suppliers and such fire extinguishers are
not expected to contain any ODS.
Controlled substances listed in MD 243/2005 or equipment, appliances and products
containing such substances will not be used during any stage of project activities.
7.4

Greenhouse Gas (GHG) Emissions

7.4.1

Construction Phase

Sources of GHG emissions during the construction phase will include both mobile and
stationary sources. Movement of passenger and material transport vehicles and heavy plant
equipment constitute the mobile sources during all stages of the project. The stationary
sources would be the construction equipment and DG units. as mentioned in previous
HMR Environmental Engineering Consultants
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chapters, the power for construction will be sourced from electricity grid and thus DG units
will not be used. The construction equipment will be moved from location to location
depending up on the need of the activities involved. The exact number of equipment to be
used and the period of usage cannot be envisaged at present.
7.4.2

Operation Phase

Main sources of GHG emission during the operation of the plant is the GT units or HRSG
units. The quantity of CO2 generated from the facility during normal operation is estimated to
be 62,311.032 g/s or 5,383.67 t/d. Further, assuming a plant lifespan of 30 years, the facility
is expected to contribute 58,951,221.58 tonnes of CO2.
As discussed in Chapter 3, the facility will employ diesel oil in case of an emergency with the
effluents released through the respective bypass stack of the GT units by virtue of open cycle
combustion. The CO2 emissions during this case are estimated to be 124,622.064 g/s or
448.64 T/hr.
In addition, it is expected that STSA Consortium will establish the development of a green
belt as feasible, along its fence lines to mitigate the impacts of the greenhouse gases released
from its facility. The industrial area is surrounded by farms in the neighboring settlements,
which may also act as sinks for the GHG. Further, periodic maintenance of the combustion
systems will be carried out in order to ensure efficient operation and to reduce emission
levels.
7.4.3

Cumulative Impact on Climate Change

During the operation phase, cumulative impacts on climate change will be due to emission of
CO2, nitrogen oxides, etc., from all the industries in SIPA. Even though information of CO2
emissions loads from many of the proposed industries is not available in the public domain, it
is reasonable to expect that the total CO2 emissions will be increased on account of emissions
from various stacks and flares in the area depending on development of future industries.
Further, all new projects in SIPA are expected to utilize state-of-the-art technologies as well
as measures to reduce emission loads per unit production.
7.5

Adaptation to Climate Change

The major impacts of climate change are extreme events such as floods, temperature variation
and rise in sea levels. The plant layout and designs have been prepared taking into account
the currently available historical flood and extreme weather data for the area. The designs
include draining of floodwaters through appropriate drainage channels within the site.
Further, the facility is located within SIPA, which is a designated industrial area and is
expected to be planned by the Government of Oman taking into account the expected rise in
sea levels over time.
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All plant equipment has been designed for high variation in temperatures and relative
humidity.

HMR Environmental Engineering Consultants
Sultanate of Oman

7-3

HMR/2826
July 2010

Sohar-II Power Plant
Suez Tractebel S.A. Consortium

Environmental Impact Assessment
Sohar Industrial Port Area

8

ENVIRONMENTAL IMPACT ASSESSMENT

8.1

Overview

This section outlines the identification and assessment of potential environmental impacts
from various components of project development. The assessment covers the construction
and operational phases of the project. Based on similar considerations in the discussions on
environmental releases in Chapter 5, the impacts associated with the project
decommissioning (at the end of the project lifecycle of approximately 30 to 40 years) are not
discussed separately for want of specific information at present and also the impacts during
the decommissioning phase are considered to be similar to that of the construction phase.
Further to the assessment of impacts, this section includes discussion on the residual impacts
from the projects taking into account various control / mitigation measures incorporated
(through design, procurement, construction, operation, maintenance and monitoring) during
the construction and operation of the facilities and the cumulative environmental impacts
from the project.
8.2

Methodology

The identification and assessment of environmental impacts is based on the guidelines
provided in ISO 14001 series of standards and includes the following steps:


Identification of major activities during the construction and operational phases of the
project based on the discussions on project details provided in Chapter 3;



Identification of potential environmental aspects from the project activities (identified in
the above step) based on discussions in Chapters 3 and 5;



Identification of potential impacts from the project considering the environmental aspects
identified above and various environmental elements / sensitivities (receptors) which are
likely to be impacted due to the project based on discussions presented in Chapter 4; and



Assessment of environmental impacts considering the severity of impact and likelihood of
its occurrence.

The identification and assessment of environmental impacts are carried out in such a way as
to meet with the requirements of PEP. Based on the above, as the first step, each major
activity of the project during the construction and operation are identified. The associated
environmental aspects are identified based on the project description (presented in Chapter 3)
and various releases into the environment (presented in Chapter 5). The resulting impacts are
identified by combining the above information with the environmental elements / sensitivities
(environmental settings of the project site presented in Chapter 4). Wherever interactions
exist between the identified aspects and sensitivities, they are further analyzed to determine
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potential impacts from the project. Impacts may be classified as beneficial/adverse,
direct/indirect, reversible/irreversible and short term/long term. It may be noted that more
than one activity may contribute to an impact.
The assessment of potential impacts is carried out utilizing both qualitative and quantitative
assessment techniques. In qualitative assessment, impacts are rated as ‘low’, ‘medium’ or
‘high’.
For impacts arising from planned / expected aspects, this rating is based on two parameters,
i.e., severity of impact and duration of its occurrence. Severity of any impact will depend on
the nature and size of the activity/aspect and the environmental/social sensitivity. An impact
assessment matrix (IAM), as presented in Table 8-1, is used for combining the two
assessment criteria.
Table 8-1: Impact Assessment Matrix for Planned Aspects
Duration
Severity
Positive Effect
Slight Effect
Minor Effect
Moderate Effect
Major Effect
Massive Effect

Momentary
< 1 Week

Short Term
< 1 Year

Medium Term
1 – 10 Years
+

Long Term
10 – 50 Years
++

Long Term
> 50 Years
+++

Negligible
LOW
MEDIUM
HIGH

For impacts resulting from unplanned and accidental aspects / activities, assessment is based
on consideration of the impact severity and the likelihood of its occurrence. While the impact
severity depends on the nature and size of the activity/aspect and the environmental/social
sensitivity, the likelihood depends upon the nature of the activity/aspect and the control
measures in place. An impact assessment matrix, as presented in Table 8-2, is used for
combining the two assessment criteria, i.e., the severity of impact and the likelihood of its
occurrence
Table 8-2: Impact Assessment Matrix for Unplanned Aspects
Likelihood
Severity
Slight Effect
Minor Effect
Moderate Effect
Major Effect
Massive Effect

Very Unlikely

Unlikely

Likely

Very Likely

Certain

LOW
MEDIUM
HIGH

In reviewing the impact assessment, it is to be noted that the project activities, related
environmental aspects and associated impacts are presented together to facilitate subsequent
rating. The ratings are primarily based on qualitative assessment of the situation and its
interaction with the environmental elements.
The impacts, which are rated as low are considered to be acceptable or within ‘As Low As
Reasonably Practicable’ (ALARP) levels. Further control measures are not required to
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mitigate these impacts. For impacts, which are rated as medium / high, control measures and
an Environmental Management System (EMS) are to be implemented to mitigate the impacts
to ALARP levels. Definition of terms used in the IAM is presented in Appendix H.
8.3

Identification of Impacts

8.3.1

Impacts during the Construction Phase

The sources of impacts (aspects) and potential environmental impacts for the construction
phase of the project are presented in Table 8-3. The potential impacts presented in the table
are impacts expected from the construction of a power plant. The impacts will be further
discussed with regards to the Sohar II project in subsequent sections.
Table 8-3: Potential Environmental Impacts during Construction Phase

#
1

2
3
4
5

6

7

8

9

Source of Impact (Aspects)

Potential Impacts

Land Take
Land-take for installation of facilities,  Non-availability of land
construction of site office and laydown  Damage or loss of terrestrial habitat
areas
 Damage or loss of top soil
Resource Use
Consumption of fuels for vehicles,
 Depletion of petroleum resources
equipments and power generation
 Loss of fuel due to inappropriate storage and
handling
Consumption of mineral resources for Off-site impacts from quarrying for rocks, aggregates
construction materials
and soil
Consumption of other resources such
Depletion of natural resources
as wood, metal, etc.
Utilization of human resources
 Generation of employment for local workers
(Employment of immigrant /
 Public health risks from large scale use of immigrant
expatriate workers for construction)
workers
 Stress on local healthcare infrastructure
 Social conflicts due to workforce influx
Accommodation of construction
 Health risk to local people
workers in labour camps and operation  Local life style and cultural impacts
of labour camps
 Consumption of foodstuff and other materials for the
labour camps
Utilization of local infrastructure
 Stress on local infrastructure facilities
facilities (accommodation, roads, local  Stress on road traffic
transport, power supply, water supply,  Public safety and health risks
sanitation, hospitals etc.)
 Local life style and cultural impacts
Construction Works (Direct Actions and Effects)
Mobilization of construction
 Stress on traffic along the route of travel of men,
equipment and people
materials and equipment
 Safety risk to road users
 Influx of large number of people into the project
area
 Health risk to local people
Site preparation comprising removal
 Loss of terrestrial habitat
of vegetation, leveling, grading and
 Damage to vegetation
fencing at the project and labour camp  Damage archaeological resources
sites
 Changes to landscape
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Source of Impact (Aspects)

Potential Impacts
Damage to existing surface drainage channels and
impacts of flooding
 Access restrictions to current users
 Nuisance due to increased activity and traffic
 Stress on road traffic due to movement of men and
materials to and from the site
 Safety risk to people using nearby roads and areas.
Construction work (excavation,
 Visual impacts
foundation work, and concrete and
 Nuisance due to increased activity and traffic
asphalting work) at the project and
 Stress on road traffic due to movement of men and
labour camp sites
materials to and from the site
 Safety risk to workers and people accessing the site
and nearby roads and areas
 Employment generation and economic benefit
Construction connecting channel to the Degradation of marine environment from the
existing outfall discharge channel
construction activities
Releases to the Environment
Release of air pollutants (dust from
 Degradation of air quality
construction activities and road traffic,  Health risks for people
and PM and gaseous emissions from
fuel run construction equipment and
vehicles) – Table 5-1, row no. 1 to 4
Generation of noise from construction  Increase in workplace and ambient noise levels
activities, equipment and transport
 Disturbance / nuisance to local people
vehicles – Table 5-1, row no. 20
 Health risk to workers and local people
Industrial and domestic wastewater
 Onsite and office soil and groundwater
management (collection, storage,
contamination
treatment and disposal) – Table 5-1,
 Nuisance due to foul odour
row no. 5 to 7
 Health risk to workers and local people
Non-hazardous (construction and
 Onsite and offsite soil and groundwater
domestic) and hazardous waste
contamination
management – Table 5-1, row no. 8 to  Nuisance due to foul odour
13
 Housekeeping issue; and Health risk to workers and
local people.
Storage and handling of hazardous
 Onsite and offsite soil and groundwater
substances like welding gases, fuels,
contamination due to accidental releases and
lube oils, chemicals, radioactive
contaminated runoffs
substances, etc., and handling of other  Fire, explosion and health risk to workers and local
construction materials and equipment
people
– Table 5-1, S. No. 21
 Risk from electrical failures and falling objects to
workers
 Risk from exposure to radiation
Transportation
Increased traffic due to equipment and  Stress on road traffic
machinery transport
 Safety risk to other road users
Unsafe driving
 Traffic accidents and risk to other road users
Accidental spillages of fuels,
 Offsite land and groundwater contamination due to
chemicals, solvents, etc., during
spillages
transportation
 Fire and safety risk to public


10

11
12

13
14

15

16

17
18
19
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Impacts during the Operation Phase

The sources of impacts (aspects) and potential environmental impacts for the operation phase
of the project are presented in Table 8-4. The potential impacts presented in the table are
impacts expected from the operation of a power plant. The impacts will be further discussed
with regards to the Sohar II project in subsequent sections.
Table 8-4: Potential Environmental Impacts during Operation Phase

#

Sources of Impact (aspect)

1

Sourcing and consumption of
seawater for plant use through the
seawater intake channel at SIPA
Consumption of potable water for
domestic use

2
3

4

5

6
7
8

9

10

11

Potential Impact
Resource Use
Degradation of marine environment

Stress on existing ground water resources due to
additional users of the water source
 Potential depletion of groundwater resources
Consumption of natural gas and fossil  Depletion of petroleum resources
 Degradation of ambient air quality due to
fuels for vehicles, equipment and
consumption (combustion) of natural gas and fossil
power generation
fuels
Utilization of expatriate and local
 Generation of employment for local people
people for facility operation (direct
 Health risk to local people
and indirect employment)
 Local lifestyle and cultural impacts Increase in
consumption and cost of food and other materials
Utilization of local infrastructure
 Stress on local infrastructure facilities
facilities (accommodation, roads,
 Stress on road traffic
local transport, power supply, water
 Public safety and health risks
supply, sanitation, hospitals etc.)
 Local life style and cultural impacts
Releases to the Environment
Release of air pollutants from various  Degradation of ambient air quality
emission sources at the facility –
 Health risk and nuisance to employees and
Table 5-3, S. No. 1 to 3
community
Noise from plant equipment and
 Increase in ambient noise levels
vehicles – Table 5-3, S. No. 29 & 30
 Disturbance/nuisance and health risk to people
Industrial and domestic wastewater
 Onsite and office soil and groundwater
management (collection, storage,
contamination
treatment and disposal) – Table 5-3,
 Nuisance due to foul odour
S. No. 4 to 15
 Health risk to employees, contractors and local
people
Non-hazardous (industrial and
 Onsite and offsite soil and groundwater
domestic) and hazardous waste
contamination
management – Table 5-3, S. No. 16 to  Nuisance due to foul odour
18
 Housekeeping issue
 Health risk to employees, contractors and local
people
Release of liquid effluents into the
 Interference with the marine habitat in the region
marine environment - Table 5-3, S.
 Damage to coral communities
No 31
 Degradation of marine environment from the
improper disposal and mixing of effluents
 Degradation of marine environment from accidental
releases/spills
Storage and handling of hazardous
 Onsite and offsite soil and groundwater
substances like fuels, lube oils,
contamination due to accidental releases and
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Sources of Impact (aspect)
chemicals, radioactive substances,
etc., and handling of other materials
and equipment – Table 5-3, S. No. 32

Potential Impact
contaminated runoffs
 Fire, explosion and health risk to employees,
contractors and local people
 Risk from electrical failures and falling objects to
employees and contractors
 Risk from exposure to radiation
Transportation
Increased traffic from transportation
 Stress on road traffic
of raw materials and wastes to and
 Safety risk to other road users
from the facility
Unsafe driving
Traffic accidents and risk to other road users
Accidental spillages of hazardous
 Offsite land and groundwater contamination due to
wastes during transportation
spillages
 Fire, safety and health risk to public
Accidental release of materials due to Injuries / fatalities, property damage, business
pipeline failures from various causes
interruption environmental contamination and fire and
explosion risks
Security and Access Control
Site fencing and access control for
Access restrictions for local people using / passing
safety and security
through the site

8.4

Assessment of Impacts during Construction Phase

8.4.1

General

In Table 8-3, impact sources and the potential impacts on the environment during the
construction phase have been identified. In this section, such impacts are evaluated for their
significance. It may be noted from Table 8-3 that for a potential impact, there can be more
than one source (aspect). Therefore, the net impact on each environmental element due to the
various sources / aspects is discussed in the following sections.
8.4.2

Natural Resources

The aspects that may have potential impacts on natural resources are consumption of
construction materials such as wood, metal, cement, rocks, aggregates, etc. Further, fuel will
be consumed for operation of construction equipment and vehicles. Water will be used for
construction as well as for domestic requirements. Installation of labour camps is not
envisaged as the workforce will be housed in the existing accommodation facilities; thus
reducing consumption of natural resources.
The supply of construction materials and fuel can be met through authorized suppliers
available locally or within the region. The water required for the construction phase will be
sourced from authorized tanker suppliers. Appropriate storage and handling facilities will be
established for water and fuel in order to minimise losses due to leaks and spillages. Further,
the consumption of resources will be optimized, minimizing wastage. The foodstuff and other
materials required for the labour camps will be sourced from local suppliers. The
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usage/consumption of such materials will be optimized and wastage minimized. Based on the
above, the impacts to natural resources are rated as below.
Impact
Impact on Natural Resources

8.4.3

Severity
Minor Effect

Duration
Medium Term

Likelihood
-

Impact Rating
Low

Topography and Landscape

The activities that can have impacts on the topography and landscape include the leveling and
grading of the site, excavation for foundations, etc. Further, the grading and leveling of the
site are likely to result in filling of the surface drainage channels within the site, which in turn
may result in flooding during rain events.
Though some of the areas within the site are undulating, the site is generally flat and
therefore, will not require significant cutting and filling thereby minimizing the changes to
topography and landscape of the site. The leveling activities will be restricted to the
designated plot boundaries. Further, the cutting and leveling activities within the site will be
controlled as required for the installation of plant and equipment, which will further minimise
the landscape changes. Drainage channels will be provided around the site in order to route
the flow from upstream wadi channels to areas downstream of the site, in order avoid
flooding. However, as explained in Chapter 4, the major wadi channels in the area are located
away from the site, which will minimise water flow in the nearby areas around the site. Based
on the above discussions, the impacts on topography and landscape are rated as below.
Impact
Topography and Landscape

8.4.4

Severity
Slight Effect

Duration
Medium Term

Likelihood
-

Impact Rating
Low

Ambient Air Quality

Major sources of potential impacts on ambient air quality during construction phase of the
project are as below:


Generation of dust due to site preparation, earthwork, excavation, and movement of
vehicles;



Release of SO2, NOX, VOC and PM10 from diesel engines of construction machineries
and vehicles, and DG units used for power generation;



Release of welding fumes and VOC from welding / metal cutting work, surface cleaning
and painting; and



Fugitive emissions from storage of fuels, lube oils and other chemicals releasing VOC.

The fumes generated during welding and metal cutting activities and hazardous air pollutants
released during spray-painting can cause health hazard to workers. The dust risings from
earthwork and vehicle movements could be significant onsite.
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Though it is difficult at this stage to quantify the impacts on air quality, it is reasonable to
consider that impacts will be limited to the nearby environment and will be for 1 to 2 years
considering the nature of construction activities. The control measures to be implemented in
order to minimise the adverse impacts on air quality are discussed in Chapter 9. Accordingly,
the impacts on ambient air quality are rated as follows:
Impact
Ambient Air Quality

8.4.5

Severity
Moderate Effect

Duration
Medium Term

Likelihood
-

Impact Rating
Medium

Ambient Noise

The heavy equipment used for the construction work, fabrication activities, earthwork such as
grading and excavation, and the vehicles used for transportation of men and materials to site
will have an adverse impact on the noise levels in the workplace as well as ambient. Due to
the nature and complexity of industrial construction activities and in the absence of specific
information on the type, number, location and duration of operation of major noise sources at
the construction site (this will be planned by the contractor), it is difficult to quantify impacts
on noise levels during construction. It is likely that at certain locations close to the noise
sources within the work site, the noise levels will be in excess of 85 dB(A) requiring the
personnel on-site to wear ear protection devices.
With regard to the ambient noise levels, since noise is attenuated by distance (typically noise
levels drop by about 40 dB(A) at every 100 m distance from the source), the activities on-site
are unlikely to affect the ambient noise levels significantly. However, during night times
when the ambient noise levels are low, the level of perception to noise may be more acute.
Noise from transport vehicles will be only transient for a given location and can be
considered as a nuisance during night time through the route which it passes. Mitigation
measures to be implemented in order to minimise impacts on noise levels are described in
Chapter 9. Accordingly, the impacts on noise levels are rated as below.
Impact
Ambient Noise

8.4.6

Severity
Moderate Effect

Duration
Medium Term

Likelihood
-

Impact Rating
Medium

Terrestrial Ecology

The existing ecology and natural habitats at the proposed site is described in Chapter 4. Any
vegetation within the site is likely to be cleared. It can be noted from the findings of the
ecological survey that there are no species within or around the site that are classified as rare,
threatened, endangered or of significant conservation value. The impacts on ecology will be
largely due to site clearing and leveling activities. Further, disturbance to ecology in the area
will also result from increase in noise during construction activities and vehicle movements.
The ecologically sensitive areas are the patches of shrubs located on the southern area of the
project site and laydown area. However, these shrub communities are composed of species
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that are very resilient and can easily colonize or re-colonize vacant habitat as opportunity
arises. This is very evident as the land cover on both study areas was heavily modified in
recent times but some portions are now being recolonized by plant life. While avifauna in the
area are very common and are highly adaptable or can easily re-colonized vacant habitats
whenever necessary.
In general, the Sohar II project is foreseen to have a very minimal or insignificant impact to
the flora and fauna in the area. The development will cause a very minimal mortality to plant
life and to large extent lost of foraging area for avifauna. In addition, the fauna, which is
largely composed of birds, at the site are mostly omnivores (generalist feeders) that can easily
shift from one diet to another. This ecological trait will permit them to move from other
vegetated areas especially the tree communities surrounding the SIPA. Accordingly the
impacts on terrestrial ecology are rated below.
Impact
Terrestrial Ecology

8.4.7

Severity
Slight Effect

Duration
Long Term

Likelihood
-

Impact Rating
Low

Soil and Groundwater

The activities that can have potential impacts on soil and groundwater during construction are
as follows:


Collection, handling, storage and disposal of wastewaters and contaminated run-offs;



Collection, handling, storage and disposal of non-hazardous and hazardous wastes; and



Storage and handling of hazardous substances such as fuel, lube oil, chemicals,
radioactive substances (if any), etc.

Collection, handling, storage and disposal or accidental releases of wastewaters, nonhazardous and hazardous wastes and hazardous substances may lead to contamination of soil
and/or groundwater if proper facilities and methods for handling are not established.
Accordingly, the impacts on soil and groundwater are rated as below.
Impact
Impacts on soil and groundwater from
normal waste management
Impact on soil and groundwater due to
accidental releases

8.4.8

Severity

Duration

Likelihood

Impact Rating

Moderate Effect

Medium Term

-

Medium

Moderate Effect

-

Likely

Medium

Marine Environment

Construction of connecting channel from the Sohar II plot to the existing common outfall
channel may temporally affect the marine environment. The possible release of any
contaminants and short-term increases in the level of suspended sediments can give rise to
changes in water quality, which would potentially affect the quality of discharge water in the
common outfall. The construction activity will be carried only for a short period and it is
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unlikely that any accidental spillage occur during the construction. Considering the above, the
impact on marine environment is rated below:
Impact
Impact on Marine Environment

8.4.9

Severity
Slight Effect

Duration
Short Term

Likelihood
Unlikely

Impact Rating
Low

Impact on Land use and Settlements

As mentioned in Sections 4.2 and 4.13.3, the project site is an open / vacant land. Since the
project site is located within the dedicated SIPA, it is envisaged that there will be
insignificant or no land use conflict with local communities either during construction or
operation phase. However, the community will be impacted by movement of heavy
machinery and traffic during the construction phase.
Further impacts to local communities during the construction phase are likely from health and
safety risk from waste management activities, transportation / movement of heavy equipment
and vehicles, earthwork such as excavation, dust and gaseous emissions, noise and influx of
large number construction workers to the area. Further, nuisance from increased activities and
traffic, stress on road traffic, groundwater use, etc., are likely to have impacts on local
communities and the livestock farms in the area. Based on the above the impact rating is
presented below.
Impact
Impact on Land Use
Impact on settlement from
construction associated activities
Impact on settlements from accidental
releases / abnormal operation
Traffic congestion / accidents

Severity
Slight Effect

Duration
Long Term

Likelihood
-

Impact Rating
Low

Moderate Effect

Medium Term

-

Medium

Moderate Effect

-

Very Likely

Low

Moderate Effect

-

Likely

Medium

8.4.10 Impact on Livelihood

As mentioned above, the project site is located within a designated SIPA and most of the
infrastructure facility are already developed and will be provided by SIPC. Since the project
will use the existing facilities such as intake and outfall, hence no further conflict or loss of
sea access for the local fishermen due to this project is envisaged, and accordingly the impact
rating is presented below.
Impact
Impact on Livelihood

Severity
Slight Effect

Duration
-

Likelihood
Unlikely

Impact Rating
Low

8.4.11 Impact on Local Economy

The construction activities will require significant number of local skilled and unskilled
workers. The involvement of local community for employment will be carried through the
Wali of Sohar or Liwa and the respective village Sheikhs. People from nearby settlements,
are likely to be benefited through employment as part of the construction activities as the
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construction activities will require a number of skilled and unskilled workers. This however,
will be only for a limited period of time. However, positive impact on the local livelihood
during the construction phase through creating new job opportunity is envisaged.
In addition, local suppliers will also be benefited as they will be contracted for the supply of
water, foodstuff etc. Considering the above, beneficial impacts are envisaged from the project
on the local employment and economy. Therefore, it can be concluded that the project will set
positive impact on local livelihood option.
Impact
Impact on Local Economy

Severity
Positive Effect

Duration
Medium Term

Likelihood
-

Impact Rating
+

8.4.12 Archaeology and Heritage

As mentioned above in Section 4.14, there are no sites of archaeological or cultural interest
within the project site and laydown area and hence there will be no such impacts. However, if
any object of cultural / archaeological significance is encountered during the construction,
such area will be immediately cordoned off and STSA Consortium or its contractors will
inform MHC accordingly to obtain further advice from the Ministry.
Impact
Impact on Archaeology and Heritage

Severity
Slight Effect

Duration
-

Likelihood
Likely

Impact Rating
Low

8.4.13 Impact Summary

A summary of the impact rating for the construction phase is presented in Table 8-5.
Table 8-5: Summary of the Construction Phase Environmental Impact Ratings
Receiving Environment
Natural Resources
Topography and
Landscape
Ambient Air Quality
Ambient Noise
Terrestrial Ecology
Soil and Groundwater
Marine Environment
Land use
Local Community
Traffic
Livelihood
Local Economy
Archeology and Heritage

Nature
Adverse

Severity
Minor Effect

Duration
Medium Term

Likelihood
-

Impact Rating
Low

Adverse

Slight Effect

Medium Term

-

Low

Adverse
Adverse
Adverse
Adverse
Adverse
Adverse
Adverse
Adverse
Adverse
Beneficial
Adverse

Moderate Effect
Moderate Effect
Slight Effect
Moderate Effect
Slight Effect
Slight Effect
Moderate Effect
Moderate Effect
Slight Effect
Positive Effect
Slight Effect

Medium Term
Medium Term
Long Term
Medium Term
Short Term
Long Term
Medium Term
Medium Term
-

Likely
Unlikely
Likely
Likely
Unlikely
Likely

Medium
Medium
Low
Medium
Low
Low
Medium
Medium
Low
+
Low
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8.5

Assessment of Impacts during Operation Phase

8.5.1

General

The potential impacts during operation phase are presented in Table 8-4. The subsequent
sections discuss the assessment of the above impacts. Similar to the construction phase, the
net impact on each environmental element due to various sources / aspects is discussed.
8.5.2

Natural Resources

During the operation phase, the only significant activity that may have potential impacts on
natural resources is the consumption of natural gas for power generation. Oman has good
natural gas reserves and the current project helps in its judicial utilization for industrial and
economic development of the region. Further, the discovery and development of gas fields
(like Kauther Cluster and Saih Rawl South) has ensured long term sustainability of gas
supply for industrial projects using natural gas.
Impact
Impact on Natural Resources

8.5.3

Severity
Slight Effect

Duration
Long Term

Likelihood
-

Impact Rating
Low

Topography and Landscape

The alterations to the topography and landscape will be primarily during the construction
phase of the project and impacts during the operation phase will be minimal. Accordingly, the
impacts on topography and landscape are rated as below
Impact
Impact on Topography and Landscape

8.5.4

Severity
Slight Effect

Duration
Long Term

Likelihood
-

Impact Rating
Low

Air Quality

As discussed in Section 8.2, quantitative techniques are used to assess the impacts of air
emissions during the operation phase, for which computer simulation models are used.
AERMOD software is used for conducting air dispersion modeling. This model is capable of
calculating maximum GLC of each pollutant from multiple sources. This modeling addresses
emissions from stationary point sources. The emissions from storage tanks, which are fugitive
in nature, were calculated separately and were found to be insignificant. Fugitive emissions
from pipelines and fittings are insignificant compared point source emissions.
The continuous point sources include the two main stacks (GT-1 and GT-2) releasing the
exhaust gas generated in the GT unit and passing through the HRSG unit during closed cycle
operation; and the two bypass stacks (HRSG-1 and HRSG-2) releasing the exhaust gas from
the GT units during open cycle operation. Consequently, the two scenarios used for the
modeling will include the closed cycle (Normal Scenario) and open cycle operations (Upset
Scenario).
HMR Environmental Engineering Consultants
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Modeling is conducted for estimating GLCs of NOX, CO, SO2 and UHC which are critical
pollutants from the above sources. Dispersion modeling using AERMOD requires hourly
meteorological data. Such data recorded in meteorological station at Sohar, for the year 2006,
is used for conducting the modeling. The model setup is presented in Table 8-6.
Table 8-6: AERMOD Model Setup

Model used
Topography for dispersion
Averaging time
Terrain heights
Source type
Source group
Building downwash option
Boundary limits
Co-ordinate system
Grid
Receptor height
Anemometer height
Surface meteorological data
Upper air data
Elevation of the site

AERMOD
Rural
1 hour, 8 hours, 24 hours and Annual
Flat terrain
Point source
All
No buildings taller than proposed stack in the facility
5 km × 5 km
Cartesian
Uniform grid size of 250 m
0 (at ground level)
10 m
Data recorded at Majis station, Sohar (One year
hourly data - 2006)
Upper air estimator using AERMET processor
4 m above MSL

The details of the stacks are presented in Table 8-7. For the modeling exercise only natural
gas fired operation will be considered, as this is the normal continuous operation of the power
plant. Diesel firing will be done only during emergency situations, which will be rare
occurrence or during start-ups which will be short term occurrence.
Table 8-7: Details of the Stacks

#

Stack

Height (m)

Diameter (m)

1
2
3
4

HRSG-1
HRSG-2
GT-1
GT-2

40
40
40
40

6.8
6.8
6.8
6.8

UTM Coordinates
Easting
Northing
463010.49
2706333.37
463044.45
2706354.50
462985.01
2706374.32
463018.97
2706395.45

The input data for modeling is presented in Table 8-8. Maximum GLCs predicted for CO,
NOX, SO2, and UHC along with distance to maximum GLCs are presented in Table 8-9. The
contour maps of dispersion of pollutants are presented in Appendix I. The contours are
presented covering an area up to 5 km distance from the project site.
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Table 8-8: Input data for AERMOD

Stack Connected to

Emission gas velocity
(m/s)

HRSG-1
HRSG-2

17
17

GT-1
GT-2

43
43

Emission gas Temperature
Exhaust Flow Rate
(K)
(m3/s)
Normal Scenario
368
648
368
648
Upset Scenario
875
1,567
875
1,567

CO

Emission Rates (g/s)
NOX
SO2

UHC

25.92
25.92

32.4
32.4

0.31
0.31

2.592
2.592

62.68
62.68

78.35
78.35

0.752
0.752

6.268
6.268

Table 8-9: Predicted GLC Values from AERMOD

Pollutants
Normal Scenario
CO
Pred.
Conc.
Max
Perm. Lt.
NOX

Pred.
Conc.
Max
Perm. Lt.

SO2

UHC

Pred.
Conc.
Max
Perm. Lt.
Pred.

Max 1-hr
avg GLC

Distance
to max
GLC

Location of
max GLC

Max 8-hr
avg GLC

Distance
to max
GLC

Location of
max GLC

Max 24-hr
avg GLC

Distance
to max
GLC

Location of
max GLC

Max
annual
avg GLC

Distance
to max
GLC

Location of
max GLC

g/m3

m

UTM
Coordinates

g/m3

m

UTM
Coordinates

g/m3

m

UTM
Coordinates

g/m3

m

UTM
Coordinates

32.3

833

E 462489;
N 2706854

16.7

1,120

E 464108;
N 2706321

7.11

1,066

E 464108;
N 2706321

1.65

730

E 462489;
N 2706854

-

-

-

-

-

-

-

40,000
(USEPA
NAAQS)

-

-

10,000
(USEPA
NAAQS);
6,000
(OAAQS)

40.4

833

E 462489;
N 2706854

20.9

1,120

E 464108;
N 2706321

8.89

1,066

E 464108;
N 2706321

2.06

730

-

-

-

-

-

-

112
(OAAQS)

-

-

100
(USEPA
NAAQS)

-

0.38

833

E 462489;
N 2706854

0.20

1,120

E 464108;
N 2706321

0.08

1,066

E 464108;
N 2706321

0.019

730

E 462489;
N 2706854

-

-

-

-

-

-

-

-

-

-

-

2.63

1,150

E 464108;

-

-

-

-

-

-

-

-
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Pollutants
Conc.
Max
Perm. Lt.
Upset Scenario
CO
Pred.
Conc.
Max
Perm. Lt.
NOX

Pred.
Conc.
Max
Perm. Lt.
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Max 1-hr
avg GLC

Distance
to max
GLC

g/m3

m

(3 hr)
160
(OAAQS)
17.56

Location of
max GLC

Max 8-hr
avg GLC

Distance
to max
GLC

Location of
max GLC

Max 24-hr
avg GLC

Distance
to max
GLC

Location of
max GLC

Max
annual
avg GLC

Distance
to max
GLC

Location of
max GLC

UTM
Coordinates
N 2706321

g/m3

m

UTM
Coordinates

g/m3

m

UTM
Coordinates

g/m3

m

UTM
Coordinates

-

-

-

-

-

-

-

-

-

-

-

2,932

E 462489;
N 2703651

5.25

4,538

E 458442;
N 2706321

2.26

5,023

E 458442;
N 2705253

0.5

4,582

E 458442;
N 2707388

-

-

-

-

-

-

-

40,000
(USEPA
NAAQS)

-

-

10,000
(USEPA
NAAQS);
6,000
(OAAQS)

21.9

2,932

E 462489;
N 2703651

6.56

4,538

E 458442;
N 2706321

2.83

5,023

E 458442;
N 2705253

0.73

4,582

-

-

-

-

-

-

112
(OAAQS)

-

-

100
(USEPA
NAAQS)

-

E 462489;
N 2703651

0.062

4,538

E 458442;
N 2706321

0.027

5,023

E 458442;
N 2705253

0.007

4,582

E 458442;
N 2707388

-

-

-

-

125
(OAAQS)

-

-

-

-

-

E 461680;
N 2702050

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

SO2

Pred.
0.21
2,932
Conc.
Max
Perm. Lt.
UHC Pred.
1.13 (3 hr)
4,510
Conc.
Max
160
Perm. Lt. (OAAQS)
Pred. Conc. = Predicted Concentration;

E 458442;
N 2707388

Max. Perm. Lt. = Maximum Permissible Limit.
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From Table 8-9, it is seen that the maximum GLCs of the pollutants for the various averaging
periods are in compliance with the applicable limits of USEPA NAAQS and Omani AAQS.
Thus, the stack height of 40 m planned for the project is adequate as the resulting maximum
pollutant GLCs are found to be within applicable standard limits. Impact on air quality is
rated below:
Impact
Impact on Ambient Air Quality

8.5.5

Severity
Moderate Effect

Duration
Long Term

Likelihood
-

Impact Rating
Medium

Noise

The Sohar II facility will include a number of noise sources, which will have potential
adverse impacts on the workplace and ambient noise levels. Most of the sources are
continuous which include the gas turbines, steam turbines and pumps. The units will be
designed such that the sound pressure level at 1 m from the source is at ≤ 85 dB(A); and the
plant will be designed such that the noise level at the plant boundary is ≤ 70 dB(A).
Furthermore, operators working for long periods in high noise level areas will be provided
with proper PPE.
In order to determine the impacts of the various noise sources in the facility, noise modeling
was conducted by the EPC contractor. The noise map generated from the modeling study for
the facility is presented in Figure 8-1 (overleaf). It can be seen from the noise map that the
noise levels at the facility fenceline would be less than the regulatory requirement of 70
dB(A) (limit prescribed for ambient noise level in industrial district by MD 79/94).
Although, the severity of residual impact on ambient noise will be moderate, the continuous
generation of high level noise will result in Medium impact rating.
Impact
Impact on Ambient Noise

8.5.6

Severity
Moderate Effect

Duration
Long Term

Likelihood
-

Impact Rating
Medium

Terrestrial Ecology

The vegetation present in the site will be completely removed during the construction phase.
No species within or around the site that are classified as rare, threatened, endangered or of
significant conservation value. Hence the impacts on flora and fauna during the operation
phase will be negligible. In addition, the operation of Sohar II will provide artificial nesting
habitats to birds such House sparrow (Passer domesticus) and Streptopelia sp. that are known
to build their nest on artificial habitats such communication towers, buildings and houses.
Impact
Impact on Terrestrial Ecology

Severity
Slight Effect
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Figure 8-1: Noise Level Prediction Map for Sohar II Facility
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Soil and Groundwater

As explained earlier, the water requirement during operation phase of the project will be
sourced from seawater and processed in the onsite desalination unit to meet the various plant
requirements and hence, there will be no impacts due to abstraction of groundwater.
All effluents and sanitary wastewater streams will be segregated and routed to the WTP for
treatment and or disposal. Wastewater will not be discharged onto land prior to treatment.
Hence groundwater contamination due to infiltration of waste effluent streams will not occur.
The activities that can have potential impacts on soil and groundwater during the operation
phase of the project are as below:


Collection, handling, storage and disposal of wastewaters / aqueous effluents generated
from the waste treatment processes, and contaminated run-offs;



Collection, handling, storage and disposal of non-hazardous and hazardous wastes
generated from the waste treatment and other activities at the facility;



Storage and handling of hazardous substances such as fuel, lube oil, chemicals,
radioactive substances (if any), etc.; and



Storage and handling of hazardous wastes received at the facility.

Collection, handling, storage, transportation and disposal or accidental releases of
wastewaters, non-hazardous and hazardous wastes and hazardous substances can lead to
contamination of soil and/or groundwater, if proper facilities and methods for handling are
not established.
However it is expected that spill management systems and provisions of secondary
containment will be provided thus minimizing the probability of spills and leaks onto open
land. The proposed practices on storage and handling of hazardous materials, discharge of
liquid effluents and disposal of hazardous wastes are detailed in Chapter 9 and these will
ensure to minimise the resulting impacts. Accordingly, the impacts on soil and groundwater
are rated as below.
Impact
Impacts on soil and groundwater from
normal waste disposal
Impacts on soil and groundwater due to
accidental releases

8.5.8

Severity

Duration

Likelihood

Impact Rating

Moderate Effect

Long Term

-

Medium

Moderate Effect

-

Likely

Medium

Marine Environment

Approximately 43,500 m3/h of effluent will be discharged into the marine environment
through the seawater discharge channel during the operation phase which may affect the
marine resources in the vicinity of the outfall area as well as the seawater and sediment
HMR Environmental Engineering Consultants
Sultanate of Oman

8-18

HMR/2826
July 2010

Sohar-II Power Plant
Suez Tractebel S.A. Consortium

Environmental Impact Assessment
Sohar Industrial Port Area

quality. The constituents of the wastewater released into the marine environment are
presented in Table 5-5. It is observed that quality of all parameters will be maintained within
the stipulated limits of MD 159/2005, and hence, is not expected to adversely affect the
marine environment.
Typically, the potential impact from the discharge of effluents is tempered by the following
factors: the total volume of brine being released; the constituents of the discharge; and the
amount of dilution prior to release. Further, it may be noted that the treated effluents will be
combined with return cooling water prior to discharge, which will result in significant
dilution of the effluents and in turn will reduce the concentration of various constituents.
Furthermore, the combined effluents from the plant will be discharged to sea through existing
common marine outfall, which will result in further dilution prior to discharging to the marine
environment.
Omani marine discharge standards (MD 159/2005), as presented in Chapter 2, stipulates
limits for increases in temperature, salinity, etc., at 300 m radius from the discharge point. In
light of the above, it is advisable that periodic monitoring be conducted at the outfall location
to establish the above conditions. To assess the impacts of salinity and temperature at the
marine outfall, salinity and temperature dispersion modeling is conducted considering the
normal operating scenario as presented in the following paragraphs.
Modeling is conducted using The Cornell Mixing Zone Expert System–GI v 4.3 (CORMIX).
CORMIX is software for the analysis, prediction, and design of aqueous toxic or
conventional pollutant discharges into diverse water bodies. It predicts the dilution and
trajectory of a submerged single port, multi-port or surface discharge of varying densities into
a stratified or uniform density ambient environment, bounded or unbounded. CORMIX
correctly predicts highly complex discharge situations involving boundary interactions,
dynamic bottom attachments, internal layer formation and buoyant intrusions. Extensive
comparison with field and laboratory data has shown that CORMIX predictions on dilutions
and concentrations (with associated plume geometries) are reliable for majority of cases.
The input data for the modeling is sourced from primary data collected during the course of
this EIA study and previous study reports for the area and is presented in Table 8-10. The
results of modeling are presented in the following sections.
Table 8-10: Data input for CORMIX Modeling

#
1
2
3
4
5

Parameter
Concentrations
Ambient Parameters
Ambient Flow rate (m3/s)
72
Average Depth (m)
2.5
Wind Velocity (m/s)
3.5
Depth at Discharge (m)
2.7
Surface Density (kg/m3)
1021.68
Discharge Parameters
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Parameter
Discharge Flowrate (m3/s)
Discharge velocity (kg/m3)

Concentrations
12
3.4

Results of Temperature Dispersion Modeling

Near Field Mixing

The near field region (NFR) is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be required for the design of the outfall port
since the mixing in the NFR is usually sensitive to the discharge design conditions. The
results predicted at the NFR boundary are presented in Table 8-11.
Table 8-11: NFR Characteristics (Temperature)

Temperature at the edge of the NFR
Dilution at the edge of NFR
NFR location centerline coordinates
NFR plume dimensions
Cumulative time travel

0.6422 ºC above ambient
4.7
X = 106.32 m; Y = - 5.47 m; Z = 0
Half-width = 5.46 m; Thickness = 2.7 m
58.912 s

The effluent density is less than the surrounding ambient water density at the discharge level.
Therefore, the effluent will be positively buoyant and will tend to rise towards the surface.
Far Field Mixing

The discharge plume becomes vertically fully mixed within near field at 0.0 m downstream
and continues as vertically mixed into the far field. Plume in bounded section will contact the
nearest bank, i.e., the left bank of the channel, immediately downstream. The plume will
contact the right bank at 138.55 m downstream, where it gets fully laterally mixed. The
plume conditions at the boundary of the specified Regulatory Mixing Zone (RMZ) are as
presented in Table 8-12. The temperature downstream distance profile in the RMZ is
presented in Figure 8-2 (overleaf).
Table 8-12: RMZ Characteristics (Temperature)

Temperature at the edge of RMZ
Dilution at the edge of RMZ
RMZ location centerline coordinates
RMZ plume dimensions
Cumulative time travel

0.5742 ºC above ambient
5.2
X = 500 m; Y = 0; Z = 0
Half width = 20 m; Thickness = 2.15 m
287.212 s

From the above results it is concluded that the discharge of combined effluents may not pose
significant impacts and are accordingly rated as below.
Impact
Impact on marine environment from
normal operation
Impact on marine environment from
accidental releases

Severity

Duration

Likelihood

Impact Rating

Moderate Effect

Long Term

-

Medium

Major Effect

-

Likely

Medium
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Figure 8-2: Temperature – Downstream Distance Profile in RMZ
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Impact on Local Economy

The overall manpower requirement during the operation phase of the project is estimated to
be about 40, working on a shift basis which is significantly low when compared to the
construction phase. Hence, upon completion of the facility construction and commencement
of operation, some people, employed during the construction are may loose their jobs, which
is likely to cause stress. It is expected that the possibility of recruitment of local workers
having pertinent education skills will be explored.
In addition, the local businesses such as fabricators, maintenance service providers, foodstuff
suppliers, transporters, etc., are likely to have business opportunities associated with the
operation of the plant. Based on the above, the impacts are rated as below:
Impact
Loss of employment during start of Sohar
II operation
Employment for local people and
opportunities for local business during
Sohar II operation

Severity

Duration

Likelihood

Impact Rating

Moderate Effect

Long Term

-

Medium

Positive Effect

Long Term

-

+++

8.5.10 Impact on Local Community

As presented in Table 8-4, the impacts to local communities during the operation phase are
related to health and safety risk from waste management activities, transportation of
hazardous wastes and materials, gaseous emissions from GT and HRSG units, noise and
influx of expatriate operation staff to the area. Further, nuisance from increased activities and
traffic, stress on roads, etc., are likely to have impacts on local communities and the livestock
farms in the area.
The storage, treatment and disposal of hazardous wastes are likely to pose health risk to
employees and the community. Accidental releases of hazardous wastes from storage areas
may pose soil and groundwater contamination, which in turn may pose health risks.
Accordingly the impact is rated below:
Impact
Impact on Local Community

Severity
Moderate Effect

Duration
Long Term

Likelihood
-

Impact Rating
Medium

8.5.11 Impact on Land use

Impact on land-use during the operation phase will be similar to that of construction phase.
As mentioned above the project site is located within a designated SIPA. Accordingly, the
above impacts are rated as ‘Low’.
Impact
Impact on Land Use

Severity
Slight Effect
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8.5.12 Impact on Growth of other Industries and Tourism Development

As mentioned in Section 6.2, the proposed project is the necessary to meet the increased
power requirements in the Sultanate.
Further, with regard to Oman’s Vision 2020, the growth in industrial productivity often
shows a strong correlation with the availability of power in the region. Consequently, the two
IPPs (Sohar I and Barka III) combined will generate about of 1,500 MW is expected to
provide the stimulus for significant industrial growth in the nearby regions.
Also, the development of tourism in the Sultanate has been accorded high priority by the
government in the recent times. The availability of uninterrupted power through the proposed
project will promote the development of tourism projects in the Sultanate in a beneficial way.
Impact
Growth of other industries and tourism
development

Severity

Duration

Likelihood

Impact Rating

Positive Effect

Long Term

-

+++

8.5.13 Impact Summary

A summary of the impacts for the operation phase is presented in Table 8-13.
Table 8-13: Summary of Operation Phase Environmental Impact Ratings
Receiving Environment
Natural Resources
Topography and Landscape
Ambient Air Quality
Ambient Noise
Terrestrial Ecology
Soil and Groundwater
Marine Environment
Local Economy
Local Community
Land Use
Industrial and Tourism
Development

Nature
Adverse
Adverse
Adverse
Adverse
Adverse
Adverse
Adverse
Beneficial
Adverse
Adverse

Severity
Slight Effect
Slight Effect
Moderate Effect
Moderate Effect
Slight Effect
Moderate Effect
Moderate Effect
Positive Effect
Moderate Effect
Slight Effect

Duration
Long term
Long Term
Long Term
Long Term
Long Term
Long Term
Long Term
Long Term
Long Term
Long Term

Likelihood
Likely
Likely
-

Impact Rating
Low
Low
Medium
Medium
Low
Medium
Medium
+++
Medium
Low

Beneficial

Positive Effect

Long Term

-

+++

8.6

Consequence Assessment

8.6.1

Overview

This section discusses the impacts due to potential hazardous incidents from the operation
phase of the project and is presented as a Consequence Assessment (CA) study. The CA
study is conducted in order to assess the level of impacts associated with storage and handling
of significant hazardous materials (natural gas and diesel oil) during the operation of the plant
and the requirements to mitigate such impacts.
The natural gas and diesel oil used in the project are flammable. Areas within the facility
where such materials are stored / handled are potentially hazardous areas. However, the
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production process is completely automated, which reduces the human intervention in
handling of such materials and in turn reduces hazardous process/work elements.
The details of this assessment are presented in the following sections.
8.6.2

Method of Consequence Assessment



Identification of major raw materials stored and handled and identification of major
process elements;



Identification of various hazards from storage, handling and transportation of the above
materials and major process elements considering the properties of materials and nature
of operations;



Determination of credible hazard scenarios; and



Assessment of consequences of such scenarios.

Each of the above elements is discussed in later sections. It is to be noted that detailed
assessment of risks associated with hazardous materials and operations considering the
frequencies of failures are not included here. Such assessments are typically undertaken as a
separate Quantitative Risk Assessment (QRA) study.
8.6.3

Model Used

For conducting the consequence analysis for significant hazard scenarios, a computer
simulation model viz. Process Hazard Analysis Software Tool (PHAST), PHAST Micro
Version 6.21-2002 is used. PHAST is a standardized software package developed by DNV
and is extensively used for hazardous releases modeling purposes. PHAST examines the
progress of a potential incident from initial release, through formations of a cloud or a pool,
to its dispersion, automatically applying the correct entrainment and dispersion models as the
conditions change.
8.6.4

Data Sources

The assessment presented in this section is carried out primarily based on guidelines for QRA
studies provided by Petroleum Development Oman (SP-1258) and Shell International (EP 950352). Data for conducting the study were obtained primarily from the project details
gathered during the EIA Study. Other details are sourced from QRA guidelines, MSDS of
materials, previous study reports, etc. Meteorological data for the study is sourced from the
report of annual climatic summary 2002 and 2003, published by Department of Meteorology,
Ministry of Transport and Communication, Sultanate of Oman.
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Materials and Process Elements

Significant hazardous scenarios are identified based on the project information presented in
Chapter 3 and by considering the hazardous properties of materials. Table 8-14 presents
details of storage and handling of significant hazardous materials in the facility.
Table 8-14: Hazardous Material Storage and Handling

Material

8.6.6
(i)

Storage/ Supply Facility

Diesel Oil

Storage Tank – 2 No.s

Natural Gas

Supply Pipeline

Natural Gas

Gas Buffer (GT Unit) – 6
No.s

Capacity
7,700 m3 each
24
48 diameter;
66 m length

Storage/ Supply
Conditions
Temperature: 50 ºC
Pressure : atmospheric
Temperature: 50 ºC
Pressure : 24 barg
Temperature: 50 ºC
Pressure: 75 barg

Hazard Identification
Failure Scenarios

Potential hazards due to the storage and handling of materials are associated mainly with the
failures of the storage vessels and pipelines during normal operation or during abnormal
conditions. The failure scenarios can be assessed based on the causes of failures and the types
of failures as discussed below.
(ii)

Failure Causes

Based on information provided by SP-1258, the causes of failures can be categorized as
below:


Failure due to external interferences;



Operational / mechanical failure; and



Corrosion and other failures.

These are explained below.
External Interference

This includes excavation, digging, piling, entry into incorrect pipeline, equipment, storage
vessel, etc. Impacts from excavating machinery are a major cause of leaks from buried
pipelines and are likely to result in large releases while exposing the workers involved in the
excavation activity to the resulting consequences. For the aboveground equipment, pipeline,
storage installations, etc., impacts from vehicles or from nearby construction and
maintenance works are important hazards.
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Operational/ Mechanical Failures

Operational/mechanical failures include failures due to over-pressurization, inappropriate
selection of material, construction and operational defects and corrosion. Corrosion related
leak could be either external or internal. Galvanic, pitting and stress corrosion are the main
types of corrosion.
Other Failures

Other failure causes include, flooding, washout, ground movement or even sabotage.
Considering the facility details presented in Chapter 3, potential causes of failures at the
facility could be failures due to over-pressurization or due to external interferences. Failure
due to corrosion will not typically result as the facilities will be new and given the fact that
STSA Consortium will implement a comprehensive inspection program, the chances for
corrosion failures are remote. However corrosion failures are possible at later stage as the
plant becomes old. Also, inappropriate material selection or construction defects are not
potential causes of failures as the design, material selection and construction activities will be
subjected to thorough quality assurance procedures.
8.6.7

Failure Types

Failures due to the above causes can result in a pinhole leak, medium-hole leak or complete
rupture of the storage tank or pipeline. The failures due to over-pressurization or corrosion
can typically result in a pinhole or medium size leak while the failures due to external
interference can potentially lead to full rupture. However, the failures due to overpressurization can sometimes result in full rupture of the storage tank or pipeline as well. For
the present case, pinhole leak (10 mm leak) and instantaneous release of complete inventory
from the storage tank (catastrophic rupture) and pinhole leak and full bore rupture of the
pipeline are considered to represent the minimum (most credible) and worst-case scenarios as
presented in Table 8-15.
Table 8-15: Failure Types

Component
Storage Tanks
Pipelines
Gas Buffer

Failure Types
10 mm (pinhole) leak; and
Instantaneous release of the complete inventory (catastrophic rupture)
10 mm (pinhole) leak; and
Full bore rupture
10 mm (pinhole) leak; and
Line rupture
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Consequence Assessment
Modeling Inputs

Consequence modeling is conducted for the failure scenarios explained above. As described
in Section 8.3, the modeling is conducted using PHAST. The following inputs are required to
run the model.


Chemical composition of substance released, sourced from available project information;



Inventory of the substance available for release (calculated based on information provided
in Table 8-14 and the relevant process & instrumentation diagrams);



Operating pressure and temperature (Table 8-14);



Type of release (Table 8-15); and



Atmospheric conditions, viz., ambient temperature, humidity, wind speed and
atmospheric stability sourced from meteorological data for Sohar.

(ii)

Meteorological Conditions

The dispersion of flammable vapour released into the atmosphere is controlled by wind speed
and atmospheric stability. Atmospheric stability is dependent on the wind speed and
incoming solar radiation (insolation). Atmospheric stability varies from extremely unstable
(class A) to moderately stable (class F) condition. Generally, class A to D occurs during day
time and class D to F during night time. Class D represents neutral stability, which may occur
during daytime or night time if overcast conditions prevail. The predominant wind speed at
the location (based on meteorological data from Majis) is 1 to 5 m/s. Considering strong solar
insolation during daytime and clear / thinly overcast sky during night time, the following
wind speed and stability classes are considered for modeling.


2/B - class B with a wind speed of 2 m/s;



3/D - class D with a wind speed of 3 m/s; and



4/E - class E with a wind speed of 4 m/s.

The stability conditions are determined based on Pasquill’s Stability classes.
(iii)

Consequences of Failures

As explained earlier, hazardous substances are stored in storage tanks, with secondary
containment in the form of dikes. In case of a pinhole leak from the storage tank, the contents
will be released as a jet. The liquid pool will be collected inside the dyke wall, within the
containment area. The liquid will vaporize forming a vapour cloud, which will disperse in the
downwind direction due to natural mixing and wind. In case of large leaks from the storage
tanks such as during catastrophic rupture, large liquid pools will be formed in the dyke area
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and will take longer time for the pool to evaporate. As the dyke area is designed to contain
complete contents of one tank, it is unlikely that the pool will spill outside the containment
area. The release orientation from storage tanks will be typically horizontal direction and is
considered for modeling. For buried pipelines, the release will potentially impinge on the soil
cover. For a downward release, the released liquid jet will impinge on the ground/soil cover,
which is considered for modeling. The release scenarios are summarized in Table 8-16.
Table 8-16: Release Scenarios

Facility
Storage Tanks
Pipelines
Gas Buffer

Leak Size
Release Orientation
10 mm leak – Catastrophic Rupture Horizontal
10 mm leak – Full bore Rupture
Down Impinging on the ground
10 mm leak – Line Rupture
Horizontal

The release will continue until the tank/pipeline is isolated and the material contained is
released into the atmosphere. The release of material can cause the following consequences:


Pool fire, if there is an ignition source nearby. For the storage tanks, the released liquid
will be contained in the dike area and is not likely to spread outside the dike area;



Jet fire, if there is an immediate source of ignition. The liquid and/or vapour jet from the
pinhole may get ignited;



Vapour cloud explosion if there is a delayed source of ignition (such as a vehicle passing
by and the vapour quantity in the vapour cloud is sufficient to explode;



Flash fire if there is delayed source of ignition and the vapour concentration is within the
flammable limits [Upper and Lower Flammability Limits (UFL and LFL)]; and



Otherwise the vapour cloud will disperse into the atmosphere.

8.6.9

Results

Considering the above, the releases of hazardous materials from storage tanks and pipelines
were modeled using the inputs and considerations presented in Section 8.6.8. The results are
presented as impact distances in Tables 8-16 and 8-17. The modeling outputs in graphical
form are presented in Appendix J. Impact distances include thermal radiation hazards from jet
fire, flash fire, pool fire and vapour cloud explosion. The thermal radiation hazards are
presented as distances (m) to different radiation levels (kW/m2). For jet fire radiation hazards,
a level of 37.5 kW/m2 is considered to be fatal. For flash fire, the probability of fatality is
considered to be 10 % within flame front, i.e., within LFL.
Table 8-17: Impact distance from various release scenarios
Facility
Storage
tank for
Diesel Oil

Leak type
10 mm
Catastrophic

Weather
class
2/B
3/D
4/E
2/B

Impact distance (m) to
Concentration Levels
Radiation Levels
UFL
LFL
4 kW/m2 12.5 kW/m2
37.5 kW/m2
No hazard No hazard
2.59
1.75
Not reached
No hazard No hazard
2.52
1.68
Not reached
No hazard No hazard
2.62
1.76
Not reached
17.63
17.82
81.22
40.64
Not reached
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pipeline

Leak type

10 mm
Full bore
rupture

Gas
Buffer
(GT Unit)

10 mm
Line rupture
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Weather
class
3/D
4/E
2/B
3/D
4/E
2/B
3/D
4/E
2/B
3/D
4/E
2/B
3/D
4/E

Impact distance (m) to
Concentration Levels
Radiation Levels
UFL
LFL
4 kW/m2 12.5 kW/m2
37.5 kW/m2
17.85
18.03
87.42
41.38
Not reached
18.11
18.29
91.96
42.37
Not reached
4.41
29.34
5.14
4.49
4.39
4.41
27.35
5.15
4.49
4.39
5.32
24.67
5.15
4.49
4.39
4.17
7.38
93.57
54.21
31.04
4.24
7.50
95.18
54.99
31.46
4.22
7.61
95.99
55.39
31.67
NH
NH
17.394
15.392
12.469
NH
NH
17.428
15.416
12.545
NH
NH
17.445
15.429
12.583
55.659
141.898
89.089
51.612
29.553
58.481
150.973
90.626
52.358
29.948
59.082
153.300
91.402
52.737
30.149

Table 8-18: Pool Characteristics
Facility
Storage
tank for
Diesel Oil

Leak type
10 mm
Catastrophic

Weather
class
2/B
3/D
4/E
2/B
3/D
4/E

Maximum Pool
radius (m)
9.88
9.88
9.88
36.72
36.72
36.72

Late pool fire radiation impact distance (m) to
4 kW/m2
12.5 kW/m2
37.5 kW/m2
38.74
20.58
Not reached
40.37
22.43
Not reached
41.34
23.85
Not reached
81.22
40.64
Not reached
87.42
41.38
Not reached
91.96
42.37
Not reached

From the above results, it can be noted that the radiation impact distances for various release
scenarios are likely to be within the facility. It is to be noted that the probability of occurrence
of worst case scenarios such as catastrophic rupture of storage tanks and full bore rupture of
pipelines are typically low. Also, the liquid pools will be contained within the containment
areas (for storage tanks) and are not likely to spread to outside areas. In addition, the failure
incidents will be reduced due to the following:


The storage tanks as well as the pipelines will be well maintained and corrosion protected
through suitable material selection, surface coatings, etc.



The tanks will be provided with secondary containments in order to contain the released
material so as to prevent spreading to outside areas;



Operators will be aware of potential hazards from the storage and handling of hazardous
materials and operations. Also the hazardous areas will be clearly marked and access to
these locations will be strictly controlled; and



Work permit systems will be implemented for entire facility in order to control the
maintenance activities, which will potentially involve replacement of pipeline sections,
valves, fittings at the storage tanks / pipelines, welding, excavation, etc., at hazardous
areas at the facility.
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However, to address the likely consequences arising out of the hazardous incidents at the
facility, an onsite emergency response plan is to be developed and implemented, a framework
for which is presented later in Section 9.5. It is expected that the risk analysis will continue as
the detailed design progresses, considering failure frequencies of each failure incident such as
immediate or delayed ignitions, explosions, etc.
8.7

Cumulative Impact

8.7.1

General

A large number of major industries are being developed within the SIPA. Under the current
practice of environmental permitting in Sultanate of Oman, each industry is required to assess
the environmental impacts due to its construction and operation, based on the prevailing
baseline status and the estimated pollution loads from the industry as well as any other
concurrent developments within the impact area. As industrial development progresses, the
baseline status will alter, reflecting the pollution loads from the construction and operating
industries.
Based on assessment presented in the previous sections for construction and operation phases
of the project, the following environmental receptors are considered for cumulative
assessment of adverse impact:


Ambient air quality;



Ambient noise levels;



Seawater quality;



Groundwater resources;



Land use;



Public infrastructure; and



Public safety and health.

These are discussed in the following sections.
8.7.2
(i)

Construction Phase
Ambient Air Quality

As described in Section 8.4.4, the air emissions during the construction phase of any project
are dust and engine emissions. Most of the construction equipment generates dust while some
release significant gaseous pollutants along with engine emissions. Generally, their impacts
on ambient air quality will be highly localized and restricted to about 200 to 500 m from the
work sites. Thus, the impacts may not normally be cumulative; but the overall impacted area
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would be larger. Further, during the peak construction periods, there may be some overlap,
particularly when the work sites are close to one another.
Even though the various projects planned in SIPA have different construction schedules,
there will be a time period when the construction activities of all these projects may overlap.
Therefore, for this overlapping period, the cumulative impacts on air quality need to be
considered. Hence, a coordinated action plan among the various project managers and
contractors is required to monitor and manage the ambient air quality in this area and should
be managed by SIPC.
(ii)

Ambient Noise Levels

The cumulative nature of noise impacts is also similar to those of air impacts. During the
peak construction periods, it is likely that the impact on the ambient noise may be aggravated
due to concurrent construction activities and vehicular traffic.
Hence, a coordinated action plan among the various project managers and contractors is
required to monitor and manage the ambient noise in this area and managed by SIPC.
(iii)

Groundwater Resources

Construction activities for all projects require significant quantities of freshwater. Currently,
groundwater is the only available freshwater source in this area. Therefore, it is expected that
the freshwater required for the construction and domestic use (in labour camps) of all the
projects under construction will be sourced from local groundwater sources.
Close coordination among the various consumers and regulatory control by the Ministry
would be necessary to prevent any long term adverse impact on the groundwater resources.
(iv)

Land Use

As mentioned earlier, the sites identified for the various projects are approved for industrial
use. The vegetation is sparse and there are no settlements, permanent or temporary. Any land
contamination due to accidental spills and leaks of oils and chemicals during construction
phase within a project site is unlikely to have any cumulative effect. Therefore, any adverse
impact on land environment from construction activities on site will not be significant.
(v)

Public Infrastructure

An increased stress on the public infrastructure is perceived as a cumulative impact from the
project along with the activities in SIPA. The cumulative impact (stress) on public
infrastructure is expected to be significant from the construction activities. If the construction
activities of all these projects peak simultaneously, the impact would be substantial.
Particularly, the following issues would be of major concern to the local administration:
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Increased traffic flow, traffic congestion and accidents;



Increased volume of sewage received at municipal STP for treatment;



Increased volume of solid wastes received at municipal landfill; and



Increased number of patients to local healthcare facilities.

The project planners should design and implement transportation planning for the
construction phase of the development to ensure smooth traffic flow for the future traffic
volumes. The EPC contractors of all the individual projects could coordinate with SIPC,
Sohar Industrial Estate (SIE), MECA, Sohar Development Office and other relevant
authorities to take appropriate measures.
(vi)

Public Safety and Health

The main impacts on public health and safety during construction would be due to movement
of heavy machinery, transport of hazardous substances, vehicular traffic, and traffic related
accidents and pollution. The cumulative impacts from the various projects would be additive
in nature and would result in stress on the local infrastructure facilities. As discussed earlier, a
close coordination among the various project managers, contractors and regulatory authorities
including SIPC, will be required to minimize any adverse impact.
8.7.3
(i)

Operation Phase
Ambient Air Quality

The air quality at SIPA is mainly influenced by emissions from process stacks, vehicular
traffic and vents located in small industrial units in the existing SIE and domestic emissions.
The major pollutants from the operating industries are PM, NOX, SO2 and VOC.
They have localized impacts on air quality and are not widespread. It is recommended that
SIPC create and implement an industry wide air quality monitoring and management
programme.
(ii)

Ambient Noise Levels

All the projects in SIPA have several major noise generation sources. Many of these sources
will generate very high noise levels at source. However, for each project, it is required that
suitable noise control and attenuation measures are provided such that the noise levels at its
fence line will be less than 70 dB(A).
Omani standards for ambient air quality require that noise levels in rural residential areas
shall not exceed 45 dB(A) during the day time and 35 dB(A) during the night time. The
nearest residential area to SIPA is 1 to 2 km away. Since the noise level will reduce with
distance, the resulting impacts are not expected to be significant.
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Groundwater Resources

None of the industries in SIPA will utilize groundwater resources to meet their fresh water
requirement. All the freshwater required for these projects will be sourced from either MISC
or independently through desalination plants. The land application of treated effluents
generated from any of the projects is unlikely to cause any groundwater contamination since
they will be treated to meet specified standards. Further, the groundwater at site is brackish
and unfit for potable or agricultural use.
The adverse impacts on groundwater due to the operation of the various projects in SIPA and
contribution from Sohar II towards groundwater contamination are not considered significant.
(iv)

Land Use

All the projects are located within SIPA in close proximity. The area has sparse vegetation
and is approved for industrial use. Any land contamination within an industry is unlikely to
have any cumulative effect. Therefore, any adverse impact on land will not be significant.
(v)

Public Infrastructure

The potential adverse impacts of Sohar II and all other projects on the public infrastructure
will have minimal adverse impacts on public infrastructure. As majority of the operating staff
would be Omani, the likely stress on available infrastructure to meet additional demand from
immigrant population will not be significant.
(vi)

Public Safety and Health

All the projects have significant sources with potential impacts on public safety and health
during operational phase. They include operating hazardous processes, welding, handling of
flammable, explosive, reactive and toxic substances, and road transport of hazardous
substances.
Uncontrolled and uncontained accidents associated with the above would have both on-site
and off-site consequences. The off-site consequences can have domino effect on other
adjoining facilities.
Domino effects refer to the potential cumulative effects from the various hazard sources that
exist surrounding the project site. Since several projects involving hazardous operations and
processes are located adjacent to one another, such probability exists within SIPA. This needs
to be considered while developing the emergency preparedness plans for individual projects
as well as for the entire SIPA. SIPC is responsible to conducting health impact assessment
and monitoring and an emergency preparedness plan.
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9

ENVIRONMENTAL MANAGEMENT PLAN

9.1

Overview

This chapter describes the specific mitigation actions for the adverse impacts identified, the
monitoring programme, and the resource allocation during the construction and operation of
the Sohar II project. Efforts have been made to provide mitigation measures commensurate
with assessed level of risk, e.g., ‘low’, ‘medium’ and ‘high’. This EMP aims to feed directly
into a health, social and environment management system (HSEMS) that may be
implemented by Siemens-GS and sub-contractors, and STSA Consortium.
The references made to potential mitigation measures in the preceding chapters of this report
have also been summarized in the following sections along with the monitoring plans and the
management systems proposed for implementing such mitigation measures.
The EMP for the construction and operational phases of the project follows the ‘Plan-DoCheck-Act’ (PDCA) system provided in ISO-14001 Environmental Management System
(EMS)13 guidelines and includes the organization structure, resources, responsibilities, control
and mitigation measures, monitoring/auditing programs, systems for review and
implementation of corrective actions.
The ultimate responsibility for environmental management during all phases of the project
rests with STSA Consortium. However, Siemens-GS being the EPC contractor for the project
will also bear the responsibility for developing and implementing the EMP during the
construction phase of the project. The responsibility for implementing the EMP during the
operation phase will be entirely with STSA Consortium. Periodic environmental monitoring
and audits will be conducted by STSA Consortium / EPC contractors during the construction
phase to ensure effective implementation of the management plan. Appropriate corrective
actions will be implemented with due correspondence and consensus with MECA over any
deviations.
9.2

Construction Phase Environmental Management

9.2.1

Selection of the EPC Contractor

As mentioned earlier, the EPC contractors for the project is Siemens-GS. They will carry out
the detailed engineering and construction of the plant facilities, procurement and installation
of equipment and subsequent commissioning and handing over of the facility to STSA
13

ISO EMS provides a model to follow in setting up and operating a management system. The PDCA cycle is the operating
principle of ISO’s management system standards. PLAN implies establishing objectives and making plans; DO implies
implementing the plans; CHECK implies measuring the results; ACT implies correcting and improving the plans and its
implementation.
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Consortium for commercial operation. The EPC contractor’s proficiency in managing
environmental issues during construction, and adhering to the control measures included in
the EMP were taken into consideration. In addition to the mitigation measures presented in
the EMP, the EPC contractor will also be responsible for implementation of additional
control measures suggested by MECA, based on the EIA and as included in the PEP.
9.2.2

Organisation and responsibilities

The EPC contractor, i.e., Siemens-GS and its subcontractors will be required to establish an
organizational structure for environmental management, including health and safety issues, to
ensure effective implementation of mitigation measures, and to review the environmental
management process. An indicative organization structure is presented in Figure 9-1.

Figure 9-1: HSE Organisation Structure for Construction Phase

As project developer, STSA Consortium will ensure, through its onsite project manager that
the construction contractor develops and implements a HSEMS for the project construction
phase. The HSEMS will comply with the control measures and environmental management
requirements outlined in this EMP and any additional requirements specified by the
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regulators by way of conditions in PEP, construction permits, etc. Siemens-GS will be
responsible for ensuring that its subcontractors also establish an HSEMS to effectively
implement the requirements of this EMP.
Since the project developer will have the ultimate responsibility for HSE management during
construction and operation of the facility, STSA Consortium will ensure that the Siemens-GS
activities are in line with all the HSE requirements throughout the construction.
The HSE manager of Siemens-GS reporting to the project manager will be responsible for
day-to-day HSE management on site. The HSE Manager will maintain constant interactions
with line managers and other staff throughout the construction period. The EPC contractor
will assist in periodic audits of the EMS including monitoring programs to ensure effective
implementation of the control and mitigation measures and implementation of corrective
actions for any deviations.
9.2.3

Site Security and Safety

The project site will be fenced on all sides and access to the site will be through gates that
will be manned during 7 days a week including holidays. The security personnel will carry
out regular foot patrols and walkthrough inspections; however, every person at site, including
visitors, will be required to report any unsafe conditions. The HSE Manager or persons
designated by him will conduct periodic walkthrough inspections and will identify any
emergency situations, spills, housekeeping and other environmental and safety related issues.
As the site is located within SIPA, the access to site will be restricted to employees,
authorized sub-contractors and visitors. All workers at the Sohar II plant will be provided
with an identity badge, as a mark of authorization to work on the site. The visitors’ access to
the site will be controlled through gate passes. The main entrances to the site will have a
notice indicating the work being carried out, the names of companies present and the people
responsible for the site. The HSE Manager will coordinate with the line managers to ensure
that safe work practices are followed with regard to working at height, confined space entry,
use of adequate PPE, work permit procedures, etc.
9.2.4

Environmental Permitting for Construction

In addition to the PEP issued by MECA, there are few other environmental permits, required
to be obtained during the construction phase of the project. STSA Consortium and EPC
contractor will be responsible for obtaining such permits from MECA and other relevant
authorities. These permits typically include the following:


Chemicals permit for handling, storage and transportation of hazardous chemicals;



Permit for storage and handling of radioactive materials;



Permit for labour camps, lay down areas, site offices, etc.;
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Permits for handling, storage and treatment / disposal of hazardous wastes;



Approval for solid wastes disposal / dumping;



Permit for discharge of treated wastewater and onsite STP units (if any);



Approval for sewage disposal to municipal STP (as applicable);



Permit for onsite desalination plants and disposal of reject water (if any); and



Permit for disposal of hydrotest water.

The EPC contractor HSE Manager will be primarily responsible for ensuring compliance
with the permit conditions, obtaining additional approvals as required and coordinating with
the regulatory agencies.
9.2.5

Site Preparation

As discussed in the previous chapters, the project site and laydown area contain small trees
and shrubs within and around the area. Leveling and grading of the site prior to the civil
construction will involve removal of such vegetation. Care will be taken not to disturb any
vegetation existing outside the site fence lines during the mobilization and demobilization of
construction equipment.
It is to be noted that during the baseline survey at the project site few patches of surface
contamination is found. As per the analysis it is noted that the contamination is insignificant
and only at the surface. Surface contaminated soil should be remove and stored as a
hazardous waste. Any subsurface contamination that is suspected or discovered during the
construction activities is to be further assessed and remediated if required.
Grading and soil compaction will be involved as a part of site preparation. If any dust risings
are expected particularly during the dry weather conditions, water spraying is to be carried
out for dust suppression. During the construction, the excavated soil will be stored at
appropriate locations within the project site. The soil will be used for backfilling, wherever
possible. The excess soil will be disposed off in approved municipal dumpsites. All the
construction equipment and machinery used will be of standard design and in good operating
condition so as to achieve good fuel efficiency and thereby reduce air emissions.
9.2.6

Sourcing of Construction Materials and Utilities

Rocks and aggregates for foundation and concrete works will be obtained from quarries
through licensed and registered sub-contractors. It is to be ensured that the sub-contractors
maintain necessary permits from concerned regulatory authorities for operations at the quarry
sites. The copies of such permits are to be maintained at site and presented to the Ministry
whenever required.
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Freshwater required for construction and domestic use at site will be most likely sourced
from packaged RO plant or sourced from Majis. Groundwater will not be extracted as it is
likely to have salinity. Efforts will be made to minimize water consumption through
conservation measures. Treated wastewater will be used for spraying purposes for dust
suppression.
Civil construction and internal road works will require cements and bitumen and will possibly
engage mixers on site. Cement and bitumen mixers are major contributors towards fugitive
emissions of dust, cement particulates and hazardous air pollutants. The EPC contractor will
explore the possibility of importing ready mix cements for civil and road works so as to
minimise the above said releases to the environment.
9.2.7

Mitigation Measures

The mitigation measures for management of various environmental releases and storage, and
handling of hazardous materials during the construction phase are categorized as below:


Mitigation measures by planning;



Mitigation measures by controls at site work; and



Mitigation measures by monitoring.

Mitigation measures with regard to each of the environmental releases and storage, and
handling of hazardous materials are discussed in the following sections.
(i)

Air Quality

The following mitigation measures are presented for minimizing impacts on air quality
during construction activities.
Planning


Standard construction equipment, DG units and vehicles to be used to ensure that the
release of air pollutants is minimized. The EPC contractor will be encouraged to source
power required during construction phase from the local power grid;



Adequately sized construction yard and laydown areas will be provided for storage of
construction materials, equipment, etc;



Onsite fuel storage tanks to be designed in such a way to meet applicable regulations and
as per respective MSDS. Fuel storage tanks to be provided with submerged loading
facilities as feasible to minimise fugitive emissions; and



Dedicated areas and facilities to be planned and allocated for fabrication, surface coating,
etc.
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Controls at Site Work


Periodic maintenance such as engine tuning, lubrication, filter cleaning / replacement, oil
changes, replacement of required spares etc., of equipment such as DG units, air
compressors and other construction equipment to be conducted so as to reduce emissions
and maintain efficiencies;



Water to be sprayed on dust prone graded roads and work sites. Treated water used for
dust suppression will be sourced from the onsite STP or sourced from outside as feasible;



On-site vehicle speeds to be controlled to reduce dust generation;



Welding gas cylinders to be stored in a secluded and protected area;



Fabrication activities such as welding, gas cutting, grit blasting and surface coating /
painting to be done in a designated area / coating booths; and



Construction staffs to be properly trained as appropriate in order to follow suitable
measures to minimise emissions.

Monitoring


Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be taken;



Periodic monitoring of emissions for critical pollutants such as CO, NOX, SO2, UHC and
PM10 to be conducted at emission sources as appropriate; and



Periodic monitoring of ambient air quality to be conducted for critical pollutants at
various locations around the construction site (considering the location of various
activities, wind direction and location of receptors). The monitoring reports to be
submitted quarterly to MECA, providing compliance status with applicable regulations.

(ii)

Noise

The following mitigation measures are presented for minimizing impacts due to noise during
construction activities.
Planning


Major construction equipment used at site to be planned in such a way as to maintain
source noise levels at 85 dB(A).

Controls at Site Work


Construction equipment to be oriented away from sensitive receptors as feasible;



Noise attenuation such as shrouding, insulation and vibration dampers to be used as
appropriate for high noise generating equipment;
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Workers exposed to noise levels above 85 dB(A) are to be provided with adequate ear
protection devices;



High noise activities to be scheduled in such a way so as to minimise such activities
during night times;



Periodic maintenance such as engine tuning, lubrication, filter cleaning / replacement, oil
changes, replacement of required spares etc., of noise generating equipment such as DG
units, air compressors and other construction equipment to be conducted so as to optimize
the equipment noise levels and reduce emissions;



Simultaneous operation of multiple high noise sources to be minimized to reduce
cumulative noise level impacts;



Equipment and vehicles that may be in use only intermittently to be shut down during
idling periods or throttled down to a minimum; and



Signboards indicating high noise areas to be displayed, as appropriate, and access to such
areas to be controlled.

Monitoring


Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be taken; and



Periodic monitoring of workplace and ambient noise levels to be conducted to assess
compliance with applicable standards. The noise monitoring results to be submitted to
MECA to establish compliance with applicable regulations.

(iii)

Wastewater

The following mitigation measures are presented for minimizing impacts from wastewater
handling and disposal during construction activities.
Planning


EPC contractor to establish facilities to segregate wastewater streams according to
characteristics, as presented in Table 5-1 and route it to adequately sized wastewater
treatment facilities or transport it to off-site treatment plants for treatment and disposal;



Collection systems, holding tanks and onsite STP are to be provided (especially when
number of people exceeds 150) for proper collection and treatment of domestic
wastewater as per requirements contained in RD 115/2001 and MD 421/98;



Adequately designed holding pond to be provided for storage of spent hydrotest water;



Facilities to be provided at site to segregate the storm water run-offs from contaminated
areas; and



Appropriate spill control measures and handling procedures to be provided at laydown
areas and storage areas.
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Controls at Site Work


Construction equipment and vehicle washing to be carried out at designated areas
provided with wash water collection systems. Alternatively, equipment and vehicle
washing may be carried out at off-site locations (such as central work shops of
contracting companies), where adequate facilities are available. The wash water
collection system will typically include settling tanks for separation of suspended solids
and oil & grease. The floating oil & grease is to be removed using skimmers or soaking
pads and collected in drums. The water after settling is to be routed to STP for treatment;



Sewage generated on-site to be collected through underground pipes into holding tanks,
from where the sewage will be routed to onsite STP or alternatively transported
periodically by vacuum trucks and transferred to an approved STP close to the site for
treatment and disposal;



The hydrotest water needs to be collected in the lined pond and the water to be tested for
any contaminants. If the collected hydrotest water is found not to be contaminated, and
further if the water quality conforms to land discharge standards, then the water can be
discharged on to land in small quantities. The discharge will be done in a way as to avoid
drainage from large areas. However, if the water is found contaminated then it is to be
evaporated in the pond, else it is to be treated in the WTP after the plant is operational;



Accidental spillages of hazardous substances to be immediately remediated to prevent
contaminated runoffs and potential contamination of soil and groundwater; and



Waste consignment notes to be prepared and documented for transportation of wastewater
(sanitary and other wastewater), if any, to offsite treatment facilities.

Monitoring


The quantities of wastewater generated and transported for disposal/treatment to be
recorded and monitored;



If wastewater is treated at site, the treated water is to be periodically analysed for relevant
parameters in order to assess compliance with discharge standards provided in RD
115/2001. The results of such analysis to be submitted to the Ministry as required; and



Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be taken for any deviations.

(iv)

Non-hazardous Solid Wastes

The following mitigation measures are presented for minimizing impacts from storage and
handling of non-hazardous solid wastes during construction activities.
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Planning


Waste management plan to be prepared to address proper collection, segregated storage
and recycle/disposal of wastes at approved wastes disposal sites;



Suitable storage area (adequately designed to protect from rains and to prevent any run
offs) and collection skips to be provided for solid wastes for segregated collection of
wastes. The sizing of such areas and skips to be in accordance with the expected waste
quantities and the frequency of disposal. The waste skips/containers holding the waste
material to be suitably labeled for easy identification of material; and



Applicable approvals are to be obtained from Municipal dumpsites in order to dispose
solid wastes.

Controls at Site Work


Excavated soil to be stockpiled at an appropriate location at site. Adequate enclosures and
curbs to be provided to avoid blowing away by wind and run off with storm water. The
soil to be reused for backfilling and grading as feasible. Any excess soil to be disposed off
in approved dumpsites;



Wastes from construction activities such as concrete waste, metal scraps, domestic refuse,
etc., to be collected, segregated and disposed off to approved dumpsites;



Metal scrap, wood scrap, empty containers of non-hazardous materials, packing materials,
etc., to be collected, segregated and recycled to scrap dealers as feasible and the nonrecyclable waste to be disposed off to approved dumpsites;



Non-hazardous wastes should not be mixed with hazardous wastes at any time. Nonhazardous wastes suspected to be contaminated with hazardous wastes are to be treated as
hazardous wastes; and



Waste consignment notes to be prepared and documented for transporting wastes from the
site identifying the type of waste, quantity, disposal site, etc. The delivery receipts
obtained from municipal dumpsites are to be documented.

Monitoring


The quantities of various categories of wastes generated, stored and transported for offsite
disposal to be recorded and monitored; and



Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be taken for deviations.

(v)

Hazardous Solid Wastes

The following mitigation measures are presented for minimizing impacts from hazardous
solid wastes during construction activities.
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Planning


Waste management plan to address proper collection, segregated storage / recycle of
hazardous solid wastes;



Suitable storage area (adequately designed to protect from rains and to prevent any run
offs) with impervious flooring, bunds, roof and spill collection facilities as appropriate,
collection skips to be provided for collection and segregated storage and collection
methods to be established for hazardous solid wastes. The sizing of such areas and skips
to be in accordance with the expected waste quantities and the frequency of recycling /
disposal. The waste skips / containers holding the waste material to be properly labeled
indicating the material, hazardous nature, etc.; and



Applicable permit to be obtained from MECA for storage and handling of hazardous
wastes.

Controls at Site Work


Contaminated soil generated due to accidental spills to be stored in a bunded and
sheltered area with impervious flooring to minimise blowing away by wind, run off with
storm water and infiltration;



All other solid hazardous wastes such as waste chemicals, empty containers of hazardous
materials, waste batteries, etc., to be properly collected, segregated and stored in enclosed
and secluded area in compliance with requirements of MD 18/93 and respective MSDS;



Hazardous wastes should not be mixed with non-hazardous wastes at any time. Nonhazardous wastes suspected to be contaminated with hazardous wastes are to be treated as
hazardous wastes;



Potential opportunities for recycle / reuse to be considered for all wastes as feasible.
Potential for returning to the suppliers to be explored for wastes such as unused
chemicals, empty containers of hazardous materials, etc;



As there are no centralized hazardous waste management facilities that are currently
operating in Oman, non-recyclable hazardous wastes are to be stored on site and
subsequently to be transferred to either the hazardous waste management facilities of the
EPC contractor or handed over to STSA Consortium after completion of the project
construction;



Suitable PPE to be used by workers handling hazardous wastes; and



Waste consignment notes to be prepared and documented for transporting wastes from the
site identifying the type of waste, hazardous nature, quantity, disposal / recycle location,
etc. Approved transporters to be used for transportation of hazardous waste materials.
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Monitoring


Quantities of hazardous wastes generated, stored and transported for recycle / offsite
storage to be recorded and monitored; and



Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be taken for deviations

(vi)

Hazardous Liquid Wastes

The following mitigation measures are presented for minimizing impacts from hazardous
liquid wastes during construction activities.
Planning


Waste management plan to address proper collection, segregated storage / recycle of
hazardous liquid wastes;



Suitable storage area (adequately designed to protect from rains and to prevent any run
offs) with impervious flooring, bunds, covers / roof and spill collection facilities as
appropriate to be established for collection and segregated storage of hazardous liquid
wastes. The sizing of such areas to be in accordance with the expected waste quantities
and the frequency of recycling / disposal. The containers holding the waste materials to be
properly labeled indicating the material, hazardous nature, etc.; and



Applicable permit to be obtained from MECA for storage, handling and transportation of
hazardous liquid wastes.

Controls at Site Work


Any spills / leaks from the waste containers onto land to be immediately remediated to
minimise the potential to soil and groundwater contamination;



Potential opportunities for recycle / reuse of all wastes to be considered as feasible.
Potential for returning to the suppliers to be explored for wastes such as unused
chemicals, cleaning solvents, paints, etc. Waste oil to be recycled to approved recyclers;



As there are no centralized hazardous waste management facilities that are currently
operating in Oman, non recyclable hazardous wastes are to be stored on site and
subsequently to be either transferred to the hazardous waste management facilities of the
EPC contractor or handed over to STSA Consortium after completion of the project
construction;



Suitable PPE to be used by workers handling the hazardous wastes; and



Waste consignment notes to be prepared and documented for transporting wastes from the
site identifying the type of waste, hazardous nature, quantity, disposal / recycle location,
etc. Approved transporters to be used for transportation of hazardous waste material.
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Monitoring


Quantities of hazardous wastes generated, stored and transported for recycle / offsite
storage to be recorded and monitored; and



Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be taken for deviations.

(vii)

Storage and Handling of Hazardous Materials

The following mitigation measures are presented for minimizing impacts from storage and
handling of hazardous materials during construction activities.
Planning


Hazardous materials management plan (chemicals management) is to be prepared
addressing site specific requirements for storage, handling and transportation of
hazardous materials;



Permits are to be obtained from MECA and ROP for storage, handling and transportation
of chemicals and fuels to be used at construction site;



Enclosed and secluded storage area (adequately designed to protect from rains and to
prevent any run offs) with impervious flooring, bunds, covers / roof and with spill
collection and safety facilities to be provided for storage of hazardous materials such as
lube oils, toxic and flammable chemicals, cleaning solvents, paints, fuels, etc., according
to applicable regulations and MSDS. Onsite fuel storage tanks, if any, to be provided with
secondary containment and spill collection facilities. Properly lined areas with spill
collection facilities to be provided for loading/unloading of hazardous materials;



Roofed and ventilated area with adequate safety protection to be provided for storage of
gas cylinders; and



Onsite and offsite emergency response plans to be established for handling any potential
emergency situations due to accidental release of hazardous materials.

Controls at Site Work


All hazardous materials to be stored and handled at designated storage areas as mentioned
above in compliance applicable regulations and MSDS;



The storage areas and vessels/containers to be properly labeled indicating the material,
hazardous nature, quantity, safety measures to be followed, etc. Appropriate MSDS
information to be displayed at areas of storage and use;



Appropriate handling methods and facilities to be established for hazardous materials.
Any spills/leaks to be immediately remediated to minimise contamination of soil and
groundwater;
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The use of radioactive sources is envisaged for radiographic testing of storage tanks,
pipelines etc. Any radioactive sources stored on site to be kept in secured and designated
areas under the custody of authorized personnel;



Personnel handling hazardous materials to be provided with appropriate training on the
hazardous nature of the materials, methods for handling and storage, exposure controls
required, emergency procedures, etc. Appropriate PPE to be used by personnel handling
hazardous materials; and



Approved transporters to be used for transportation of hazardous materials.

Monitoring


Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be taken for deviations;



Inventory of the hazardous materials including the type of material, hazardous nature,
quantity stored and consumed, etc., to prepared and documented by the EPC contractor
and its subcontractors; and



The EPC contractor to document all the relevant chemical permits and to be made
available to the Ministry for inspections as required.

9.2.8

Social Management Plan

Planning


Hazardous materials management plan (chemicals management) is to be prepared
addressing site specific requirements for storage, handling and transportation of
hazardous materials;



Permits are to be obtained from MECA for storage, handling and transportation of
chemicals, fuels and radioactive materials to be used at construction site;



Enclosed and secluded storage area (adequately designed to protect from rains and to
prevent any run offs) with impervious flooring, bunds, covers/roof and with spill
collection and safety facilities to be provided for storage of hazardous materials such as
lube oils, toxic and flammable chemicals, cleaning solvents, paints, fuels, etc., according
to applicable regulations and MSDS. Onsite fuel storage tanks, if any, to be provided with
secondary containment and spill collection facilities;



Properly lined areas with spill collection facilities to be provided for loading/unloading of
hazardous materials;



Roofed and ventilated area with adequate safety protection to be provided for storage of
gas cylinders; and



Onsite and offsite emergency response plans to be established for handling any potential
emergencies due to accidental release of hazardous materials.
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Controls at Site Work


All hazardous materials to be stored and handled at designated storage areas as mentioned
above in compliance applicable regulations and MSDS;



The storage areas and vessels / containers to be properly labeled indicating the material,
hazardous nature, quantity, safety measures to be followed, etc. Appropriate MSDS
information to be displayed at areas of storage and use;



Appropriate handling methods and facilities to be established for hazardous materials.
Any spills / leaks to be immediately remediated to minimise contamination of soil and
groundwater;



The use of radioactive sources is envisaged for radiographic testing of storage tanks,
pipelines etc. Any radioactive sources stored on site to be kept in secured and designated
areas under the custody of authorized personnel;



Personnel handling hazardous materials to be provided with appropriate training on the
hazardous nature of the materials, methods for handling and storage, exposure controls
required, emergency procedures, etc. Appropriate PPE to be used by personnel handling
hazardous materials; and



Approved transporters are to be used for transportation of hazardous materials.

Monitoring


Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be taken for deviations.



Inventory of the hazardous materials including the type of material, hazardous nature,
quantity stored and consumed, etc., to prepared and documented by the EPC contractor
and its subcontractors; and



EPC contractor to document all the relevant chemical permits and to be made available to
the Ministry for inspections as required.

(i)

Public Consultation and Disclosure Plan

Involvement of communities at every stage of project has been envisaged as discussed in
PCDP framework through coordination of the implementing agency, Wali, Sheikh and local
community. The formulation of PCDP can be considered as an integral part of SMP as it
entails a framework for implementation of project in coordination with other plans prepared
to address social concerns. Table 9-1 outlines the consultation requirements at various project
stages, the stakeholders to be involved and the tools for the same.
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Table 9-1: Consultations during Construction Phase

#

Stage / Activities

1

Dissemination of
project
information,
construction
schedule, TMP
and influx
management plan

Responsible
Person / Agency
Developer, Wali of
Sohar and Liwa,
Sheikh

Stakeholder
Community

Tools &
Techniques
Consultations

Desired Outputs
 Disclosure of information to the respective fishermen, who are using the part of sea and the

coast near to the project site;
 Disclosure of information prior to initiating the construction to reduce movement of

livestock along the heavy vehicle movement route;
 Details of mitigation measures such as fencing of construction area for restricted access

etc,;
 Disclosure of information on different measures taken for safety and security of the local

community and their assets, such as diversion or blocking roads as per TMP;
 Disclosure of information on location of labour camp & their dependence on local

resources if any; and
 Sensitizing community, contractors, workers about health & safety issues especially

emergency response plan
2

Redressal of
grievances

Developer Wali of
Sohar and Liwa,
village Sheikhs
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Consultations during Construction Phase

Consultations during construction and operation phases will involve local communities in
study area, respective village Sheikhs and the Wali of Sohar and Liwa. The consultations can
be carried out throughout the project life cycle with varying frequency, level of engagement
and necessities. It is likely that there will be more consultations with community during
construction phase while such consultations will be less during the operation phase. The
PCDP envisages consultations for involvement of local community during various stages of
project implementation as presented in Table 9-1.
The main responsibility of implementing the SMP including the PCDP, influx management
plan and traffic management plan can be entrusted with the concerned personnel of the
developer in coordination with the Wali at Wilayat and the Sheikh at community level. All
the grievances can also be resolved by them to reduce any delays in the project works. The
suggested options and plans can be prepared prior to the construction works to adequately
mitigate the likely impacts from the project.
(iii)

Traffic Management Plan (TMP)

Overview

The main aim of TMP is to provide a framework for movement of equipment, workers and
local community to/from the project site. As discussed earlier, the movement of men and
materials through the access roads in the area will interface with the local road users. The
TMP is prepared to address the impacts of the above interface. The following aspects are to
be considered for TMP:


Finalize route for equipment, materials and workers transportation;



Identification of main routes for community movement or road users;



Identify locations for intervention to mitigate interface; and



Finalize and implement mitigation measures.

Objectives of TMP

The objectives of the TMP include the following:


Facilitate safe travel to/from the project site for residents and workers;



Maximize efficiency of existing road;



Accommodate movement of livestock;



Disseminate details of TMP to community, drivers and workers;



Maximize safety; and
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Minimize impact on local community.

There will be different levels of traffic flow during different stages of project. The proposed
framework for the TMP is based on an initial traffic volume count, community meetings,
appraisal of construction schedule and potential traffic management measures as presented in
Table 9-2.
Table 9-2: Traffic Management Plan Components

#
1

2

Component
Site Access
and Access
Way
Traffic Flow













3

Safety








Consideration
Parking sites assignment for machinery and
vehicles;
Parking area on site;
Pick-ups and drop-offs for workers; and
Parking regulations.
Construction traffic flow route;
Local traffic flow route;
Alternate routes or access ways;
Disclosure of access way(s) as per
construction schedule;
Fencing or barricades as per safety
standards around trenches, road
intersections etc.;
Emergency access routes as per emergency
response plan; and
Involvement of ROP.
Accident prevention;
Signing of access way, speed limits,
directions etc.;
Public information safety campaign;
Service patrols during construction; and
Traffic incident quick clearance initiatives.

Scheduling of TMP
Prior to initiating early works;
During construction works for
heavy machinery and trucks;
and
 During operation.
 Prior to initiating early works;
and
 For alternate route for early
works activities.





Prior to initiating early works.

The preparation of the detailed TMP will be carried out considering the site specific
requirements in consultation with ROP. The local community may be involved to formulate
the TMP with due considerations of the local traffic concerns and safety of livestock.
Planning


A TMP is to be prepared including emergency response for traffic accidents addressing
the transportation of men and materials to and from the site;



Adequate parking areas are to be provided for parking of passenger and goods and heavy
vehicles. Preferably, separate parking areas are to be provided for employees and visitors;



Suitable signboards indicating speed limits, security offices, waiting areas, unloading
areas, etc., are to be provided;



Within the site, signboards are to be provided indicating directions to various locations
and speed limits; and
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The access roads to the site and site internal roads are to be adequately maintained in
order to facilitate safe movement of vehicles.

Controls at Site Work


The employees including the drivers are to be trained on the driving requirements to be
followed for the project;



Journey management plans to be followed for traveling outside, especially for long trips;



The movements of heavy vehicles and equipment are to be planned in such a way as to
avoid peak hours on main roads, especially between Muscat and Nizwa, in order to
minimise traffic congestion;



Training on defensive driving are to be provided for drivers. The drivers are also to be
trained on emergency response measures and requirements;



Approved transporters are to be used for transportation of hazardous materials and heavy
equipment / goods; and



The vehicles are to be properly serviced and maintained in order to ensure safe travel.
Further, first aid kits are to be provided in all the vehicles.

Monitoring


Vehicle logs are to be maintained, monitoring the movement and distance traveled by the
vehicles; and



Journey management plan copies are to be documented and monitored.

(iv)

Influx Management Plan (IMP)

Need for Skilled and Unskilled Workers

The project will generate employment for about 900 number of people during construction
and about 40 during the operation phase of the project. The possibility of engaging local
community for petty jobs such as drivers, guards etc, are to be considered. However, there
will be considerable number of immigrant expatriate workers coming to the area especially
during the construction phase. The IMP will address the requirements to manage the above
influx of immigrant expatriate workers to the area so as to minimise impacts on the local
communities.
Anticipating that the construction camp will be located at the project site which is away from
the settlements therefore interface with the local community is unlikely. The contractors will
require to comply with labour laws and provisions contained in the Oman Labour Policy to
reduce any dependence of workers on the community facilities.
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Provisions at Construction Camp

The construction camps at site will be provided with the following:


Appropriate rooms for stay, for the construction staff;



Air conditioning, lighting, toilet facilities, etc., for the rooms;



Sufficient supply of potable water;



Adequate washing and bathing places with adequate sanitation facility;



Prayer rooms;



Recreation facilities;



Un-interrupted power supply;



Collection and disposal of wastes;



First-aid unit including an adequate supply of sterilized dressing materials and medicine;
and



Supermarket facilities providing foodstuff and other related products.

9.2.9

Environmental Auditing and Monitoring Programme

The HSEMS of Siemens-GS and the sub-contractors are to include systems for scheduling,
organizing and conducting periodic audits of the HSEMS implementation during the
construction phase. The audits are to be scheduled in such a way as to cover all significant
activities of the construction in order to assess the implementation of control measures
proposed in this EMP, including environmental monitoring programs and in turn to assess
compliance with applicable environmental regulations. Various environmental monitoring
proposed during the construction phase are presented in Table 9-3. The monitoring data are to
be compiled and documented. The reports of such audits/monitoring are to be provided to the
Ministry as required. Corrective actions are to be implemented for any deviations from
compliance requirements.
The findings and recommendations of periodic audits and related monitoring along with
recommendations for corrective actions and improvements are to be periodically reviewed by
Siemens-GS / STSA Consortium. Adequate resources are to be provided by Siemens-GS /
STSA Consortium and sub-contractors for implementation of such recommendations and
corrective actions for improving the effectiveness of the HSEMS.
The proposed monitoring and auditing plan for construction phase is presented in Table 9-3.
Table 9-3: Environmental Auditing and Monitoring during Construction Phase

#

Environmental
Aspect

1

Air Quality

Scope of Auditing / Monitoring
PM10 concentrations at various
locations within and around
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Scope of Auditing / Monitoring
construction sites and nearby
receptors
NOX, SO2 and VOC concentrations
at various locations in and the
project site and nearby receptor

2

Noise Levels

3

Environmental
Auditing
(typically by a
third party)

Emissions of CO, NOX, and SO2
from sources such as DG units
Noise levels at various locations in
and around the project site
Implementation of the EMP and
HSEMS, control measures, waste
management (solid, liquid and
hazardous), hazardous materials
management, emergency response
measures, applicable permits and
status of compliance to the permit
requirements, etc.

Method

Continuous Ambient
Air Quality
Monitoring Station
(CAAQMS)
Portable exhaust /
stack gas analyzer
Using sound pressure
level meter
Site inspection,
interviews with
concerned EPC
contractor personnel
and review of
documents and
records

9.3

Operation Phase Environmental Management

9.3.1

Organization and Responsibility

Frequency of
Monitoring /
Auditing
Quarterly

Monthly
Monthly
Quarterly

At a later stage of project development, the owners (STSA Consortium) will develop an
appropriate organizational structure for HSE management. The project manager will be
responsible for the implementation and effective management of the HSEMS. The HSE
manager will be responsible for the routine plant HSE management and for coordination of
HSE functions within the line functions. All line managers will be required to implement and
ensure compliance with HSE requirements within their functional areas. The HSE manager,
with assistance from an external consultant if required, will be responsible for developing
facility wide plans for monitoring and improving HSE performance.
9.3.2

Site Handover from EPC Contractor

After completion of construction activities and as the plant is ready for start-up and
commissioning, the relevant permits, documents and records will be transferred to STSA
Consortium’s HSE team by the EPC contractor, i.e., Siemens-GS. It will be the responsibility
of STSA Consortium’s HSE department to take over the HSE requirements and incorporate
the same into the company’s management system for the operational phase.
9.3.3

Environmental Permitting for Plant Operation

STSA Consortium will be responsible for obtaining the requisite permits for the operation
phase of the facility from MECA and other relevant authorities. These permits primarily
include the following.
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Environmental Permit for operation of the Sohar II plant;



Permits to operate the stationary point sources within the plant;



Wastewater discharge permit;



Hazardous wastes permit; and



Chemicals permit.

Any planned changes from the normal operating conditions of the facility that may
potentially lead to significant increase in various environmental releases for a considerable
duration is to be communicated to the Ministry along with a predicted quantification of
changes.
9.3.4

Mitigation Measures

The mitigation measures for the operation phase are categorized into the following
components:


Mitigation measures by design;



Mitigation measures by Operation & Maintenance (O&M) control; and



Mitigation measures by monitoring.

The above are discussed in the following sections.
(i)

Air Quality

The mitigation measures to minimise impacts on air quality due to the operation of the plant
facilities are presented below:
Design


NOX reduction measures such as dry low NOX burners, steam injection or water injection
to be provided for combustion units such as GT and HRSG units for reduction of NOX
emissions;



Adequate stack heights will be provided according to requirements of MD 118/2004 and
good engineering practices for stationary point sources will be followed to ensure
effective dispersion of the pollutants;



Adequate sampling ports, platforms and facilities required for flue gas sampling will be
provided at all the stacks;



Continuous Emission Monitors (CEMs) will be installed for critical pollutants such as
NOX, CO, SO2, PM and VOC at the stacks;
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A suitable leak and gas detection system to be provided to enable immediate response to
accidental releases of flammable and toxic gases / vapours. Detection of gases in excess
of acceptable levels by the gas detectors can be followed by fault repair/ maintenance
programmes; and



The design of the bulk storage tanks for liquid materials and fuel to consider the
requirements for controls such as submerged loading facilities, conservation vents,
floating roofs, etc., in order to reduce fugitive emissions.

O&M Control


Periodic maintenance of combustion units is to be carried out in order to ensure efficient
operation and to reduce emission levels;



Periodic inspection, maintenance and calibration of the CEMs to be carried out in order to
ensure accurate measurements of pollutant concentrations;



The operating parameters critical to ensuring efficient combustion such as air to fuel ratio,
temperature, etc., of GT and HRSG units are to be constantly monitored in order to ensure
efficient operation and to reduce emission levels of pollutants; and



Periodic inspection, integrity checks and maintenance of major piping, equipment, fittings
such as valves, flanges, etc., storage tanks (seals, tank shell and roof) and vapour recovery
systems are to be scheduled and conducted to ensure reliability and to minimise leaks and
fugitive emissions.

Monitoring


Periodic monitoring of emissions using portable stack monitoring instrument to be
conducted at all major stacks in order to validate the monitoring data from CEMs. Such
monitoring data to be compared with applicable standards and reported to Ministry as
required. The frequency and method of such monitoring will be determined with
consensus from the Ministry;



CAAQMS will be installed at an appropriate location considering the locations of
emission sources, wind direction and locations of receptors (with consensus from
MECA), for monitoring of ambient air concentrations of significant air pollutants such as
NOX, SO2, VOC, CO, O3, PM, etc. The results of monitoring to be compared with
applicable standards and submitted to the Ministry as required;



Monitoring of fugitive emissions (using portable instruments) from pipes, equipment,
fittings, flanges, etc., handling hazardous / toxic materials is to be conducted periodically,
which is to be followed by appropriate repair programmes to eliminate such emissions;
and



Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be taken for any deviations.
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Noise

The mitigation measures to minimise impacts from noise due to the operation of the plant
facilities are presented below:
Design


The source noise levels of all noise generating plant equipment to be maintained at < 85
dB(A) by design; and



As appropriate, noise barriers / attenuation to be employed to ensure that the maximum
noise level at 1 m distance from a single source will not exceed 85 dB(A).

O&M Control


Periodic inspection of noise generating equipment to be carried out to assess equipment
conditions and operating practices and corrective measures to be implemented for any
deviations from recommended conditions or operating practices;



Stabilized and smooth operation of noise generating equipment to be ensured;



Periodic maintenance such as tuning, lubrication, oil changes, alignment and balancing of
rotating parts, replacement of spares, etc., to be carried out for noise generating plant
equipment in order to minimise noise levels; and



Areas with noise levels above 85 dB(A) to be designated and sign boards to be displayed
indicating high noise areas. Entry to such areas to be restricted; and



Personnel working in high noise areas to be provided with adequate PPE to minimise
noise exposure.

Monitoring


Periodic monitoring of work place and ambient noise levels will be conducted to assess
compliance with applicable standards. Such monitoring will be required as there can be
variations in the noise levels of equipment due to wear and tear, changes in alignments,
damage of rotating components, change in operating practices, etc. The results of
monitoring will be compared with applicable standards and reported to the Ministry as
required;



Noise exposure survey to be conducted to assess personnel exposure levels. Such survey
to be periodically repeated as there can be changes in work locations, work patterns, noise
levels of equipment, etc.; and



Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be taken for any deviations.
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Wastewater Treatment and Discharge

The mitigation measures to minimise impacts from wastewater treatment and discharge due
to the operation of the plant facilities are presented below:
Design


The WTP provided to treat the process and domestic waste water streams to ensure
compliance with MD 159/2005 prior to marine discharge or RD 115/2004 prior land
discharge or reuse as applicable;



Appropriate facilities to be provided for collection, storage and routing the wastewater
streams to WTP and facilities are to be provided to route the treated water for land and/or
marine discharge; and



Appropriate sludge handling and disposal facilities are to be provided for WTP sludge.

O&M control


Effluent sewers to be periodically cleaned and inspected for integrity in order to ensure
effective transport of effluents and prevent overflows and leakages and infiltration;



Sanitary wastewater from all sections of the facility to be collected and routed to sanitary
treatment system; and



All run off from the process area and storage tanks area to be routed to WTP for treatment
prior to disposal.

Monitoring


Treated water from the WTP is to be periodically analyzed for relevant parameters in
order to assess compliance with discharge standards provided by RD 115/2004 and/or
MD 159/2005. Such analysis reports are to be submitted to the Ministry, as required; and



Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be taken for any deviations.

(iv)

Discharge of Effluent to Marine Environment

The mitigation measures for discharge of liquid effluents to the marine environment are as
presented below.
Design


Connection to the existing common outfall canal should be carried as per MD 159/2005
and relevant standards to obtain sufficient dispersion of pollutants.
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O&M control


Periodic inspection and maintenance of the Sohar II IPP outfall channel to ensure
integrity and appropriate discharge of outfall water.

Monitoring


Periodic monitoring of parameters such as temperature, nitrates, phosphates, salinity pH,
Cu, Cr, Ni, Fe, Zn and chlorine will be carried out at the Sohar II IPP discharge point; and



The changes in the results of successive analysis are to be noted and compared with the
baseline obtained during this EIA in order to assess any impacts on the marine
environmental quality from the plant operations and other industrial activities in the area.

(v)

Non-hazardous Solid Wastes

The mitigation measures to minimise impacts from non-hazardous solid wastes due to the
operation of the plant facilities are presented below:
Design


Waste management plan to be prepared to address proper collection, segregated storage
and recycle / disposal of wastes at approved waste disposal sites;



Suitable storage area (adequately designed to protect from rains and to prevent any run
offs) and collection skips to be provided for solid wastes for segregated collection of
wastes. The sizing of such areas and skips to be in accordance with the expected waste
quantities and the frequency of disposal. The waste skips / containers holding the waste
material to be suitably labeled for easy identification of material; and



Applicable approvals are to be obtained from Municipal dumpsites in order to dispose
solid wastes.

O&M control


All wastes to be collected, segregated and stored at designated storage areas;



Metal scrap, wood scrap, uncontaminated and used spare parts, empty containers of nonhazardous materials, packing materials, etc., to be collected and recycled to scrap dealers
as feasible. The rest along with general wastes and domestic refuse to be disposed off to
approved dumpsites;



Potential opportunities for recycle / reuse to be considered for all wastes as feasible;



Non-hazardous wastes should not be mixed with hazardous wastes at any time. Nonhazardous wastes suspected to be contaminated with hazardous wastes are to be treated as
hazardous wastes; and
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Waste consignment notes to be prepared and documented for transporting wastes from the
site identifying the type of waste, quantity, disposal site, etc. The delivery receipts
obtained from municipal dumpsites also to be documented.

Monitoring


The quantities of various categories of wastes generated, stored and transported for offsite
disposal to be recorded, monitored and reported to the Ministry as required; and



Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be implemented.

(vi)

Hazardous Solid Waste

The mitigation measures to minimise impacts from hazardous solid wastes due to the
operation of the plant facilities are presented below:
Design


Waste management plan to address proper collection, segregated storage / recycle of
hazardous wastes; and



Suitable storage area (adequately designed to protect from rains and to prevent any run
offs) with impervious flooring, bunds, roof and spill collection facilities as appropriate, to
be provided for collection and segregated storage and collection methods to be
established for hazardous solid wastes. The sizing of such areas to be in accordance with
the expected waste quantities and the frequency of recycling/disposal;



Suitable waste skips to be provided as appropriate based on the anticipated waste
generation, for segregation of recyclable and non-recyclable hazardous wastes. Waste
skips/containers holding the waste material to be properly labeled indicating the material,
hazardous nature, etc.; and



Applicable permit to be obtained from MECA for storage and handling of hazardous
wastes.

O&M control


Contaminated soil generated due to remediation of accidental spills to be stored as
hazardous waste in appropriate containers. If large quantities of soil to be stored, such
may by stored as pile, in designated enclosed and bunded area with impervious floor in
order to prevent infiltration and runoffs. Storage containers/area to be appropriately
labeled;



Equipment/piping replaced due to failures / damage to be treated as hazardous waste and
to be decontaminated as feasible and reused / recycled;
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All other solid hazardous wastes such as waste chemicals, empty containers of hazardous
materials, waste batteries, etc., to be properly collected, segregated and stored in a
dedicated hazardous waste storage area and/or recycled to approved buyers;



Potential opportunities for recycle / reuse to be considered for all wastes as feasible.
Potential for returning to the suppliers to be explored for wastes such as unused
chemicals, empty containers of hazardous materials, etc;



Non-recyclable hazardous waste to be stored in the hazardous waste storage area till a
hazardous waste management facility becomes operational in Oman. The quantities of
wastes stored to be recorded;



Hazardous wastes should not be mixed with non-hazardous wastes at any time. Nonhazardous wastes suspected to be contaminated with hazardous wastes are to be treated as
hazardous wastes;



Suitable PPE to be used by workers handling hazardous wastes; and



Waste consignment notes to be prepared and documented for transporting wastes from the
site identifying the type of waste, hazardous nature, quantity, disposal/recycle location,
etc. Approved transporters to be used for transportation of hazardous waste material.

Monitoring


Quantities of hazardous wastes generated, stored and transported for recycle / offsite
storage to be recorded and monitored and reported to the Ministry as required; and



Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be taken.

(vii)

Hazardous Liquid Wastes

The mitigation measures to minimise impacts from hazardous liquid wastes due to the
operation of the plant facilities are presented below:
Design


Waste management plan to address proper collection, segregated storage / recycle of
liquid hazardous wastes;



Suitable storage area (adequately designed to protect from rains and to prevent any run
offs) with impervious flooring, bunds, covers/roof and spill collection facilities as
appropriate to be established for collection and segregated storage of hazardous liquid
wastes. The sizing of such areas to be in accordance with the expected waste quantities
and the frequency of recycling / disposal. The containers holding the waste materials to be
properly labeled indicating the material, hazardous nature, etc.; and



Applicable permit to be obtained from MECA for storage, handling and transportation of
hazardous liquid wastes.
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O&M control


Any spills/leaks from the waste containers onto land to be immediately remediated to
minimise the potential to soil and groundwater contamination;



Hazardous liquid wastes such as waste oil, waste chemicals, cleaning solvents, paints,
hydrocarbons and other hazardous materials drained from equipment and pipelines during
maintenance activities in the plant to be properly collected, segregated and stored in
compliance with applicable regulations and respective MSDS;



Potential opportunities for recycle / reuse to be considered for all wastes. Potential for
returning to the suppliers to be explored for wastes such as unused chemicals, cleaning
solvents, paints, etc. Waste oil to be recycled to approved recyclers;



Suitable PPE to be used by workers handling hazardous wastes;



Non-recyclable hazardous waste to be stored in the hazardous waste storage area till a
hazardous waste management facility becomes operational in Oman. The quantities of
wastes stored to be recorded;



Storage containers holding the waste materials to be properly labeled indicating the type
of material, hazardous nature, source of generation, date of generation and quantity
stored; and



Waste consignment notes to be prepared and documented for transporting wastes from the
facility identifying the type of waste, hazardous nature, quantity, disposal/recycle
location, etc. Approved transporters to be used for transportation of hazardous waste
material.

Monitoring


Quantities of hazardous liquid wastes generated, stored and transported for recycle /
offsite storage to be recorded and monitored and reported to Ministry as required; and



Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be taken.

(viii)

Storage and Handling of Hazardous Materials

The mitigation measures for impacts due to storage and handling of hazardous materials are
as below.
Design


Hazardous materials management plan (chemicals management) is to be prepared
addressing site specific requirements for storage, handling and transportation of
hazardous materials;
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Enclosed and secluded storage area (adequately designed to protect from rains and to
prevent any run offs) with impervious flooring, bunds, covers/roof and with spill
collection and safety facilities to be provided for storage of hazardous materials such as
lube oils, toxic and flammable chemicals, cleaning solvents, paints, fuels, etc., according
to applicable regulations and MSDS. Properly lined areas with spill collection facilities to
be provided for loading/unloading of hazardous materials;



Secondary containment to be provided for all bulk storage tanks in order to contain any
accidental leaks;



Roofed and ventilated area with adequate safety protection to be provided for storage of
gas cylinders;



Permits are to be obtained from MECA and ROP for storage, handling and transportation
of chemicals and fuels to be used at site; and



Onsite and offsite emergency response plans to be established for handling any potential
emergency situations due to accidental release of hazardous materials.

O&M control


All hazardous materials to be stored and handled at designated storage areas as mentioned
above in compliance with applicable regulations and MSDS;



The storage areas and vessels/containers to be properly labeled indicating the material,
hazardous nature, quantity, safety measures to be followed, etc. Appropriate MSDS
information to be displayed at areas of storage and use. If hazardous chemicals are to be
stored at points of use in the plant, enclosed and bunded areas to be provided for storage
in order to contain spillages and leaks. Hazardous materials which are flammable,
corrosive, explosive, etc. are to be stored separately;



Appropriate handling methods and facilities to be established for hazardous materials.
Any spills / leaks to be immediately remediated to minimise contamination of soil and
groundwater;



Personnel handling hazardous materials to be provided with appropriate training on the
hazardous nature of the materials, methods for handling and storage, exposure controls
required, emergency procedures, etc. Appropriate PPE to be used by personnel handling
hazardous materials;



Emergency response measures to be established for hazardous materials storage and
handling; and



Approved transporters to be used for transportation of hazardous materials.

Monitoring


Periodic audits to be conducted to assess implementation of the control measures and
results of audits to be reviewed and corrective actions to be taken;

HMR Environmental Engineering Consultants
Sultanate of Oman

9-29

HMR/2826
July 2010

Sohar-II Power Plant
Suez Tractebel S.A. Consortium

Environmental Impact Assessment
Sohar Industrial Port Area



Inventory of the hazardous materials including the type of material, hazardous nature,
quantity stored and consumed, etc., to documented and periodically updated; and



Periodic sampling and analysis of groundwater from groundwater wells in the area to be
conducted for monitor the levels of heavy metals and hydrocarbons. These levels to be
compared with applicable standards in order to assess impacts due to the operation of the
facility with regard to storage and handling of various hazardous materials and wastes.

9.3.5

Social Management Plan

As previously mentioned consultations will carried out throughout the project life cycle with
varying frequency level of engagement and based on necessities. However, it is likely that
consultations with community during operation phase will be less when compared to the
construction phase. The PCDP envisages consultations for involvement of local community
during operation phase is presented in Table 9-4 below.
Table 9-4: Consultations during Operation Phase

#
1

Stage /
Activities
Monitoring
and
Evaluation

Responsible
Person / Agency
Developer, Wali
of Sohar and
Liwa, village
Sheikhs

Stakeholder
Community

Tools &
Desired Outputs
Techniques
Meetings
 Provide information on
progress of implementation;
 Identify scope for
improvement; and
 Provide opportunity to
address issue if any.

For the operation phase of the project, the mitigation measures for the traffic management
and social management will be similar to that of the construction phase and therefore are not
discussed separately.
9.3.6

Environmental Auditing and Monitoring Program

Based on the discussions above, an environmental monitoring program summarized in Table
9-5 below is proposed for the operational phase.
Table 9-5: Environmental Auditing and Monitoring during Operation Phase

#
1

2

Environmental
Aspects
Air Quality

Noise Levels

Scope of Monitoring / Auditing
Emission monitoring for NOX, SO2,
CO, CO2 and VOC at bypass and
main stacks
Monitoring of critical pollutants
such as NOX, SO2, PM, O3 and
hydrocarbons at appropriate
locations in and around the plant
Workplace and ambient noise
levels
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On-line CEMs
Mobile CAAQMS
at appropriate
locations in
consensus with
MECA
Using sound
pressure level
meter

Frequency of
Monitoring
Continuous
Continuous

Monthly
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Scope of Monitoring / Auditing
Noise exposure survey for plant
personnel

3

Marine outfall
water

4

7

Sanitary
wastewater
Process
wastewater
Treated water
from WTP
Groundwater

8

Solid Wastes

9

10

5
6

Method
Using sound
pressure level
meter and
dosimeter
Laboratory analysis

Frequency of
Monitoring
Quarterly

Quarterly

Temperature, nitrates, phosphates,
salinity pH, Cu, Cr, Ni, Fe, Zn and
chlorine and as required by MD
159/2005
Flow volume

Online flow meter

Continuous

Flow volume

Online flow meter

Continuous

Parameters as required by RD
115/2001 and MD 159/2005
Analysis for heavy metals and
hydrocarbons

Laboratory analysis

Quarterly
Quarterly

Quantity of each category of waste
disposed from site

Sampling from
nearby groundwater
wells and
laboratory analysis
Weight or volume
measurement

Hazardous
wastes

Quantity of each category of waste
stored at site

Weight or volume
measurement

Resources such
as gas, fuel,
power, water,
etc.

Quantities of consumption

Using flow meters,
energy meters, etc.

9.4

Decommissioning Phase Management

9.4.1

Overview

Continuous,
monthly
inventory to be
maintained
Continuous,
monthly
inventory to be
maintained
Continuous,
monthly
inventory to be
maintained

At the end of life cycle of the facility, all the assets in the site will be decommissioned and
the site will be restored to the extent possible, to its original condition. Remediation of any
contaminated soils will be carried out. All efforts will be made to restore the site to a level
such that it can be put to useful purposes like industrial, housing or recreational use. To
demonstrate the fitness of the land for the intended future use, post-closure monitoring will be
carried out before transferring the land to the next landowner.
Decommissioning activities, which will involve dismantling of equipment and structures will
be more or less similar to the construction phase activities. Consequently, similar
environmental impacts are expected and a similar environmental management plan will be
applicable. However, the duration of decommissioning is envisaged to be shorter compared to
the construction activities.
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The decommissioned equipment and the waste materials generated will be recycled to the
extent possible, and the non-recyclable wastes will be disposed according to applicable
regulations and waste management plan. The decommissioning will be contracted to a
qualified contractor, who will be responsible for environmental management.
9.4.2

Site Restoration

After removal of structures and equipment from the site, all above ground metalwork and
concrete will be entirely removed from the site. Foundations will be excavated to completely
remove structures and back-filled with compacted fill or other suitable material according to
the type of ground and the site will be leveled.
Any soil found to be contaminated with hydrocarbons or any other chemicals would be
removed from the site and replaced with new, clean soil. The contaminated soil will be
treated as hazardous waste according to applicable regulations. Vegetation could be grown on
the restored site for soil stabilization.
9.4.3

Post-closure Monitoring

Post-closure monitoring will be carried out before transferring the land to the next landowner,
to demonstrate the fitness of the land for the intended future use. The monitoring will
potentially include soil and groundwater analysis.
9.5

Emergency Response Plan

9.5.1

Overview

It is required to develop an onsite and offsite emergency response plan in order to address the
impacts from accidental releases of hazardous materials. The framework for the same is
provided below. Emergency preparedness plan refers to the detailed management plan on
how to respond, control, recover and mitigate impacts in the event of emergencies. In order to
develop this plan, a detailed risk analysis needs to be conducted, identifying and evaluating
various process safety risks associated with the proposed facility operation, which can be
conducted after detailed design of the facility. An approach for emergency preparedness plan
is presented in this section.
The emergency planning can be divided into three components, viz., on site emergency
planning, off site emergency planning, and transit emergency planning. Onsite emergency
planning includes the following elements:


Preventive and predictive systems;



Protective systems;



Personnel protective equipment;
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Mock drill and simulation exercises;



Mutual aid scheme;



Communication;



Medical facilities;



Reporting to external agencies; and



Training to persons on emergency response plan and first-aid.

Off-site emergency planning includes the following elements:


Educating the people around the site about the potential hazards and response;



Mock drills;



Communication;



Transport;



Medical Facilities;



Coordination;



Evacuation;



Mutual aid scheme; and



Training to persons on emergency response plan and first-aid.

Transit emergency planning includes the following elements:


Information dissemination policies including proper signage;



Vehicle fitness procedure;



Communication policy in the event of emergencies;



Medical Facilities;



Mutual aid scheme; and



Training to persons on emergency response plan and first-aid.

9.5.2

Preventive, Predictive and Protective Systems

The preventive, predictive and protective systems for fire safety may include the following:


Fail-safe design of equipment;



Fire hazard area classification;



Fire warning signs such as no smoking, no open flames etc.;



Leak control and containment systems;



Gas, smoke and fire detectors/alarms;



Safety auditing;



Hydrant system;

HMR Environmental Engineering Consultants
Sultanate of Oman

9-33

HMR/2826
July 2010

Sohar-II Power Plant
Suez Tractebel S.A. Consortium

Environmental Impact Assessment
Sohar Industrial Port Area



High and medium velocity water spray systems;



Fixed foam systems; and



Portable fire extinguishers.

9.5.3

Personnel Protection, First Aid and Medical Attention

Appropriate and adequate facilities are to be provided for the personal safety of the workers
and the visitors to the plant as per industrial best practices. A team of plant personnel are to
be trained in first-aid.
9.5.4

Emergency Communication and Response

For effective emergency preparedness, an emergency communication system and an
emergency response team are to be developed.
9.5.5

Emergency Communication System

Communication is an important factor in handling an emergency. Therefore, an emergency
communication system is to be designed in order to allow the earliest possible action to be
taken to control the situation. An adequate number of points will be identified from which
the alarm can be raised either directly by activating an audible warning, or indirectly, such as
a signal or message to a permanently manned location viz. the Central Control Room of the
facility. The alarm will also alert the incident controller, who assesses the situation and
initiates suitable action. A reliable system for informing the emergency services when the
alarm is raised, will also be designed.
9.5.6

Emergency Response Team

Effective emergency plans require that in the event of an accident, nominated officials be
given specific duties, often separate from their day-to day activities. This team consists of
several experienced plant personnel who are actively involved in the operation,
administration, safety and security of the plant. Two principal members of the emergency
response team are the plant manager (main controller) and HSE manager (incident
controller).
The HSE manager will be the person in-charge of the plant at the time of incident and the
typical responsibilities are to assess the scale of the incident, to initiate emergency procedures
to secure the employees, reduce damage to plant and property and to minimize loss of the
material, to direct rescue and other necessary procedures until backup forces arrive, to coordinate with outside services such as fire and police departments, to assume the
responsibilities of the plant manager pending his arrival and to provide advice and
information as requested by the emergency services.
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The plant manager is the most senior management representative at the plant and will have
the overall responsibilities of directing operations after relieving the HSE manager of the
responsibility of the overall control. The typical responsibilities are to exercise direct
operational control of the facility, to continually review and assess possible developments to
determine the most probable course of events, to direct the shutting down of the plant and
evacuation in consultation with the site incident controller and other key personnel, to control
traffic movement within the installation, and to co-ordinate with all outside services such as
fire and police. The communication facilities for co-ordination with fire and police
departments will be located in the Central Control Room.
9.5.7

Training, Publicity and Mock Drills

All the plant personnel will be adequately informed and trained in safety and emergency
matters. The safety and emergency procedures will be widely published through posters,
manuals, workers education classes and video presentations. Mock drills will be conducted to
judge the effectiveness of the emergency procedures.
9.5.8

Public Information and Interaction with External Agencies

This becomes critical in the event of off-site emergencies. The off-site emergency plan is
required to be prepared in consultation with and the approval of the local government
authorities.
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CONCLUSIONS

As mentioned in various sections of this report, the project will implement appropriate
control and mitigation measures to minimise the environmental impacts and to ensure
compliance with applicable Omani and International Environmental Regulations and
requirements of World Bank Equator Principles.
Through effective implementation of the proposed EMP and SMP, and careful design,
engineering, planning, construction and operation considerations the associated residual
impacts will be minimized. Consequently, these impacts are not expected to cause any
significant, long term and irreversible change on the environment and the local community.
Activity specific management plans shall be developed following the award of tenders to
contractors developing various features of the project. Emphasis on rigorous environmental
monitoring of various aspects as presented in Chapter 9 needs to be reinforced at the highest
level within STSA Consortium so that distinct trends in adverse impacts can be promptly
identified for suitable mitigation in consultation with experts at MECA.
From the EIA study for the Sohar II project, it is concluded that the project will not cause any
significant deterioration of the environmental quality and will in fact generate revenues,
employment and invigorate the economy. Therefore, the proposed project is considered to be
acceptable from an environmental and social standpoint within the context of local and
internationally comparable environmental standards.
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Photographs of the Study Area Flora and Fauna

Plate C-1: Acacia tortilis

Plate C-2: Aerva javanica

Plate C-3: Aizoon canariense

Plate C-4: Arnebia hispidissima

Plate C-5: Cyperus conglomeratus

Plate C-6: Chrozophora oblongifolia
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Plate C-7: Echiochilon persicum

Plate C-8: Dipterygium glaucum

Plate C-9: Pennisetum divisum

Plate C-10: Calotrophis procera

Plate C-11: Prosopis juliflora

Plate C-12: Citrullus colocynthis
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Figure F-1: Seawater column profiles at common outfall area (OF150A to OF300A)
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Figure F-2: Seawater column profiles at common outfall area (OF300B to OF300E)
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Figure F-3: Seawater column profiles at common outfall area (OF500A to OF700A)
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Figure F-4: Seawater column profiles at reference area (OF1000A to OF1200A)
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Figure F-5: Seawater column profiles at common intake area (INA to INC)
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Severity of Consequences:
Severity
Massive
Effect

Major
Effect

Moderate
Effect

Minor
Effect

Slight
Effect

Definition
Persistent severe environmental damage or severe nuisance extending over a large
area;
 Constant, high exceedance of statutory or prescribed limits (representing a threat to
human health in both the long and short term); and
 In terms of commercial or recreational use or nature conservancy, a major economic
loss for the company.
Potential Consequence
 Causing widespread nuisance both on and off site;
 Significant, widespread and permanent loss of resource; and
 Major contribution to a known global environmental problem with demonstrable
effects.
 Severe environmental damage;
 Extended surpassing of statutory or prescribed limits; and
 The company is required to take extensive measures to restore the contaminated
environment to its original state.
Potential Consequence
 Highly noticeable effects on the environment, difficult to reverse.
 Widespread degradation of resources restricting potential for further usage;
 Significant contribution to a known global environmental problem when compared
with oil and gas industry world-wide;
 Statutory or prescribed guidelines approaching occupational exposure limits; and
 Periodic widespread nuisance both on and off site.
 Release of quantifiable discharges of known toxicity;
 Repeated exceedance of statutory or prescribed limit; and
 Causing localized nuisance both on and off site.
Potential Consequence
 Noticeable effects on the environment, reversible over the long term;
 Localized degradation of resources restricting potential for usage; and
 Elevated contribution to global air pollution problem partly due to preventable
releases.
 Contamination;
 Damage sufficiently large to attack the environment;
 No permanent effects to the environment;
 Single exceedance of statutory or prescribed criterion; and
 Single complaint.
Potential Consequence
 Noticeable effects on the environment, but returning to original condition in the
medium term without specific mitigation measures;
 Slight local degradation of resources, but not jeopardizing further usage;
 Small contribution to global air problem through unavoidable releases;
 Elevation in ambient pollutant levels greater than 50 % of statutory or prescribed
guidelines; and
 Infrequent localized nuisance.
 Local environmental damage;
 Within the fence and within systems; and
 Negligible financial consequences.
Potential Consequence
 No noticeable or limited local effect upon the environment, rapidly returning to
original state by natural action;
 Unlikely to effect resources to noticeable degree;
 No significant contribution to global air pollution problem;
 Minor elevation in ambient pollutant levels, but well below statutory or prescribed
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Positive
Effect
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Definition
guidelines; and
No reported nuisance effects.
Activity has a net-positive and beneficial affect resulting in sustainable
environmental improvement (such as ecosystem health);
Increase in magnitude or quality of habitat for those species known to naturally occur
in the area;
Growth in ‘naturally occurring’ populations of flora and fauna;
Positive feedback from stakeholders; and
Potential financial gains.

Likelihood of Occurrence:
Likelihood
Certain
Very Likely
Likely
Unlikely
Very Unlikely

Definition
Will occur under normal operating conditions.
Very likely to occur under normal operational conditions.
Likely to occur at some time under normal operating conditions.
Unlikely, but may occur at some time under normal operating conditions.
Very unlikely to occur under normal operating conditions but may occur in
exceptional circumstances.

Low impacts are considered to be acceptable or within regulatory limits. Further control
measures are not required to mitigate these impacts.
Medium impacts are those requiring control measures, an environmental and social
management system to be implemented so as to mitigate the impacts to below acceptable
levels.
High Impacts are those that require additional studies (such as detailed surveys, predictive
modelling, etc.) to further assess such impacts and to determine if alternative activities with
lower impacts or alternative locations with lower environmental/social sensitivities need to be
considered.
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Isopleths of Estimated Pollutants GLCs
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Figure I-1: 1-hr Average Isopleth for CO under Normal Scenario
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Figure I-2: 8-hr Average Isopleth under Normal Scenario
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Figure I-3: 24-hr Average Isopleth for NOX under Normal Scenario
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Figure I-4: Annual Average Isopleth for NOX under Normal Scenario
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Figure I-5: 24-hr Average Isopleth for SO2 under Normal Scenario
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Figure I-6: Annual Average Isopleth of SO2 under Normal Scenario
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Figure I-7: 3-hr Average Isopleth for UHC under Normal Scenario
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Figure I-8: 1-hr Average Isopleth for CO under Upset Scenario
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Figure I-9: 8-hr Average Isopleth for CO under Upset Scenario
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Figure I-10: 24-hr Average Isopleth for NOX under Upset Scenario
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Figure I-11: Annual Average Isopleth of NOX under Upset Scenario
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Figure I-12: 24-hr Average Isopleth of SO2 under Upset Scenario
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Figure I-13: Annual Average Isopleth of SO2 under Upset Scenario
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Figure I-14: 3-hr Average Isopleth of UHC under Upset Scenario
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Natural Gas Pipeline – 10 mm (Pinhole) Leak Scenario:

Figure J-1: Centerline Concentration × Distance Diagram

Figure J-2: Jet Fire Radiation Level × Distance Diagram

Figure J-3: Jet Fire Radiation Radii Diagram
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Figure J-4: Late Explosion Worst Case Radii Diagram

Figure J-5: Flash Fire Envelope Diagram

J.2

Natural Gas Pipeline – Rupture Scenario:

Figure J-6: Gas Cloud Footprint Diagram
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Figure J-7: Flash Fire Envelope Diagram

Figure J-8: Early Explosion Overpressure Radii Diagram

Figure J-9: Concentration × Time Diagram
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Figure J-10: BLEVE Radiation × Distance Diagram

Figure J-11: BLEVE Radiation Radii Diagram

J.3

Diesel Storage Tank – 10 mm (Pinhole) Leak Scenario:

Figure J-12: Centerline Concentration × Distance Diagram
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Figure J-13: Pool Fire Radiation × Distance Diagram

Figure J-14: Jet Fire Radiation Radii Diagram

Figure J-15: Late Pool Fire Radiation Radii Diagram
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Diesel Storage Tank – Catastrophic Rupture Scenario:

Figure J-16: Centerline Concentration × Distance Diagram

Figure J-17: Vapour Cloud Footprint Diagram

Figure J-18: Late Pool Fire Radiation Radii Diagram
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Figure J-19: Late Explosion Worst Case Radii Diagram

Figure J-20: Flash Fire Envelope Diagram
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