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1.2

1.3

INTRODUCTION

BACKGROUND

This report represents the methodology and results of an environmental air quality and odour
baseline survey carried out at, and around the area close to, the Dugm Refinery Project, Oman.

SCOPE OF REPORT

The purpose of the air quality and baseline survey was to provide a robust and full data set at a
fixed location of air pollutants and odour sources for a minimum period of three months, while also
providing a wider range of air quality data from additional measurements across the study area.
The survey results are expected to represent typical baseline ambient air levels and baseline
odour at both background locations and at location close to sensitive receptors.

This report sets out the methodology employed and a summary of the results, along with details
of the measurement data and equipment.

PROJECT OVERVIEW

The Dugm Refinery Project comprises the Refinery itself and its Off-site Facilities. The
components of the Project are described in Table 1.1 below.

Table 1.1: Dugm Refinery Project

PROJECT COMPONENT DESCRIPTION

A 230,000 barrels per day complex refinery on a plot of 9km? area to the north
of the main industrial area within the Dugm Special Economic Zone (SEZ).
This includes:

~ Dugm Refinery Site clearance and levelling (completed in late 2016);

Product pipelines and service lines to the Dugm Export Terminal;
Construction accommodation/Workers’ Camps; and

Laydown areas.

i. Crude oil storage facility at the Ras Markaz (RM) Crude Oil Storage
Terminal: eight tanks located within, and part of the wider Terminal,
approximately 80km from the Refinery. The large-scale Tank Terminal (to
be run by Oman Oil Tank Terminal Company, OTTCO) in its entirety is not
part of the Project.

- ol lelies ii. ‘DRPIC Crude Pipeline’: 28-inch diameter 80km crude oil import pipeline

to transport crude oil from RM to Dugm Refinery.

iii. Product ‘Export Terminal’: on the lee breakwater of the Port of Dugm,
close to to the south-east of the Refinery plot. Topside works only, i.e.,
storage for products and export handling facilities.

The transition of crude oil from its import, via a Single Point Mooring (SPM) at Raz Markaz, to the
export of refined products through the Project facilities follows these key stages:
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1. Offload of crude oil from offshore vessel delivery. Crude oil is stored within the crude
import and storage facility at Ras Markaz Tank Farm of which only eight crude oil tanks
are part of the Project.

2. The oil is transferred to the Dugm Refinery through the 80.7km Crude Import Pipeline.
The Dugm Refinery will have a design capacity of 230,000 barrels per day and will
produce the following products:

a. Naphtha;

b. Liquid Petroleum Gas (LPG);

c. JetA-1,

d. Diesel;

e. Heavy Sulphur Fuel Oil (intermittently);
f.  Petroleum Coke (Solid); and

g. Sulphur (Solid).

3. Once the crude oil is refined to the final products, then these are marine exported via the
Dugm Export Terminal. The liquid products are conveyed to the terminal via pipelines
within a service corridor and the solid products via ground transport.

1.4 PREVIOUS BASELINE WORK

Previous baseline air quality and odour survey work has been documented as follows (see also
References):

Appendix A of the Environmental Impact Assessment Study Report for Dugm Refinery
(HMR, 2015);

Environmental and Social Impact Assessment (ESIA) Scoping Report for the Proposed
Dugm Integrated Power and Water Plant (DIPWP), Dugm, Sultanate of Oman;

Sections 5 (ambient air quality) and 6 (impact assessment), and Appendix 3 of the Raz
Markaz Oil Pipeline Concept Study & FEED Environmental Impact Assessment Report
(WorleyParsons Oman Engineering, 2016);

Dugm Industrial and Free Zone Masterplan Sultanate of Oman, Final EIA Report;

Appendices B and E of the Environmental Impact Assessment Study Report for Dugm
Refinery Construction Camp (HMR, 2014);

Environmental Impact Assessment (EIA) Study Report, Dugm Refinery;

Sections 2, 6 and 7 of the Environmental Impact Assessment Report: Dugm Liquid Bulk
Berths Project (WorleyParsons Oman Engineering, 2015);

EIA for Service Corridor, Dugm, Environmental Impact Assessment Report;
ESIA for Ras Markaz Crude Oil Park;

Environmental Impact Assessment (EIA) Report for Dugm Sea Water for Industrial Zone
Project (SWIP); and

Equator Principles Supplementary Report on Associated Facilies — Gensis Technip,
March 2016

Dugm Refinery Project

DRPIC
Confidential



The previous baseline air quality studies and odour included measurements in and around Project
components and relevant receptors. These are summarised in the following Section.

FINDINGS OF THE PREVIOUS AIR QUALITY AND ODOUR ASSESSMENTS
IN THE DUQM REGION

Dugm Ras Markaz Oil Pipeline Concept Study & FEED, Environmental Impact Assessment
Report - Oman Gas Company, May 2016

As part of the zone development, SEZAD undertook continuous ambient air quality studies at
three locations within the Dugm SEZ area between 2012 and 2013, recording concentrations of
carbon monoxide (CO), nitrogen dioxide (NO,), ozone (O3), sulphur dioxide (SO,) and particulate
matter of diameter less than or equal to ten micrometers (microns) PMyg.

The monitoring detected exceedances of both the USEPA and Omani provisional standards for
Ozone (8 hour average, 177pg/m3, Sep 2013); SO, (1 hour average, 211 pg/m3, Sep 2013) and
PMyo (24 hour average, 244 pg/m?’ Mar 2013).

In addition, PM;q monitoring was undertaken at 70 locations along the pipeline for up to 15
minutes at each location. Concentrations ranged from 10 to 339 ug/m3 as a 15 minute average.
High dust levels were recorded during periods of high wind speeds.

Ras Markaz Crude Oil Park Project — HMR Consultants, October 2015

Ambient concentrations of CO, NO, NO,, NO,, O3, hydrogen sulphide (H,S), SO,, methane (CHy),
Total Non-Methane Hydrocarbons (TNMHCs) and PMj, were monitored using a continuous
analyser for a period of one month. Monitored concentrations were within the relevant standards
with the exception of 24 hr PMy, concentrations which reached 244ug/m3.

Dugm Industrial and Free Zone Masterplan — Jurong Consultants, June 2010

PM3, monitoring was undertaken at ten sites for a period of less than one day at each location.
Period mean concentrations ranged between 13.4 and 73.0 pg/m3 and it was stated that gusting
wind may have played a role in the higher concentrations measured.

In addition, diffusion tubes for sulphur dioxide and nitrogen dioxide were deployed at four
locations for a period of 36 days. Mean SO, concentrations ranged from 11.97 to 19.60 ug/m3 and
nitrogen dioxide concentrations ranged between 2.93 and 4.07 ug/m?’.

Dugm Refinery Air Quality Baseline Study Report (HMR, Dec. 2014)

Baseline air quality was assessed using a series of several short monitoring surveys (ranging
between 11 to 18 days) at five locations within the Dugm Refinery study area. A Continuous Air
Quality Monitoring Station (CCAQMS) was used to monitor concentrations of SO,, NO,, CO, O3,
H,S, PMy, and total non-methane hydrocarbons (TNMHC). Monitoring locations included the
Dugm Refinery site (October 2013 and June 2014), Wadi Dhanjart, the Village of Nafun, the
heavily Industrialised area to the north of Dugm town, Dugm Town and the Airport. During the
surveys several exceedances of air quality standards were observed, these occurred principally at
the Refinery site, and included an exceedance of the O3 8-hr standard in the June to July 2014 air
quality monitoring period, which was not observed during the previous monitoring undertaken at
the site in October 2013. Also an exceedance of the PM,q, air quality standard was observed at
both the Refinery site and in Dugm Town. Ozone exceedances are more likely during summer
periods than winter periods due to the higher UV intensities, and elevated PM;, concentrations
were attributed to the characteristic Shamal winds which occur in the summer months.
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Dugm Liquid Bulk Berths Project — Worley Parsons, September 2015

Diffusion tube monitoring was undertaken at eight sites, measuring SO,, volatile organic
compounds (VOC), Os, oxides of nitrogen (NO,) — made up of nitrogen monoxide (NO) and
nitrogen dioxide (NO,) concentrations over a period of 21 days. Concentrations of SO,, VOC, NO,
and NO, were all well below the relevant standards (<5pg/m3 in each case). Ozone
concentrations ranged between 59 and 78 pug/m® over the period.

Environmental Impact Assessment Report for Dugm Sea Water for Industrial Zone Project
— HMR Consultants, July 2015

Concentrations of SO,, NO,, CO, Os, H,S, PM;, and total non-methane hydrocarbons (TNMHC)
were monitored using a continuous analyser for a period of approximately two weeks at each of
three locations. 24 hr average concentrations of SO, exceeded the standard with a maximum
value of 160.3ug/m3 as did 8-hour average concentrations of Oz with a maximum of 125.2 pg/ms.
All other measured concentrations fell within the relevant standards.

Environmental Impact Assessment Report for Dugm Refinery Construction Camp — HMR
Consultants, December 2014

Ambient concentrations of CO, NO, NO,, NO,, O; H,S, SO, CH,, Total Non-Methane
Hydrocarbons (TNMHCs) and PM;q, were monitored using a continuous analyser at three
separate sites over a total period of 39 days. 8 hr average concentrations of Os;, exceeded the
standard with a maximum value of 193ng/m3 as did 24 hour average concentrations of PMq with
a maximum of 227 pg/m*® and NMHCs with a maximum value of 260 pg/m®. All other measured
concentrations fell within the relevant standards. Odour sampling was carried out using sorbent
tubes. Sorbent tube sampling is NIOSH/OSHA approved method for collecting most hazardous
gases and vapours from the air. All VOCs sampled for odour were below the detection limits.

Environmental and Social Impact Assessment Report for the proposed Dugm Integrated
Power and Water Plant (DIPWP), Dugm — Marafiq; BEYA 2015

Ambient concentrations of Oz, PM4q, SO,, H,S, CO, NO,, CH, and NMHC were monitored at five
locations for a period of approximately 24 hours at each location. 24 hr PMy, concentrations
exceeded the 24hr standard at one location, with a maximum concentration of 506é1g/m3. In
addition, elevated concentrations of ozone were recorded (a maximum of 68.1ug/m™ as 24 hr
average), indicating a likely exceedance of the 8 hour standard for O;. All other measured
concentrations fell within the relevant standards.

Scoping Report and ESIA® for the Proposed DIPWP — ADP Consultants, December 2016

Ambient air quality monitoring was carried out in December 2016 on continuous basis over just
24hrs hours at four separate locations measuring SO,, H,S, NO,, NO,, CO, O3, CH,;, NMHC and
PM3,. Measured concentrations of Oz over the 24hr period were elevated (between 53.5 to 68.1
ug/m?’) though well within the Omani 8 hr air quality standard of 120 ug/ms, as the monitoring
period was greater than the standard duration, an exceedance of the O; standard at these
locations were possible. In addition PM,, concentrations at all five sample locations were within
the 24hr national ambient air standard of 125 pg/m® though exceeded the WHO annual standard

! Due to the timing of the availability of an updated ESIA Report (end of July 2017) the results were not
available in time for this Report.
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of 20 pg/m®, which was not applicable over these very short monitoring durations. All other
parameters were well below the Omani nation air quality standards.

SUMMARY OF THE AIR QUALITY MONITORING STUDIES UNDERTAKEN IN
THE DUQM REGION TO DATE

The previous air quality survey undertaken in the Dugm region detected exceedances of PM;g, O3
and SO, concentrations against the Omani air quality standards. A continuous analyser was
deployed for only six of the nine air quality surveys and only for a maximum period of one month
at any one site. In the studies which deployed diffusion tubes exposed over several weeks, the
likelihood that a non-compliance against a 24hr air quality standard would have been detected is
low. These previous studies, even though short in duration, and in two cases limited to a diffusion
tube study, detected several non-compliances of pollutants, two of which (PMy, and O3) would be
considered to be as result of natural processes, and not as an consequence of anthropogenic
emissions.
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2.2

METHODOLOGY

RELEVANT AIR QUALITY AND ODOUR STANDARDS
Provisional Omani Ambient Air Quality Standards

GUIDANCE

In preparation of the new baseline survey to be carried out to enhance the set of historic
measurements, it was important to take account of any existing Omani and international Air
Quiality Standards.

There are no formal Omani standards for air quality, however Provisional Ambient Air Quality
Standards have been developed (see Table 2-1 below) along with ‘Ministerial Decision No.
118/04 on the Control of Air Pollution from Stationary Source’. In addition to these, international
standards from the United States Environmental Protection Agency (USEPA), United Kingdom
and European Union (EU) provide air quality limits values for pollutants not addressed in the
Provisional Ambient Air Quality Standards (see Table 2-2).

Where applicable, the Omani Provisional Ambient Air Quality Standards will be required to be
met, and where a limit value for a pollutant is not presented within either the Omani standards, the
IFC (referring to World Health Organization, WHO) standards will be considered the project
specific air quality standard.

Table 2-1:  Provisional Omani: Ambient Air Quality Standards

AVERAGING PREVIOUS PROVISIONAL
POLLUTANT PERIOD OMANI AIR QUALITY STANDARD (MD 41/2017) OmANI AAQS
S0 24 hour 150 ug/m3 125 pg/m3
10 1 Year - -
24 hour 130 ug/m3 112 pg/m3
NO> 1 hour 250 ug/m3 - -
1 year - -
24 hour 150 ug/m* 125 pg/m®
1 hour 350 ug/m* - -
SO,
3 hour - -
10 minutes - -
o 8 hour 10 mg/m’ 6 mg/m®
1 hour 30 mg/m’ - -
s 24 hour 40 ug/m3
2 1 hour 30 ug/m’
05 8 hour 120 ug/m’ 120 Hg/m?
HCNM 3 hour 160 ug/m’ 160 Hg/m?
3 month 15 ug/m’ - -
Lead
1 year - -
24 hours 65 /m* - -
PMz s HY
1 year - -
NH3 24 hours 200 pg/m?®
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POLLUTANT A\If:sgg\'e OMANI AIR QUALITY STANDARD (MD 41/2017) PREV('DO'\;JENIID;OA\:';S'ONAL
Benzene 1 year - -
Arsenic 1 year - -
Cadmium 1 year - -
Nickel 1 year - -
PAH 1 year - -
2.2.1 IFC EHS Guidelines

For pollutants where no Omani standards apply, air quality guidelines IFC general (WHO)
international standards have been adopted. These criteria are shown in Table 2.2.

Table 2.2:  Ambient Air Quality Standards

POLLUTANT AVERAGING PERIOD IFC GENERAL (WHO)
24 hour 50 pg/m?®
PMso 3
1 Year 20 pg/m
24 hour - -
NO> 1 hour 200 pg/m®
1 year 40 pg/m®
24 hour 20 pg/m?®
1 hour - -
SO,
3 hour - -
10 minutes 500 pg/m®
8 hour - -
CO
1 hour - -
H.S 24 hour - -
O3 8 hour 100 ug/m3
HCNM 3 hour - -
3 month - -
Lead
1 year - -
24 hours 25 /m?®
PMz 5 = 3
1 year 10 pHg/m
Benzene 1 year
Arsenic 1 year - -
Cadmium 1 year - -
Nickel 1 year - -
PAH 1 year - -
2.2.2 USEPA and EU Air Quality Standards

For reference the United States Environmental Protection Agency (USEPA), United Kingdom and
European Union (EU) air quality standards have been set out to provide a guideline value air for
those pollutants which have no Omani or WHO standards equivalent (see Table 2-3 below).
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2.2.3

Table 2-3:  USEPA, UK and EU Air Quality Standard
POLLUTANT AVERAGING PERIOD US EPA EU UK
oM 24 hour 150 pg/m® 50 pg/m® 50 pg/m?®
10 1 Year - - 40 pg/m® 40 pg/m?®
24 hour - - - - - -
NO- 1 hour 0.1 ppm 200 pg/m® 200 pg/m?®
1 year 0.053 ppm 40 pg/m?® 40 pg/m?®
24 hour - - 125 pg/m?® 125 pg/m?®
. 1 hour 0.075 ppm 350 pg/m® 350 pg/m?®
2 3 hour 0.5 ppm - - - -
10 minutes - - - - - -
o 8 hour 9 ppm 10000 = pg/m® 10000 = pg/m?®
1 hour - - - - - -
H,S 24 hour - - - - - -
O3 8 hour 0.07 ppm 120 pg/m?® 120 pg/m?®
HCNM 3 hour - - - - - -
3 month 0.15 pg/m?® - - - -
Lead 3 3
1 year - - 0.5 pg/m 0.5 pg/m
- 24 hours 35 pg/m® - - - -
2e 1 year 12 pg/m® 25 pg/m® 25 pg/m?®
Benzene 1 year - - pg/m® 5 pg/m?®
Arsenic 1 year - - ng/m3 - -
Cadmium 1 year - - 5 ng/m3 - -
Nickel 1 year - - 20 ng/m3 - -
PAH 1 year - - 1 ng/m3 - -

Odour Nuisance Standards

No nuisance thresholds exist for odour in Oman. Therefore complaints of odour nuisance was
assumed to be equivalent to the odour detection thresholds at receptors from known odourous
emission from the refinery activities.

Odour thresholds for VOC other anticipated emissions from refinery activities are” provided in
Table 2-4 below. These odour detection values represent a conservative assessment, as they are
from the lower end of the detection range of odour threshold values.

2 Reference Guide to Odor Thresholds for Hazardous Air Pollutants published by the Unites States
Environmental Protection Agency (US EPA), 1992
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2.3

2.4

Table 2-4:  Odour Thresholds for Refinery Emissions to Air

3&4

ODOUR THRESHOLD
COMPOUND ODOUR SOURCE
mg/m3 ppm
Hydrogen Sulphide Crude Og@:ﬁg%ﬁg??gg?;lgw risation 0.014 0.01
Ammonia Relmpregnagfer;ftggr:/tmste Water 3.48 5
Dimethyl Disulphide Crude Oil, Sulphur tanks, desulphurisation 0.002 0.001
Benzene Crude Oil and Refined Naphtha 2.50 0.78
Toluene Crude Oil and Refined Naphtha 7.6 28.6
Ethylbenzene Crude Oil and Refined Naphtha 0.40 0.092
Xylenes Crude Oil and Refined Naphtha 0.60 0.14
Hexane Crude Oil and Refined Naphtha 459 130

INTERNATIONAL STANDARDS ORGANISATION

In order to comply with IFC requirements, baseline monitoring should adhere to ISO reference
methods, where applicable. Compliance of ambient air monitoring methods used within this

baseline study is detailed in Table 2-5 below.

EQUIPMENT

A continuous air quality monitoring station (CAQMS) was deployed at the selected sampling site
on 3" May 2017. The CAQMS was equipped to continuously monitor for the following air quality

parameters:
e PMy
e PMgs
e NO,
e SOy
e O,
e CO;
e H:S;
e VOCs;
e BTEX; and

8 Occupational Safety and Health Guideline for Methyl Mercaptan, US Dept. Health and Human Services,

1988

4 Occupational Safety and Health Guideline for Hexane, US Dept. Health and Human Services, 1988

Dugm Refinery Project
DRPIC
Confidential




CH,

10

Measurements were carried out for three months at a single fixed background location. The data
was then used to providing both short-term and annualised baseline ambient air concentrations.

In addition an anemometer was installed to measure wind speed and wind direction at the sample
site. The equipment deployed in the Air Quality monitoring survey is shown in Table 2-5 below.

Table 2-5:  List of Air Quality Monitoring Station Equipment
ITEM NUMBER OF ISO STANDARD
ITEM PURPOSE
No. ITEMS COMPLIANCE
Enclosure for the safe
Steel Framed Enclosure containment of sensitive 1 i
1 Air Quality monitoring
instrumentation
5 Not Available Beta Attenuation :Monitoring particulate 1 Equivalent Method to ISO
using a Metone BAM airborne matter (PMio) EN 12341
3 Metone BAM Beta Attenuation :Monitoring particulate 1 Equivalent Method to ISO
Monitor airborne matter (PMzs) EN 14097
4 Serinus 50, UV Fluorescent (l\:/loonlzte?wrtlpagtioAnTs,b(;?nStu?ghur 1 Compliant with Method
detector i ISO EN 14214A
Dioxide
. Monitoring Ambient air
5 g,ermus 51 UV Fluorescent concentrations of 1 No ISO Method
etector .
Hydrogen Sulphide
Monitoring Ambient air
6 Gas Chromatograph and concentrations of 1 Compliant with Method
Flame ionisation detector Benzene, Toluene, Ethyl ISO EN 14662
Benzene and Xylene
Monitoring Ambient air
7 Gas Chromatograph and concentrations of Total 1 Compliant with Method
Flame ionisation detector Volatile organic ISO EN 16017
compounds
. . . Monitoring Ambient air . .
8 Serinus 30, Dispersive Infrared concentrations of Carbon 1 Compliant with Method
detector . ISO EN 14626
Monoxide
9 Serinus 40, Chemiluminesence gﬂoonrzfac;:tlpagtigr?;bcl)?rll\}isggen 1 Compliant with Method
detector . ISO EN 14211
Dioxide
10 Serinus 10 Non Dispersive UV :Monitoring Ambient air 1 Compliant with Method
detector concentrations of Ozone ISO EN 14625
11 Gas Chror_nat_ograph and Monitoring_Ambient air 1 No 1SO Method
Flame ionisation detector concentrations of Methane
12 Anemometer/Vane using a Gill :Measuring Wind speed 1 )
Met Station and wind direction
Monitoring Ambient air -
13 NO; Passive Sampling Tubes :concentrations of Nitrogen 6
Dioxide
Monitoring Ambient air -
14 SO, Passive Sampling Tubes concentrations of Sulphur 6
Dioxide
15 O3 Passive Sampling Tubes Monltorlng_Amblent ar 6 i
concentrations of Ozone
Monitoring Ambient air -
16 BTEX Passive Sampling concentrations of 6
Tubes Benzene, Toluene, Ethyl
Benzene, and Xylenes
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Figure 2-1: Continuous Air Quality Monitoring Station at the Sample Location

In addition to the CAQMS, passive samples were deployed at six locations across the study area
for NO,, SO,, H,S and BTEX, for a total of three months. However due to contamination via dust
intrusion of the final batch (July 2017), only two months of passive sample data was available for
the period May and June only. Each sample was collected and a new sample deployed each
month. These provided a spatial distribution of baseline ambient air concentrations for up to a
total period of two months.

The passive samples deployed across the study area are shown in Table 2.6 and Figure 2-2
below.

Table 2.6 Passive Diffusion Samples Deployed Across the Study Area

ECE)M ITEM PURPOSE NUMBER OF ITEMS
Monitoring ambient air

1 NO; Passive Sampling Tubes concentrations of Nitrogen 6
Dioxide
Monitoring ambient air

2 SO; Passive Sampling Tubes concentrations of Sulphur 6
Dioxide

. . Monitoring Ambient air

3 H,S Passive Sampling Tubes concentrations of H,S 6

4 BTEX Passive Sampling Tubes Momtorlng_Amblent ar 6
concentrations of Benzene,
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ITEM

No ITEM PURPOSE NUMBER OF ITEMS

Toluene, Ethyl Benzene, and
Xylenes

Figure 2-2: Passive Diffusion Tube Sampling Sites, across the study area

SURVEY LOCATIONS

Air quality survey sites were selected on the basis that they provided a safe, secure location
representative of either a background site or a sensitive receptor. The CAQMS was located at the
Sebacic Acid plant, which is approximately 200m to the south east of the Refinery perimeter. The
Sebacic Acid plant provided access to a continuous power source and a secure background
location, representative of the current conditions at, or close to the Refinery site (see Figure 2-3).

The passive diffusion sample sites were selected on the basis that a range of criteria were met,
including fulfilling the data gaps and providing a range of representative sample locations.

Surveillance of Nafoon Village was undertaken to determine a suitable discrete sample position
for diffusion tube monitoring at that location. As a consequence of the surveillance exercise, it
was concluded that Nafoon Village did not represent a secure sampling location where a set of
diffusion tube samples could be left undisturbed or uncorrupted for a monthly period. This was
due to a combination of its remote location, lack of public realm structures, lack of anonymity of
sampling staff (visiting outsiders were closely observed by villagers) and the presence of grazing
animals in the area. The Quarry road site was identified as a suitable alternative sampling
location to Nafoon Village, which similarly to Nafoon Village, was location to the north of the
proposed Refinery site, and outside the immediate influence of major industrial activities or major
transport routes.
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Figure 2-3: CAQMS Site Location

Location of Air Quality Monitoring
Station for baseline monitoring of

| Dugm refinery

L L

Table 2-7:  Baseline Air Quality Monitoring Locations

MEASUREMENT LOCATION SITE CATEGORY g’égfg\fwm LATITUDE LONGITUDE ggﬁi@ﬂ;?omﬂ
Quarry Road, North of site Background Rural Passive Samplers 19.794795N 57.662465E Refinery
Refinery Site Gatehouse  Project Location gﬁn?gfjg Passive 19730108 N  57.648629E  Refinery
CAQMS, Sebacic Acid Plant ﬁ%ﬁﬁ%{g‘l‘”d Passive Samplers 14 718005 N 57.672829 E  Refinery

Dugm Town centre Urban Passive Samplers 14 658775 N 57.633750 E .'?:::;‘ﬁgl Export
Rock Garden Background Rural FaSSIVe Samplers 14 sooo86 N 57.633750 E _'?ee:::ﬁ]rgl Export
Export Terminal ﬁ%ﬂ;@z:&‘”d Passive Samplers 14 601503 N 57.672579 E  Export Terminal

2.6 SAMPLING PROCEDURE

The CAQMS monitored air pollutants continuously from 3" May 2017 until 6" August 2017.

For NO,, SO,, O3, CO, H,S and O3, samples were collected and analysed every five minutes. For
BTEX, VOCs and Methane, samples were collected and analysed every 15mins. For PM;q and
PM, 5 samples are collected and measured every 60 mins.

The analysers within the CAQMS were automatically calibrated every 24hr using calibration gas
held within the CAQMS. The O; analysers are calibrated using a photometer which acts as its
own O3 calibration source.

An additional calibration was carried out by the specialist environmental engineers (Exova, Dubai,
UAE) every four weeks, when they attended site to inspect the CAQMS and its equipment, as well
as conduct filter changes and attend to any routine servicing which may arise.

Dugm Refinery Project
DRPIC
Confidential



14

Passive samples were deployed, exposed for one month and then collected and replaced. The
exposed samples were stored in a fridge, before being dispatched to the laboratory by the Exova
environmental engineers. Analysis for diffusion tubes, once received at the laboratory, took up to
15 working days.

Sampling for H,S, BTEX and NMHC’s was considered representative of odour sampling. As the
vapour of these chemicals are pungent, and are likely to be present in of residual form and as a
consequence of fugitive emissions of those compounds during operation of both the Crude Export
Terminal and Refinery.
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BASELINE AIR QUALITY

SURVEY RESULTS

Ambient air quality results at the Sebacic Acid plant have been reported for the monitoring period
between 3rd May 2017 and 6" August 2017.

Ambient Air Quality and Odour Monitoring Results, Dugm

Results from the CAQMS are summarised in Table 3-1, as period average and compliances
against 24 hourly, 8 hourly and 3 hourly standards where relevant. More detail on the data
recorded at the CAQMS is presented in Appendices A and B, the latter with maximum
concentrations.

Table 3-1:  Ambient Air Quality Monitoring Station Results — Dugm, May to August 2017

CONCI!IA\I':)I;ATION OMANI AQ
POLLUTANT PERIOD MEAN (AVERAGED TO STANDARD (MD COMPLIANT
41/2017)
STANDARD)
O3 Conc pg/m3 74.73 172.69 (8 hrs) 120 (8hrs) No (Exceeds 8hr standard)
0.0088 (8 hrs) 10 (8 hrs) Yes
CO Conc mg/m® 0.51
0.041 (1 hr) 30 (1 hr)
NO pg/m® 1.84
3 10.29 (24 hr) 130 (24 hr) Yes
NO; ug/m 3.32
58.48 (1 hr) 250 (1 hr)
3 14.46 (24 hr) 150 (24 hr) Yes
SO ug/m 6.26
15.90 (1 hr) 350 (1 hr)

H2S pg/m® 1.34 9.83(1hr) 30 (1 hr) Yes
PM25 Conc ug/m?® 64.35 158.92 (24 hr) 65 (24 hr) No
PMjo Conc ug/m?® 151.53 488.92 (24 hr) ¢ 150 (24 hr) No

CHg pg/m® 770.72 -

NMHC pg/m?® 0.00 0.00 160 (3 hr) Yes
TVOCs pg/m® 4,174 -
Benzene l‘lg/m3 0.00 0.00 Yes
Toluene pg/m3 0.38 -

EthylBenzene
3 0.00 -
ug/m
M&P-Xylenes
3 0.00 -
pg/m
O-Xylene ug/m3 0.00 -

*Assuming NMHC = Butane
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Air quality and odour monitored by the CAQMS was generally good during the sampling period 3"
May to 6" August 2017, though particulate matter and ozone were both elevated. A power
interruption to the CAQMS occurred on 2" June, which resulted in a four day data gap due to
repairs being required to the CAQMS. This sampling period loss was made up be an additional
four days sampling by the CAQMS at the end of the third month.

Monitoring results indicate that both NO, and SO, were both low in concentration during the
sampling period, implying that there are no significant industrial emissions sources within the
proximity of the CAQMS. However, Os;, PM;, and PM, s all exceeded short-term concentrations
limits. In the case of both PM;; and PM,s, the period mean exceeded the 24hr air quality
standards for both pollutants. O; and PM are known to originate as a consequence of natural
processes, such as strong sunlight and UV radiation in the case of O3, and re-entrainment of dust
and sand in the case of PM. Therefore, though the baseline survey has detected exceedances of
ambient air pollutants, these pollutants are highly likely to originate from natural processes and
not as a consequence of existing anthropogenic activity locally.

The periods of elevated particulate matter were extended and not attributable to localised
sources. Therefore, though construction activity at the Sebacic Acid Plant would have contributed
to the elevated particulate matter concentrations, it was not considered to be the primary source
of particulates resulting in the exceedance of both the PM;, and PM, s air quality standard,

Temporal plots of NO,, SO, and O3 concentrations over the sampling 3" May to 6" August period
indicate the pattern of detection by the CAQMS over time (Figures 3-1 to 3-3).

NO, concentrations detected at the CAQMS can be seen to remain low (< 5ug/m®) over the
majority of the monitoring period (Figure 3-1). A number of short-term incidents of elevated NO,
concentrations can be seen to influence the NO, detected. These incidents are low in frequency
and do not result in an exceedance of NO, standards. The short-term nature of these elevated
peaks implies a rapid dispersion of the NO,, which suggests that the source of the NO, was local
to the CAQMS, possibly local vehicle activity.

Figure 3-1: NO2 Concentration at the CAQMS between 3 May to 6" August 2017

SO, concentrations detected at the CAQMS remained below <42ug/m3 over the whole of the
monitoring period (Figure 3-2). Due to the lack of peaks and the homogenous concentration
profile of SO, over the monitoring period, it can be implied that there is no local source of SO,
close the CAQMS. SO, concentrations over the sampling period did not exceed the SO,
standards. The step changes in the SO, concentrations magnitude are aligned with dates of
routine calibrations against a validated SO, reference as standard.
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Figure 3-2: SO, Concentration at the CAQMS between 3" May to 6" August 2017
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g the late afternoon, and are only in very short duration.

May until the end of the sampling pe

monitoring period (Figure 3-3). This is in response to the sunlight and UV light contributing to the
production of O3 during the day, and its subsequent absorption and decay overnight. Peaks in O3

concentration can be observed durin

From the 12"
concentrations can be observed as elevated at some period of the day for the majority of days

O3 concentrations detected at the CAQMS can be seen to follow a diurnal cycle across the
during the sampling programme.
Figure 3-3: Oz concentration at the CAQMS between 3 May to 6" August 2017

exceeded the air Omani air quality standard of 60 pg/m

o

300
250
200

STTTLT0Z/90/TE 5

Wind direction and wind speed monitored at the CAQMS over the sampling period 3" May to 6"
August illustrates that the prevailing wind on-site is easterly (Figure 3-4). The resultant easterly
windrose relates to wind coming off the nearby coast, and may correlate with adiabatic winds,

strong on-shore winds during the late afternoon due to heating of the land mass.
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Figure 3-4: Windrose from the CAQMS Site
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Prevailing direction (Deg.): 67.5
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Correlating wind direction with O3 concentrations detected over the sampling period 3" May to 6"
August at the CAQMS provides an Ozone-rose, which illustrates the wind direction during various
concentrations of Oz (see Figure 3-5). Elevated O3 concentrations coincide with an easterly wind
direction, which implies that the coast may represent a significant source of Os.

Figure 3-5: Ozone-Rose from the CAQMS Site

North
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Results from the diffusion tube survey are summarised in Table 3-2 below. Concentrations of
pollutants monitored by diffusion tube across the study area were all very low, and indicate that
none of the pollutants monitored by diffusion tube were likely to be at risk of exceeding any
annual average limits (e.g. such as for Benzene or NO,).

The spatial variation of pollutant concentrations observed by the diffusion tube results can be
seen to vary with respect to the proximity to populated areas. With higher concentrations of NO,
being detected at the Dugm Town sample site and the Rock garden sample site (within 1km of
Dugm Town); whereas the NO, concentrations elsewhere were all consistent, even at the
CAQMS location (Sebacic Acid Plant). Therefore it can be implied that the current impact of
vehicle emissions upon local air quality and NO, concentrations within the study low is currently
low to negligible.

The concentrations of SO, monitored across the study area over the two month diffusion tube
survey were low. As the Oman air quality limit value is assessed over a sample duration of 24
hours, no firm assessment of SO, limit value or standards compliance can be reached on the
monthly diffusion tube samples. However, there is an implication that there is currently no
dominating source of SO, within the study area, such as the Desalination plant power station, and
that baseline concentrations at remote locations to the north of the proposed refinery site (e.g.
Quarry Road locations and Nafoon Village) are likely to remain very low.

Table 3-2:  Diffusion Tube Survey Results for Dugm Refinery Baseline Survey

Pollutant NO> SO, H)S BENZENE TOLUENE Euil M,P-XYLENE O-XYLENE
BENZENE

Dugm Town 8.33  0.32 - - - - - -
Rock Garden 9.74 0.38: 1.00 0.37 <0.21 <0.25 <0.25 <0.25
Dry Dock Camp 532 171 - - - - - -
Quarry Road 516  0.16 0.22 0.25 <0.21 <0.25 <0.25 <0.25
Refinery Gate house . 566 @ 0.50 0.12 = 0.215 <0.21 <0.25 0.315 <0.25
CAQMS 6.56  1.29 - - - - - -

Further detail is presented in Appendix C.
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SUMMARY AND CONCLUSIONS

SUMMARY

This air quality and odour baseline survey and around the area close to the Dugm Refinery
Project, Oman found that pollutants concentrations were low to very low for a number of
pollutants, including odorous air pollutants. However air quality exceedances were observed for
O3, PMyp and PM; 5.

CONCLUSIONS

This baseline air quality and odour survey has resulted in a robust and full data set, totalling three
months in duration.

Exceedances of the air quality standards for the three pollutants Os;, PM;q and PM,s were
determined as being attributable largely to emissions from natural sources, both regionally and
locally, and not as a result of industrial activity or emissions from road vehicles. Therefore it can
be concluded from the baseline study, that the study area airshed is considered to be degraded
for these three specific pollutants, and non-degraded for the remaining air pollutants including
NO,, CO, SO,, CH,;, NMHC, TVOCs, Benzene, Toluene, Ethyl Benzene and Xylenes.
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Table 1: Ambient Air Quality Monitoring Station Results — Dugm May to August 2017
CO Conc SO, CoNc H>S Conc | PM25s CoNc | PMjp CONC
WIND SPEED : WIND DIR. AmB TEMP O3 CONC PPB - NO pPpPB NO; PPB . . el e
Mean 7.99 87.42 29.39 45.06 0.45 1.50 1.80 2.31 1.88 64.35 151.53
Minimum 0.17 9.40 21.60 0.00 0.00 0.00 0.00 0.00 -0.60 0.00 0.00
Date of - 05/05/2017 @ 25/06/2017 : 05/07/2017 @ 03/05/2017 @ 03/05/2017 | 03/05/2017 @ 03/05/2017 : 03/05/2017 @ 26/05/2017 : 17/05/2017 . 04/05/2017
minimum 06:05 17:10 05:15 03:00 01:00 01:00 01:00 00:55 23:55 12:45 16:55
Ma);mu 16.12 355.70 45.60 130.10 41.23 126.60 58.48 15.90 28.40 985.00 985.00
n[j:;?n?ﬂ 30/06/2017 @ 02/06/2017 = 31/05/2017 = 08/07/2017 @ 07/06/2017 | 03/05/2017 : 03/05/2017 ' 10/07/2017 @ 18/07/2017 @ 30/05/2017 @ 04/05/2017
m 08:45 23:55 12:30 13:20 10:25 11:00 11:00 22:00 11:40 07:40 08:55
CaD;tfre 99.8% 99.8% 99.6% 94.0% 98.0% 95.4% 98.0% 97.8% 97.3% 84.1% 85.0%
Table 2 Ambient Air Quality Monitoring Station Results — Dugm May to August 2017
CH, PPB NMHC ppB | TVOCSs PPB : BENZENE PPB : TOLUENE PPB ETHYLPB;ENZENE M&P';:I;LENES O-XYLENE PPB
Mean 1082.15 0.00 1185.72 0.00 0.01 0.00 0.00 0.00
Minimum 455.44 0.00 567.65 0.00 0.00 0.00 0.00 0.00
Date of 09/07/2017 03/05/2017 ) 03/05/2017 ] ) )
minimum 05:00 - 07:50 00:00
Maximum 13905.49 0.00 13905.49 0.00 11.34 0.00 0.00 0.00
Date of 03/05/2017 03/05/2017 ) 14/05/2017 ) ) )
Maximum 18:15 - 18:15 08:45
Data
Capture 99.9% 99.9% 99.7% 99.7% 99.7% 99.7% 99.7% 99.7%
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Appendix B

Table 1: Maximum concentrations of Air Quality Pollutants at Sebacic Acid Plant, Dugm Against Air

Quality Standards (non-compliance in bold)
POLLUTANT STANDARD a2 TR Max DATE MAX

PERIOD CONCENTRATION

PMzo 125:24 hour 488.92 17/06/2017
NO, 11224 hour 10.29 08/06/2017
SO, 12524 hour 14.46 14/06/2017
(0] 60008 hour 8.80 08/06/2017
H>S 40:24 hour 3.28 18/07/2017
O3 120 8 hour 172.69 12/05/2017
HCNM 160:3 hour 0 -
PM25 25 24 hour 158.92 31/05/2017







Table 1:

Diffusion Tube Survey Results for Dugm Refinery Baseline Survey

SITE NAME EXPOSURE DATA NO2 SO2 H.S BENZENE TOLUENE SN M,P- o
BENZENE XYLENE  XYLENE
Date On  Date Off pg/m®
Dugm Town  02/05/2017 02/06/2017  6.64 0.07 ; ; - ; ; -
Rock Garden  02/05/2017 02/06/2017 = 2.32 0.09 0.08 054 <020 <024 <024 <024
Dry Dock Camp  02/05/2017 02/06/2017 = 4.32 0.13 ; ; - ; ; -
Quarry Road  02/05/2017 02/06/2017  3.04 0.07 0.16 0.3 <020 <024 <024 <024
Rer'ﬂg%gate 02/05/2017 02/06/2017 = 8.44 0.06 0.09 023 <020 <024 038 <024
CAQMS Sebacic
Ao Pl 02/05/2017 02/06/2017 @ 8.27 0.06 ; ; ; ; ; ;
CAQMS Sebacic
Ao Pl 02/05/2017 02/06/2017 = 4.04 - - - - - - -
CAQMS Sebacic ) 055017 0210612017  4.77 - ; . - ; ; -
Acid Plant
Dugm Town  02/06/2017 02/07/2017 = 10.01 0.57
Rock Garden  02/06/2017 02/07/2017 = 17.15 0.68 1.92 0.2 <021 <025 <025 <025
Dry Dock Camp  02/06/2017 02/07/2017  6.32 3.30
Quarry Road  02/06/2017 02/07/2017  7.29 0.26 0.28 0.2 <021 <025 <025 <025
Re”ﬂgeégate 02/06/2017 02/07/2017 = 2.87 0.95 0.15 0.2 <021 <025 025 @ <0.25
CAQMS Sebacic ) /060017 02/07/2017  2.47 252 ; ; ; ; ; ;
Acid Plant
CAQMS Sebacic ) 050017 02/07/2017  11.90 - ; - - ; ; -
Acid Plant
CAQMS Sebacic
Ao Pl 02/06/2017 02/07/2017 = 7.93 ; ; ; - ; ; -
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1 INTRODUCTION

11 BACKGROUND

This report presents the methodology and results of an environmental baseline noise survey
carried out around the geographic area of the Dugm Refinery Project, Oman.

1.2 PREVIOUS BASELINE WORK
Previous baseline noise survey work has been documented as follows:

e Appendix A of the Environmental Impact Assessment Study Report for Dugm Refinery
(HMR, 2015)

e Appendix A of the Environmental Impact Assessment Study Report for Dugm Refinery
Construction Camp (HMR, 2014)

e Section 6.15 of the Environmental Impact Assessment Report: Dugm Liquid Bulk Berths
Project (WorleyParsons Oman Engineering, 2015)

e Section 5.10 and Appendix 3 of the Raz Markaz Oil Pipeline Concept Study & FEED
Environmental Impact Assessment Report (WorleyParsons Oman Engineering, 2016)

The previous baseline noise studies included measurements in and around Project components
and relevant receptors. These studies noted that data was collected during periods of high winds,
and the results show high noise levels indicative of measurements taken in windy conditions. To
ensure a robust characterisation of baseline noise levels, a further survey has been conducted as
detailed below. Relevant extracts from the previous baseline survey work are included in
Appendix A and discussed below.

1.3 SCOPE OF REPORT

The purpose of the survey was to provide supplemental and updated typical baseline ambient
noise levels at locations considered representative of local noise-sensitive receptors.

This report sets out the methodology employed and a summary of the results, along with details
of the measurement data and equipment.

1.4 PROJECT OVERVIEW

The Dugm Refinery Project comprises the Refinery itself and its Off-site Facilities. The
components of the Project are described in Table 1.1 below.
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Table 1.1: Dugm Refinery Project

PROJECT COMPONENT DESCRIPTION

«  Dugm Refinery Site clearance and levelling (completed in late 2016)

A 230,000 BDP complex refinery on a plot of 9km? area to the north of
the main industrial area within the Dugm Special Economic Zone.
Includes:

Product pipelines and service lines to the Dugm Export
Terminal

Construction accommodation/workers’ camps
Laydown areas.

o Off-site Facilities : ii. ‘DRPIC Crude Pipeline’: 28-inch diameter 80km crude oil import

i. Crude storage facility at the Ras Markaz (RM) Crude Oil
Terminal: eight tanks located within, and part of the wider Tank
Farm, approx. 80km from the Refinery. The large-scale Tank Farm
(Oman Oil Tank Terminal Company, OTTCO) in its entirety is not
part of the Project.

pipeline to transport crude oil from RM to Dugm Refinery.

iii. Product ‘Export Terminal’: on the lee breakwater of Port of Dugm,
immediately to the south-east of the Refinery plot. Topside works
only, i.e., to establish storage for products and export handling
facilities.

The transition from crude oil import (via a Single Point Mooring, (SPM) at Raz Markaz to the
export of refined products through the Project facilities follows these key stages:

1. Offload of crude oil from offshore vessel delivery. Crude oil is stored within the crude
import and storage facility at Ras Markaz Tank Farm of which only eight crude oil tanks
are part of the Project.

2. The oil is transferred to the Dugm Refinery through the 80.7km Crude Import Pipeline.
The Dugm Refinery will have a design capacity of 230,000 barrels per day and will
produce the following key products:

a.
b.

c
d.
e

f.

g.

Naptha

Liquid Petroleum Gas (LPG)
Jet A-1

Diesel

Heavy Sulphur Fuel Oil
Petroleum Coke (Solid)
Sulphur (Solid)

3. Once the crude oil is refined to the final products then these are marine exported via the
Dugm Export Terminal. The liquid products are conveyed to the terminal via pipelines
within a service corridor and the solid products via ground transport.
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2 METHODOLOGY

2.1 GUIDANCE
211 International Finance Corporation

General guidance on noise management to international standards is provided in the IFC
Environmental Health and Safety Guidelines: Environmental (IFC, 2007). Specific advice is given
concerning noise monitoring microphone positioning and equipment precision as follows:

e Monitors should be located approximately 1.5 metres (m) above the ground and no closer
than 3 m to any reflecting surface; and

« Noise monitoring should be carried out using a Type 1 or 2 sound level meter meeting all
appropriate IEC standards.

2.1.2 International Standards Organisation

Guidance on sound measurement techniques and good practice can be found in ISO 1996 Part 1
(ISO, 1982) and Part 2 (ISO, 1987), relevant sections of which have been followed wherever
appropriate and practicable®.

2.1.3 International Electrotechnical Commission

Specifications for the accuracy and parameters of sound measurement equipment are contained
in IEC 61672-1 (IEC, 2013). All sound measurement equipment used in the survey conforms to
the ‘Class 1’ specifications, which is equivalent to the performance of the older ‘Type 1’
specification used in withdrawn versions of this standard (ie IEC 60804:2000) and referred to in
the IFC Guidelines.

2.2 SURVEY LOCATIONS

Prior to undertaking the baseline noise survey, details of indicative noise monitoring locations and
the noise survey methodology were included in a Field Survey Plan, which was provided to
DRPIC. Locations were selected to represent the existing receptors in closest proximity to the
project components.

Coordinates for each monitoring location are provided in Table 2.1. The project components
which will be nearest to the residential locations are also indicated. The monitoring locations are
shown graphically in Appendix B.

! Revisions of these standards are available, but have not been universally adopted by member countries.
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2.3

Dugm Refinery Project
Dugm Refinery & Petrochemical Industries Company

Confidential

Table 2.1: Baseline Noise Survey Noise Monitoring Locations

MEASUREMENT LOCATION

LATITUDE

LONGITUDE

NEAREST PROJECT COMPONENT

Wadi Saay Location 1

19°37'52.50"N

57°38'14.60"E

Refinery / Export Terminal

Wadi Saay Location 2

19°38'27.70"N

57°38'10.00"E

Refinery / Export Terminal

Wadi Saay Location 3

19°38'55.20"N

57°38'28.10"E

Refinery / Export Terminal

Nafun Location 1

19°48'25.90"N

57°43'27.90"E

Refinery

Nafun Location 2

19°48'9.90"N

57°44'6.00"E

Refinery

Antoot Fishing Area

19°42'24.70"N

57°40'36.20"E

Refinery / Export Terminal

Dhahr Location 1

19°16'46.80"N

57°36'14.20"E

Pipeline / Crude Oil Storage

Dhahr Location 2

19°15'56.20"N

57°37'14.70"E

Pipeline / Crude Oil Storage

Dhahr Location 3

19°14'9.10"N

57°37'9.40"E

Pipeline / Crude Oil Storage

EQUIPMENT

Sound level measurements were made at each measurement location using a Rion NL-52 sound
level meter. The measurement microphone was a type UC-53A, which was fitted during
measurements with a double-skin foam wind shield type WS-15 to ensure adequate protection
against wind noise and pressure fluctuations at the microphone. The microphone was mounted at
a height of 1.2 m above ground level. An example of the sound measurement setup is shown in
Figure 2.1

Figure 2.1: Example setup of sound level measurement equipment

The meter was field-calibrated on site using a Rion NC-74 calibrator prior to and following each
set of measurements. The calibration levels were within accepted tolerances (ie < +0.5 dB) during
all calibration procedures. Measurements were made of the local wind speed at each
measurement location using a handheld Lutron LM-81 anemometer.
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The calibrator, meter, preamp and microphone assembly were all within certified laboratory
calibration at the time of the survey; the relevant calibration certificates are included in Appendix
C.

2.4 PROCEDURE

Measurements were made over one, two or three separate 15-minute periods at each
measurement position, depending on the steadiness of the noise climate assessed by the survey
engineer. It was initially intended to make measurements during evening and night periods at all
the Wadi Saay and Nafun locations. This was achieved at the Wadi Saay locations, but safety
and security issues encountered during measurements at Nafun on Tuesday 25" April prohibited
late night measurements at the Nafun locations. Nevertheless, a measurement was made at both
Nafun locations during the late evening (and daytime) periods, and as the primary noise source
was wind interaction with surfaces and vegetation, the night-time noise levels would be expected
to be similar. Furthermore, the Wadi Saay locations are representative of the nearest residential
receptors to the Refinery and Export Terminal sites, and will therefore be the worst-case in terms
of noise impact from the development. Noise levels were also measured during the daytime at the
Antoot and Dhahr areas.

Dugm Refinery Project WSP
Dugm Refinery & Petrochemical Industries Company Project No 70029220
Confidential June 2017



BASELINE NOISE

SURVEY RESULTS

The noise levels measured at each of the noise monitoring locations are shown in Table 3.1. The
noise levels are summarised in terms of the range of the measured Laeq (ambient) and Lago
(background) noise levels. The primary noise source and wind speed measured at each location
are also indicated. Detailed monitoring records are shown in Appendix D.

Table 3.1: Summarised Baseline Noise Survey Measurement Results

LOCATION DATE, TivME PERIOD Laeq RANGE, - Lago RANGE, WIND PRrRIMARY NOISE
dd/mm/yy  PERIOD, hrs : DESCRIPTION dB dB SPEED, SOURCE(S)
m/s
Distant construction
25/04/17 1509 — 1539 Day 50 -51 45 - 46 2 -3 inoise along
Highway 32, wind
Occasional road
. traffic & construction
Wadi Saay 26/04/17 0922 — 0952 Day 52 44 2-3 activity on Highway
Very occasional
24/04/17 1807 — 1837 Evening 52 - 53 45 3 -5 road traffic on
Highway 32, wind
24/04/17 2317 — 2332 Night 45— 46 41 2-4 Wind
25/04/17 1554 — 1624 Day 46 — 47 40 - 41 2-3 Wind
Wadi Saay 26/04/17 1001 - 1031 Day 44 — 45 39 3-4 Wind
Location 2 24/04/17 1911 -1956 Evening 49 —51 41-43 4-5 Wind
25/04/17 0004 - 0034  Night 42 — 44 38 4-5 Wind
Occasional road
26/04/17 1038-1108  Day 52 43-44 23 mraffic & constiuction
activity on Highway
Wadi Saay 32, wind
Location 3 Very occasional
26/04/17 1804 — 1834  Evening 49 - 50 44 4 -5 ‘road traffic on
Highway 32, wind
25/04/17 2328 - 2358 Night 51 -52 40 - 41 4-5 Wind
wind, very
25/04/17 1212 — 1242 Day 41 - 42 39 2 -3 occasional local
Nafun vehicles
Location 1 wind, very
25/04/17 2217 -2232  Evening 42 38 2 -3 occasional local
vehicles
25/04/17 1303 — 1348 Day 54 52-53 4-5 Wind, sea
Nafun Wind, sea — note:
Location2  25/04/17 2241-2253 Evening a8 45 45 Measurement cul
short for safety
reasons
ﬁ:‘;gm FIShing  55/04/17 1053-1123  Day 4244 35-36  4-5 Wind/sea
Dhahr 26/04/17 1226-1256  Day 46 - 47 38 5.7 Occasional local
Location 1 vehicles, wind
Dhahr 26/04/17 1309-1339  Day 46 — 48 39-41  4-5 Occasionallocal
Location 2 vehicles, wind
Dhahr 26/04/17 1403-1433  Day 4345 36 o g Occasional local
Location 3 vehicles, wind
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The results in Table 3.1 indicate that noise levels were steady throughout measurement periods,
with small variations of around 1-3 dB. The most prevalent noise source around the area was
wind interaction with buildings, surfaces and vegetation. Measured average wind speeds were
below 5 ms™ during all measurements with the exception of the daytime measurements at Dhahr
Location 1, when speeds measured up to 7 ms™. The noise levels measured at this location are
considered to be valid due to the additional microphone protection afforded by the double-layer
windshield, which ensures measurement accuracy up to higher wind speed ranges. The area
around Dugm is generally characterised by relatively high winds, so the noise environment
captured during the survey is considered sufficiently representative of normal ambient conditions.
No precipitation was encountered during the survey.

The overall mid-points of the measured equivalent sound levels (Laeq) are shown for each location
and period in Figure 3.1. This shows that levels around Wadi Saay vary in the approximate range
45-50 dB(A) across day, evening and night-time. Sound levels around Nafun are around 40-50
dB(A) — levels at Nafun Location 2 were slightly higher due to the closer proximity to the sea, and
associated contributions from surf sound. Sound levels around Dhahr were typically around 45
dB(A).

LAeq measurements

60

B Day

[ Eve
[ Night [

Wadi Saay 1 Wadi Saay 2 Wadi Saay 3  Nafun 1 Nafun 2 Antoot Dhahr 1 Dhahr 2 Dhahr 3
Location

Sound pressure level, dB re 2e-5 Pa

Figure 3.1: Mid-point equivalent continuous sound levels measured at all locations

In comparison with the previous baseline survey work, the measurements taken indicate that
during periods of low winds (ie < 5ms'l), noise levels at comparable locations around Nafun and
Dugm are generally somewhat lower than reported during higher wind conditions.
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5 NOISE

Noise level measurements were conducted using Integrating and Logging Sound Level Meter (ISLM),
Quest SoundPro. The instrument is capable of measuring equivalent continuous noise levels (Leq)
with standard measurement settings conforming to regulatory requirements. Various locations.within
the site and outside the site boundary were chosen based on the rationale that maximum-noise is
expected to be generated from within the site and there will be a carry both cresswind and

downwind.

Data was captured for at least 15 minutes at each location - during daytime, evenings and nights (and
holidays) — for the time periods as shown below. These time periods are defined'in Article (6) of MD
79/1994.

Workdays (daytime) - A : after 7am and up to 6pm
Workdays (evenings) - B: after 6pm and up to 11pm
Holidays and nights - C : after 11pm and up to 7am

Parameters such as frequency weighting, the time weighting and the measurement time were set
prior to site visit. All sound level measurements followed the‘procedure prescribed in ANSI standards
(ANSI Standard S1.4). During the monitoring period, Leg-along with L., and L., were recorded.
Weather conditions were normal however; there was excess wind during the measurements. Though
the wind speed was approximately 7 m/s when the measurements were taken, Dugm is inherently a
windy area as observed from wind rose plots earlier. The ambient noise levels are presented in Table
12 and measurement locations and the noise contours presented in Figure 10, Figure 11 and Figure 12
respectively for daytime, evening and night. The noise contours are generated using Surfer Modelling

software which uses Kriging regression.

Noise measurements were undertaken'during the first week of September. The rationale for choosing
noise locations is based on the location of sensitive receptors in the buffer zone area (near & far)
given the predominant wind direction. Further, nine locations within the proposed site have been
chosen at 1 km? grid to cover-noise baseline within the entire site.

Table 12: Noise Levels

Location A B C Location A B C
. . 65 60 55 Limits (L 65 60 55
Limits (Leg) (Lea)
dB(A) | dB(A) | dB(A) dB(A) | dB(A) | dB(A)
N1D1 Leg | 732 57.7 51.0 N7D7 Leg | 66.0 54.7 53.1
Lo | 86.2 68.5 60.9 Lo | 85.7 63.8 63.9
L | 50.4 44.9 44.9 L | 48.1 46.3 47.5
NZD2 (Wadi | Leg | 70.9 63.8 57.4 N8DS Loy | 64.8 48.8 53.5
Dhanjart
anjart) L. | 88.7 76.0 73.9 Lo | 79.2 57.3 64.8
Lo | 53.7 46.2 44.2 Lon | 50.4 46.4 46.8




Location A B C Location A B C
Limits (L) ::(A) :g(A) ::(A) Hmits (L Z:(A) 3g(A) ::(A)
N3D3 (Nafun) | L |57.0 |57.4 |47.8 | N9D9 Ly | 699 |620 |580
Lo | 701 | 687 | 593 L | 86.6 | 80.0 |67:9
L | 485 | 483 | 445 Lun | 53.8 | 453 .| 453
N4D4 o | 570 |620 |622 | N10D10 e | 732 |539. 7626
Lo | 778 | 748 | 726 Lo | 826 | 689 | 793
Lun | 458 | 455 | 47.7 Lun | 463|247 | 444
N5D5 l, | 680 |57.8 |s565 | N11D11 leg | 657~ 1597 |59.4
Lo | 855 | 69.6 | 68.0 Lo | 827 | 781 | 707
Lo | 54.1 49.5 46.3 Liin | 50.3 47.1 48.5
N6D6 o | 711|560 | 602 | N12D12(WadiAl | Lso)|60.7 | 639  |515
Lo | 891 | 724 | 801 Kahban) Lo | 792 | 848 | 69.1
Ln | 522 | 485 | 457 Lun | 459 | 443 | 442

The site is within a dedicated special economic zone and will have various types of commercial
developments in the future. As this is not a dedicated -industrial estate, noise levels have been
compared with those stipulated for suburban residential area in MD 79/94. The measurements
indicate that noise levels at certain locations exceed the limits specified for different time intervals i.e.
day, evening and night. High noise levels at N2D2 can be attributed to traffic from the quarrying
activities. Locations N9D9, N10D10 and N11D%1 are near dirt tracks linking Road 32 to the beach and
the nearby power and desalination unit~which have intermittent traffic that contribute to higher
noise. Locations N12D12, N4D4 and .N7D7 are located close to Road 32, where vehicular traffic
contributes to higher noise levels. Higher noise levels at N1D1, N5D5 and N6D6 can be attributed to

environmental disturbances’.

Further, inherently higher noiserlevels can be attributed to that from the strong winds, which is a
common feature in the Dugm region and also from the surfing noise of the waves considering close
proximity to the coast. In"a recent EIA Report for Dugm Industrial and Freezone Masterplan Invalid
source specified. ambient noise monitoring survey was conducted at 10 locations within the RDB
between July and August 2010. The locations and recorded noise measurements are shown in Figure
13. The results indicate that the noise levels at several locations are higher. The noise levels measured
during current:study are hence consistent with the previous study and the threshold values at certain

locations exceed limits specified in MD 79/94.

® Avifaunal squawk and dog barking were noted during the survey.
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Figure 13: Noise Measurement Locations and Noise Levels by 5 Oceans'®
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Table 6-11: Ambient Dust Levels

Location 5/6-Jan-2015 26/27-Jan-2015 20-Aug-2015
PMzs PMyo TSP PMzs PMyo TSP PMas PMyo TSP
DF1 7 12 12 2 8 12 14 34 36
DF2 6 9 9 2 12 14 20 48 49
DF3 8 13 13 2 6 6 18 62 73
DF4 4 7 7 2 9 9 18 80 92
DFS 4 8 9 2 11 12 16 35 37
DF6 3 4 4 2 5 9 16 42 45
DF7 4 6 7 4 8 14 19 54 57
DF8 3 8 8 3 6 7 17 78 82
DF9 - - - 2 6 6 19 46 49
Say Village 16 52 52 - - - 20 54 92
NOTE: All readings measured in ug/m’

From the above table, it can be seen that.the dust levels during August 2015 is higher than that
during January 2015. The primary reason for this is the presence of trucks transporting construction
material (soil) around the monitoring locations (during January measurements, there were no trucks
on the road connecting LBW to‘the-Highway 32; and lesser number of construction vehicles at other
locations). Further, the wind speed during August measurements were in the range of 6 to 9 m/s;
while the wind speed during:January measurements were between 3 and 4 m/s.

The USEPA NAAQS does not specify standard for TSP and regulates TSP through the quantities of
PM, s and PMo. The NAAQS specifies the following limits for PM, s and PMq:

e PM,sannual standard (primary) 12 pg/m?® and (secondary) 15 pg/m®
e PMys~ 24-hr standard: 35 pg/m?®
e _PM;o — 24-hr standard: 150 pg/m?

Although, Table 6-11 represents the spot readings for a period of 15 minutes; comparison with
USEPA NAAQS shows that the potential for exceedances in the present setting is low.

6.15 Noise

6.15.1 Past Noise Studies

A number of baseline studies have been undertaken in Dugm; and noise levels were assessed in two
studies, available with WorleyParsons. The Dugm Industrial and Free Zone Master Plan — Final EIA
Report, for Jurong, June 2011 and the Q3 Report Environmental Baseline Study for Dugm
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Development and Surroundings, for SEZAD, March 2013, undertook noise monitoring at.3 locations.
Figure 6-37 below presents the locations where daytime monitoring was undertaken. lt'should be
noted that the entire DLBB Project area has been demarcated for industrial activity and hence
comparison was made against the industrial standard

L 1 ‘;". - -

DLBB Project
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Figure 6-37: Historic Noise-Monitoring Locations

It can be seen from the above figure, that monitoring was undertaken along roads (marked yellow in
figure) and represents.a-measure of noise from road traffic in an industrial area. Table 6-12presents a
summary of the comparison.

Table 6-12: Historic Noise Monitoring Locations

October 2012 November 2012 Day Time Noise Level in Industrial Area from Road Traffic
Location
LA-eq I—A»eq
DF1 41.3 45.5
DF2 55.1 52.4 70
DF3 62.7 44.6
Note: all readings measured in dBA

A review of the above table shows that the noise levels are within the proposed standards.
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6.15.2 Current Noise Studies

The noise survey were undertaken at the nine ambient air quality monitoring locations and at Say
village (near the main road) to measure the equivalent continuous (La.eq), and maximum and minimum
sound levels (La.max @nd La.min) in the DLBB Project area. The survey was undertaken using the hand
held Bruel & Kjaer Model 2250 sound level meter. Ambient noise survey was carried out on three
occasions — first when the diffusion tubes were installed on 5/6-Jan 2015;.second when the tubes
were retrieved on 26/27-Jan-2015, and third on 19 and 20-Aug-2015.

It should be noted that the DLBB Project area has been designated for industrial development and
hence deemed as an industrial area. As per MD 79/94 the permissible La¢q are as presented in
Table 6-13.

Table 6-13: Permissible La¢q Limits as per MD 79/94

Type of Area

Source of Noise

Daytime Limit
(7 am to 6 pm)

Evening Time Limit
(6 pm to 11 pm)

Night Time Limit
(11 pm to 7 am)

Industrial and

70

70

70

Industrial plants and public works

commercial

Road traffic 70 65 60

NOTE: All units in dB(A).

Table 6-14 presents the ambient noise levels recorded at the measuring locations. In the last column
of the table the applicable limit prescribed in MD 79/94 is mentioned for comparison. The noise levels
were measured during day time. It-must be noted that the current source of noise is road traffic.
However, the future the main source of noise will be industrial plants. It is further understood that the
Say village will be relocated to-another location; thus, the monitoring location at Say village is also
considered as industrial and commercial area. Accordingly, limit of 70 dB(A) applies to all locations.

Table 6-14: Ambient Noise Levels Measured at Site

Location 5/6-Jan-2015 26/27-Jan-2015 19-Aug-2015 20-Aug-2015

Lamax | Lamin Laeq Lamax | Lamin Laeq Lamax | Lamin Laeq | Lamax | Lamin | Laeg
DF1 73.27-.} 33.17 | 51.60 | 61.62 | 39.00 | 42.49 53.7 49.2 51.3 61.6 58.0 | 59.9
DF2 52.51 | 33.30 | 38.37 | 67.09 | 39.52 | 43.61 59.1 54.5 57.3 64.0 59.3 | 62.0
DF3 - - - 70.99 | 30.81 | 46.27 47.5 39.9 43.1 47.3 44.2 455
DF4. 69.74 | 35.95 | 42.81 74.10 | 37.33 | 43.85 54.4 47.7 50.2 56.2 50.8 53.2
DF5 76.92 | 4791 | 58.14 | 70.64 | 29.16 | 42.72 61.4 50.3 55.0 49.1 422 | 46.2
DF6 64.75 | 33.12 | 44.47 | 7439 | 31.19 | 42.14 60.5 52.3 55.6 44.6 422 | 435
DF7 75.51 | 28.67 | 48.40 | 66.18 | 43.73 | 46.82 56.7 47.8 50.5 53.2 49.6 51.5
DF8 58.22 | 27.94 | 40.72 59.12 | 38.77 | 43.57 54.7 44.0 50.7 51.8 48.0 50.0
DF9 65.28 | 29.01 | 44.74 | 63.85 | 38.41 | 42.96 64.4 56.5 60.3 52.9 48.3 | 50.2
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Location 5/6-Jan-2015 26/27-Jan-2015 19-Aug-2015 20-Aug-2015
I—A-max I—A-min LA-eq I—A-max I—A-min LA-eq LA-max |-A-min LA-eq I—A-max I—A-miﬂ I—A-eq
Say* 75.00 | 44.38 | 56.75 - - - 64.2 60.7 62.4 63.3 60.0 | 61.6
NOTE: All units in dB(A); *Say means the Say Village

From the above table it can be seen that the ambient La¢q levels measured around the LBW and near
the main road in Say village during January as well as August are below applicable standard limits.
However, the La.eq levels measured in August are mostly higher than'the La.eq levels measured in
January. This is because there are more construction vehicles plying-the road connecting LBW to the
Highway 32 in August than in January (when there were no trucks.moving on this road). Further, the
wind speed during measurements in August were higher the wind speed during measurements in
January.

6.16 Terrestrial Ecology

The study of ecology and biodiversity is an important part of any baseline survey as it sustains the
basic needs of the society. The most ecologically/important areas in Oman, on account of the highest
species diversity and concentration of endemic species, are in the mountains of Dhofar and the Al
Hajar Mountains of Northern Oman.

The Dugm region is important from the perspective of biological diversity which needs to be
conserved for its productivity, regulation-of climate and ecosystem services. The main objective of the
ecological baseline study is to collect’adequate ecological information of the proposed development
and its vicinity to establish a baseline ecological status of the area.

This section provides a characterization of the ecological conditions in the study area, based on
primary survey data and secondary supporting literature of the area. Secondary data has been
collated from for the study area previous environmental impact assessment studies carried out and
academic research relevant to this areas. This sections deal with the habitat types in the study area,
prevalent flora and fauna found during the site survey and their present status as per the Red List
from International Union for Conservation of Nature (IUCN). The major factors that influence the
distribution of flora’and fauna in this biome are topography, elevation, distance from the sea and the
extent of salt.water intrusion.

As highlighted in the EIA Scoping report for the DLBB Project (Doc. No. SEZAD-DPTC-00-WP-EV-
REP-0001) the study area for the terrestrial ecological study was restricted to 1 km radius around the
LBW: Figure 6-38 below presents the extent of the study area.
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On account of high wind speeds exceedances in dust levels were recorded between:
e KM-370 to KM-380
e KM-380 to KM-400
e KM-400 to KM-410

It may be said that the ambient condition in these area represents days with-high dust levels. As dust
is expected to be a significant emission from project operation emphasis must be placed on the
management of dust during the construction phase.

5.10 Ambient Noise Levels

The noise survey was undertaken at about 70 locations to measure the Laeq and the maximum (Lamax)
and minimum (Lamin) SOund levels. The survey was undertaken using the hand held Bruel & Kjaer
Model 2250 sound level meter. Table 5-18 presents the range of Laeq monitored at the sections.
Appendix 3 presents the noise readings.

Table 5-18: Ambient Noise Levels (Summary)

Section Ambient Noise Levels (dB(A)) Laeqrange
Min Max

KM-0 to KM-10 50:9 59.5
KM-10 to KM-20 43.1 61.2
KM-20 to KM-130 36.5 49.4
KM-130 to KM-300 37.8 46.8
KM-310 to KM-330 35.3 45
KM-330 to KM-340 (a) 50.1 61.8
KM-340 to KM-370 (a) 44.2 56.4
KM-370 to KM-380/(a) 57.6 71.2
KM-380 to KM-400 (a) 57 64.5
KM-400 to-KM-410 (a) (c) (©)
KM-410t0 KM-421.5 (a) 45.8 54.9
Notes:

(a) High wind speeds were recorded at these stations over 8 m/s.

(b) Measurements were taken between 15 to 19 November and 7 to 11 December 2015

(c) No readings were taken

The noise levels presented in Table 5-18 were compared with MD 79/94 for noise pollution control in
public environment. The MD defines the allowable daytime noise level as a result of industrial plants
and public works in rural recreational area as 45 dB(A). This standard was exceeded at a number of
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locations, however there was no specific sources and represents the natural ambient condition. It
should be noted that between KM-330 to KM-421.5 the high wind speed was the primary cause for
exceedance.

5.11 Existing Pipeline ROW

The project shares its ROW with an existing pipeline in the section KM-0 to KM-70 i.e. a total of 70
km. The Ras Markaz Nahadha Qil Pipeline travels along the 36” Qarn Alam-Al Nahadha Qil Pipeline.
Figure 5-22 highlights areas shared by the Ras Markaz Oil Pipeline project with existing pipeline in
two areas.

Google earth
C

Figure 5-22: ROW shared with existing pipelines

5.12 Existing Infrastructure

The initial site visit/ route reconnaissance exercises, identified several existing graded/blacktop roads
and Over Head Line/buried power/utility cables. Listed below are the significant crossings observed
during the site visit:

e 23 crossings with Route 31 (Muscat - Salalah ) and 32 (Muscat — Al Mahout — Dugm — Ras
Markaz)

e 52 graded roads at various concession areas

e 16 overhead electric lines
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RH /Temp TSP PM10 | PM2.5 Leq Lmax | Lmin
oo 35/31°C - - - 54.8 55.1 54.2
hagp 37/30°C 0.049 0.037 0.007 51.8 55.1 50.2
5' 2 33/31°C 0.006 0.03 0.034 59.5 60.5 58.5
28/34°C 0.006 0.021 0.028 50.9 57.1 45.3
o - 0.034 0.027 0.005 - - -
N 26/32°C 0.021 0.016 | 0.005 43.3 443 42.3
2 26/32°C 0.017 0.021 0.005 43.1 44.2 41.2
Q 25/32°C 0.016 0.014 | 0.005 44.4 52.1 41.2
2 25/32°C 0.03 0.029 0.016 61.2 70.3 51.2
S 17/34°C 0.042 0.016 | 0:008 49.2 49.7 48.8
22/31°C 0.014 0.013 0.003 48.6 52.5 47
51/27°C 0.016 0.015 0.005 47.8 51.7 44.9
49/29°C 0.027 0.025 0.006 39.8 443 37.8
47/28°C 0.02 0.018 | 0.006 44.4 53.7 40.8
45/28°C 0.029 0.026 | 0.009 36.5 42.2 34.1
35/33°C 0.064 0.017 0.005 44.1 48.3 41.1
5 36/33°C 0.196 0.141 0.01 48.8 50.2 48
T 36/32°C 0.033 0.02 0.005 43.2 53.4 36
5' 36/30°C 0:022 0.015 0.006 42.8 43.9 41.9
9 31/32°C 0.027 0.022 0.005 39.6 41.5 38
Q 24/32°C 0.03 0.013 0.003 51.8 58.6 46.9
5’ 23/32°C 0.02 0.015 0.003 46.1 49.6 44.4
19/35°C 0.025 0.01 0.004 42.5 48.6 38.7
20/31°C 0.042 0.024 | 0.002 44.4 49.1 40.6
19/31°C 0.042 0.024 | 0.002 43.3 48.2 41.6
59/24°C 0.039 0.036 | 0.009 44.7 50.9 43.1
60/24°C 0.039 0.036 | 0.009 49.4 57.2 42.8
36/28°C 0.057 0.048 | 0.009 42.9 44.5 41.9
- - - - 36.6 45 35.3
19/2°C 0.072 0.037 0.01 46.8 48.4 44.9
24/30°C 0.02 0.018 | 0.005 38.1 43.9 35
18/32°C 0.051 0.04 0.006 43.8 45.3 42.4
= 18/32°C 0.051 0.4 0.006 42.4 455 41.4
g 19/31°C 0.038 0.033 0.009 42 43 41.1
P 51/27 0.048 0.044 | 0.022 37.8 47.8 33.3
3 37/29 0.034 0.026 | 0.006 43.2 47.4 41.7
< 35/30 0.017 0.013 0.006 44.2 48 42.1
2 31/30 0.046 0.029 0.005 44.4 46 43.3
40/29 0.013 0.01 0.006 45.2 47 43.3
43/28 0.02 0.016 | 0.007 43.6 45.7 42.7
41/29 0.018 0.017 0.006 43 44.4 41.8
47/28 0.02 0.015 0.007 45.2 46.4 44.6
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RH /Temp TSP PM10 | PM2.5 Leq Lmax | Lmin
2o 36/24 0.1 0.071 0.013 43.3 45.5 40.5
= 37/26 0.084 0.063 0.009 45 48.7 41.3
;" é 42/26 0.037 0.021 0.008 35.3 43.5 33.3
== 43/26 - - 0.007 - - -
= EI 5 26/28 0.094 0.076 0.025 61.8 64.5 58.4
'2'9 % 3 31/23 0.089 0.084 0.035 50.1 51.9 48
x + 49/18 0.042 0.039 0.01 52.7 56.4 50
56/16 0.022 0.022 0.01 54.1 61.9 44
51/16 0.044 0.036 0.011 52.9 55.8 49.9
R 51/18 0.091 0.061 0.015 44.2 49.4 40.3
; 44/21 0.091 0.061 0.015 47.6 54.4 42.2
ﬁ 43/21 0.075 0.04 0.011 54.2 60 45.9
é 43/21 0.27 0.024 0.006 52.5 58.9 44.9
o0 41/22 0.038 0.032 0.011 56.4 58.2 54.9
5 36/24 0.091 0.076 0.02 54.7 59.6 52.8
33/24 0.123 0.103 0.028 52 58.9 49
28/25 0.134 0.127 0.056 - - -
sQosQ 25/26 0.376 0.302 0.091 57.6 59.6 56.9
> & 0
22 () 22 () 25/26 0.358 0.307 0.074 71.2 72.4 69.4
s o= 9 31/25 0.484 0.344 0.085 57 58.6 54.5
0 8 = O
X ™ x < 28/27 0.312 0.268 0.076 64.5 66.9 61.2
§ L 36/23 - - - - - -
< § ot 35/23 0.385 0.339 0.068 - - -
x v 35/23 0.377 0.295 0.073 59.9 62.4 56.6
S un 53/21 0.178 0.125 0.018 50.6 54.4 45.7
S 49/21 0.145 0.116 0.017 54.9 57.5 51.3
; ;‘r 47/21 0.095 0.074 0.013 45.8 49 42.9
¥ ¥ 38/22 0.32 0.24 0.026 62.7 66.5 57.9

RMZ-9-2028-001-Q9-4 Rev C Date (29 May 2016) Page 246 of 247



ESIA for Ras Markaz Crude Oil Park Environmental & Social Impact Assessment

Sultanate of Oman HMR# 4132
# GPS Coordinates (m) Dust Concentration MECA AAQS -
D8 583451 2116730 0.088
D9 580958 2116724 0.088
D10 578332 2116689 0.084
D11 578321 2118619 0.080
DI2 | 578305 2119775 0.083 125
D13 580803 2117833 0.084
D14 579793 2121828 0.078

On comparison of thee measured dust levels with the OAAQS, it is seen that the dust levels measured
at all locations are within the standards limits. Graphical representation of dust concentration has been
provided in Figure 4-18.
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Figure 4-18: Graphical Representation of Dust Concentration

4.8 Noise Monitoring

The proposed site currently-has no noise significant sources located within several kilometres. Given
the isolated location of the proposed site, vehicular traffic noise is similarly restricted. Current
anthropogenic sources of noise in the area include operation of fishing boats, movement of

fishermen’s vehicles and the fish unloading area.

Noise monitoring was carried out at 13 locations. Noise monitoring locations are presented in Figure
4-20. Noise level measurements were conducted using Integrating and Logging Sound Level Meter
(ISLM), Quest SoundPro which is capable of measuring equivalent continuous noise levels (Leq).
Noise levels were measured for 15mins at each location- during day and evening times as defined in
Atrticle (6) of MD 79/1994.

e Workdays (daytime) - A : after 7am and up to 6pm

e Workdays (evenings) - B : after 6pm and up to 11pm

HMR Consultants 107 Version 1
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¢ Holidays and nights - C : after 11pm and up to 7am

Weather conditions were normal and there was no excess wind during the measurements. Wind
speeds were measured using a hand-held anemometer simultaneously with noise measurements to
ensure that the wind speeds were less, as high wind speeds would lead to errors in the measured noise

levels. The ambient noise levels during daytime, evening and night are presented in Table 4-16.

Table 4-16: Ambient Noise Level

UTM co-ordinates Noise
# Omani Standard’
Easting | Northing | L Lin L max

Daytime (7:00am to 6:00pm)

NI 578278 | 2120759 37.8 29.5 543
N2 578998 | 2120752 38.7 294 65.1
N3 580006 | 2120767 48.7 43.7 63.3
N4 580876 | 2119370 50.2 33.8 677
N5 583005 | 2119492 58.0 28.2 71.8
N6 583422 | 2118806 56.6 25.9 67.7
N7 583477 | 2117825 51.7 26.0 66.3
N8 583451 | 2116730 329 25.9 55.0 "
N9 580958 | 2116724 44.6 28.1 62.3
N10 578332 | 2116689 33.6 263 573
NI1 578321 | 2118619 38.0 30.2 58.0
NI12 578305 | 2119775 41.0 313 56.0
N13 580803 | 2117833 323 24.8 544
N14 579793 | 2121828 40.4 33.8 67.8

Evening Time (6:00pm to 11:00pm)

NI 578278 | 2120759 70.6 46.0 83.7

N2 578998 | 2120752 63.8 43.5 81.1

N3 580006 | 2120767 89.0 56.9 104.6

N4 580876 | 2119370 71.5 50.6 87.3 "
N5 583005 | 2119492 772 47.7 92.7

N6 583422 | 2118806 86.1 52.8 99.1

> Ambient noise standards issued under MD 79/94 from industrial sources applicable to the proposed park (Industrial and
Commercial)
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UTM co-ordinates Noise

# Omani Standard’
Easting | Northing | Leg J Lmax

N7 583477 | 2117825 84.4 63.5 96.9

N8 583451 2116730 89.0 54.2 101

N9 580958 | 2116724 90.4 55.1 102.3

N10 578332 | 2116689 80.3 68.1 91.9

N11 578321 2118619 93.6 73.9 103.7

Ni12 578305 | 2119775 75.4 56.7 88.5

N13 580803 2117833 86.0 53.4 98.1

N14 579793 2121828 66.5 43.8 86.7

From the table it is observed that the noise measured during Daytime and Evening time) are well
below the applicable Omani standard except the evening time at all.locations except N2 and N14. As
this is dedicated industrial estate, noise levels have been compared with those stipulated for industrial
area in MD 79/94. The measurements indicate that noise levels at certain locations exceed the limits
specified for evening time intervals. The area is currently-devoid of any industrial activities. The
inherently higher noise levels can be attributed to that{from the strong winds, which is a common
feature in the region considering the open nature of the entire site and also from the surfing noise of
the waves for locations in close proximity to theoast. The results are consistent with the readings
obtained for earlier baseline studies undertaken for SEZAD and for the ESIA of the industrial
development zone of Dugm. These studies have also recorded values which exceed the rural threshold
for some locations and the industrial source threshold values at different time intervals specified in

MBD 79/94. Noise level interpretations are graphically presented in Figure 4-19.
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Figure 4-19: Graphical Representation of\Noise Results
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Sound measurement equipment calibration certificates

CERTIFICATE
OF CALIBRATION

MeasurmemMeENT Sysrems

Date of Issue: 10 January 2017 Certificate Number: UCRT17/1010
issuad by
ANV Measurement Systems

Beaufort Count

ved Sagnamv
17 Roebuck Way
Mitton Keynes MKS 8HL
Telephone 01908 642846 Fax 01208 642814

E-Mail: mfo@@noise-and-vibration.co.uk b/
Web: waw.noise-and-vibration.co.uk . Breslin[ ] K. Mistry J. Harriman | ]
Acousiics Noss #d VEGEon L radng @ ANV Messurement Systers
Customer WSP Environmental Lid
3rd floor
Kings Orchard
1 Queen Street
Bristol
BS2 0HQ
Order No. 20038807
Description Sound Level Meter / Pre-amp / Microphone / Associated Calibrator
Identification Manufacturer Instrument Type Serial No. / Version
Rion Sound Level Meter NL-52 01021291
Rion Firmware 1.8
Rion Pre Ampiifier NH-25 21333
Rion Microphone UC-59 04347
Rion Calibrator NC-74 35125825

Calibrator adaptor type if applicable NC-74-002
Performance Class 1

Test Procedure TP 2.5LM 61672-3 TPS-49
Procedures from IEC 61672-3:2008 were used to perform the peviodic tests
Type Approved to IEC 61672-1:2002 YES Approval Number 21.21/13.02

if YES above there is public evidence that the SLM haz successfully completed the
applicable pattern evalvation tests of IEC 61672-2:2003
Date Recelved 09 January 2017 ANV Job No. UKAS17/01002
Date Callbrated 10 January 2017

The sound level meter submitted for testing has successfully completed the class 1 periodic tests of IEC
61672-3:2008, for the environmental conditions under which the tests were performed. As public evidence
was avallable, from an independent testing organisation responsible for approving the results of pattem
avaluation tesis performed in accordance with IEC 61672-2:2003, t¢ demonstrate that the mode! of sound
level meter fully conformed to the requirements in IEC 61672-1:2002, the sound level meter submitted for
testing conforms to the class 1 (equirements of IEC 61672-1,2002.

Previous Certificate Dated Certificate No. Laboratory

16 January 2015 17762 Campbell Associates
This certificate is ssued in accordance with the laboratory accreditation requirements of the United Kingdom
Accreditation Service, It provides traceability of measurement to the Si sys:em of units andior to units of measurement
realised at the National Physical Laboraiory or other recognised national metrology institutes. This certificale may nol
be reproduced other than In full, except with the prior written approval of the issuing laboratory




CERTIFICATE OF CALIBRATION ertificate Number

UCRT17/1010

|UKAS Accredited Calibration Laboratory No. 7623 age 2 of 2 Pages

Sound Level Meter Instruction manual and data used to adjust the sound levels indicated.

instrucbion manual title Sound Level Meter  NL-42 / NL-52

SLM instruction manal refl | issue 11-03

SLM instruction manual source Manufactueer

Internet download date if applicable N/A

Case comractions avallable Yes

Uncertainties of case corractions Yes

Source of case data Manufacturer

Wind screen corrections avaiiable Yes

Uncertainties of wind screen corrections Yes

Source of wind screen data Manufacturer

[Wic pressure to free field corrections Yes

Uncertainties of Mic 1o F.F. corrections Yes

Source of Mic to F F. corrections Manufacturer

Total expanded uncertainties within the requirements of IEC 81672-1:2002 | Yes |

Speciied or equivalent Caiibrator Specified

Customer or Lab Calibrator Customers Cafibrator

Calibrator adaptor type if applicable NC-74-002

Calibrator cal. date 10 January 2017

Calibrator cert. number UCRT17/1008

Calibrator cal cert issued by 7823

Calibrator SPL @ STP 93.99 4B Calibeation reference sound pressure level
Eallbvawr frequency 1001 92 Hz  Calibeation check frequency
Reference level range 25 - 130 dB

Accessories used of comected for Junng cabration - Wind Stieid WS-10

Note - if a pre-amp extension cabla is listed then it was used between the SLM and the pre-amp.

|Environmental conditions during tests Start End
Temperature 2292 2292 + 020 °C
Humidity 364 35.1 + 300 %RH
Amblent Pressure 100.02 100,07 + 003 kPa
[Response to associated Cakbrator at tha environmental condiions above. |
Initial ndicated jevel | 941 a8 | | Adjusted incicated fevel 84.0 B
The uncertainty of the associaled calibrator supplied with the sound level meter + 0.10 &£
[_Seu Generated Noise | This test is currently not performed by this Lab,
Microphone installed (if requested by customer) = Less Than NiA ¢B A Welghting |
{Uncenainty of the microphene instaiied seif generated noise + N/A d8 |
[Microphone repaced with electrical input device - | [UR = Under Range indicated |
] Weighting B C 4
[ 104 o8 [OR | 153 o8 [JUR 210 [a8 |UR
|Uncertainty of the elecirical self generatad noise = || 012 8

The reported expanced uncedamty is based on a standard uncertainty multiplied by a coverage factor k=2, providing
8 coverace probability of approximately 95% . The uncertainty svaluation has been carmied out in accordance with
UKAS requirements.

For the test of the frequency weightings as per paragraph 12, of IEC 61672-3 2006 the actual microphene froe field
response was used.

The acoustical frequency tests of a frequency weighting as per paragraph 11 of IEC 81672-3:2006 were carried oul
using en elecirostatic actuator.

Calibrated by. A Patel R1

Additional Comments
None



CERTIFICATE
OF CALIBRATION

M:zASUREMENT SYSTEMS

Date of Issue: 20 June 2016 Certificate Number: UCRT16/1202
Issued by:
ANV Measurement Systems Fags 1 of 2 Pages
Beaufort Court roved §'|gnatory
17 Roebuck Way
Milton Keynes MKS 8HL 7
Telephone 01908 642846 Fax 01908 542814 /’77./5"\{’&"
E-Mail: info@noise-and-vibrabon.co.uk ”
Webs: www.noise-and-vibration.co.uk Bresin[ | K Misty[ |  J Hamman[vq
Acoustos Nose and Vibraston L tracing as ANV Measuremen: Sgstems
Customer WSP Environmental Ltd
3rd Floor
Kings Orchard
1 Queen Street
Bristol
BS2 OHQ
Order No. 20026175
Test Procedure Procedure TI* 1 Caiibration of Sound Calibratora
Description Acoustic Calibrator
|dentification Manufacturer Instrument Mode! Serial No.
Rion Calibrator NC-74 35173440

The calibrator has been tested as specified in Annex B of IEC 60942:2003. As public evidence was
ovoilabie from o leating organiaation (PTB) reapenaible for approving the reaulta of pattern evaluation
tests, to demonstrate that the model of sound cafibrator fully conformed to the requirements for pattem
evaluation described in Annex A of IEC 60942:2003. the sound calibrator tested is considered to conform
to all the ctass 1 requirements of IEC 80942:2003,

ANV Job No. UKAS16/06122

Date Recelved 17 June 2016

Date Calibrated 20 June 2016

Previous Certificate Dated 17 June 2015
Certificate No. 1506353
Laboratory AV Calibraton

This cerlinicale Is issued In accorcance with the laboratory accreditation requirements of the United Kingdom
Accreditation Service, It provides traczability of measurement to the SI system cf units and/er ta units of measurement
roalised at the National Phygical Laboratory or other recognised nationsl metrology inetitutes. Thiz certficate may not
be reproduced other than in full, except with the prior written approval of the issuing laboratery.




CERTIFICATE OF CALIBRATION Certificate Number
UCRT16/1202
UKAS Accredited Calibration Laboratory No, 7623 age 2 of 2 Pages

Measurements

The sound pressure level generated by the calibrater in its WS2 configuration was measured five times by
the Insert Voltage Method using & microphone as detailed below. The mean of the results obtained is
shown below. ILis corrected to the standard atmospheric pressure of 101.3 kPa (1013 mBar) using original
manufacturers information,

Test Microphone Manufacturer Type
Brilel & Kjaar 4134

Results
The level of the calibrator output under the conditions outiined above was

8401 = 010 dB rel 20 yPa

Tests and ions
The frequency of the sound produced was 1002.78 Hz + 013 Hz
The total distortion was 128 % + 6.7 % of Reading

During the measurements environmental conditions were

Temperature 23 1 24 °¢C
Relative Humidity 42 10 51 %
Barometric Pressure 999 to 1001 kPa

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2,
providing a coverage probability of approximatety 85%. The unceriainty evaluation has been carried out in
accordance with UKAS reguirements.

The uncertainties refer to the measured values only with no account being taken of the ability of the
Instrument to maintain its calibration.

A emall carrection factor may need to ba spplied to the sound pressure leval quoted above if the device is
used to calibrate a sound level meter which is fitted with a free-field response microphons. See
manufacturers handbook for details.

.......................................................... END st i O R s i e e Saan e
Note:
Calibrator adjusted prior to calibration? NO
Initial Level N/A dB8
Initial Frequency NiA  Hz
Agditional Comments
None

Calibrated by; A Patel R1






Noise Monitoring Form

Project: Dugm Refinery Job Number: 70029220
Equipment: Rion NL-52 Kit E Engineer: Paul Doyle
Pre-Calibration Level: 94.0 General Weather Description: Day: Hot, Sunny. Evening/Night: Hot
Post-Calibration Level: 94.0 Location: Wadi Saay Location 1
Measurement Period Weather Statistical Noise Levels / dB Description of Audible Noise
Date Time II\E/II;T(ZZ Wlnéimfseed W|nc:f|;)o|::;:t|on Temperature (°C) Laeq Lamax Lao1 Lato Lago
24/04/2017 18:07 15:00 35 SwW 30+ 53.2 78.5 59.2 56.8 45.0 _|Very occasional road traffic on Highway 32, wind
24/04/2017 18:22 15:00 35 SwW 30+ 52.0 68.2 58.2 55.8 44.6 __|Very occasional road traffic on Highway 32, wind
24/04/2017 23:17 15:00 2-4 Sw 25+ 46.1 60.6 50.7 | 48.9 405 |wind
24/04/2017 23:32 15:00 2-4 SW 25+ 44.6 63.8 48.9 47.3 40.9  |Wind
25/04/2017 15:09 15:00 2-3 SwW 35+ 49.5 64.2 54.1 51.8 45.0 _|Distant construction noise along road, wind
25/04/2017 15:24 15:00 2-3 Sw 35+ 50.6 63.4 55.5 53.8 45.7 _|Distant construction noise along road, wind
26/04/2017 09:22 15:00 2-3 SwW 30+ 52.0 713 57.9 53.9 43.7__|Occasional road traffic & construction activity on Highway 32, wind
26/04/2017 09:37 15:00 2-3 SwW 30+ 51.6 66.0 58.0 54.3 43.9 _|Occasional road traffic & construction activity on Highway 32, wind




Noise Monitoring Form

Project: Dugm Refinery Job Number: 70029220
Equipment: Rion NL-52 Kit E Engineer: Paul Doyle
Pre-Calibration Level: 94.0 General Weather Description: Day: Hot, Sunny. Evening/Night: Hot
Post-Calibration Level: 94.0 Location: Wadi Saay Location 2
Measurement Period Weather Statistical Noise Levels / dB Description of Audible Noise
Date Time II\EIII;’LStZ: wi n(dmfseed Wmd“?;:?;: tion Temperature (°C) Laeq Lamax Lao1 Lao Lago
24/04/2017 19:11 15:00 4-5 SwW 30+ 48.7 69.5 53.9 51.3 414  |Wind
24/04/2017 19:26 15:00 4-5 SwW 30+ 51.1 70.8 56.5 53.7 417 |Wind
24/04/2017 19:41 15:00 4-5 sw 25+ 510 | 759 | 554 | 531 42,5 |wind
25/04/12017 00:04 15:00 4-5 sw 25+ 421 | 597 | 461 | 449 37.8  |wind
25/04/2017 00:19 15:00 45 sw 25+ 441 | 612 | 472 | 454 38.1  [wind
25/04/2017 15:54 15:00 2-3 sw 35+ 458 | 548 | 498 | 491 400 |wind
25/04/2017 16:09 15:00 2-3 sw 35+ 473 | 650 | 514 | 493 40.7__|Wind
26/04/12017 10:01 15:00 34 SwW 30+ 441 | 587 | 483 | 463 39.3  |wind
26/04/2017 10:16 15:00 34 sw 30+ 449 | 700 | 485 | 467 39.1  [Wind




Noise Monitoring Form

Project: Dugm Refinery Job Number: 70029220
Equipment: Rion NL-52 Kit E Engineer: Paul Doyle
Pre-Calibration Level: 94.0 General Weather Description: Day: Hot, Sunny. Evening/Night: Hot
Post-Calibration Level: 94.0 Location: Wadi Saay Location 3
Measurement Period Weather Statistical Noise Levels / dB Description of Audible Noise
X Elapsed Wind Speed Wind Direction o
Date Time Minutes (m/s) (from) Temperature (°C) Laeq Lamax Lao1 Lao Lago

25/04/2017 23:28 15:00 4-5 SW 25+ 51.2 69.5 57.2 55.3 40.3  |Wind

25/04/2017 23:43 15:00 4-5 sw 25+ 515 | 703 | 574 | 555 41.0 |wind

26/04/2017 18:04 15:00 4-5 SwW 30+ 49.4 62.4 53.6 52.4 43.9  |Very occasional road traffic on Highway 32, wind

26/04/2017 18:19 15:00 4-5 SW 30+ 50.3 69.4 54.7 53.5 43.9 _|Very occasional road traffic on Highway 32, wind

26/04/2017 10:38 15:00 2-3 SwW 30+ 52.2 64.5 56.9 55.8 43.8 |Occasional road traffic & construction activity on Highway 32, wind

26/04/2017 10:53 15:00 2-3 SW 30+ 51.5 82.6 54.8 53.2 43.1 _|Occasional road traffic & construction activity on Highway 32, wind




Noise Monitoring Form

Project: Dugm Refinery Job Number: 70029220
Equipment: Rion NL-52 Kit E Engineer: Paul Doyle
Pre-Calibration Level: 94.0 General Weather Description: Day: Hot, Sunny. Evening/Night: Hot
Post-Calibration Level: 94.0 Location: Nafun Location 1
Measurement Period Weather Statistical Noise Levels / dB Description of Audible Noise
. Elapsed Wind Speed Wind Direction o
Date Time Minutes (m/s) (from) Temperature (°C) Laeq Lamax Laor Lao Lago

25/04/2017 12:12 15:00 2-3 SW 35+ 42.1 62.6 45.2 43.6 38.9 |Wind, very occasional local vehicles

25/04/2017 12:27 15:00 2-3 SwW 35+ 41.4 48.9 44.3 43.4 39.0 |Wind, very occasional local vehicles

25/04/2017 22:17 15:00 2-3 SW 25+ 41.6 57.4 45.2 43.9 38.3__|Wind, very occasional local vehicles

P




Noise Monitoring Form

Project: Dugm Refinery Job Number: 70029220
Equipment: Rion NL-52 Kit E Engineer: Paul Doyle
Pre-Calibration Level: 94.0 General Weather Description: Day: Hot, Sunny. Evening/Night: Hot
Post-Calibration Level: 94.0 Location: Nafun Location 2
Measurement Period Weather Statistical Noise Levels / dB Description of Audible Noise
. Elapsed Wind Speed Wind Direction o
Date Time Minutes (m/s) (from) Temperature (°C) Laeq Lamax Laor Lao Lago

25/04/12017 13:03 15:00 4-5 sw 35+ 536 | 593 | 552 | 54.9 51.9 |Wind/sea

25/04/2017 13:18 15:00 4-5 SwW 35+ 540 | 570 | 555 | 55.2 52.6 |Wind/sea

25/04/2017 13:33 15:00 45 SW 35+ 538 | 570 | 554 | 55.0 52.3 |Wind /sea

25/04/2017 22:41 15:00 4-5 SW 25+ 48.2 69.8 50.2 48.2 45.3 |Wind / sea - measurement cut short due to safety concerns




Noise Monitoring Form

Project: Dugm Refinery Job Number: 70029220
Equipment: Rion NL-52 Kit E Engineer: Paul Doyle
Pre-Calibration Level: 94.0 General Weather Description: Day: Hot, Sunny. Evening/Night: Hot
Post-Calibration Level: 94.0 Location: Antoot Fishing Area
Measurement Period Weather Statistical Noise Levels /dB Description of Audible Noise
Date Time Elapsed Wind Speed Wind Direction Temperature (°C) L L L L L
Minutes (m/s) (from) P Aea Amax Aot AL0 A%0
25/04/2017 10:53 15:00 4-5 SW 30+ 42.1 62.3 46.1 44.6 35.0 |Wind/sea
25/04/2017 1108 15:00 45 SwW 30+ 43.9 550 | 491 | 476 35.6 [wind/sea




Noise Monitoring Form

Project: Dugm Refinery Job Number: 70029220
Equipment: Rion NL-52 Kit E Engineer: Paul Doyle
Pre-Calibration Level: 94.0 General Weather Description: Day: Hot, Sunny. Evening/Night: Hot
Post-Calibration Level: 94.0 Location: Dhahr Location 1
Measurement Period Weather Statistical Noise Levels / dB Description of Audible Noise
X Elapsed Wind Speed Wind Direction o
Date Time Minutes (mis) (from) Temperature (°C) Laeq Lamax Lao1 Lato Lago
26/04/2017 12:26 15:00 5-7 sw 35+ 458 | 675 | 509 | 488 37.8 _|wind
26/04/2017 12:41 15:00 57 Sw 35+ 47.4 69.8 52.1 50.0 38.1 [wind
e AR
= e
— |




Noise Monitoring Form

Project: Dugm Refinery Job Number: 70029220

Equipment: Rion NL-52 Kit E Engineer: Paul Doyle

Pre-Calibration Level: 94.0 General Weather Description: Day: Hot, Sunny. Evening/Night: Hot
Post-Calibration Level: 94.0 Location: Dhahr Location 2

Measurement Period Weather Statistical Noise Levels / dB Description of Audible Noise
Date Time ';':“:fu W'”,Lr':‘ieeu W””:f::::'“u” Temperature (°C) Laeq Lamax Laor Laio Lago
26/04/2017 13:09 15:00 45 SwW 35+ 477 | 671 | s28 | 512 40.6__|wind
26/04/2017 13:24 15:00 45 SwW 35+ 463 | 589 | 514 [ 496 394 |wind
S R i e LT ;:__L«—‘L.‘_-_;-;-
e B | B __,___




Noise Monitoring Form

Project: Dugm Refinery Job Number: 70029220

Equipment: Rion NL-52 Kit E Engineer: Paul Doyle

Pre-Calibration Level: 94.0 General Weather Description: Day: Hot, Sunny. Evening/Night: Hot
Post-Calibration Level: 94.0 Location: Dhahr Location 3

Measurement Period Weather Statistical Noise Levels / dB Description of Audible Noise
Date Time ';':":"eu v ';j“‘/”i“u v “:::'::'“U” Temperature (°C) Laeq Lamax Lao1 Laio Lago
26/04/2017 14:03 15:00 2-3 SW 35+ 42.7 64.7 47.0 42.9 35.5 _|Wind, very occasional local vehicles
26/04/2017 14:18 15:00 2-3 SW 35+ 45.4 77.8 47.1 44,7 36.4 __|Wind, very occasional local vehicles




APPENDIX B-2

APPENDIX 5.2: ACGIH VIBRATION TLVS




Hand-Arm (Segmental) Vibration — 181

HAND-ARM (SEGMENTAL) VIBRATION

The TLVs® in Table 1 refer to component acceleration levels and durations
of exposure that represent conditions under which it is believed that nearly all
workers may be exposed repeatedly without progressing beyond Stage 1 of the
Stockholm Workshop Classification System for Vibration-induced White Finger
(VWF), also known as Raynaud's Phenomenon of Occupational Origin (Table
2). Since there is a paucity of dose-response relationships for VWF, these rec-
ommendations have been derived from epidemiological data from forestry, min-
ing, and metal working. These values should be used as guides in the control of
hand-arm vibration exposure; because of individual susceptibility, they should
not be regarded as defining a boundary between safe and dangerous levels.

It should be recognized that control of hand—arm vibration syndrome (HAVS)
from the workplace cannot occur simply by specifying and adhering to a given
TLV®. The use of 1) antivibration tools, 2) antivibration gloves, 3) proper work
practices that keep the worker's hands and remaining body warm and also mini-
mize the vibration coupling between the worker and the vibration tool are neces-
sary to minimize vibration exposure, and 4) a conscientiously applied medical
surveillance program are ALL necessary to rid HAVS from the workplace.

TABLE 1. TLVs® for Exposure of the Hand to Vibration in Either
Xps Yps Or Z,, Directions

Values of the Dominant,*
Frequency-Weighted, rms,
Component Acceleration
Which Shall not be Exceeded

aKs(aKeq)
Total Daily Exposure
Duration** m/s2 gA
4 hours and less than 8 4 0.40
2 hours and less than 4 6 0.61
| hour and less than 2 8 0.81
less than | hour 12 1.22

“The total time vibration enters the hand per day, whether continuously or intermittently.

*Usually one axis of vibration is dominant over the remaining two axes. If one or more
vibration axes exceeds the Total Daily Exposure, then the TLV® has been exceeded.

oA =981 m/s2.

Notes for Table 1:

1. The weighting network provided in Figure 1 is considered the best available
to frequency weight acceleration components. However, studies suggest
that the frequency weighting at higher frequencies (above 16 Hz) may not
incorporate a sufficient safety factor, and CAUTION must be applied when
tools with high-frequency components are used.

2. Acute exposures to frequency-weighted, root-mean-square (rms), compo-
nent accelerations in excess of the TLVs® for infrequent periods of time
(e.g., 1 day per week or several days over a 2-week period) are not neces-
sarily more harmful.

3. Acute exposures to frequency-weighted, rms, component accelerations of
three times the magnitude of the TLVs® are expected to result in the same
health effects after 5 to 6 years of exposure.
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4. To moderate the adverse effects of vibration exposure, workers should be
advised to avoid continuous vibration exposure by cessation of vibration
exposure for approximately 10 minutes per continuous vibration hour.

5. Good work practices should be used and should include instructing workers
to employ a minimum hand grip force consistent with safe operation of the
power tool or process, o keep their body and hands warm and dry, to avoid
smoking, and to use antivibration tools and gloves when possible. As a gen-
eral rule, gloves are more effective for damping vibration at high frequencies.

6. A vibration measurement transducer, together with its device for attachment
to the vibration source, should weigh less than 15 grams and should possess
a cross-axis sensitivity of less than 10%.

7. The measurement by many (mechanically underdamped) piezoelectric
accelerometers of repetitive, large displacement, impulsive vibrations, such
as those produced by percussive pneumatic tools, is subject to error. The
insertion of a suitable, low-pass, mechanical filter between the accelerometer
and the source of vibration with a cut-off frequency of 1500 Hz or greater (and
cross-axis sensitivity of less than 10%) can help eliminate incorrect readings.

8. The manufacturer and type number of all apparatus used to measure vibra-
tion should be reported, as well as the value of the dominant direction and
frequency-weighted, rms, component acceleration.

TABLE 2. Stockholm Workshop HAVS Classification System for
Cold-induced Peripheral Vascular and Sensorineural Symptoms

Vascular Assessment
Stage Grade Description
0 — No attacks
1 Mild Occasional attacks affecting only the
tips of one or more fingers
2 Moderate Occasional attacks affecting distal

and middle (rarely also proximal)
phalanges of one or more fingers

3 Severe Frequent attacks affecting ALL
phalanges of most fingers
- Very Severe As in Stage 3, with trophic skin

changes in the finger tips
Note: Separate staging is made for each hand, e.g., 2L(2)/1R(1) = stage 2 on left hand in two
fingers: stage 1 on right hand in one finger.

Sensorineural Assessment
Stage Symptoms

OSN Exposed to vibration but no symptoms

1SN Intermittent numbness, with or without tingling

2SN [ntermittent or persistent numbness, reducing sensory
perception

3SN Intermittent or persistent numbness, reducing tactile

discrimination and/or manipulative dexterity
Note: Separate staging is made for each hand.




Hand-Arm (Segmental) Vibration — 183

Continuous, Intermittent, Impulsive, or Impact Hand-Arm Vibration

The measurement of vibration should be performed in accordance with
the procedures and instrumentation specified by ISO 5349 (1986)" or ANSI
S$3.34-1986" and summarized below.

The acceleration of a vibration handle or work piece should be determined
in three mutually orthogonal directions at a point close to where vibration
enters the hand. The directions should preferably be those forming the biody-
namic coordinate system but may be a closely related basicentric system with
its origin at the interface between the hand and the vibrating surface (Figure 2)
to accommodate different handle or work piece configurations. A small and
lightweight transducer should be mounted so as to record accurately one or
more orthogonal components of the source vibration in the frequency range
from 5 to 1500 Hz. Each component should be frequency-weighted by a filter
network with gain characteristics specified for human-response vibration mea-
suring instrumentation, to account for the change in vibration hazard with fre-
quency (Figure 1).

Assessment of vibration exposure should be made for EACH applicable
direction (X, Y, Zy,) since vibration is a vector quantity (magnitude and direc-
tion). In each direction, the magnitude of the vibration during normal operation
of the power tool, machine, or work piece should be expressed by the root-
mean-square (rms) value of the frequency-weighted component accelerations,
in units of meters per second squared (m/s’), or gravitational units (g), the
largest of which, ak, forms the basis for exposure assessment.

For each direction being measured, linear integration should be
employed for vibrations that are of extremely short duration or vary sub-
stantially in time. If the total daily vibration exposure in a given direction is
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FIGURE 1. Gain characteristics on the filter network used to
frequency-weight acceleration components (continuous line). The
filter tolerances (dashed lines) are those contained in ISO 5349 and
ANSI $3.34-1986.
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FIGURE 2. Biodynamic and basicentric coordinate systems for the hand, showing
the directions of the acceleration components (ISO 5349 and ANSI S3.34-1986").

composed of several exposures at different rms accelerations, then the equiv-
alent, frequency-weighted component acceleration in that direction should be
determined in accordance with the following equation:

() = |7 i () T ]1/2
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T=total daily exposure duration
a, = Ith frequency-weighted, rms acceleration
component with duration T;

These computations may be performed by commercially available human-
response vibration measuring instruments.

References

1. International Standards Organization: ISO 5349 (1986): Guide for the Measurement and the
Assessment of Human Exposure to Hand Transmitted Vibration. ISO, Geneva (1986).

2. American National Standards Institute: ANS| S3.34-1986: Guide for the Measurement and
Evaluation of Human Exposure to Vibration Transmitted to the Hand. ANSI, New York
(1986).
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WHOLE-BODY VIBRATION

The TLVs® in Figures 1 and 2 (tabulated in Tables 1 and 2) refer to
mechanically induced whole-body vibration (WBV) acceleration component
root-mean-square (rms) magnitudes and durations under which it is believed
that nearly all workers may be exposed repeatedly with minimum risk of back
pain, adverse health effects to the back, and inability to operate a land-based
vehicle properly. The biodynamic coordinate system to which they apply is dis-
played in Figure 3. These values should be used as guides in the control of
WBV exposure, but because of individual susceptibility, they should not be
regarded as defining a boundary between safe and dangerous levels.

Notes:

1. Vibration acceleration is a vector with magnitude expressed in units of
m/s’. The gravitational acceleration, g, equals 9.81 m/s’.

2. Figures 1 and 2 each show a family of daily exposure time—dependent
curves. They indicate that human vibration resonance occurs in the 4 to 8
Hz frequency range for the z axis and in the 1 to 2 Hz frequency range for
the x and y axes, where the axes are defined in Figure 3.

3. WBV measurements and equivalent exposure time calculations for inter-
rupted exposures, where the rms acceleration levels vary appreciably over
time, should be made according to ISO 2631 or ANSI $3.18-1979."?

4. The TLV® is valid for vibration crest factors of 6 or less. Crest factor is
defined as the ratio of peak to rms acceleration, measured in the same
direction, over a period of 1 minute for any of the orthogonal x, y, and z
axes. The TLV® will underestimate the effects of WBV and must be used
with caution when the crest factor exceeds 6.

5. The TLV® is not intended for use in fixed buildings (see ANSI S3.29-
1983),”in off-shore structures, or in ships.

6. A summary of WBV measurement and data analysis procedures follows:
a. Ateach measurement point, three orthogonal, continuous, rms accel-
eration measurements are simultaneously made and recorded for at

least 1 minute along the biodynamic coordinates shown in Figure 3.

b. Three very light-weight accelerometers, each with a cross-axis sensi-
tivity of less than 10%, are perpendicularly mounted to a light-weight
metal cube and placed in the center of a hard rubber disc (per SAE,
J1013).” The total weight of the disc, cube, accelerometers, and
cables should not exceed 10% of the total weight of the object to be
measured. Measurements are made by placing the instrumented rub-
ber disc on the top of the driver’s seat, under the driver’s buttocks, as
the vehicle is operated.

c. Foreach axis, a ;octave band (1 to 80 Hz), separate Fourier spec-
trum analysis is required for comparison to Figure 1 or Figure 2, as
appropriate.

4)




Acceleration a, (r.m.s.), m/s?
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FIGURE 1. Longitudinal (a,) acceleration TLVs® as a function of frequency and exposure time. Adapted from 1SO 2631."
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FIGURE 2. Transverse (a,, ay) acceleration TLVs® as a function of frequency and exposure time. Adapted from ISO 2631."
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TABLE 1. Numerical values for vibration acceleration in the longitudinal, a,, direction [foot-to-head direction] [see Figure 1]. Values define the TLV® in terms
of rms value of pure (sinusoidal) single-frequency vibration or of rms value in one-third-octave band for distributed vibration. (Adapted from ISO 2631)

Acceleration, m/s2

Frequency Exposure times

Hz 24 h 16 h 8h 4h 25h 1h 25 min 16 min 1 min
1.0 0.280 0.383 0.63 1.06 1.40 2.36 3.55 4.25 5.60
1.25 0.250 0.338 0.56 0.95 1.26 212 315 3.75 5.00
1.6 0.224 0.302 0.50 0.85 1.12 1.90 2.80 333 4.50
2.0 0.200 0.270 0.45 0.75 1.00 1.70 2.50 3.00 4.00
2.5 0.180 0.239 0.40 0.67 0.90 1.50 2.24 2.65 3.55
3.15 0.160 0.212 0.355 0.60 0.80 132 2.00 235 3.15
4.0 0.140 0.192 0.315 0.53 0.71 1.18 1.80 213 2.80
5.0 0.140 0.192 0.315 0.53 0.71 1.18 1.80 212 2.80
6.3 0.140 0.192 0315 0.53 0.71 1.18 1.80 2.12 2.80
8.0 0.140 01592 0.315 0.53 0.71 1.18 1.80 212 2.80
10.0 0.180 0.239 0.40 0.67 0.90 1.50 224 2.65 3.55
12:5 0.224 0.302 0.50 0.85 112 1.90 2.80 3.35 4.50
16.0 0.280 0.383 0.63 1.06 1.40 2.36 3.55 4.25 5.60
20.0 0.355 0.477 0.80 1.32 1.80 3.00 4.50 5.30 7.10
25.0 0.450 0.605 1.0 1.70 2.24 3.75 5.60 6.70 9.00
31.5 0.560 0.765 1.25 2.12 2.80 4.75 7.10 8.50 112
40.0 0.710 0.955 1.60 2.65 3.55 6.00 9.00 10.6 14.0
50.0 0.900 1.19 2.0 3.3 4.50 7.50 11.2 13.2 18.0
63.0 1.120 1.53 2.5 4.25 5.60 9.50 14.0 17.0 224
80.0 1.400 1.91 3.15 5.30 7.10 11.8 18.0 21.2 28.0




TABLE 2. Numerical values for vibration acceleration in the transverse, a, or a,, direction [back-to-chest or side-to-side] [see Figure 2]. Values define the TLV®
in terms of rms value of pure (sinusoidal) single-frequency vibration or of rms value in one-third-octave band for distributed vibration. (Adapted from ISO 2631)

Acceleration, m/s2

Frequency Exposure times
Hz 24 h 16 h 8h 4h 25h 1h 25 min 16 min 1 min
1.0 0.100 0.135 0.224 0.355 0.50 0.85 1.25 1.50 2.0
1.25 0.100 0.135 0.224 0.355 0.50 0.85 1.25 1.50 2.0
1.6 0.100 0.135 0.224 0.355 0.50 0.85 1.25 1.50 2.0
2.0 0.100 0.135 0.224 0.355 0.50 0.85 1.25 1.50 2.0
25 0.125 0.171 0.280 0.450 0.63 1.06 1.6 1.9 25
3.15 0.160 0.212 0.355 0.560 0.8 1.32 2.0 2.36 3.15
4.0 0.200 0.270 0.450 0.710 1.0 1.70 25 3.0 4.0
5.0 0.250 0.338 0.560 0.900 1.25 2.12 3.15 3.75 5.0
6.3 0.315 0.428 0.710 1.12 1.6 2.65 4.0 4.75 6.3
8.0 0.40 0.54 0.900 1.40 2.0 3.35 5.0 6.0 8.0
10.0 0.50 0.675 1.12 1.80 2.5 4.25 6.3 7.5 10.0
12.5 0.63 0.855 1.40 2.24 3.15 5.30 8.0 9.5 12.5
16.0 0.80 1.06 1.80 2.80 4.0 6.70 10.0 11.8 16.0
20.0 1.00 1.35 2.24 3.55 5.0 8.5 12.5 15.0 20.0
25.0 1.25 1.71 2.80 4.50 6.3 10.6 15.0 19.0 25.0
315 1.60 2.12 3.55 5.60 8.0 13.2 20.0 23.6 315
40.0 2.00 2.70 4.50 7.10 10.0 17.0 25.0 30.0 40.0
50.0 2.50 3.38 5.60 9.00 12.5 21.2 31.5 37.5 50.0
63.0 3.15 4.28 7.10 11.2 16.0 26.5 40.0 45.7 63.0

80.0 4.00 54 9.00 14.0 20.0 335 50.0 60.0 80.0
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d. Ifthe rms acceleration of any of the spectral peaks equals or exceeds
the values shown in Figure 1 or Figure 2 for the relevant time periods,
then the TLV® is exceeded for that exposure time. The axis with the
highest spectral peak intersecting the curve with the shortest expo-
sure time dominates and determines the permissible exposure.

7. The total-weighted rms acceleration for each axis can be calculated using
Equation 1 with the appropriate axis weighting factors taken from Table 3.
For the x axis (analogous equations and definitions apply to the y and z
axes), the equation is:

Aux =V (Wi Ag) (1)

where: A, = total weighted rms acceleration for the x axis
Wj, = weighting factor for the x axis at each '3 octave
band frequency from 1 to 80 Hz (Table 3)
Ag = rms acceleration value for the x axis spectrum at
each "3octave band frequency from 1 to 80 Hz

8. |Ifthe vibration axes have similar acceleration magnitudes as determined by
Equation 1, the combined motion of all three axes could be greater than
any one component and could possibly affect vehicle operator perfor-
mance.""” Each of the component results determined by Equation 1 may be

FIGURE 3. Biodynamic coordinate system acceleration measurements (adapted from ISO
2631). a,,a,,a, = acceleration in the direction of the x, y, and z axes; x axis = back-to-
chest; y axis = right-to-left; z axis = foot-to-head.
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used in Equation 2 to find the resultant, which is the overall weighted
total rms acceleration, A

A=V (14 Ap) + (14 Ay + (A (2)

The factor of 1.4 multiplying the x and y total, weighted rms acceleration
values is the ratio of the values of the longitudinal and transverse curves of
equal response in the most sensitive human response ranges.

The Commission of the European Communities now recommends
0.5 m/s” as an action level for an 8 hour per day overall weighted total rms
acceleration. This may be compared with the results of Equation 2.

9. Short-duration, high-amplitude, multiple-vibration shocks may occur with
crest factors greater than 6 during the workday, in which cases the TLV®
may not be protective (Note 4). Other methods of calculation that include
the “4th power concept” may be desirable in these instances.”

TABLE 3. Weighting Factors Relative to the Frequency Range
of Maximum Acceleration Sensitivity* for the Response Curves
of Figures 1 and 2 (Adapted from ISO 2631)

Weighting factor for
Longitudinal z Transverse x, y
Frequency Hz  Vibrations [Figure 1] Vibrations [Figure 2]
1.0 0.50 1.00
1.28 0.56 1.00
1.6 0.63 1.00
2.0 0.71 1.00
2.5 0.80 0.80
3.15 0.90 0.63
4.0 1.00 0.5
5.0 1.00 0.4
6.3 1.00 0.315
8.0 1.00 0.25
10.0 0.80 0.2
12.5 0.63 0.16
16.0 0.50 0.125
20.0 0.40 0.1
250 0.315 0.08
31.5 0.25 0.063
40.0 0.20 0.05
50.0 0.16 0.04
63.0 0.125 0.0315
80.0 0.10 0.025

A 4 to 8 Hz in the case of + a, resonance vibration.

1 to 2 Hz in the case of + a, or a, resonance vibration.
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10. WBV controls may include the use of “air-ride” suspended seats, suspended

1.

cabs, maintenance of vehicle suspension systems, proper tire inflation, and
remote control of vibrating processes. Seats with arm rests, lumbar support,
an adjustable seat back, and an adjustable seat pan are also useful.

The following good work practices may also be useful for workers operating

vehicles:"”

a. Avoid lifting or bending immediately following exposure.

b. Use simple motions, with minimum rotation or twisting, when exiting a
vehicle.
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APPENDIX 5.3: CONSTRUCTION PHASING
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Month 1 2 3 4 5 6 7 8| 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32| 33 34 35 36 37 38 39 40 41 42 43 44 45 46 a7 48 49 50 51 52

Overview

Power and Desalination Plant (by CUC)

Sea Water Intake & Outfall Facilities (by SEZAD / CUC)

Service corridor from Refinery to Dugm Petrolium Terminal Company (DPTC) (by SEZAD / CUC)
Oman Tank Terminal Company (OTTCO) Tank Terminal at Ras Markaz (by OTTCO)

Natural Gas Pipeline to Gas supply station (GSS) at Dugm (by Oman Gas Company - OGC)

Gas supply station (GSS) and Gas Spur line to Refinery (by Oman Gas company)
Liquid Jetty Marine Scope EPC1 (by SEZAD)

Heavy haul roads

Pipeline corridor from Refinery to Petroleum Terminal
Desalinated Water

Discharge Outfall Basin

Electrical Power

Natural Gas

Ras-Markaz terminal

Tankage and Pumps

Shorline Piperacks and Jetties 903 - 906

Substations

Admin / Control building, Warehouse and Guardhouse
Utilities Area

Dry Bulk Handling

RMZ-DR Crude Pipeline Construction & mech completion

RMZ Vcrude storage tanks construction & mech completion

Haul Road construction (1,2)
Main Highway (NR 32)

Section 4 Road (Dugm Refinery South Road)
(Roads by SEZAD)

Construction camp operation
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1. SCOPE

This noise report has been prepared for the DUQM Refinery Project in Dugm,
Sultanate of Oman. The objective of the noise calculation is to assess the noise impact

at the site boundary and within the plant units.

This includes a calculation of work area and boundary noise levels to check whether
the limits are exceeded. Community noise impact has also been considered.

2. DEFINITIONS AND ABBREVIATIONS

The following are used in this report.

Company Dugm Refinery & Petrochemical Industries Company

Design for the Refinery.

FEED Engineer The Entity Contracted by the Company to carry out Front End

the Refinery.

EPC Contractor The Entity Contracted by the Company to carry out detail
engineering, procurement, construction and commissioning of

Vendor Supplier of equipment and support services for a particular
piece of equipment/package.
MBD Mechanical Basis of Design
EDB Environmental Design Basis
3. REFERENCED CODES AND STANDARDS
3.1 International Standards and Regulations
Document Title Document No.
Regulations for noise pollution control in working | MD 80/94
environment
Noise pollution control in public environment MD 79/94

Acoustics — Attenuation of sound during
propagation outdoors — Part 2: General method
of calculation

ISO 9613-2:1996

Acoustics — Determination of sound power levels
of noise sources using sound pressure

ISO 3744:1994

DSN: 2668
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3.2 Project Documents

The following project documents have been referenced while preparing this report.

Document Title Document No.
Mechanical Basis of Design (MBD) DRPO001-FED-SPE-M-000-001
Environmental Design Basis (EDB) DRPO001-FED-SPE-Z-000-001
Equipment Noise DRPO001-FED-SPE-M-000-007

4. NOISE LIMITS
Two distinct categories of noise limits are considered in this report:
e Work area noise limits.
¢ Community noise limits.
4.1 Work Area Noise Limits
41.1 Absolute Limit

As per reference document MD 80/94 the absolute maximum of 130dB shall apply to
any location which personnel may visit.

4.1.2 Work Area Limit
The work area noise limit is 85dB(A) for all walkways, passages and accessible work

and maintenance locations. Company review and approval is required for any
deviations above the sound level limit.

DSN: 2668
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4.2 Community Noise Limits

As per MD 79/94, the noise levels from the facility shall not cause an increase in the
community noise levels to above the limits in the table below:

Leq, T, dB(A)
Type of District Over time Period

A B C
Rural residential recreational 60 40 35
Suburban residential 65 45 40
Urban residential 65 50 45
e e e | S 55| s
Industrial/Commercial 70 70 70

Table 1: Community Noise

o Workdays Daytime (A) : 07:00 to 18:00
° Workdays Evening (B) : 18:00 to 23:00
. Holidays and Nights (C) : 23:00 to 07:00

CALCULATION METHOD AND INPUT DATA

All significant noise radiating plant equipment is allocated an octave band sound power
level. These sound power levels were obtained from:-

° Calculations based on FEED Engineer algorithms derived from library noise data.
The data source code in the Noise Allocation Table is ‘E’.

. Vendor’s supplied noise data estimated from similar equipment. The data source
code in the Noise Allocation Table is ‘EM’.

° Vendor noise level submitted with quote. The data source code in the Noise
Allocation Table is ‘Q’.

Currently no Vendor noise data is available in terms of sound pressure level at 1m from
equipment.

As Vendor noise data is not available, the sound pressure level at 1m for equipment
train has been calculated as per ISO 3744 using the relationship between sound power
level, sound pressure level and estimated equipment dimensions derived from unit plot
plans.

Proprietary software ‘SoundPlan’ version 7.2 was used to generate a noise contour
map. The SoundPlan applies 1SO 9613-2 industry standard to carry out noise

DSN: 2668
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5.1

calculations. Input data to the software comprised octave band sound power levels for
each noise radiating item of equipment item and scaled plot plans.

Assumptions

This report is for noise generated during normal plant operation only.

Equipment items with <10kW rating are not considered as the noise level is
assumed insignificant. Typical examples are pumps with <10kW rating.

Control valve noise has not been included in the present revision of the report. The
piping noise is not included as there is no significant source of piping noise in the
new equipment.

Only one pump in a pair is active at any time.

All Driven equipment listed in attachments 8 to 24, are combined. The calculated
SWL value is for the driven equipment and driver together.

The applied spectral frequency band adjustments were derived from an in-house
database for specific equipment types.

The Air Fin Heat Exchanger noise is conservatively modelled using dimension from
the unit plot plans due to lack equipment data.

Equipment has been assumed to satisfy the 85dB(A) @ 1m limit.

DSN: 2668
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6. CALCULATION SUMMARY

A Noise Allocation Table in given below and shows the sound power that has been
calculated for each area as defined in the overall plot plan.

] Octave band centre frequency (Hz) dB | dB(A) | Source
Unit Number
63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
Unit 640 124 125 | 126 | 127 | 124 | 119 | 112 | 106 | 133 128 E
Unit 730 106 106 | 106 | 106 | 106 | 104 | 102 | 100 | 114 111 E
Unit 700 101 101 | 101 | 101 | 101 99 97 95 109 106 E
Unit 570 110 110 110 110 110 108 106 104 118 115 E
Unit 710 108 108 | 108 | 108 | 108 | 106 | 104 | 102 | 116 113 E
Utilities Unit 400 110 111 | 111 | 112 | 110 | 106 | 103 | 100 | 118 115 E
Unit 340 T1/T2/T3 134 132 129 125 120 116 113 108 138 127 E
oW Unit 1 153 | 121 | 118 | 124 | 112 | 108 | 104 | 101 | 126 | 117 E
ARU Unit 320 125 123 120 116 113 109 105 102 128 119 E
LTU Unit 170 110 110 | 110 | 110 | 110 | 108 | 106 | 104 | 118 115 E
DHT Unit 160 128 126 | 123 | 119 | 117 | 113 | 110 | 106 | 131 122 E
KTU Unit 150 104 104 | 104 | 104 | 104 | 104 | 102 98 112 110 E
Unit 136 121 119 116 113 110 107 103 101 124 116 E
CAR Unit 135 123 121 118 115 113 109 105 102 127 118 E
DCU Unit 130 130 128 | 125 | 123 | 120 | 116 | 111 | 107 | 133 125 E
HCU Unit 120 131 129 | 126 | 123 | 120 | 116 | 113 | 109 | 135 125 E
SODOl/Jlgg/Itllo 126 124 | 122 | 118 | 116 | 112 | 109 | 106 | 130 121 E
TOTAL 138 137 | 134 | 132 | 129 | 125 | 120 | 116 | 142 134
Table 2: Total Sound Power Level Octave band Calculation for all considered equipment
6.1 Receptor Locations

As an aid to the reporting of results, the following in-plant and boundary receptor
locations (illustrated in Attachment 1), have been created,;

e R1 to R8 (boundary line receptors)
e Main Administration Building

e Mosque

e Maintenance Centre

¢ Main Stores

DSN: 2668
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e Chemical Store
e Main control Building

The Soundplan model will be specifically interrogated to identify the noise levels at
these specific locations.

1. ANALYSIS

This noise study is required to assess “in-plant” and “community” noise within the
refinery, so it is necessary to model each noise generating item of equipment
individually, or clusters where relevant. This approach has the potential of yielding
greater accuracy of plant noise distribution.

At this point in the project cycle the exact equipment locations and elevations are still
subject to change. Therefore the equipment selected to be included in the model have
been positioned manually on the overall site plot plan with locations corresponding
approximately to the individual unit plot plans.

7.1 In-Plant Noise Distribution

Attachments 2 to 7 show the predicted noise contour plot within the plant area and site
boundary.

Within the site, it can also be deduced that of the unit plot plans the work area limit of
85dB(A) has been broadly satisfied.

However a more in depth review of the noise contour plot, will highlight some noise
hotspots, within units 340 (T1, T2 & T3), 120 and 160. These hotspots may in part be
caused by the conservative equipment noise estimation methodology or a real effect
caused by the close proximity of certain noise generating equipment.

Typical approaches to mitigating against the noise hotspots are;

e Imposing lower equipment noise limits on equipment in the locality of the
hotspots.

e The use of actual vendor data can in certain circumstances eliminate noise
hotspots.

e Additional acoustic treatment of some equipment may reduce or eliminate the
noise hotspots.

e The imposition of noise exclusion zone, within which the wearing of hearing

protection is mandatory. This approach will not eliminate the hotspot and
requires client agreement.

DSN: 2668
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7.2

7.3

In-plant Receptor Location Noise

Based on the equipment noise data in allocation tables listed attachments 8 to 24, the
following noise values have been derived from the Soundplan model for the specially
created in-plant receptor locations. Buildings within the plant boundary are classed as
Industrial/Commercial, and the noise limit defined in Table 3 are applicable.

Calculated Noise
Receiver Noise Limit
dB(A)

Main control building 67.2 70
Main store 61.3 70
Maintenance Store 60.2 70
Mosque 58.9 70
Administration building 53.9 70
Chemical Store 64.9 70

Table 3: Sound Pressure Level at selected in-plant receptor locations (Att 1)

Site Boundary Receptor Location Noise

Based on the equipment noise data in allocation tables listed attachments 8 to 24, the
following noise values have been derived from the Soundplan model for the specially
created site boundary receptor locations.

Calculated

Receiver Noise

dB(A)

FENCE_R1 50.2
FENCE_R2 46.6
FENCE_R3 43.0
FENCE_R4 46.6
FENCE_R5 49.4
FENCE_R6 61.1
FENCE_R7 52.0
FENCE_RS8 59.0

Table 4: Sound Pressure Level at selected at site boundary receptor locations (Att 1)

It can be deduced that the sound pressure level predicted at the site boundary does not
exceed the 70dB(A) limit as summarised in Table 1.

DSN: 2668
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8. CONCLUSIONS

Following conclusions can be drawn from this noise report:-

The site boundary noise limit of 70dB(A) as defined in MD 79/94 is predicted
not to be exceeded.

The work area noise limit of 85dB(A) is broadly satisfied.

A number of noise hotspots exceeding the 85dB(A) limit have been identified.
Equipment vendor noise data can be incorporated into subsequent revisions of
this assessment in the FEED stage once the process and plot plans have been
finalised. Should the noise hotspots remain; additional measures as described
in section 7.1 can be implemented to mitigate against the noise hotspots.

The noise at buildings within the site boundary are below the noise limit, defined
in table 1.

The in-plant points of interest including the site mosque, main administration
building, main control building and stores range from 53 up to 68dB(A).

The above described analysis should be revisited once the unit and overall plot
plans have been finalised and equipment vendor noise data becomes available
by the EPC Contractor.

RECOMMENDATIONS

This assessment is based on equipment items achieving 85dB(A) in the work area or at
1m from equipment surfaces. Further noise control work will be required during the
EPC phase that will include but not limited to the following.

Carry out initial noise survey of plant areas where new noise radiating
equipment will be located to obtain background noise levels (This will be
considered a fixed condition).

Agree noise standards to be applied to the project with the Company or
representative.

Obtain equipment noise levels (octave band) from equipment suppliers.

Provide a Noise Allocation Table for noise radiating equipment and update
throughout the project with manufacturer’s noise data.

Construct noise contour maps and update during EPC phase.
Provide plot limits for restricted areas if this approach is agreed by Company.
Specify noise control mitigation measures.

Identify equipment items that require a full load noise test during Factory
Acceptance Tests and arrange tests.

DSN: 2668
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e Repeat the noise survey following plant start-up.

e Take corrective action where the survey identifies locations where agreed noise

limits have been exceeded.

10. REFERENCE

Unit plot plan CDU 100 VDU 110 SGP 105
Plot plan Unit 120 - HCU

Unit plot plan CAR 135

Plot plant Unit 150 unit 170

Unit plot plan ARU 320

Plot plan Unit 160- DHT

Refinery Site Plan

Plot plan Unit SWS 330 Sheet 2

Plot plan Unit SWS 330 Sheet 1

Plot plan Unit CSW 136

Plot plan Unit 710 Intermediate Tankage

Plot plan Unit 740 LPG Storage, LPG Refrigeration &
BOG Compression

Waste Water Treatment Plant plot plan Unit 570 sheet 2
Waste Water Treatment Plant plot plan Unit 570 sheet 2
Plot plan Unit 730 Product Tankage

Plot plan unit 700 Crude Oil Storage

Sulphur Recovery Unit 340 plot plan

Plot plan Unit 130 Delayed Coker

Solids Export plot plan

Overall Utility Plot Plan
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Noise level
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ATTACHMENT 3 NOISE DISTRIBUTION — UNIT 135/320/330/136
l Noise level
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ATTACHMENT 4 NOISE DISTRIBUTION — UNIT 340 TRAIN 1/2/3

s -

Moise level

LD

in dB(A)
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ATTACHMENT 5 NOISE DISTRIBUTION — UNIT 160/120/340 TRAIN 1 /2

m Noise level
LD
in dB(A)
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60 65
65 70
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ATTACHMENT 6 NOISE DISTRIBUTION — UNIT 105/100/110/170/150/130
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ATTACHMENT 8

EQUIPMENT NOISE BREAKDOWN FOR UNIT 100/105/110 PLOT PLAN

Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source

Equipment Equipment Description Equipment Type | Comments | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

No.

100P-001A/B Desalter Water Make-Up Pump Assumed Centrifugal | n/a 97 97 97 97 97 95 93 91 105 102 E
100P-002A/B Desalter Water Circulation Pump Assumed Centrifugal n/a 97 97 97 97 97 95 93 91 105 102 E
100P-003A/B/C | Flashed Crude Pump Assumed Centrifugal n/a 98 98 98 98 98 96 94 92 106 103 E
100P-004A/B/C | Top Pump Around Pump Assumed Centrifugal | M@ 98 | 98 98 98 98 96 94 92 106 103 E
100P-005A/B/C | Kerosene Pump Around Pump Assumed Centrifugal n/a 98 98 98 98 98 96 94 92 106 103 E
100P-006A/B LAGO Pump Around Pump Assumed Centrifugal | @ 97 | 97 97 97 97 95 93 91 105 102 E
100P-007A/B HAGO Pump Around Pump Assumed Centrifugal n/a 97 97 97 97 97 95 93 91 105 102 E
100P-008A/B/C | Kerosene Product Pump Assumed Centrifugal n/a 98 98 98 98 98 96 94 92 106 103 E
100P-009A/B LAGO Product Pump Assumed Centrifugal n/a 97 97 97 97 97 95 93 91 105 102 E
100P-010A/B HAGO Product Pump Assumed Centrifugal | @ 97 | 97 97 97 97 95 93 91 105 102 E
100P-011A/B/C | Atmospheric Residue Pump Assumed Centrifugal n/a 98 98 98 98 98 96 94 92 106 103 E
100P-012A/B CDU Sour Water Pump Assumed Centrifugal | @ 97 | 97 97 97 97 95 93 91 105 102 E
100P-013A/B CDU Overhead Liquids Pump Assumed Centrifugal n/a 97 97 97 97 97 95 93 91 105 102 E
100P-050 CDU/VDU Closed Blowdown Pump Assumed Centrifugal n/a 97 97 97 97 97 95 93 91 105 102 E
110P-001A/B LVGO Pump Assumed Centrifugal | M@ 97 | 97 97 97 97 95 93 91 105 102 E
110P-002A/B MVGO Pump Assumed Centrifugal | N/@ 97 | 97 97 97 97 95 93 91 | 105 | 102 E
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110P-003A/B HVGO Pump Assumed Centrifugal n/a 97 97 97 97 97 95 93 91 105 102 E
110P-004A/B Recycle Oil Pump Assumed Centrifugal n/a 97 97 97 97 97 95 93 91 105 102 E
110P-005A/B/C | Vacuum Residue Pump Assumed Centrifugal n/a 98 98 98 98 98 96 94 92 106 103 E
110P-007A/B VDU Sour Water Pump Assumed Centrifugal n/a 97 97 97 97 97 95 93 91 105 102 E
100K-001 CDU Offgas Compressor Package 3 Stage Centrifugal n/a 103 | 102 | 101 | 101 102 104 104 97 112 110 E
Compressor
100AE-001 Crude Column Overhead Condenser | Air Fan Cooler n/a 121 | 119 | 116 | 112 109 104 98 92 124 114 E
100AE-002 SR Diesel Product Cooler Air Fan Cooler n/a 116 | 114 111 107 104 99 93 87 120 110 E
100AE-003 Offspec HAGO Cooler Air Fan Cooler n/a 115 | 113 | 110 | 106 | 103 98 92 86 | 118 108 E
100AE-004 Top Pumparound Cooler Air Fan Cooler n/a 116 | 114 111 107 104 99 93 87 119 109 E
105AE-001 Naphtha Air Cooler Air Fan Cooler n/a 115 | 113 | 110 | 106 | 103 98 92 86 | 118 108 E
105AE-002 Naphtha Stabiliser Air Condenser Air Fan Cooler n/a 117 | 115 | 112 | 108 | 105 100 94 88 | 120 110 E
105AE-051 Flash Steam Air Condenser Air Fan Cooler n/a 113 | 111 | 108 | 104 101 96 90 84 117 107 E
110AE-001 VGO Product Cooler Air Fan Cooler n/a 119 | 117 | 114 | 110 107 102 96 90 122 112 E
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ATTACHMENT 9 EQUIPMENT NOISE BREAKDOWN FOR UNIT 120 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source

Equipment Equipment Description Equipment Type | Comments | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

No.

120P-001A/B 1st Stage Reactor Feed Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-002A/B 2nd Stage Reactor Feed Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-003A/B Injection Water Pump Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-004A/B HP Lean Amine Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-005A/B LP Lean Amine Pump Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-006A/B Product Stripper Reflux Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-008A/B/C Product Stripper Bottoms Pump Assumed Centrifugal | 2live/lspare 98 98 98 98 98 96 94 92 106 103 E
120P-009A/B Fractionator Overhead Water Pump Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-010A/B Fractionator Reflux Pump Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-011A/B Whole Naphtha Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-012A/B Kerosene Product Pump Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-013A/B/C Light Diesel Pumparound Pump Assumed Centrifugal | 1live/lspare 98 98 98 98 98 96 94 92 106 103 E
120P-014A/B Light Diesel Stripper Bottoms Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-015A/B/C Heavy Diesel Pumparound Pump Assumed Centrifugal | 2live/lspare 98 98 98 98 98 96 94 92 106 103 E
120P-016A/B Eeavy Diesel Stripper Bottoms Assumed Centrifugal | 1live/1spare 97 97 97 97 97 95 93 91 105 102 E

ump

120P-017A/BIC Fractionator Bottoms Pump Assumed Centrifugal | 2live/1spare 98 98 98 98 98 96 94 92 106 103 E
120P-018A/B Deethanizer Reflux Pump Assumed Centrifugal | 1llive/lspare 97 97 97 97 97 95 93 91 105 102 E
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120P-019A/B Sponge Oil Absorber Reflux Pump Assumed Centrifugal | 1live/1spare 97 97 97 97 97 95 93 91 105 102 E
120P-020A/B Sponge Oil Absorber Bottoms Pump | Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102
120P-021A/B EieSEI Sponge Oil Absorber Bottoms | Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
ump
120P-022A/B Naphtha Stabilizer Reflux Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-023A/B Naphtha Stabilizer Bottoms Pump Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-024A/B Heavy Diesel Product Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-025A/B Slop Oil Pump Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-026A/B Hot Well Water Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-027A/B Backwash Oil Pump Assumed Centrifugal | 1llive/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-028 LP Injection Water Pump Assumed Centrifugal | n/a 97 97 97 97 97 95 93 91 105 102 E
120P-029A/B Rich Amine Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-030 Water Washer Feed Pump Assumed Centrifugal | n/a 97 97 97 97 97 95 93 91 105 102 E
120P-031A/B LPG Settler Water Circulation Pump | Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-032A/B Deaerated Water Booster Pump Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-051A/B HC Liquid LP Flare Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-052A/B HC Liquid HP Flare Pump Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
120P-054A/B HC Liquid HP Flare Pump Assumed Centrifugal | 1live/lspare 101 | 101 | 101 | 101 101 99 97 95 109 106 E
120P-055A/B 1st Stage Furnace HP BFW Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
Circulation Pump
120P-056A/B 2nd Stage Furnace HP BFW Assumed Centrifugal | 1live/1spare 97 97 97 97 97 95 93 91 105 102 E
Circulation Pump
120P-057A/B Fractionator Feed Furnace HP BFW | Assumed Centrifugal | 1live/1spare 97 97 97 97 97 95 93 91 105 102 E
Circulation Pump

DSN: 2668




\/
A
amec
foster
wheeler

DRP0O01-FED-RPT-M-000-001
5660-8440-RP-000-004

N 777 mooallolLang
1\ 34 DUQM REFINERY

AMEC FOSTER WHEELER REPORT

PAGE 23 OF 45
NOISE ASSESSMENT REPORT REV D2
120K-001 Recycle Gas Compressor Assumed Multistage | n/a 101 | 100 99 99 100 102 102 95 110 108 E
Centrifugal
120K- Make-up Hydrogen Compressor Assumed Multistage | 3live/lspare 104 | 103 | 102 | 102 103 105 105 98 112 111 E
002A/B/C/ID (individual) Centrifugal
120AE-001A-H | 1st Stage Reactor Effluent Air Air Fan Cooler n/a 122 | 120 | 117 | 113 | 110 | 105 99 93 | 126 | 116 E
Cooler
120AE-002A-D 2nd Stage HHPS Vapor Air Cooler Air Fan Cooler n/a 120 | 118 | 115 | 111 108 103 97 91 123 113 E
120AE-003 HLPS Vapor Air Cooler Air Fan Cooler n/a 116 | 114 | 111 | 107 | 104 99 93 87 | 119 | 109 E
120AE-004 Product Stripper Overhead Air Fan Cooler n/a 118 | 116 | 113 | 109 | 106 101 95 89 | 121 | 111 E
Condenser
120AE-005 Fractionator Overhead Condenser | Al Fan Cooler n/a 124 | 122 | 119 | 115 | 112 | 107 | 101 95 | 127 | 117 E
120AE-006 Kerosene Product Air Cooler Air Fan Cooler n/a 116 | 114 | 111 | 107 | 104 99 93 87 | 119 | 109 E
120AE-007 A/B | Naphtha Stabilizer Condenser Air Fan Cooler n/a 118 | 116 | 113 | 109 | 106 | 101 95 89 |121| 111 E
120AE-008 A-M | Fractionator Bottoms Start-up Air Air Fan Cooler n/a 124 | 122 | 119 | 115 | 112 | 107 | 101 95 | 127 | 117 E
Cooler
120AE-009 Naphtha Air Cooler Air Fan Cooler n/a 116 | 114 | 111 | 107 104 99 93 87 119 109 E
120AE-010 UCO Product Bleed Air Cooler Air Fan Cooler n/a 116 | 114 | 111 | 107 | 104 99 93 87 | 119 | 109
120AE-011 Heavy Diesel Vacuum Drier Air Air Fan Cooler n/a 116 | 114 | 111 | 107 104 99 93 87 119 109 E
Cooler
120AE-012 A-C | Diesel Air Cooler Air Fan Cooler n/a 119 | 117 | 124 | 120 | 107 | 102 9 90 | 123 | 113 E
120AE-013 A-D | Backwash Oil Air Cooler Air Fan Cooler n/a 120 | 118 | 115 | 111 108 103 97 91 123 113 E
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ATTACHMENT 10 EQUIPMENT NOISE BREAKDOWN FOR UNIT 130 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source
Equipment Equipment Description Equipment Type | Comments | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
No.
130P-001A/B/C Heater Charge Pumps Assumed Centrifugal | 2live/lspare 98 98 98 98 98 96 94 92 106 103 E
130P-002A/B Unstabilized Naphtha Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
130P-003A/B Fractionator Reflux Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
130P-004A/B LCGO Product Pump Assumed Centrifugal | 1llive/lspare 97 97 97 97 97 95 93 91 105 102 E
130P-005A/B HCGO Product Pump Assumed Centrifugal | 1llive/lspare 97 97 97 97 97 95 93 91 105 102 E
130P-006A/B HCGO Pumparound Pump Assumed Centrifugal | 1llive/lspare 97 97 97 97 97 95 93 91 105 102 E
130P-007A/B Fractionator Sour Water Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
130P-008 Cutt_ing Pump and Decoking Assumed Centrifugal | n/a 97 97 97 97 97 95 93 91 105 102 E
Equipment
130P- Clear Water Pumps Assumed Centrifugal | 3live/lspare 99 99 99 99 99 97 95 93 107 104 E
009A/B/C/D
130P-010A/B Quench Water Pump Assumed Centrifugal | 1llive/lspare 97 97 97 97 97 95 93 91 105 102 E
130P-011A/B/C Blowdown Circulating Oil Pumps Assumed Centrifugal | 2live/lspare 98 98 98 98 98 96 94 92 106 103 E
130P-012A/B Blowdown Sour Water Pump Assumed Centrifugal | jjie/1spare | 97 | 97 | 97 | 97 97 95 93 91 | 105 | 102 E
130P-013A/B Sponge Oil Pump Assumed Centrifugal | jjie/1spare | 97 | 97 | 97 | 97 97 95 93 91 | 105 | 102 E
130P-014A/B Blowdown Slop Oil Pump Assumed Centrifugal | 1jie/ispare | 97 | 97 | 97 | 97 97 95 93 91 | 105 | 102 E
130P-015 Fines Removal Pump Assumed Centrifugal | /5 97 | 97 97 97 97 95 93 91 105 102 E
130P-022A/B Condensate Pump Assumed Centrifugal | 1jive/1spare 97 | 97 97 97 97 95 93 91 105 102 E
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130P-023A/B Condensate Product Pump Assumed Centrifugal | jjie/1spare | 97 | 97 | 97 | 97 97 95 93 91 | 105 | 102 E
130P-051A/B Compressor Interstage Pump Assumed Centrifugal | 1jiye/1spare 97 | 97 97 97 97 95 93 91 105 102 E
130P-054A/B Debutanizer Feed Pump Assumed Centrifugal | jjie/1spare | 97 | 97 | 97 | 97 97 95 93 91 | 105 | 102 E
130P-055A/B Debutanizer Reflux Pump Assumed Centrifugal | jjie/1spare | 97 | 97 | 97 | 97 97 95 93 91 | 105 | 102 E
130P-056A/B Debutanizer Overhead Product Assumed Centrifugal | 1jive/1spare 97 | 97 97 97 97 95 93 91 105 102 E

Pump
130P-057A/B Total Naphtha Pump Assumed Centrifugal | jjie/1spare | 97 | 97 | 97 | 97 97 95 93 91 | 105 | 102 E
130P-060A/B Compressor Liquid Suction Pump Assumed Centrifugal | 1jive/1spare 97 | 97 97 97 97 95 93 91 105 102 E
130P-062A/B Amine Booster Pump Assumed Centrifugal | jjie/1spare | 97 | 97 | 97 | 97 97 95 93 91 | 105 | 102 E
130K-051 Coker Gas Compressor Assumed Multistage n/a 102 | 101 100 100 101 103 103 96 110 109 E

Centrifugal
Compressors

130PK-004 Solid Sludge Handling Package n/a 112 | 113 114 115 112 107 99 92 121 116 E
130U-071 Coke Handling System Package n/a 108 | 109 110 111 108 103 95 88 117 113 E

(ISBL)
130PK-051 Ammonium Polysulfide System n/a 105 | 106 | 107 | 108 105 100 92 85 113 109 E

Package
130PK-003 HCGO Product Filter Package n/a 108 | 109 | 110 | 111 108 103 95 88 116 112 E
130AE-001 Fractionator Overhead Condenser n/a 123 | 121 118 114 111 106 100 94 126 116 E
130AE-002 Blowdown Condenser n/a 121 | 119 116 112 109 104 98 92 125 115 E
130AE-003 Blowdown Circulation Oil Cooler n/a 116 | 114 111 107 104 99 93 87 119 109 E
130AE-004 HCGO Product Cooler n/a 119 | 117 | 114 | 110 107 102 9% 90 122 112 E
130AE-005 LCGO Product Cooler n/a 117 | 115 | 112 | 108 105 100 94 88 120 110 E
130AE-006 Condensate Cooler n/a 116 | 114 | 111 | 107 | 104 99 93 87 119 109 E
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130AE-007 Atmospheric Steam Condenser n/a 116 | 114 111 107 104 99 93 87 119 109 E
130AE-008 Spalling Cooler n/a 116 | 114 | 111 | 107 104 99 93 87 119 109 E
130AE-051 Compressor Interstage Cooler n/a 119 | 117 | 114 | 110 107 102 9% 90 122 112 E
130AE-052 Absorber Stripper Feed Condenser n/a 119 | 117 114 110 107 102 96 90 122 112 E
130AE-053 Total Naphtha Cooler n/a 116 | 114 | 111 | 107 104 99 93 87 119 109 E
130AE-054 Lean Sponge Oil Cooler n/a 116 | 114 | 111 | 107 104 99 93 87 119 109 E

DSN: 2668




AMEC FOSTER WHEELER REPORT

rooaldlolo o
DUQM REFINERY

\J
A

amec

foster

wheeler

DRP0O01-FED-RPT-M-000-001
5660-8440-RP-000-004

PAGE 27 OF 45
NOISE ASSESSMENT REPORT REV D2
ATTACHMENT 11 EQUIPMENT NOISE BREAKDOWN FOR UNIT 135 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source

Equipment Equipment Description Equipment Type | Comments | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

No.

135P-001A/B Rich Amine Pump Centrifugal Pump 1live/1spare 98 98 98 98 98 96 94 92 106 103 E
135P-002A/B Amine Filter Pump Centrifugal Pump 1live/1spare 98 | 98 98 98 98 96 94 92 106 103 E
135P-004 Wash Water Injection Pump Centrifugal Pump n/a 96 96 96 96 96 94 92 90 104 101 E
135P-101A/B Lean Amine Pump Centrifugal Pump 1live/1spare 102 | 102 102 102 102 100 98 96 110 107 E
135P-201A/B Lean Amine Pump Centrifugal Pump 1live/1spare 102 | 102 102 102 102 100 98 96 110 107 E
135P-202A/B Regenerator Reflux Pump Centrifugal Pump 1live/1spare 98 98 98 98 98 96 94 92 106 103 E
135AE-001 Lean Amine Cooler Air Fan Cooler n/a 121 | 119 | 116 | 112 109 104 98 92 124 114 E
135AE-101 Regenerator OVHD Condenser Air Fan Cooler n/a 116 | 114 | 111 | 107 104 99 93 87 119 109 E
135AE-201 Regenerator OVHD Condenser Air Fan Cooler n/a 116 | 114 | 111 | 107 104 99 93 87 119 109 E
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ATTACHMENT 12 EQUIPMENT NOISE BREAKDOWN FOR UNIT 136 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source

Equipment Equipment Description Equipment Type | Comments | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

No.

136P-001A/B Sour Water Transfer Pump Assumed Centrifugal | 1live/1spare 98 | 98 | 98 | o8 08 96 94 92 | 106 | 103 E
136P-002A/B Sour Water Tank Pump Assumed Centrifugal | 1live/1spare 98 | 98 | 98 | o8 08 96 94 92 | 106 | 103 E
136P-101A/B Stripper Pump Around Pump Assumed Centrifugal | 1live/1spare 98 | 98 | 98 | o8 08 96 94 92 | 106 | 103 E
136P-102A/B Stripped Water Pump Assumed Centrifugal | 1live/1spare 98 | 98 | 98 | o8 08 96 94 92 | 106 | 103 E
136P-201A/B Stripper Pump Around Pump Assumed Centrifugal | 1live/1spare 98 | 98 | 98 | o8 08 96 94 92 | 106 | 103 E
136P-202A/B Stripped Water Pump Assumed Centrifugal | 1live/1spare 99 | 99 | 99 | 99 99 97 95 93 | 107 | 104 E
136AE-001 Stripped Water Bottoms Cooler Air Fan Cooler n/a 117 | 115 | 112 | 108 | 105 100 94 88 | 121 | 111 E
136AE-101 Stripper Overhead Condenser Air Fan Cooler n/a 115 | 113 | 110 | 106 | 103 98 92 86 | 119 | 109 E
136AE-201 Stripper Overhead Condenser Air Fan Cooler n/a 115 | 113 | 110 | 106 103 98 92 86 119 109 E
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ATTACHMENT 13 EQUIPMENT NOISE BREAKDOWN FOR UNIT 150 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source
Equipment Equipment Description Equipment Type | Comments | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
No.
150P-003A/B Circulation Pumps Assumed Centrifugal | jjiye/1spare | 96 | 96 | 96 | 96 9% 94 92 90 | 104 | 101 E
150P-005 Water Addition Pump Assumed Centrifugal | /5 9 | 96 | 9 | 9 96 94 92 9 | 104 | 101 E
150P-007A/B Caustic Addition Pumps Assumed Centrifugal | 1jive/ispare | 96 | 96 | 96 | 96 96 94 92 90 | 104 | 101 E
150P-008A/B High Pressure Flare Knockout Drum | Assumed Centrifugal | 1jie/ispare | 96 | 96 9% 9% 9% 94 92 90 104 101 E
Slops Pumps
150P-009A/B Low Pressure Flare Knockout Drum | Assumed Centrifugal | 1jie/1spare | 96 | 96 9% 9% 9% 94 92 90 104 101 E
Slops Pumps
150DS-001 Desuperheater n/a 69 75 81 87 93 97 93 87 100 101 E
150K-001A/B Air Compressor System Assumed Multistage llive/lspare 96 95 94 94 95 97 97 90 104 102 E
Centrifugal
Compressors
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ATTACHMENT 14 EQUIPMENT NOISE BREAKDOWN FOR UNIT 160 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source
Equipment Equipment Description Equipment Type | Comments | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
No.
160P-001 A/B Unfiltered DHT Reactor Feed Pump | Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
160P-002 A/B DHT Reactor Feed Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
160P-003 A/B Coker Naphtha Feed Pump Assumed Centrifugal | 1live/1spare 97 97 97 97 97 95 93 91 105 102 E
160P-004 A/B Diesel Product Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
160P-005 A/B Fractionator Reboiler Pump Assumed Centrifugal | 1live/1spare 97 97 97 97 97 95 93 91 105 102 E
160P-006 A/B Fractionator Reflux Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
160P-007 A/B Unstabilized Naphtha Pump Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
160P-008 A/B Naphtha Stabilized Reflux Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
160P-009 A/B Stabilized Naphtha Product Pump Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
160P-010 A/B Interstage Naphtha Pump Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
160P-011 A/B gompressor Interstage KO Drum Assumed Centrifugal | 1live/1spare 97 97 97 97 97 95 93 91 105 102 E
ump

160P-012 A/B Offgas Compressor Suction Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
160P-013 A/B Backwash Oil Pump Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
160P-014 A/B LP Lean Amine Pump Assumed Centrifugal | 1live/1spare 97 97 97 97 97 95 93 91 105 102 E
160P-015 A/B HP Lean Amine Pump Assumed Centrifugal | 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
160P-016 A/B Injection Water Pump Assumed Centrifugal | 1live/1spare 97 97 97 97 97 95 93 91 105 102 E
160P-051 A/B HC Liquid LP Flare Pump Assumed Centrifugal | 1live/1spare 97 97 97 97 97 95 93 91 105 102 E
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160P-052 A/B HC Liquid HP Flare Pump Assumed Centrifugal | 1live/1spare 97 97 97 97 97 95 93 91 105 102 E
160P-053 A/B ATM Condensate Return Pump Assumed Centrifugal | llive/lspare 97 97 97 97 97 95 93 91 105 102 E
160K-001 Recycle Gas Compressor Assumed Multistage n/a 101 | 100 99 99 100 102 102 95 110 108 E
Centrifugal
160K-002 A/B Offgas Compressor Assumed Multistage | /2 101 | 100 | 99 99 100 102 102 95 110 108 E
Centrifugal
160AE-001 Reactor Effluent Air Cooler Air Fan Cooler n/a 121 | 119 | 116 | 112 109 104 98 92 125 115 E
160AE-002 HLPS Vapor Air Cooler Air Fan Cooler n/a 116 | 114 111 107 104 99 93 87 119 109 E
160AE-003 Fractionator Overhead Air Cooler Air Fan Cooler n/a 123 | 121 118 114 111 106 100 94 126 116 E
160AE-004 Diesel Product Air Cooler Air Fan Cooler n/a 118 | 116 | 113 | 109 106 101 95 89 121 111 E
160AE-005 Stabilized Naphtha Product Air Air Fan Cooler n/a 119 | 117 114 110 107 102 96 90 123 113 E
Cooler
160AE-006 Backwash Oil Air Cooler Air Fan Cooler n/a 118 | 116 | 113 109 106 101 95 89 121 111 E
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ATTACHMENT 15 EQUIPMENT NOISE BREAKDOWN FOR UNIT 170 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source

Equipment No. | Equipment Description Equipment Type | Comments | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

170P-101A/B Caustic Prewash Circulation Pump | Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-102A/B Spent Solvent Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-103A/B Caustic Injection Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-104 Water-Caustic Addition Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-105A/B COS Solvent Circulation Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-106A/B Product Recycle Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-107 MEA Makeup Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-108 COS Solvent Makeup Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-109A/B Merox WS Injection Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-110A/B Caustic Circulation Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-111A/B Wash Oil Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-112A/B Disulfide Oil Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-113A/B Vent Tank Drain Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-201A/B Caustic Prewash Circulation Pump | Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-202A/B Spent Solvent Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-203A/B Caustic Injection Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-204 Water-Caustic Addition Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
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170P-205A/B COS Solvent Circulation Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-206A/B Product Recycle Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-207 MEA Makeup Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-208 COS Solvent Makeup Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-209A/B Merox WS Injection Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-210A/B Caustic Circulation Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-211A/B Wash Oil Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-212A/B Disulfide Oil Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E
170P-213A/B Vent Tank Drain Pump Assumed centrifugal n/a 96 96 96 96 96 94 92 90 104 101 E

DSN: 2668



AMEC FOSTER WHEELER REPORT

rooaldlolo o
DUQM REFINERY

\J
N
ainec
foster

wheeler

DRP0O01-FED-RPT-M-000-001
5660-8440-RP-000-004

PAGE 34 OF 45
NOISE ASSESSMENT REPORT REV D2
ATTACHMENT 16 EQUIPMENT NOISE BREAKDOWN FOR UNIT 320 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source
Equipment No. | Equipment Description Equipment Type | Comments | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
320P-001A/B Rich Amine Pump Assumed Centrifugal | n/a 98 | 98 | 98 | 98 98 9% 94 92 | 106 | 103 E
320P-002A/B Amine Filter Pump Assumed Centrifugal | n/a 9 | 96 | 9 | 9 9% 94 92 9 | 104 | 101 E
320P-008A/B Condensate Pump Assumed Centrifugal | n/a 9 | 96 | 9 | 9 9% 94 92 9 | 104 | 101 E
320P-101A/B Lean Amine Pump Assumed Centrifugal | n/a 100 | 100 | 1200 | 100 | 100 98 96 94 | 108 | 105 E
320P-201A/B Lean Amine Pump Assumed Centrifugal | n/a 100 | 100 | 1200 | 100 | 100 98 96 94 | 108 | 105 E
320P-202A/B Regenerator Reflux Pump Assumed Centrifugal | n/a 100 | 100 | 1200 | 100 | 100 98 96 94 | 108 | 105 E
320AE-001 Lean Amine Cooler Air Fan Cooler n/a 122 | 120 | 117 | 113 | 110 105 99 93 | 125 | 115 E
320AE-002 Condensate Drum Condenser Air Fan Cooler n/a 116 | 114 | 111 | 107 | 104 99 93 87 | 120 | 110 E
320AE-101 Regenerator OVHD Condenser Air Fan Cooler n/a 116 | 114 | 111 | 107 | 104 99 93 87 | 120 | 110 E
320AE-201 Regenerator OVHD Condenser Air Fan Cooler n/a 116 | 114 | 111 | 107 | 104 99 93 87 | 120 | 110 E

DSN: 2668




\J
41‘
amec
foster
wheeler
DRP001-FED-RPT-M-000-001

5660-8440-RP-000-004

rooaldlolo o
DUQM REFINERY

AMEC FOSTER WHEELER REPORT

PAGE  35O0F 45
NOISE ASSESSMENT REPORT REV D2
ATTACHMENT 17 EQUIPMENT NOISE BREAKDOWN FOR UNIT 330 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source
. . . . Comment
Equipment No. | Equipment Description Equipment Type s 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
330P-001A/B Sour Water Transfer Pump Assumed Centrifugal | n/a 98| 98| 98| o8 08 96 94 92 | 106 103 | E
330P-005 Cold Condensate Pump Assumed Centrifugal | n/a 9% | 9| 9| 96 96 94 92 90 | 104 101 | E
330P-101A/B Stripper Reflux Pump Assumed Centrifugal | n/a 9% | 9| 9| 96 96 94 92 90 | 104 101 | E
330P-102A/B Stripped Water Pump Assumed Centrifugal | n/a 99| 99| 99| 99 99 97 95 93 | 107 104 | E
330P-201A/B Stripper Reflux Pump Assumed Centrifugal | n/a 9% | 9| 9| 96 96 94 92 90 | 104 101 | E
330P-202A/B Stripped Water Pump Assumed Centrifugal | n/a 100 | 100 | 100 | 100 | 100 08 96 94 | 108 105 | E
330AE-001 Stripped Water Bottoms Cooler | Air Fan Cooler n/a 118 | 116 | 113 | 109 | 106 | 101 95 89 | 121 111 | E
330AE-002 Condensate Drum Condenser Air Fan Cooler n/a 116 | 114 | 111 | 107 | 104 99 93 87 | 120 110 | E
330AE-101 Stripper Overhead Condenser Air Fan Cooler n/a 116 | 114 | 111 | 107 | 104 99 93 87 | 120 110 | E
330AE-201 Stripper Overhead Condenser Air Fan Cooler n/a 116 | 114 | 111 | 107 | 104 99 93 87 | 120 110 | E
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ATTACHMENT 18 EQUIPMENT NOISE BREAKDOWN FOR UNIT 340 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source
Equipment No. | Equipment Description Equipment Type | Comments | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
340P- Contact Condenser Pump Assumed Centrifugal | n/a 9% | 96 | 96 | 96 96 94 92 90 |104| 101 E
105/205/305A/B
340P- Desuperheater Pump Assumed Centrifugal | n/a 9% | 96 | 96 | 96 96 94 92 90 |104| 101 E
106/206/306A/B
340P- Rich Amine Pump Assumed Centrifugal | n/a 9% | 96 | 96 | 96 96 94 92 90 |104| 101 E
107/207/307A/B
340P-108/208A/B | Lean Amine Pump Assumed Centrifugal | n/a 9% | 96 | 96 | 96 96 94 92 90 |104| 101 E
340P- Condensate Return Pump Assumed Centrifugal | n/a 9% | 96 | 96 | 96 96 94 92 90 |104| 101 E
111/211/311A/B
340P- LP Blowdown Drum Pump Assumed Centrifugal | n/a 9% | 96 | 96 | 96 96 94 92 90 |104| 101 E
113/213/313A/B
340P- Sulphur Transfer Pump Assumed Centrifugal | n/a 9% | 96 | 96 | 96 96 94 92 90 |104| 101 E
114/214/314A/B
340K-001A/B/C/D | Combustion Air Blowers n/a 96 | 95 94 94 95 97 97 90 104 103 E
340K-102A/B/C Incinerator Combustion Air n/a 98 | 97 | 96 | 96 97 99 99 92 |107| 105 E
Blowers
340K-202A/B/C Incinerator Combustion Air n/a 98 | 97 96 96 97 99 99 92 107 105 E
Blowers
340K-302A/B/C Incinerator Combustion Air n/a 98 97 96 96 97 99 99 92 107 105 E
Blowers
340AE- Waste Steam Condenser n/a 116 | 114 | 111 | 107 104 99 93 87 120 110 E
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101/201/301

340AE- Contact Condenser Cooler n/a 116 | 114 111 107 104 99 93 87 120 110 E
102/202/302

340AE-103/203AB | Lean Amine Cooler n/a 116 | 114 | 111 | 107 104 99 93 87 120 110 E
340AE-104/204 Regenerator Overhead Condenser n/a 116 | 114 | 111 | 107 | 104 99 93 87 120 110 E
340AE- Flash Steam Condenser n/a 116 | 114 111 107 104 99 93 87 120 110 E
105/205/305

340AE- Blowdown Flash Steam nia 116 | 114 | 111 | 107 104 99 93 87 120 110 E
106/206/306 Condenser

340AE- Blowdown Cooler n/a 116 | 114 | 111 | 107 104 99 93 87 120 110 E
107/207/307

340BR- Main Burner n/a 90 | 96 | 100 | 99 95 90 85 80 105 101 E
101/201/301

340BR- Incinerator Burner n/a 90 | 96 | 100 | 99 95 90 85 80 105 101 E
102/202/302

340F-101/201/301 | Reaction Furnace n/a 125 | 119 | 114 | 109 105 102 99 92 126 112 E
340F-102/202/302 | Incinerator n/a 95 | 102 | 101 | 99 95 90 85 80 107 101 E
340J-101/201/301 | Pit Vent Ejector n/a 68 | 74 80 86 92 96 92 86 100 100 E
340J-102/202/302 | Tail Gas Start-Up Ejector n/a 68 | 74 80 86 92 96 92 86 100 100 E
340SK- Stack n/a 125 | 125 | 121 | 118 106 98 93 92 130 118 E
101/201/301
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ATTACHMENT 19 EQUIPMENT NOISE BREAKDOWN FOR UNIT 400 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source
Equipment No. | Equipment Description Equipment Type | Comments | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
400P-001A/B Potable Water Pumps Assumed Centrifugal | jjiye/1spare | 96 | 96 | 96 | 96 9% 94 92 90 | 104 | 101 E
400P-002A/B Service Water Pumps Assumed Centrifugal | jjie/1spare | 96 | 96 | 96 | 96 9% 94 92 90 | 104 | 101 E
420P-001A/B/C Demineralised Water Pumps Assumed Centrifugal | 1jive/1spare 97 97 97 97 97 95 93 91 105 102 E
510P-001A/B/C Desalinated Water Pumps Assumed Centrifugal | ojive/1spare | 97 | 97 | 97 | 97 97 95 93 91 | 105 | 102 E
480P-001A/B Caustic Solution Pumps Assumed Centrifugal | jjiye/1spare | 96 | 96 | 96 | 96 9% 94 92 90 | 104 | 101 E
480P-002A/B Caustic Tanker Offloading Pumps | Assumed Centrifugal | 1jie/1spare 9% | 96 9% 9% 9% 94 92 90 104 101 E
480P-003 Caustic Drain Pump Assumed Centrifugal | /5 96 | 96 | 9 | 96 9% 94 92 90 | 104 | 101 E
460K-001A/B HP Instrument Air Compressors Assumed Multistage 1live/lspare 96 95 94 94 95 97 97 90 104 102 E
Centrifugal
510PK-001 RO Desalination Package n/a 106 | 107 | 108 | 109 106 101 93 86 114 110 E
510PK-002 UV Disinfection Package n/a 104 | 105 106 107 104 99 91 84 112 108 E
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ATTACHMENT 20 EQUIPMENT NOISE BREAKDOWN FOR UNIT 710 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source

Equipment No. | Equipment Description Equipment Type | Comments | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

710P-001A/B Kerosene Transfer Pump Assumed Centrifugal n/a 97 97 97 97 97 95 93 91 105 102 E
710P-002A/B Combined Diesel Transfer Assumed Centrifugal | M@ 97 | 97 97 97 97 95 93 91 105 102 E

Pump

710P-003A/B LCGO Transfer Pump Assumed Centrifugal | M@ 97 | 97 97 97 97 95 93 91 105 102 E
710P-005A/B/C VGO Transfer Pump Assumed Centrifugal n/a 98 98 98 98 98 96 94 92 106 103 E
710P-006A/B VGO Circulation Pump Assumed Centrifugal | M@ 97 | 97 97 97 97 95 93 91 105 102 E
710P-007A/B HCGO Storage Pump Assumed Centrifugal n/a 97 97 97 97 97 95 93 91 105 102 E
710P-008A/B HCGO Circulation Pump Assumed Centrifugal | M@ 97 | 97 97 97 97 95 93 91 105 102 E
710P-009A/B/C VR Storage Pump Assumed Centrifugal n/a 98 98 98 98 98 96 94 92 106 103 E
710P-010A/B/C HSFO Storage Pump Assumed Centrifugal n/a 98 98 98 98 98 96 94 92 106 103 E
710P-011A/B/C/D | VR/HSFO Circulation Pump Assumed Centrifugal | M@ 99 | 99 99 99 99 97 95 93 | 107 104 E

DSN: 2668



AMEC FOSTER WHEELER REPORT

rooaldlolo o
DUQM REFINERY

Y
4‘
ainec

foster
wheeler

DRP0O01-FED-RPT-M-000-001
5660-8440-RP-000-004

PAGE 40 OF 45
NOISE ASSESSMENT REPORT REV D2
ATTACHMENT 21 EQUIPMENT NOISE BREAKDOWN FOR UNIT 570 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source

Equipment No. | Equipment Description Equipment Type Comments | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
570P-001A/B/C API De-Oiled Water Pump Assumed Centrifugal 2live/lspare | 98 98 98 98 98 96 94 92 106 103 E
570P-004A/B/CID Balance Tank Mixing Pump Assumed Centrifugal 3live/lspare | 99 99 99 99 99 97 95 93 107 104 E
570P-005A/B Off-Spec Sour Water Assumed Centrifugal 1live/lspare 97 97 97 97 97 95 93 91 105 102 E

Discharge Pump
570P-006A/B Desalter Slops Pump Assumed Centrifugal 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
570P-007A/B/CID Equalisation Mixing Pump Assumed Centrifugal 3live/lspare | 99 99 99 99 99 97 95 93 107 104 E
570P-008A/B Equalisation Discharge Pump Assumed Centrifugal 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
570P-009A/B gff—Spec Equalisation Mixing Assumed Centrifugal llive/lspare | 97 97 97 97 97 95 93 91 105 102 E

ump

570P-010A/B Off-Spec Equalisation Assumed Centrifugal 1live/lspare 97 97 97 97 97 95 93 91 105 102 E

Discharge Pump
570P-012A/B Slop Oil Pump Assumed Centrifugal 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
570P-013A/B Oil Sludge Pump Assumed Centrifugal llive/lspare | 97 97 97 97 97 95 93 91 105 102 E
570P-014A/B Oily Area Drainage Pump Assumed Centrifugal 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
570P-019A/B Sand Filter Feed Pump Assumed Centrifugal llive/lspare | 97 97 97 97 97 95 93 91 105 102 E
570P-020A/B Acid Transfer Pump Assumed Centrifugal 1live/lspare 97 97 97 97 97 95 93 91 105 102 E
570P-021A/B Reuse Water Distribution Assumed Centrifugal 1live/1lspare 97 97 97 97 97 95 93 91 105 102 E

Pump
570P-022A/B/C Thickener Supernatant Pump Assumed Centrifugal 2live/lspare 98 98 98 98 98 96 94 92 106 103 E
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590P-001AB/C/D

Spent Sulphidic Caustic
Discharge Pump

Assumed Centrifugal

3live/lspare

99

99

99

99

99

97

95

93

107

104
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ATTACHMENT 22 EQUIPMENT NOISE BREAKDOWN FOR UNIT 700 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source

Equipment No.

Equipment Description

Equipment Type

Comments

63

125

250

500

1000

2000

4000

8000

700P-001A/B/C/DIEIF

Crude Charge Pumps

Assumed Centrifugal

Slive/lspare

101

101

101

101

101

99

97

95

109

106
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ATTACHMENT 23 EQUIPMENT NOISE BREAKDOWN FOR UNIT 730 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source
Equipment No. | Equipment Description Equipment Type [ Comments | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
730P-001A/B/CID Naphtha Product Export Pumps Assumed Centrifugal | 3live/lspare 99 99 99 99 99 97 95 93 107 104 E
730P-002A/B/C/D Jet A-1 Product Export Pumps Assumed Centrifugal | 3live/lspare 99 99 99 99 99 97 95 93 107 104 E
730P-003A/B/C/D Diesel Product Export Pumps Assumed Centrifugal | 3live/lspare 99 99 99 99 99 97 95 93 107 104 E
730P-004 Tankage Area Blowdown Pump Assumed Centrifugal 99 99 99 99 99 97 95 93 107 104 E
730P-015A/B ELer;s]SISTruck Loading Transfer Assumed Centrifugal | 1live/ispare 96 | 96 96 96 96 94 92 90 104 101 E
730P-016A/B \Ilitn?p: Truck Loading Transfer Assumed Centrifugal | 1live/1spare 96 | 96 96 96 96 94 92 90 104 101 E
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ATTACHMENT 24 EQUIPMENT NOISE BREAKDOWN FOR UNIT 640 PLOT PLAN
Sound Power Level
Octave band centre frequency (Hz) dB | dB(A) | Source
Equipment Equipment Description Equipment Type | Comments | 63 | 125 [ 250 | 500 | 1000 | 2000 | 4000 | 8000
No.
640P-003 Truck Loading Closed Drain Drum Assur_ned na 97 97 97 97 97 95 93 91 105 102 E
Pump Centrifugal
640P-001A/B | Diesel Loading Pumps Assumed nia SO O L LA R I I I e E
Centrifugal
. Assumed 97 97 97 97 97 95 93 91 105 102 E
640P-002A/B Jet A-1 Loading Pumps Centrifugal n/a
. Assumed 97 97 97 97 97 95 93 91 105 102 E
550P-001A/B SR Light Slops Storage Pumps Centrifugal n/a
550P-002A/B Cracked Light Slops Storage Assur_ned na 97 97 97 97 97 95 93 91 105 102 E
Pumps Centrifugal
550P-003A/B SR Heavy Slops Storage Transfer Assur_ned na 97 97 97 97 97 95 93 91 105 102 E
Pumps Centrifugal
550P-004A/B Cracked Heavy Slops Storage Assur_ned na 97 97 97 97 97 95 93 91 105 102 E
Transfer Pumps Centrifugal
] SR Heavy Slops Pump Around Assumed 97 97 97 97 97 95 93 91 105 102 E
550P-005A/B Pumps Centrifugal n/a
550P-006A/B Cracked Heavy Slops Circulation Assur_ned na 97 97 97 97 97 95 93 91 105 102 E
Pumps Centrifugal
585P-001A/B/C | Flushing Oil Pumps Assumed na 98 | 98 | 98 | 98 | 98 | 96 | 94 | 92 |106) 103 E
Centrifugal
660PK-001ABC | Sulphur Granulation Package n/a 117 | 118 119 120 117 112 104 97 126 122 E
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660PK-002 Sulphur Conveyer Conveyer zggg)l(ong 117 | 118 | 119 | 120 117 112 104 97 125 121 E
680PK-001 Coke Transfer Conveyer Conveyer ggg:‘g)l(ong 120 | 121 122 123 120 115 107 100 128 124 E
680PK-003 Coke Loading Conveyer Conveyer gﬁg:g)l(ong 17| 118 | 119 | 120 117 112 104 97 125 121 E
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INTRODUCTION

INTRODUCTION

This report provides a description and evaluation of the existing landscape resource and the visual
receptors within the vicinity of the Dugm Refinery Project (the “Project”). It includes a review of
relevant documents, desk-based and field survey observations to assess baseline landscape
character and views.

‘Landscape is an area, as perceived by people, whose character is the result of the action and
interaction of natural and/or human factors.” (Council of Europe, 2000).

In terms of the above definition, this may include areas of special value as well as everyday
landscapes. The landscape in the area of the Project has been described as ‘inherently Omani’
(Jurong Consultants EIA, 2011), comprising arid gravel plains, contained to the west by the Hugf
escarpment and to the east by the Arabian Sea and the associated coastal landscape of dunes and
cliffs.

Visual amenity is a separate but related consideration, reflecting the pleasantness of the view or
outlook that people have of their surroundings and the overall composition and character of these
views. Visual receptors may be residents, visitors or people in their workplace, such as fishermen.

Summary of Previous Baseline Work

Amongst the secondary sources of information used as part of the landscape work, the following
reports were reviewed in preparation of this Report.

Table 1.1: Reviewed documents

NAME OF REPORT AUTHOR/YEAR RELEVANT INFORMATION

ESIA for the Proposed ADP Consultant/BEYA
Dugm Integrated Power  Environmental Some geographical, climate and social context.
and Water Plant (DIPWIP) Consultancy, 2016

EIA for Service Corridor,
Dugm — Environmental HMR Consultants, 2015 Some detailed topographical information.
Baseline Report

Dugm Refinery EIA Study HMR Consultants, 2015

Report, Appendix A — Site observations about land use.
Environmental Baseline

Description of local Wadi systems.

EIA for Dugm SWIP HMR Consultants 2015 . . . .
Comparative study of changes in vegetation since
commencement of development.
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NAME OF REPORT AUTHOR/YEAR RELEVANT INFORMATION

Full landscape and visual assessment including
classification of Landscape character areas and
detailed assessment of landscape and visual
Jurong Consultants, 2011 :baseline and value. Useful in describing typical
coastal areas and landscape character including
outside of the Special Economic Zone (SEZ)
boundary.

Dugm Industrial and Free
Zone Masterplan EIA

Includes descriptions of geology, hydrology and
ecology of study area, contributing to landscape
characterisation.

Ras Markaz Crude Oil Amec Foster Wheeler,
Park Project ESIA 2015

In summary, information from the geology, ecology and land use sections of these reports contributes
to an understanding of the landscape baseline. The communities’ chapters set out a range of potential
visual receptors, although there was a lack of consistency, perhaps due to the changeable nature of
the local population. The investigations undertaken on socio-economic and health as part of the
Consolidated Environmental and Social Impact Assessment (ESIA) work also contributed valuable
insights into the character of the area, the potential receptors and observations that contributed to this
landscape baseline. The Free Zone Masterplan EIA (Jurong, 2011) includes a full classification of
local landscape types which we have adopted to apply to the study area of this Report.

SCOPE OF REPORT
This Report is part of the Consolidated ESIA scope of work that WSP is undertaking for DRPIC.

The intention of this Report is to set out the baseline conditions for landscape and visual receptors in
order to be able to assess changes in the local environment caused by the development of the Project
and how this would affect these receptors.

The study area for visual effects extends to the area from which the project could be visible, cut off at
a distance of five kilometres (km) from the Project site areas (see below). The Zone of Theoretical
Visibility (ZTV) has been established to show the area of land from which there could be a view of any
part of the proposed project. The ZTV is shown on Figure 1 in Appendix A.

The study area for landscape effects covers the proposed project site and the wider landscape
context within which the project may influence landscape character.

The Study Area for both landscape and visual impacts has been cut off at a radius of 5km from each
of the project components, in order to focus on potentially significant effects. This reflects the largely
flat, undeveloped landscape, lacking substantial vegetation which would interrupt views towards the
Project, which would be of a large scale and therefore readily visible. Atmospheric conditions are
generally dry, although occasional sea mists may reduce visibility. It is considered that even though
the development may be visible from greater distances, it would not constitute a dominant element in
the view, and would therefore be unlikely to cause significant landscape and visual effects.

PROJECT OVERVIEW

The Project comprises the Refinery itself and its Off-site Facilities. The components of the Project are
described in Table 1.2 below.
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Table 1.2 Dugm Refinery Project

PROJECT COMPONENT

DESCRIPTION

Dugm Refinery

A 230,000 BDP complex refinery on a plot of 9km? area to the north of
the main industrial area within the Dugm Special Economic Zone.
Includes:

Site clearance and levelling (completed in late 2016)
Product pipelines and service lines to the Dugm Export
Terminal

Construction accommodation/workers’ camps
Laydown areas.

Off-site Facilities

i. Crude storage facility at the Ras Markaz (RM) Crude Oil
Terminal: eight tanks located within, and part of the wider Tank
Farm, approx. 80km from the Refinery. The large-scale Tank Farm
(Oman Oil Tank Terminal Company, OTTCO) in its entirety is not
part of the Project.

ii. ‘DRPIC Crude Pipeline’: 28-inch diameter 80km crude oil import
pipeline to transport crude oil from RM to Dugm Refinery.

iii. Product ‘Export Terminal’: on the lee breakwater of Port of Dugm,
immediately to the south-east of the Refinery plot. Topside works
only, i.e., to establish storage for products and export handling
facilities. For marine works, see Associated Facilities below.

Associated
Facilities

Vii.

viii.

i. Natural gas spur line/metering station used to supply gas feedstock
to DR from the national gas network (Oman Gas Company, OGC);

ii. Export pipeline corridor — Construction of the corridor and
infrastructure, i.e., pipe supports, bridges, fencing drainage, etc.,
including pipeline and services themselves under the Refinery.
(Under SEZAD/Marafiq responsibility). Note: SEZAD has overall
responsibility for the Pipeline Corridor, excluding the DR pipelines
and cables, extending from the Refinery Boundary Marker fenceline
to the Port fenceline;

iii. The marine scope including dredging and reclamation and jetty and
quay wall construction of the Dugm Export Terminal. (SEZAD);

iv. Haul road or dedicated lane (on Existing Road) for solid product
from DR to the Dugm Export Terminal. (SEZAD);

v. Dugm Integrated Power and Water Plant (DIPWP) supplying
electricity and desalinated water to DR (and in the future other
consumers in the DSEZ. (Marafig, also known as Central Utilities
Company, CUC). Note that this now includes items vi and vii below;

vi. Seawater supply network (to DIPWP). (Marafiq);
Common wastewater outfall for industrial zone users. (SEZAD); and

Offshore oil import facilities (including offshore single point mooring
(SPM) and crude oil pipeline to shore at RM. (OTTCO).

The transition from crude oil import (via a Single Point Mooring, (SPM) at Raz Markaz to the export of

refined products through the Project facilities follows these key stages:

1. Offload of crude oil from offshore vessel delivery. Crude oil is stored within the crude import and
storage facility at Ras Markaz Tank Farm of which only eight crude oil tanks are part of the

Project.
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2. Theoilis transferred to the Dugm Refinery through the 80.7km Crude Import Pipeline. The Dugm
Refinery will have a design capacity of 230,000 barrels per day and will produce the following
products:

Naphtha;

Liquid Petroleum Gas (LPG);

Jet A-1,

Diesel;

Heavy Sulphur Fuel Oil (intermittently);
Petroleum Coke (Solid); and

Sulphur (Solid).

3. Once the crude oil is refined to the final products then these are marine exported via the Dugm
Export Terminal. The liquid products are sent to the terminal via pipelines within a service
corridor and the solid products via ground transport.

1.4 SOURCES OF INFORMATION

In compilation of the landscape work, we have utilised the following sources of information and data.
Satellite imagery (Google Earth);
World Mapping Project Oman Map (Reise Know-How Verlag, Bielefield, 2017);
Site survey photographs by WSP team visiting March 2017; and

Previous EIA reports for this and related projects (See References).

2 APPROACH AND METHODOLOGY

This methodology for the landscape and visual baseline appraisal is generally in accordance with
guidance described in the ‘the Guidelines for Landscape and Visual Assessment’ (GLVIA) published
by the Landscape Institute (LI) and the Institute of Environmental Management and Assessment
(IEMA), 3rd edition (2013).

This report is the result of desk based study of the site conditions supplemented with information on
the site and Project area provided by visitors to Dugm, an extensive library of photographs taken
during site visits and interviews with specialists (e.g. for baseline survey of air quality, noise and
socio-economics) upon their return. The evaluation and assessment of landscape and visual
receptors is based on professional judgement of established criteria set out in the methodology below.

The assessment followed the following process.
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2.1 LANDSCAPE
Describing the different elements that make up the landscape in the study area, such as:

Geology;
Topography;
Waterbodies;
Vegetation; and

Human influence and land use.

This information is used to define landscape character types within the study area: geographical areas
made up of a distinct combination of elements and aesthetic or perceptual aspects.

LANDSCAPE SENSITIVITY

The assessment of overall landscape sensitivity combines the judgements on the susceptibility of
receptors to the proposed development. The capacity of the landscape to accept development is
determined by the degree to which it is able to accommodate change (due to a specific development
or land use change) without adverse effects on its character. Sensitivity will vary according to its
physical aspects, landscape character/aesthetic aspects, landscape value (e.g. consensus via
designations), landscape quality/conditions and cultural/natural heritage factors, including the value of
the existing landscape and the extent and nature of the development proposed.

2.2 VISUAL AMENITY

Evaluating visual amenity (as defined in the Introduction) involves determining the extent of visibility of
the proposals, followed by identification of visual receptors and their sensitivity to changes in their
surroundings.

The Zone of Theoretical Visibility (ZTV) helps to establish the geographical extents of the study area.
It was determined by digital modelling using specialist GIS software to analyse a Digital Terrain Model
(DTM). The height of viewer is assumed to be 1.8m and the maximum height of the proposed
development, based on the information available, is included in the model to assess its potential
visibility. The ZTV is approximate only as vegetation and buildings may provide local screening. The
output of this process is illustrated using a map of the area (Figure 1).

Visual receptors, such as users of buildings, recreational spaces, footpaths and transport routes, have
differing sensitivities to their visual environment. Generally, this is dependent upon their interest in the
visual environment, their viewing opportunity and duration, and the context of the views. These factors
may be expressed in terms of:

The value of the view/viewpoint;
The importance of the viewpoint; and

The nature of the viewer.

The nature of visual receptors likely to be impacted is categorised on a three point scale ranging
between high, medium and low, with residents and those engaged in recreational activities which
involve appreciation of the landscape defined as high sensitivity and road users and people in their
workplace as low sensitivity. The sensitivity of the receptor is also dependent on the existing
perceived quality of the landscape due to the presence of existing intrusive features.
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3.1

3.1.1

Visual receptors have been identified based on existing mapping and previous reports on social
impacts. Settlements in and around Dugm have been static for some time and the nature of the SEZ
does not allow for new temporary settlements.

LANDSCAPE AND VISUAL BASELINE
CONDITIONS

LANDSCAPE CHARACTER

Local Landscape Character

The landscape character is typical of mature marine fringe environments in the Al Wusta region,
which is generally characterised by an open coastline backed by sand and alluvium plains and hills.
The climate is arid to hyper arid with temperatures from 21-36°C. There is typically very low
precipitation and high temperatures.

The following local landscape character area descriptions LCA1-4 were set out in the Dugm Industrial
and Free Zone EIA Report.

Landscape Character Areas were determined that have the following distinct characteristics:

LCA1: BEACH AND DUNES

The Dugm coastal frontage is described as a low-relief crenulated bay, which has a classic
fish-hook shape with the shank pointing to the north-east. The frontage has a well-developed
beach enriched with offshore derived carbonate sediments, giving it a light colour. The coastal
zone can be subdivided into three sub-categories: beach and back beach, khawrs and
intertidal mudflats. Litter, some of which undoubtedly originates offshore, is ubiquitous along
the whole length of the coast.

LCAL1 is defined by land on one side and by open sea on the other side and the result is a
distinct sense of space and openness. The dune ridge creates a limited sense of enclosure or
containment. The landscape is characterized predominantly by the horizontality and muted
hues of the coastal waters, which — according to the Industrial and Free Zone Masterplan EIA
— may also include marine activities such as anchorage, and commercial shipping lanes. The
development of the Dugm Port and Dry Dock has interrupted the naturalness of the landscape
area. The result is a largely open, tranquil and natural landscape which is punctuated by the
colours and noises of human features and activities. It has been assessed as of high quality,
due to its integrity, high importance as it contributes to the unique identity of Oman, but of low
rarity and therefore of only local importance.
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Figure 3-1i: View of beach east of Dugm Refinery plot, Spring 2017

LCA2: LOW LYING ALLUVIUM PLAINS

The majority of the site comprises low lying alluvium plains that are naturally fragmented by
low rocky outcrops, gravel hills, areas of sabkha and wadi courses. The wadi channels
provide diversity to the landscape and topography and also provide pockets of more dense
vegetation across the plain, which is generally sparsely vegetated. This LCA has already
been subjected to some modification through the creation of the main highway that runs north
to south through the site (R32), graded tracks, ad-hoc off-road driving, sand-mining and the
development of materials sorting areas as well as other infrastructure/projects (e.g. Sebacic
acid manufacturing plant) being developed by SEZAD and other proponents (e.g. Rural Area
Electricity Company, RAECO).

The LCA is defined by the coast to the east and limestone and sandstone hills that enclose
the area. The LCA is expansive and provides a real sense of space, openness and wildness.
This sense of openness and exposure is interrupted by Dugm Town, or Wadi Saay, (LCA3)
and also construction works that occur in the area to support the development of the Port and
Dry Dock, SEZAD infrastructure projects and other developments underway in the SEZ. It is
considered of high quality and high importance (contributing to the unique identity of Oman),
but low rarity and thus of only local importance overall.
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Figure 3-2: View of Alluvium Plains, Spring 2017

LCA 3: URBAN LANDSCAPE

This LCA is located within the low-lying alluvium plain to the south-east of the IDZ. This
landscape is almost exclusively defined by low lying commercial and residential development
which is connected by a main highway (R32) and minor arterial access roads. Streets are
mainly residual spaces, with little or no vegetation other than wadi areas that flank the town to
the west. Development is widely spaced, which provides an incoherent open development
type with very little connectivity between areas of development. It is assessed of low quality,
importance and rarity.

LCA 4: LIMESTONE AND SANDSTONE HILLS

The alluvium plains of the IDZ are enclosed by hills. These are large-scale upland and hillside
landscapes lying between around 50 m and 190 m above mean sea level, backed by the Hugf
escarpment, which abut (wholly or in part) the coast to the north and south of the IDZ.
Consisting of ridges and ravines, and incised by wadis the hills generally consist of exposed
rock with pockets of scrub and seasonal grassland. Due to their complex and often steep
topography, infrequent but large fluvial flows and distance from the coast in some areas, this
landscape does not contain human features (other than footpaths or small access roads).
LCA4 possesses a distinct remote and exposed character and may offer striking views along
the surrounding coast and sea. It is assessed as of high importance, high value (when part of
the Arabian Oryx Sanctuary) and of regional importance.

In addition it has been necessary to include a further Character Area:
LCA 5: LIMESTONE/DOLOMITE COASTAL CLIFFS

The whole of the rocky coast between Shuwayr and Madrakah is bordered by black and white
cliffs of 80m average height rising to 200m in places. They are of a depositional formation with
layers of Oligo-Miocene limestone inter-bedded with dolomite and containing fragments of
coral and other marine debris. They are edged by sandy beaches interspersed with a rocky
shore line. There are typically heaps of eroded material forming dunes at the cliff base,
particularly where wadis have cut through the softer rock. These cliffs make the foreshore
inaccessible for much of their length. However, fishermen use those bays which have road
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3.2

3.2.1

3.2.2

10

connections. The cliffs and surf on the rocky shore present a sometimes harsh but dramatic
character, with views enclosed by the attractive geological diversity of the cliff face on one
side and open to the ocean on the other.

The cliffs are assessed to be of high quality, high importance and moderate rarity, and should
be considered to be of regional importance.

Figure 3-2: View of Coast north of Ras Markaz, Spring 2017

RAS MARKAZ CRUDE IMPORT AND STORAGE (PROJECT FACILITY)
SITE CONTEXT

Eight tanks in this new facility will be part of the Project. The Crude Import and Storage Facility Site is
located approximately 50km south of Dugm Town, on the coastal cliffs of Ras Markaz, at an elevation
between 100-160m above sea level, set back approximately 1.7km from the shoreline. The beach
area below will also be used for the landing siting of the proposed offshore single point mooring,
subsea pipeline and related infrastructure being developed outside of the Project, as Associated
Facilities. The area is currently largely undeveloped, with a natural coastal character and very limited
settlement. Human activity is largely limited to fishing from the beach at Ras Markaz, approximately
2.5km north of the shore facilities (part of the AF). Detractors from the perceived natural character
include highway 32 and litter from fishing activities.

LANDSCAPE CHARACTER

The Ras Markaz Site lies within both LCA2: Low lying Alluvium Plains and LCA5: Limestone/Dolomite
Coastal Cliffs.

SENSITIVITY
The sensitivity (to the proposed crude import and storage facility) of the landscape is considered to be

high due to its currently largely undeveloped state and regional importance, and the scale and
industrial nature of the proposed facility.
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VISUAL AMENITY

The study area is generally considered to be of a high scenic quality, with the conjunction of the sea
and the arid, generally natural, landscape forming a distinctive attractive coastal character. There is
potential for recreational activity on the shore and in the water although no support services for this
exist..The ZTV indicates that the facility would be largely visible within a 1-2 km radius and this
reduces to intermittent visibility with distance, particularly in areas further inland and to the south. It is
assumed that there would be some visibility from the sea.

IDENTIFIED RECEPTORS
Desk based study and local knowledge indicates the following visual receptors:

People that seasonally inhabit the few local individual temporary residences; and

Fishermen on the beach and at sea.

There are no settlements apparent in the Study Area however there are some indications of individual
buildings and there is a fishing landing site (Ras Markaz) 2.5 km to the north.

CRUDE IMPORT PIPELINE (PROJECT FACILITY)

SITE CONTEXT

The Pipeline ROW Site runs between the Ras Markaz Crude Oil Storage Terminal and the Refinery
near Dugm. The corridor will include maintenance roads and the trench/windrow of the pipeline itself,
covering a distance of 80.7km. The area is currently largely undeveloped, with a natural coastal
character and scattered settlements. Detractors from the perceived natural character include the R 32
and N 37 and new built development including the Dugm Jaaluni International Airport and other
infrastructure and development by SEZAD.

LANDSCAPE CHARACTER

The local landscape character area descriptions covering this area have been set out in section
3.1.above, and illustrated in Figure 2 Landscape Character.

The Crude Import Pipeline is a linear feature passing through LCA2: Low lying Alluvium Plains.

It will cross numerous wadis which intersect the plains. The study area is devoid of any wadis with
perennial flow of fresh water. Water flows only for few hours after a heavy rain. These features
support a more diverse flora and fauna than elsewhere in the region however, as sea fog
supplements the water requirements of the vegetation. The main wadis in the study area are Wadi
Jurf, Wadi Say, Wadi Dhanjart and Wadi Dhahr.

SENSITIVITY

LCAZ2 is considered to be of low sensitivity to this type of development. The pipeline will be buried in
its operational period and access roads will be similar to existing features.

VISUAL AMENITY
The study area is generally considered to be of a high scenic quality, with the conjunction of the sea

and the arid, generally natural, landscape forming a distinctive attractive coastal character. Industrial
and residential development detracts from this visual amenity.

Dugm Refinery Project WSP
DRPIC Project No 70029220
Confidential May 2017



3.4

3.4.1

3.4.2

12

IDENTIFIED RECEPTORS
Desk based study and local knowledge indicates the following visual receptors:

People that inhabit local settlements and individual residences;
People in transit on the highway; and

Settlements in the Pipeline study area such as As Sadanat (west of the airport in Dugm) and
Qasadat (on the main Dugm to Madrakah, before the turning to Ras Markaz). Note, the Socio-
economic and health baseline report (DRPIC Report No. 05-C-Base/Soc) contains more
information on settlements in the area.

DUQM REFINERY (PROJECT FACILITY)
SITE CONTEXT

The Refinery Site plot has been cleared and levelled and the immediate surrounding area is currently
largely undeveloped, with a natural coastal character, minimally influenced by agricultural land use
including small-scale grazing and raising of crops. Detractors from the perceived natural character
include the Dugm Port development to the south-east, the small existing power station (and plot for a
new Integrated Power and Water plant), Sebacic Acid plant and highway routes 8, 16 and 32.
Additionally, a common utilities corridor is routed to the north of the Refinery Site to the now-
engineered Dangert Channel, which discharges to the sea approximately 2.5km to the east. The near
flat topography provides extensive views inland to the mountains and out to sea.

The Site lies at low elevation within the drainage basin of the surrounding landscape where it meets
the Arabian Sea, which ranges from 180m elevation to sea level. The site topography is undulating,
varying between -0.3m and 17.8m above mean sea level.

It is understood that vegetation clearing in the developmental zone for the construction of road

networks has been underway including considerable earth moving and ground work, in addition to
quarrying and other ongoing port and construction-related excavation and dumping.

LANDSCAPE CHARACTER

The local landscape character area descriptions covering this area have been set out in section 3.1
above, and illustrated in Figure 2 Landscape Character.

The Refinery Facility Site lies within LCA: 2 Low lying Alluvium Plains and immediately adjacent to
LCAL: Beach and Dunes.

SENSITIVITY

These areas are considered to be of medium sensitivity to this type of development due to their local
importance and the existing intrusive development in this area.

VISUAL AMENITY

The study area is generally considered to be of a high scenic quality, with the conjunction of the sea
and the arid, generally natural, landscape forming a distinctive attractive coastal character. This is a
relatively well represented Omani landscape type. Recent industrial development detracts from this
visual amenity.

The ZTV indicates that the Refinery would be widely visible within the study area and beyond the 5km
study area boundary. This reflects the maximum stack height of 73m used in generating the ZTV,
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whereas the majority of the built form would be considerably lower in height and likely to be less
extensively visible. It is assumed that this facility would be extensively visible from the sea.

IDENTIFIED RECEPTORS
Desk based study and local knowledge indicates the following visual receptors:

People that inhabit local settlements and individual residences;
People in transit on the highway;
Dugm Port and Dry Dock staff and visitors; and

Fishermen utilising beaches along the coast to the south and at sea.

Settlements in the Refinery Study Area include Dugm Town/Wadi Say. There is an existing fishing
beach to the south east of the Site, Antout. The temporary facilities here are proposed to be relocated
by SEZAD to a new fisheries harbour under construction.

DUQM EXPORT TERMINAL (PROJECT FACILITY)
SITE CONTEXT

The immediate Site area is currently largely undeveloped, with the exception of an existing
breakwater, although it is adjacent to the large-scale development at Dugm Port, 3km to the south
east. It has a changeable coastal character, including the area of sabkha where the Wadi Saay meets
the sea. Detractors from the perceived natural character include the Dugm Port development and the
existing power plant 4km to the northwest. There is very little interruption to views out to sea, which
includes views of small-scale fishing activity as well as vessel movements into and out of the port and
dry dock. Birdlife is prevalent in this location and the colonies of seabirds on the beach and in the air
feature in many views.

The Site lies at low elevation within the drainage basin of the surrounding landscape where it meets
the Arabian Sea, which ranges from 180m elevation down to sea level.

LANDSCAPE CHARACTER

The local landscape character area descriptions covering this area have been set out in section 3.1
above, and illustrated in Figure 2 Landscape Character.

The Export Terminal Project Facility Site lies within LCAL1: Beach and Dunes and extends out to sea
by approximately 4.5km, approaching the existing Commercial Quay. Pipelines and access roads to
the Terminalwould fall within LCA2: Low lying Alluvium Plains.

SENSITIVITY

These areas are considered to be of medium sensitivity to this type of development due to their local
importance, low lying open character and biodiversity value, tempered by the existing infrastructure in
this area.

VISUAL AMENITY
The study area is generally considered to be of a high scenic quality, dominated by the seascape and

distinctive, natural coastal character. However, industrial development and activity is already intruding
on the extensive existing views, reducing the expected sensitivity of potential receptors.
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The ZTV indicates that the Terminal will be widely visible within the study area, particularly on the low
ground of the sabkha, and also beyond the 5km boundary. As the facility extends into coastal waters it
is assumed that it will be widely visible from the sea as well. The majority of the terminal structures
would be of low height, for example the tanks would be 24m (Worley Parsons, 2016), but any mast
lighting would be visible in this area.

IDENTIFIED RECEPTORS
Desk based study and local knowledge indicates the following visual receptors:

People that inhabit local settlements and individual temporary living areas (e.g. in containers);
People in transit on the highway;
Dugm Port and Dry Dock staff and visitors; and

Fishermen at sea.

Settlements in the Terminal study area include Wadi Say/Dugm Town. The Renaissance Workcamp
are located approximately 8km to the south west. There is also the previously mentioned fishing
beach approximately 2.5km to the north.

SUMMARY

The landscape is typical and well represented throughout the Al Wusta region, with an open, wild, arid
character. The coastal area is particularly scenic due to the intersection of land and sea which
provides increased geological and ecological diversity and extensive views. There are no formal
landscape designations applicable to this area, although the coast is protected by any development
being set inland from its immediate edge. The area currently supports a limited population in scattered
small settlements. The area has been marked and zoned for development by the Government, which
will  increase the population and introduce an increasingly industrial and urban character to the
landscape, of which the Project will form a part.
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Figure ii: Zone of Theoretical Visibility
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Figure iii: Landscape Character Areas
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SR LOCATION NORTHING EASTING ailal PLANTS NOTES OTHER NOTES
POINT DESCRIPTION
Start of pipeline route from Ras Markaz storage area heading north
Pipeline exits Rocky plateau :Blepharis ciliaris,
GO storage area 19.172059/57.749412 above sea cliffs ‘Pulicaria omanensis Group of 6 donkeys
Pipeline markers Rocky plateau :Blepharis ciliaris,
PL1 found 19.176830/57.745228 above sea cliffs ‘Pulicaria omanensis
PL2 Scarp edge 19.184412 57.734829 ﬁ)ccal‘(rﬁ edge,  Tepraena gatarensis
Sandv-gravel Blepharis ciliaris,
PL 3 19.194498 57.722103 lain y-9 Pulicaria omanensis
P —in runnels
Acacia sp. Likely .
. o . .Donkey & Camel droppings, small
PL 4 19.208212 57.715919 Broad wadi, A..FOI‘.tIhS, Blephgrls carnivore partial skull (Viverrid or
outflow area ciliaris, Tephrosia :
A Mustelid?)
apollinea
Acacia tortilis,
Sandy plain, Blepharis ciliaris,
PL 5 19.231171.57.671139 lightly wooded  Poaceae sp,
Rhazya stricta
PL6 19.246351 57.656273 Sg?r?y‘gra"e' Blepharis ciliaris
PL7 Invillage 19.263441 57.633442 Urban
Scattered Acacia
Sandv-aravel tortilis, Blepharis Pipeline route & Dugm Special
PL 8 19.277147 57.616642 >0 ciliaris, Pulicaria Economic Zone concrete marker
plain X .
omanensis, pillar photos 54-55
Convolvulus sp.
Pulicaria omanensis
PLO 19.295979 57.608273 Sandy-gravel  Acacia tortils, Paired Line marker photo 60.
plain Dried stem -
Blepharis ciliaris?
PL 10 19.315599 57.598553 Borrow pits photo 63
Blepharis ciliaris,
Sandy-gravel Pulicaria
PL 11 19.358812 57.591915 Y0 omanensis, Rhazya
P stricta, Euphorb?,
Tephrosia apollinea
PL 12 19.379986 57.590813 " Acacia tortilis
woodlands
scattered Acacia
Sandy-gravel tortilis, Pulicaria
PL 13 19.424900 57.588345 plain omanensis, little
else
pL 14 ATErerossingto g 45,714 57581136 SANWY-9rVel  jeqetated
W of main road plain
Many tiny seedlings,
Pulicaria
omanensis,
Sandy-gravel Cyperus sp,
PL 15 Flash flood pan 19.456619 57.579941 plain Tetraena
gatarensis,
Schweinfurthia sp.,
Helianthemum sp.
End day's work pabiat through
PL 16 at Haymaroad 19.47700357.573147 road 9
crossing .
construction
Continuation of Pipeline route heading north down scarp and across wadi and plains area to north
PL 17 startat Hayma 19.479069 57.574692 Damaged




SFEJ;\'\ﬁY LocATION NORTHING EASTING SQSBCILTJHON PLANTS NOTES OTHER NOTES
road crossing habitat through
road
construction
Edge of scarp Sandy-gravel
PL 18 beside house & 19.486675 57.570545 lain ¥-9 No vegetation scarp is major habitat boundary
compound P
Convolvulus sp.,
Below scarp in Vegetated srl:::r?ennasis Rhazya Very wide braided wadi system
PL 19 major wadi 19.48849557.563995 wadi, extensive | __ . P ' Y y d | ?’ .
system system stricta, Poaceae sp., verging on sandy gravelplain
Acacia tortilis,
"euphorb"
Convolvulus sp.,
Vegetated Pulicaria
; . omanensis,
PL 20 19.492279 :57.567898 \évaggrﬁxtenswe Poaceae sp.,
Y Acacia tortilis,
"euphorb” sp.
Convolvulus sp,
Wadi edge, Pulicaria
against omanensis, Wadi edge, site footprint will
PL 21 19.496716 57.568428 piedmont Poaceae sp., determine impact on wadi,
foothills of Acacia tortilis, settlement nearby
scarp "euphorb” sp.
Fagonia sp.
Acacia tortilis,
Rhazya stricta,
PL 22 19.499197 57.566013 V/ooded sandy  Pulicaria
gravel plain omanensis,
Nanorrhops
ritchieana
Blepharis ciliaris
(desiccated), Acacia
Wooded sand tortilis, Convolvulus
PL 23 19.509232 57.572632 andy sp., Heliotropium
gravel plain .
kotschyi, Rhazya
stricta, Pulicaria
omanensis
Pulicaria
PL 24 19.522366 57.560303 /00ded sandy  omanensis, Acacia
gravel plain tortilis, Dried stem -
Blepharis ciliaris ?
Rocky hills Acacia tortilis,
PL 25 19.549030 57.570415 _ ybase’ Poaceae sp.,
P Limonium sp.
Acacia tortilis,
Wadi in Sandy- :Pluchea dioscoridis, :Gazelle midden 3 photos, very fresh
FHSPAS 19.556787)57.566040 gravel plain Salvadora persica, dung
Echiochilon jugatum
Sandy-gravel Pullcarla_ Acaci
lain, many omanensis, Acacia _ _
PL 27 19.571968 57.567287 Emali tortilis, Dried stem - Pristurus carteri gecko
wadis/runnels Blepharis ciliaris?,
Limonium sp
Larae wadi Acacia tortilis
pL2g -29¢wadi, 19.575554 57.562035 Wadi crossing  prominent (large
small cliffs
trees)
Sandy-gravel Acacia tortilis,
PL 29 10.588905 57.570449 plain, beside ' oo Omanensis
small wadi , lichens on sma

rocks at surface




SURVEY

HABITAT

LOCATION NORTHING EASTING PLANTS NOTES OTHER NOTES
POINT DESCRIPTION
Point at which Dried stem -
overlapping with Sandy-gravel  Blepharis ciliaris?,
F5EY 50ES (2011) 19.612886 57.570431 plain Pulicaria omanensis
survey to north Acacia tortilis
Following line of the between N breakwater land end and Refinery area
S of northern port breakwater (the
Lee Breakwater), significant area of
tidally inundated sabkha/mudflats
occurs, channel along N edge road
bund, some 300 odd-birds present,
including Reef Heron (white phase),
6 Greater Flamingo, numbers of
IBA area over-
. small waders from small & larger
view, from end .
plovers to larger Whimbrel.
of Route no. 1 le”
road where Sabkha, wet & Unvegetated apart Numerous Grey (& Eurp e.).Heron
R1 adioins landward 19.677883 57.675755 dr ' from marine alqae. S€€NON 25th on N side of this road
en‘d o the por. y 93€- " phund. Evident that along the initial
northern P (port end) of Port Road Number 5
acting as a dam to water movement,
breakwater. -
so water trapped that side cannot
drain to sea but evaporating creating
salf flats area. The area trapped
between the two parallel road bunds
however, still wet and seemingly
connected with the larger port area
wetland within IBA.
R 2 Wetla_nd 19 659540 57 671135 Mudflats, linked Unvegeta_lted apart
overview to the sea from marine algae.
R3 10.665401 57.644207 Mudfiats, linked |, oo iated apart
to the sea
Junction of gﬂc?gg!segahbi?;at Unable to stop and
R4 19.687019 57.655815 study due to
roads due to roads . .
- construction traffic
construction.
' Sandy-gravel Sparse Tetraena Elc:aritnRa?Z: \?Vccrncf)sr:giil rscgc]id)gg \:va:a\ilel
R5 Refineryfence 19.718637 57.642082 - gatarensis, Pulicaria !
plain ; as some vegetated & unvegetated
omanensis
sabkha areas.
Start of Pipeline route from Refinery heading west
Sparse Tetraena
Refinerv cleared Modified gatarensis, Pulicaria
PL 31 y 19.715330 57.640949 cleared area & omanensis, Pipeline enters Refinery area to E
area, fenced : .
road Heliotropium sp.,
Salsola rubescens
Tetraena
Sandy-Gravel gatarensis,
PL32 W of mainroad 19.714930 57.629303 22" Limonium sp.,
plain Acacia

ehrenbergiana

stuck in sand W
of main road

Tamarix sp.,
Tavernieria sp.

Became bogged in sand, no further
observations. Spiny-tailed lizard
dropping found here.
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TECHNICAL APPENDIX: HARMONISED
HABITAT MAPPING

1. METHOD

A pre-fieldwork biodiversity workshop was held on 24 April 2017 involving representatives from
WSP and 50ES. It was determined that the most appropriate method for creating a habitat map
covering the wider Dugm area was to integrate the mapping produced for the Dugm Industrial
Development Zone (IDZ) EIA (50ES, 2011) and Port of Dugm EBS (50ES, 2015) with the
mapping generated by the 2017 field visit (Figure B-1). To that end the harmonised habitat
mapping for the Dugm Refinery Project and Associated Facilities (AF) was conducted in a phased
approach that is outlined below.

1. Preliminary habitat mapping of the Project footprint

Preliminary habitat polygons were delineated following a review of Google Earth 2015 satellite
imagery. Habitat units were principally based on the Brown and Boér’s interpretation manual of
the major terrestrial natural and semi-natural types of Abu Dhabi emirate (2004). Where
appropriate, the nomenclature has been modified to reflect the local environmental conditions
(see Appendix 1). A 250 m buffer zone was mapped either side of the Project footpring to account
for the potential impact of Project construction works and DRPIC Crude Pipeline maintenance.

2. Rapid drive-over/walk-over of the Project footprint

A rapid ground-truthing exercise (24-26th April 2017) was conducted by Dr Chris Hillman (50ES)
and Mr Richard Gowing (WSP) in order to refine the preliminary mapping and gather further
information about the fauna and flora present in the Project area. Each of the Project components
were visited as far as safe access was possible (e.g. the Refinery site was fenced off but could be
observed from the fenceline). For the import DRPIC Crude Pipeline, as far as possible the team
attempted to follow the DRPIC Crude Pipeline route and noted changes in habitat as they
progressed. However, greater emphasis was placed on collecting information at pre-determined
survey locations, including DRPIC Crude Pipeline turning points. In the event that an unplanned
point was surveyed, its location was recorded using a handheld GPS device. The ground truthing
survey did not include the location where AF’s are being constructed, habitat information
presented in the EIA’s corresponding to each AF is relied upon. The terrestrial habitat around the
breakwater at Dugm Port was similarly excluded as all terrestrial environments at this location
have already been developed by third parties and no natural terrestrial vegetation remains.

A brief walkover was conducted at each survey point in order to document the presence of wildlife
(including direct observations, tracks, signs and calls) and flora in the area. The flora component
focused on recording the dominant species and those of conservation interest including woodland
areas (woodland in the context of the Dugm environment is defined as scattered assemblages of
woody shrubs/small trees such as Prosopis cineraria and Acacia tortilis). In addition, photos were
taken in the direction of the four cardinal compass points at each survey point. The survey field
notes are presented in Appendix 2.

3. Revision of preliminary habitat mapping and integration with existing mapping

Following the completion of the fieldwork the preliminary habitat map was updated through the
integration of ground observations and imagery (Google Earth 2015 and 2017 Sentinel map
medium resolution satellite imagery) to reflect current environmental conditions. Thereafter, the
habitat mapping conducted by 50ES in 2010 for the Dugm IDZ masterplan EIA (50ES, 2011) and
in 2015 for the Port of Dugm winter Ecological Baseline Survey (EBS) (50ES 2015) was revised
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so that the nomenclature of the habitat units is consistent with those used in 2017. It should be
noted that the 50OES 2015 map represents an expansion and revision of earlier mapping
produced by another organisation.
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4. Delineation of natural, modified and critical habitats

The following paragraphs have been extracted from Guidance Note 6: Biodiversity Conservation
and Sustainable Management of Living Natural Resources (IFC 2012):

Modified, natural and critical habitat refers to the biodiversity value of the area as determined by
species, ecosystems and ecological processes. In practice, natural and modified habitats exist on
a continuum that ranges from largely untouched, pristine natural habitats to intensively managed
modified habitats. In reality, project sites will often be located among a mosaic of habitats with
varying levels of anthropogenic and/or natural disturbance. Clients (i.e. project proponents) are
responsible for delineating the Project site as best as possible in terms of modified and natural
habitat. This determination is made based on the level of human-induced disturbance (e.g.
presence of invasive species, level of pollution, extent of habitat fragmentation, viability of existing
naturally-occurring species assemblages, resemblance of existing ecosystem functionality and
structure to historical conditions, degree of other types of habitat degradation, etc.) and the
biodiversity values of the site (e.g. threatened species and ecosystems, culturally important
biodiversity features, ecological processes necessary for maintaining nearby critical habitats).
When delineating modified and natural habitats, clients should not focus on the Project site in
isolation. The level of anthropogenic impact should be determined with respect to the greater
landscape/seascape in which the project is located. In other words, is the project site (or parts of
it) located in a disturbed area amidst an otherwise intact landscape? Is the project site (or parts of
it) an island of natural habitat within a heavily disturbed or managed landscape? Is the project site
located near areas of high biodiversity value (e.g. wildlife refuges, corridors or protected areas)?
Or, is the project site located in a mosaic of modified and natural habitats that contain various
degrees of biodiversity values of importance to conservation? The client should be prepared to
define its project site in these terms as part of the risks and impacts identification process.

Both natural and modified habitats may contain high biodiversity values, thereby qualifying as
critical habitat. IFC PS 6 does not limit its definition of critical habitat to critical natural habitat. An
area may just as well be critical modified habitat. The extent of human-induced modification of the
habitat is therefore not necessarily an indicator of its biodiversity value or the presence of critical
habitat.

Critical habitats are areas with high biodiversity value, including:

i. Habitat of significant importance to Critically Endangered and/or Endangeredl
species;

ii. Habitat of significant importance to endemic and/or restricted-range species;

iii. Habitat supporting globally significant concentrations of migratory species and/or
congregatory species;

iv. Highly threatened and/or unique ecosystems; and/or

! Aslisted on the International Union for the Conservation of Nature (IUCN) Red List of Threatened

Species. The determination of critical habitat based on other listings is as follows: (i) If the species is
listed nationally / regionally as critically endangered or endangered, in countries that have adhered to
IUCN guidance, the critical habitat determination will be made on a project by project basis in
consultation with competent professionals; and (ii) in instances where nationally or regionally listed
species’ categorizations do not correspond well to those of the IUCN (e.g., some countries more
generally list species as “protected” or “restricted”), an assessment will be conducted to determine the
rationale and purpose of the listing. In this case, the critical habitat determination will be based on such
an assessment.
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v. Areas associated with key evolutionary processes.

The determination of critical habitat however is not necessarily limited to these criteria. Other
recognized high biodiversity values might also support a critical habitat designation, and the
appropriateness of this decision would be evaluated on a case-by-case basis.

In general, internationally and/or nationally recognized areas of high biodiversity value will likely
qualify as critical habitat; examples include the following:

Areas that meet the criteria of the IUCN’s Protected Area Management Categories la, |b
and Il, although areas that meet criteria for Management Categories IlI-VI may also
qualify depending on the biodiversity values inherent to those sites.

Majority of Key Biodiversity Areas (KBAs), which encompass inter alia Ramsar Sites,
Important Bird Areas (IBA), Important Plant Areas (IPA) and Alliance for Zero Extinction
Sites (AZE).

IFC PS6 requires areas of critical habitat to be further defined as Tier 1 or Tier 2 critical habitat
according to criteria listed in Table B-1. Tier 1 and Tier 2 habitats are not mapped as part of the
harmonised habitat mapping exercise as for each different species, these differ). A full discussion
of which Tier 1 and Tier 2 habitats occur in the Project area is provided in Technical Appendix C:
Critical Habitat Assessment.

The following abbreviations are used in Table B-1, relating to the IUCN red data book categories:

Critically Endangered (CR); Endangered (EN), Vulnerable (VI) and Near Threatened (NT).

Table B-1: Quantitative thresholds for Tiers 1 and 2 of Critical Habitat Criteria 1 through 3
CRITERIA TIER1 TIER 2
(c) Habitat that supports the regular occurrence of
(a) Habitat required to sustain = 10:a single individual of a CR species and/or habitat
percent of the global population of a CR containing regionally- important concentrations of
or EN species/subspecies where there a Red-listed EN species where that habitat could
are known, regular occurrences of the be considered a discrete management unit for
1 Criti species and where that habitat could be that species/ subspecies.
.Critically . . ;
endangered considered a discrete management unit ' o _
(CR)/ for that species. (d) I—!abltat of S|gn|f|ca_nt |mportance to CR or EN
E species that are wide-ranging and/or whose
ndangered

(EN) Species

(b) Habitat with known, regular
occurrences of Critically Endangered
(CR) or Endangered (EN) species where
that habitat is one of 10 or fewer discrete
management sites globally for that
species.

population distribution is not well understood and
where the loss of such a habitat could potentially
impact the long-term survivability of the species.

(e) As appropriate, habitat  containing
nationally/regionally important concentrations of
an EN, CR or equivalent national/regional listing.

(a) Habitat known to sustain = 95 percent

(b) Habitat known to sustain = 1 percent but < 95

2. Endemic/  of the global population of an endemic or:percent of the global population of an endemic or
Restricted restricted-range  species where that restricted-range species where that habitat could
Range habitat could be considered a discrete be considered a discrete management unit for
Species management unit for that species (e.g., a that species, where data are available and/or

single-site endemic).

based on expert judgement

3. Migratory/
Congregatory
Species

(a) Habitat known to sustain, on a cyclical
or otherwise regular basis, = 95 percent
of the global population of a migratory or
congregatory species at any point of the
species’ lifecycle where that habitat could
be considered a discrete management

(b) Habitat known to sustain, on a cyclical or
otherwise regular basis, = 1 percent but < 95
percent of the global population of a migratory or
congregatory species at any point of the species’
lifecycle and where that habitat could be
considered a discrete management unit for that
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CRITERIA TIER 1 TIER 2

unit for that species. species, where adequate data are available
and/or based on expert judgment.

(c) For birds, habitat that meets BirdLife
International’'s Criterion A4 for congregations
and/or Ramsar Criteria 5 or 6 for Identifying
Wetlands of International Importance.

(d) For species with large but clumped
distributions, a provisional threshold is set at =25
percent of the global population for both terrestrial
and marine species.

(e) Source sites that contribute = 1 percent of the
global population of recruits.

2. CRITICAL HABITAT ASSESSMENT STEPPED PROCESS

The CHA involves a three-step process:

e Step 1 — Stakeholder consultation/initial literature review involving In-field consultation
exercises and desktop research;

e Step 2 — In-field data collection and verification of available information through engaging
qualified specialists to collect field data as necessary both within and outside of the
project area/discrete management unit; and

e Step 3 — Critical Habitat Determination through the analysis and interpretation of the
desktop and field data.

A detailed account of how critical habitat was assessed and has been determined is provided in
Technical Appendix C: Critical Habitat Assessment. For the purposes of this Project a single
terrestrial (excluding beach and coastal zone habitats) critical habitat has been identified:

Habitat supporting two endemic plant namely Salsola omanensis and Ochradenus harsusiticus.
The three species were selected in favour of other endemics on account of having been recorded
in the four quarter degree grid squares between 19.0° - 20.0° N and 57.0° - 58.0° E that include or
surround the SEZAD area (Patzelt 2014) and been documented during other baseline surveys
related to the SEZAD area (e.g. 50ES 2011 and 50ES 2015). In addition these three species
also have an elevated global conservation status - vulnerable as opposed least concern or near
threatened. Further details are provided in the critical habitat assessment chapter. Ochradenus
harsusiticus was recorded in the Refinery footprint during the historic EIAs conducted by HMR.
Salsola omanensis was recorded in the Port of Dugm footprint in 2015.

3. LIMITATIONS
Three key limitations have been identified:

1. The ground truthing survey was designed to confirm or evaluate the findings of previous
ecological survey work and not to investigate the fauna and flora comprehensively.

2. As far as practical the team attempted to follow the DRPIC Crude Pipeline route but this
was nhot always possible due to the presence of sand accumulations, wadis and
escarpments. The broken terrain of the escarpment and hills especially slowed progress
and required extensive deviation.
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3. The habitat mapping conducted by 50ES in 2010 as part of the Dugm IDZ EIA (50ES
2011) is now out of date as some areas have been significantly modified in the
intervening years. The same issue, albeit to a lesser extent, has been identified with the
Port of Dugm habitat mapping (50ES 2015). Mapping the new infrastructure outside of
the Project and Associated Facilities footprint is beyond the scope of this project and
therefore these developments are not reflected in the harmonised habitat map.

4. RESULTS
COVERAGE OF EACH DIFFERENT HABITAT IN THE FIELD STUDY AREA

Table B-2. Habitat coverage within the Project footprint
AREA IN

HABITAT TYPE K DISTRIBUTION WITHIN THE PROJECT FOOTPRINT

Borrow pit areas, Principally the Refinery site which is entirely modified but also along
quarries and 10.16 DRPIC Crude Pipeline to the west of construction camp 1 plot and at the
construction sites junction of the Hayma road

Along the length of the DRPIC Crude Pipeline, dominant habitat at both
31.28 construction camps and along part of service corridor close to refinery.
Co-dominant habitat at Ras Markaz crude oil park

Gravel & sand plains
with dwarf shrub cover

Crere) @ gl [pEs 2.23 Scattered locations along the DRPIC Crude Pipeline

with trees

Industry and 137 Scattered locations along the DRPIC Crude Pipeline, construction camp 2
infrastructure ’ plot, the services corridor

ROEy — TEImAm 0.96 A few locations along DRPIC Crude Pipeline north of Hayma road junction
escarpment

Rocky outcrops & gravel 597 Scattered locations including service corridor, construction camp 2, Ras
hills ) Markaz crude oil park and along the length of the DRPIC Crude Pipeline

Two locations within 0.25 km of the the DRPIC Crude Pipeline but outside

SRHIETIES 0.03 of the construction Right of Way (ROW).

Vegetated dune 0.05 Ras Markaz crude oil park (shore)
Co-dominant habitat along the service corridor. Also present where

Vegetated sabkha 1.73 DRPIC Crude Pipeline turns east and heads towards construction camp 1
plot.

Wadis in close

association with 0.3 250 m north of Hayma road junction

mountains

Scattered along length of the DRPIC Crude Pipeline. Also in NE corner of
construction camp 2 plot.

Wadis in open terrain 5.3

The gravel and sand plains with dwarf shrub cover habitat is by far the most prevalent habitat type
within the project footprint, accounting for nearly 53% of the total surface area (Figure B-2). The
next most abundant habitat type are borrow pit areas, quarries and non-Project related
construction sites that comprise approximately 17% of the project footprint. Although much of that
area is attributed to the construction taking place near the refinery (not Project related), other
areas of excavation can be found to the west of construction camp 1 plot and at the junction of the
Haima road.

DESCRIPTION OF THEIR RELATIVE ABUNDANCE IN THE DUQM AREA

When the habitat mapping was conducted for the 5OES 2011 and 50ES 2015 reports, the two
gravel and sand plains habitat categories were considered as a single entity. Nevertheless, that
habitat t}/pe was estimated to comprise approximately 30% or 119km* of the total IDZ project area
(395km?) and 12% of the overall Port of Dugm project footprint (56.3km?). It is therefore
considered to be a common habitat in the wider area (Figure B-3).
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Together the rocky mountain & escarpment and rocky outcrops & gravel hills only comprise just
over 11.5% of the Refinery and AF footprint. In contrast those habitats coupled with the piedmont
and foothills (another rocky habitat type but one absent from the current project area) comprise
190km? or 48% of the overall IDZ project area.

The percentage area covered by the wadis in open areas is similar across the current project
(approximately 9%) and the IDZ (nearly 10%), both of which are slightly higher (proportionally)
compared to the Port of Dugm (6.5%). As is to be expected the area covered by wadis in
association with mountainous terrain is much lower than in open areas and estimated to only
cover 0.26km? of the current project area and approximately 4% of the IDZ.

Vegetated sabkha, which is restricted to the services corridor and DRPIC Crude Pipeline areas of
this project, covers approximately 1.73km? or 3% of the total area. No distinction was made
between vegetated and unvegetated sabkha in 5O0ES 2011 mapping, however, that habitat type
was estimated to cover 3.20km? or approximately 5.5% of the Port of Dugm area.

A small area of vegetated dunes (0.05km2) was mapped within the footprint of the Ras Markaz
facility and a similarly small area was noted on the Port of Dugm habitat map (0.17km2). All
coastal habitats were grouped together for the 5OES 2011 mapping so it is not possible to make
meaningful comparisons.

In conclusion, with the possible exception of the vegetated dunes all the habitat types
documented within the current project footprint are assessed to be relatively common within the
wider Dugm area.

DELINEATION OF MODIFIED AND NATURAL HABITATS AS PER PS6

Although natural and modified habitats exist on a continuum (as described in PS6 extract above)
for the purposes of this study, in the absence of more detailed information, it has been agreed
with WSP that modified habitat will be defined as that habitat which is irrevocably transformed and
cannot realistically be returned to its natural state. Examples include quarries, borrow pits as well
as areas where non-Project related infrastructure has been built or is in the process of being built
(i.e. construction sites). In contrast, areas that have been subjected to livestock grazing or that
exhibit signs of off-road driving but are otherwise not significantly degraded are still classified as
natural. On that basis the natural habitats are estimated to cover 47.0 km? (79%) of the current
project area. The majority of the modified habitat (12.3 km?) is attributed to the Refinery site,
which has already undergone site preparation and the surroundings, which are being developed
by third parties (Figure B-4).

5. DISCUSSION

IDENTIFICATION OF PRESSURES AND THREATS OBSERVED ON
HABITATS

Grazing and fuelwood collection, especially near habitation and dispersed livestock
compounds were identified as possible factors reducing the abundance of natural
vegetation cover;

Vehicle tracking over much of the area, concentrated at wadi crossings, narrow defiles
and places where escarpment can be ascended/descended are sources of localised
disturbance/erosion of natural vegetation;

Construction activity in the wider SEZ in many places especially ancillary exercises, such
as fill scraping and collection and removal to port area account for the modification of
natural desert habitats;

Changes to hydrology through drainage impedance by bund construction to carry roads
through sabkha and tidal flats. If balance drainage is not provided, then water will
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accumulate and then evaporate. One location on the Port Road Numbber 5 already noted
and photographed. Two major wadi outflows came together at the port area, now
compromised by the developments and the northern breakwater. There is still some
exchange with the sea and this should be enhanced and maintained to protect and further
develop the Dugm Important Bird Area (IBA) wetland area for shore birds use during
migratory periods in mitigation;

There may also be some small local changes to surface water flow in wadi habitats,
especially during rare but heavy rain, by any alteration to the surface topography through
DRPIC Crude Pipeline burial and the construction process;

Dust generation by vehicles during construction phases may smother natural vegetation.
This affect was noted in the direct vicinity of third party construction activities around the
port. Seawater could be used to supress dust from Project construction sites particularly
since it develops a hardcore-like crust. However, it also introduces salt to areas with
otherwise low salinity. Use of sea water for dust suppression should only be done in
sabkha areas (i.e. in the coastal zone near the Refinery)) during construction, and later if
not tarmac-surfaced;

Access to and travel along tracks to reach the DRPIC Crude Pipeline or travel along it
during construction and future operational phases will further fragment habitat areas and
increase tracking if not controlled. These will also permit increased incursions by local
people by vehicle to harvest vegetation and other resources, possibly beyond natural
replacement rates; and

Depending on the profiling of the buried DRPIC Crude Pipeline around wadis crossings
the water flow and sediment/erosion dynamics may be affected leading to loss or
smothering of natural vegetation. It should be possible to design-out this impact through
careful post construction landscaping.

RECOMMENDATIONS

The following recommendations have been divided into two categories:

1.

Project related recommendations — factors that DRPIC has direct influence or control
over. Factors relating to significant ecological impacts identified in ecological impact
assessment.

Strategic recommendations — factors and conservation issues which the Project may
effect in a cumulative way but relating more to landscape scale management and
planning directed by SEZAD.

In the former category, DRPIC will seek to mitigation for these issues through implementation
of the Biodiversity Management Plan

Project Related Recommendations

A detailed log of ‘hot spots’ where critical habitat for endemic plant species or vegetated
wadi crossings may occur (see Technical Appendix C: Critical Habitat Assessment) will
be provided in the BMP to enable pre-construction survey work and eventual micro-siting
and minimisation of the Project working area to avoid impacts or to inform translocation
strategies.

In accordance with legislation and the Project ESMP, minimise the removal of trees
during Project construction.

An inventory of areas where the DRPIC Crude Pipeline crosses a wadi should be
produced to inform ‘narrowing’ of the DRPIC Crude Pipeline construction working area.

Use local trees, including Prosopis cineraria, Acacia tortilis and Nannorrhops ritcheana
(dwarf palm) instead of exotic species in greenbelt planting. Integrate with SEZAD
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strategic greenbelt strategy. The ESPM contains a requirement to utilise permit based
greenbelt planting to ensure adoption.

Conduct targeted pre-construction botanical survey work of key locations in the Project
footprint likely to support endemic plant species (e.g. a 0.5 km radius of previous records)
and at wadi/DRPIC Crude Oil Pipeline crossings. Evaluate the feasibility of translocating
flora species of conservation concern, in particular rare and threatened endemic species.
Surveys and mitigation initiatives of this nature could be conducted in partnership with the
Oman Botanical Gardens.

Mitigate for accidental transgression from access tracks and unofficial use of access
tracks by non-Project related vehicle traffic by closing off and securing tracks.

Strategic Recommendations

Encourage SEZAD and Port of Dugm to re-survey the Dugm IDZ and Port area in order to
update the habitat map and ecological findings reported by 50ES in 2011 and 2015
respectively. The focus of the survey should be to identify populations of endemic or
threatened plant species such as those listed in the Technical Appendix C: Critical Habitat
Assessment, and to coordinate a strategic conservation approach to protect and enhance
these populations through sensitive development planning, provision of appropriate
‘nature reserve’ areas which are protected from development and habitat enhancement.
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ANNEX 1 — COMPARISON OF HABITAT UNITS

MAJOR TERRESTRIAL NATURAL AND SEMI-NATURAL
HABITAT TYPES OF ABU DHABI (BROWN & BOER

DUQM OIL REFINERY AND
ASSOCIATED FACILITIES
HARMONISED HABITAT

PORT OF DUQM HABITAT
UNITS (50ES 2015)

DUQM IDZ HABITAT
UNITS

AV MAPPING UNITS (2017) EREs 20Ll)
UNIT CODE
COASTAL HABITATS
1000 MUDFLATS, BEACHES AND COASTAL HABITATS INCL MUDFLATS, I\%L?I'DA\FSI_-I—:'IPSHQEILITIDASTiII\l’\IIDCL INCL MUDFLATS,
ROCKY COASTAL HABITATS SANDS AND LAGOONS ' SANDS AND
LAGOONS
LAGOONS
Mudflats and sand flats exposed at Intertidal sands (fine, bivalve
1010 . h
low tide dominated)
. . Khawr Intertidal sand (thixotrophic,
1020 fh:rl]tsgggtgﬂzll E;?swnh fine, bivalve and polychaete
Y dominated)
Intertidal mudflats and lagoons with Intertidal sand partially covered
1030 9 in green algae
coastal marshland .
. (polychaetes/bivalves)
Tidal lagoon Intertidal mud (anoxic
Intertidal mudflats and lagoons with h
1040 dominated by polychaetes and
mangroves
crabs)
1050 Storm beach ridges Infralittoral mud covered in
. green algae/seagrass Coastal zone
Intertidal mud - :
Non-vegetated, exposed sandy Supralittoral sand dominated by
1060
beaches ghost crabs
1070 Vegetated sandy beaches . . Tidal lagoon
1080 Rocky and gravelly beaches Intertidal mud overlain on sabkha Infralittoral sand
1090 Coastal cliffs and headlands Intertidal sands covered in
green algae
1095 Maritime rocky slopes Intertidal mud/tidal lagoon
1098 Wadis in coastal situations Intertidal sand Supral_lttorall intertidal mud
overlain on sabkha
Intertidal upper coarse
sand/deeper mud layers with
crabs and bivalves
COASTAL PLAINS, SAND SHEETS
2000 AND LOW DUNES COASTAL PLAINS AND DUNES COASTAL DUNES COASTAL DUNES
2010 Coastal plains on well-drained ground — - -
P 9 Coastal sand sheets and low dunes . Barren dune _Coastal zone
2011 On sandy ground
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MAJOR TERRESTRIAL NATURAL AND SEMI-NATURAL
HABITAT TYPES OF ABU DHABI (BROWN & BOER

DUQM OIL REFINERY AND
ASSOCIATED FACILITIES
HARMONISED HABITAT

PORT OF DUQM HABITAT
UNITS (50OES 2015)

DUQM IDZ HABITAT
UNITS

AV MAPPING UNITS (2017) (eol= 20
2012 On rocky or gravelly terrain B
2020 Coastal sand sheets and low dunes Vegetated dune Vegetated dune
COASTAL SABKHA AND SABKHA
3000 MATTI (LARGELY UNVEGETATED) COASTAL SABKHA COASTAL SABKHA COASTAL SABKHA
Barren or sparsely vegetated
3100 Coastal sabkha Barren or sparsely vegetated sabkha sabkha Sabkha
3200 Sabkha matti Vegetated sabkha Vegetated sabkha
PLAINS (ALLUVIAL AND GRAVEL & SAND
5000 INTERDUNAL) GRAVEL AND SAND PLAINS GRAVEL & SAND PLAINS PLAINS
5100 Alluvial plains B
Alluvial plains with distinct tree . )
5110 vegetation Gravel & sand plains with trees 1
5120 Alluvial plains with dwarf shrub Gravel & sand plains Gravel & sand plains
vegetation Gravel & sand plains with dwarf shrub B
5121 with Haloxylon salicornicum cover ||
5122 with Rhazya stricta
MOUNTAINS, ROCKY TERRAIN MOUNTAINS AND ROCKY MOUNTAINS AND
6000 AND WADIS MOUNTAINS AND ROCKY TERRAIN TERRAIN ROCKY TERRAIN
6100* Mountain slopes and scree Rocky mountain & escarpment Mountain Rocky Mountain &
escarpment
6200 Other rocky habitats Rocky outcrops & gravel hills ﬁiﬁgky outerops & gravel
6210 Jebels’ Sgclé); outcrops, plateaux & -
6220 Escarpments, lithified sand dunes, Piedmont & foothills P Piedmont & foothills
rocky exposures
WADIS AND OTHER TEMPORARY WADIS AND OTHER WADIS AND OTHER
WATERCOURSES TEMPORARY TEMPORARY
WATERCOURSES WATERCOURSES
Wadis and other temporary
Gy watercourses B
6310 \r;VSS:]stall?n(S:Iose association with Wadis in close association with mountains | Wadis & runnels Wadi courses
6320 Wadis in open terrain Wadis in open terrain i
6330 Drainage channels Drainage channels (too small to map)
OASES, FARMLAND AND DEGRADED OR
8000 FORESTRY DEGRADED OR TRANSFORMED LAND TRANSEORMED LAND
Settlements Degraded and/or transformed
Industry and infrastructure land
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MAJOR TERRESTRIAL NATURAL AND SEMI-NATURAL

DUQM OIL REFINERY AND
ASSOCIATED FACILITIES

PORT OF DUQM HABITAT

DUQM IDZ HABITAT

;'&)%TAT SPEE AU 2 RO G B 2 HARMONISED HABITAT UNITS (50ES 2015) é’g;g 2011)
MAPPING UNITS (2017)
9000 URBAN HABITAT TYPES Borrow pit areas and quarries

Construction sites

ANNEX 2 — 2017 DUQM OIL REFINERY AND ASSOCIATED FACILITIES FIELD NOTES

SURVEY HABITAT
POINT LOCATION NORTHING EASTING DESCRIPTION PLANT NOTES OTHER NOTES
Start of DRPIC Crude Pipeline route from Ras Markaz storage area heading north
PLO DRPIC Crude Pipeline 19.172059 57749412 Rocky platea_u Blephans. ciliaris, Pulicaria Group of 6 donkeys
exits storage area above sea cliffs omanensis
DRPIC Crude Pipeline Rocky plateau Blepharis ciliaris, Pulicaria
PL1 markers found 19.176830|57.745228 above sea cliffs omanensis
PL2 Scarp edge 19.184412 57.734829 Scarp edge, rocky Tetraena gatarensis
. Blepharis ciliaris, Pulicaria
PL 3 19.194498 57.722103 Sandy-gravel plain omanensis in runnels
Acacia sp. Likely A.tortilis,
. Blepharis ciliaris, . . .
PL 4 19.208212 57.715919 Errgsd wadi, outflow Tephrosia apollinea, (D\/ci)\ljlgrer?/dggr(:’\a/llwsetleﬂ;%[;plngs, small carnivore partial skull
Calligonum sp., Crotalaria ’
aegyptiaca
Sandy plain. lightl Acacia tortilis, Blepharis
PL5 19.231171 57.671139 22N PANAGNWY - cijiaris, Poaceae sp,
wooded .
Rhazya stricta
PL 6 19.246351 57.656273 Sandy-gravel plain :Blepharis ciliaris
PL7 Invillage 19.263441 57.633442 Urban
Scattered Acacia tortilis,
PL8 19.277147 57.616642 Sandy-gravel plain Blepharls_ ciliaris, Pulicaria: DRPIC Crude Pipeline rpute & Dugm Special Economic
omanensis, Convolvulus :Zone concrete marker pillar photos 54-55
sp.
Pulicaria omanensis
PL9 19.295979 57.608273 Sandy-gravel plain :Acacia tortilis, Dried stem Paired Line marker photo 60.
- Blepharis ciliaris?
PL 10 19.315599 57.598553 Borrow pits photo 63
Blepharis ciliaris, Pulicaria
. omanensis, Rhazya
PL 11 19.358812 57.591915:Sandy-gravel plain stricta, Euphorb?,
Tephrosia apollinea
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SURVEY

HABITAT

POINT LOCATION NORTHING EASTING DESCRIPTION PLANT NOTES OTHER NOTES
PL 12 10.379986 57.590813 " AAcacia tortilis
woodlands
scattered Acacia tortilis,
PL 13 19.424900 57.588345 Sandy-gravel plain Pulicaria omanensis, little
else
pL1g AftercrossingtoWol 19 154714 57.581136 Sandy-gravel plain  Unvegetated
main road
Many tiny seedlings,
Pulicaria omanensis,
PL 15 Flash flood pan 19.456619 57.579941 Sandy-gravel plain Cyperus sp, Tetraena
gatarensis, Schweinfurthia
sp., Helianthemum sp.
Damaged habitat
PL16 Hayma road crossing 19.477003 57.573147 through road
construction
Continuation of DRPIC Crude Pipeline route heading north down scarp and across wadi and plains area to north
Damaged habitat
p 1y StatatHaymaroad 4 ,79069 57.574692 through road
crossing )
construction
Edge of scarp beside . . . . .
PL 18 house & compound 19.486675 57.570545 Sandy-gravel plain :No vegetation scarp is major habitat boundary
Convolvulus sp., Pulicaria
PL 19 Belqw scarp in major 19.488495 57 563995 Vegetated wadi, omanensis, Rhazya Ver_y wide braided wadi system verging on sandy gravel
wadi system extensive system  stricta, Poaceae sp., plain
Acacia tortilis, "euphorb”
Convolvulus sp., Pulicaria
Vegetated wadi, omanensis, Poaceae sp.,
Ho 19.492279 |57.567898 extensive system Acacia tortilis, "euphorb"
sp.
Wadi edge, against Convolvulus sp, Pulicaria
PL 21 19.496716 57.568428 piedmont foothills of omaryenss_,_Po:aceae sp Wadi edge, site footprint will determine impact on wadi,
scar Acacia tortilis, "euphorb” settlement nearby
P sp. Fagonia sp.
Acacia tortilis, Rhazya
Wooded sandy stricta, Pulicaria
PL 22 19.499197 57.566013 gravel plain omanensis spp TBC,
Nanorrhops ritchieana
Blepharis ciliaris
PL 23 19.500232 57.572632 Wooded sandy e ated), Acacia
gravel plain e
tortilis, Convolvulus sp.,
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SURVEY HABITAT
POINT LOCATION NORTHING EASTING DESCRIPTION PLANT NOTES OTHER NOTES
Heliotropium kotschyi,
Rhazya stricta, Pulicaria
omanensis
Wooded sandy Pulicgria omaneqsis
PL 24 19.522366 57.560303 gravel plain Acacia tortilis, Dried stem
- Blepharis ciliaris?
Rocky hills, scarp ' Acacia tortilis, Poaceae
PL 25 19.549030 57.570415 base sp., Limonium sp.
Acacia tortilis, Pluchea
PL 26 19.556787 57.566040 \é\:g\%;';;?nndy ggssci:g;dllzséhgi:;/i%dnora Gazelle midden 3 photos, very fresh dung
jugatum
Sandy-gravel plain iulicgri? "tfpa”[e)r!sﬁ'- "
' Acacia tortilis, Dried stem | _ . .
PL 27 19.571968 57.567287 w:gi)é/fgwnanl:als ) _Blepharis ciliaris?, Pristurus carteri gecko
Limonium sp
PL28 Large wadi, small cliffs ~ 19.575554 57.562035 Wadi crossing Acacia tortilis prominent
(large trees)
Sandy-gravel plain Acacia tortili;, Pulicaria
PL 29 19.588905:57.570449 . .’ omanensis, lichens on
beside small wadi
small rocks at surface
Point at which Dried stem - Blepharis
PL 30 overlapping with 50ES | 19.612886 57.570431 Sandy-gravel plain ..~ - i~
ciliaris?, , Acacia tortilis
(2011) survey to north
Following line of the road for solid byproducts between N breakwater land end and Refinery area
S of northern port breakwater, significant area of tidally
inundated sabkha/mudflats occurs, channel along
northern edge road bund, some 300 odd-birds present,
including Reef Heron (white phase), 6 Greater Flamingo,
IBA area over-view, numbers of small waders from small & larger plovers to
from end of the road larger Whimbrel. Numerous Grey (& Purple?) Heron
from refinery where Unvegetated apart from  seen on 25th on northern side of this road bund. Evident
RE adjoins landward end of 19.677883 57.675755 Sabkha, wet & dry marine algae. that along the initial (port end) of the haul road to
the port northern refinery acting as a dam to water movement, so water
breakwater. trapped that side cannot drain to sea but evaporating
creating salt flats area. The area trapped between the
two parallel road bunds however, is still wet and
seemingly connected with the larger port area wetland
within IBA.
R2  Wetland overview 19.659540 57.671135 Mudflats, linked to - Unvegetated apart from
the sea marine algae.
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Client Name Project No 70029220141-00000-00
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SURVEY HABITAT
POINT LOCATION NORTHING EASTING DESCRIPTION PLANT NOTES OTHER NOTES
R3 19.665401 57.644207 mgdia;s’ linked 10 \\jegetated apart
Modified habitat
R4  Junction of roads 19.687019 57.655815 2¢r0Ss sabkha due  Unable to stop and study
to roads due to construction traffic
construction.
Sparse Tetraena Haul Road will cross sandy-gravel plain area W of main
R5 Refinery fence 19.718637 57.642082 Sandy-gravel plain qatarensis, Pulicaria road, as well as some vegetated & unvegetated sabkha
omanensis areas.
Start of DRPIC Crude Pipeline route from Refinery heading west
Sparse Tetraena
Refinery cleared area, Modified cleared gatarensis, Pulicaria L .
PL 31 fenced 19.715330:57.640949 area & road omanensis, Heliotropium DRPIC Crude Pipeline enters refinery area to the east
sp., Salsola rubescens
Tetraena gatarensis,
PL 32 West of main road 19.714930 57.629303: Sandy-Gravel plain :Limonium sp., Acacia
ehrenbergiana
Stuck in sand west of Tamarix sp., Tavernieria Became bogged in sand, no further observations. Spiny-
main road sp. tailed lizard dropping found here.
Project Title WsP
Client Name Project No 70029220141-00000-00
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INTRODUCTION

OVERVIEW AND PERFORMANCE STANDARDS

The International Finance Corporation’s (IFC)’s Policy on Environmental and Social Sustainability
describes commitments, roles, and responsibilities related to environmental and social
sustainabilityl. The requirement for a Critical Habitat Assessment (CHA) is set out in IFC
Performance Standard 6 - Biodiversity Conservation and Sustainable Management of Living
Natural Resources. (PS6%):. Critical habitat is defined as:

“areas with high biodiversity value, including (i) habitat of significant importance to
Critically Endangered and/or Endangered3 species; (ii) habitat of significant importance to
endemic and/or restricted-range species; (iii) habitat supporting globally significant
concentrations of migratory species and/or congregatory species; (iv) highly threatened
and/or unique ecosystems; and/or (v) areas associated with key evolutionary processes.”

IFC PS6 is guided by the Convention on Biological Diversity (CBD) including the CBD’s Strategic Plan
for Biodiversity 2011-2020 and the Aichi Biodiversity Targets. Full details of the method and process
for CHA are provided on pages 19-26 of the IFC6 Guidance Note (GN) document”.

For projects located in critical habitat, PS6 requires that specific CHAs are conducted. It is additionally
recommended that if habitat is critical due to the presence of Critically Endangered and Endangered
species, recognized species specialists must be involved (for example, including individuals from IUCN
Species Survival Commission Specialist Groups). The CHA was undertaken by staff from Five Oceans
Environmental Services (50ES) who are current members of relevant IUCN Species Survival
Commission Specialist Groups, including both the Sea Turtle Specialist Group and the Cetacean®
Specialist Group, and are appropriately qualified to undertake the assessments presented below.

Of the five criteria listed above that are included in the definition of critical habitat, three are
relevant to this current assessment:

- Criterion 1: Critically Endangered (CR) or Endangered (EN) Species.

- Criterion 2: Endemic/Restricted Range Species.

- Criterion 3: Migratory/Congregatory Species.

The ultimate outcome of the CHA is determined, against each of these criteria, the gradient of
critical habitat or the continuum of degree of biodiversity value associated with critical habitats

Yirc (International Finance Corporation). 2012. IFC Performance Standards on Environmental and Social Sustainability.
World Bank Group, Washington, DC. 66pp.

2 IFC (International Finance Corporation). 2012. Performance Standard 6: Biodiversity Conservation and Sustainable
Management of Living Natural Resources. World Bank Group, Washington, DC. 7pp.

% As listed on the International Union for the Conservation of Nature (IUCN) Red List of Threatened Species. The
determination of critical habitat based on other listings is as follows: (i) If the species is listed nationally / regionally as
critically endangered or endangered, in countries that have adhered to IUCN guidance, the critical habitat determination
will be made on a project by project basis in consultation with competent professionals; and (ii) in instances where
nationally or regionally listed species’ categorizations do not correspond well to those of the IUCN (e.g., some countries
more generally list species as “protected” or “restricted”), an assessment will be conducted to determine the rationale and
purpose of the listing. In this case, the critical habitat determination will be based on such an assessment.

*IFC (International Finance Corporation). 2012b. Guidance Note 6: Biodiversity Conservation and Sustainable
Management of Living Natural Resources. World Bank Group, Washington, DC. 69pp.

® ‘Cetacean’ is the collective name given to whales and dolphins.
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based on the relative vulnerability (degree of threat) and irreplaceability (rarity or uniqueness) of
the site. Numerical thresholds are defined for the three critical habitat criteria (i.e., CR/EN
species; endemic/restricted-range species; migratory/congregatory species) based on IUCN Best
Practice Protected Area Guidelines (Langhammer et al., 2007)°.

The thresholds form the basis of a tiered approach, in that numerical thresholds are used to
assign Criteria 1 through 3 to a Tier 1 or a Tier 2 critical habitat designation. A summary of the
tiers with respect to the thresholds for each criterion is provided in the table that follows paragraph
GN89 in the PS and is repeated in Table 1.1. Paragraphs GN71-GN97 discuss each criterion
with respect to the tiers in more detail. It should be emphasized that both the thresholds and
associated tiers are indicative and serve as a guideline for decision-making only. There is no
universally accepted or automatic formula for making determinations on critical habitat.

Section GN6 in the IFC PS6 guidance document provides specific guidance on how to determine
critical habitat by criterion, including the basis for determination of the gradient of critical habitat
i.e. Tier 1 or Tier 2. Details are available on page 23 through 28 of IFC GN6.

Importantly, the IFC GNG6 states that both a Tier 1 and a Tier 2 habitat would qualify as critical but
the likelihood of project receiving investment in a Tier 1 habitat is generally considered to be
substantially lower than in a Tier 2 habitat. Recommendations are provided in this document
(Section 4) that DRPIC brings this requirement to the attention of SEZAD for inclusion in strategic
land allocation and mitigation planning.

Table 1.1:  Quantitative thresholds for CHA Tiers 1 and 2 of Critical Habitat Criteria 1 through 3
CRITERIA TER1 TEIR 2

(EN) Species

occurrences of the species and
where that habitat could be
considered a discrete management
unit for that species.

(b) Habitat with known, regular
occurrences of CR or EN species
where that habitat is one of 10 or
fewer discrete management sites
globally for that species.

1. Critically (a) Habitat required to sustain =2 10 (c) Habitat that supports the regular
Endangered percent of the global population of occurrence of a single individual of a
(CR)/ a CR or EN species/subspecies CR species and/or habitat containing
Endangered where there are known, regular regionally- important concentrations of

a Red-listed EN species where that
habitat could be considered a discrete
management unit for that species/
subspecies.

(d) Habitat of significant importance to
CR or EN species that are wide-
ranging and/or whose population
distribution is not well understood and
where the loss of such a habitat could
potentially impact the long-term
survivability of the species.

(e) As appropriate, habitat containing
nationally/regionally important
concentrations of an EN, CR or
equivalent national/regional listing.

be considered a discrete
management unit for that species
(e.g., a single-site endemic).

2. Endemic/ (a) Habitat known to sustain = 95 (b) Habitat known to sustain = 1 percent
Restricted percent of the global population of but < 95 percent of the global

Range an endemic or restricted-range population of an endemic or

Species species where that habitat could restricted-range species where that

habitat could be considered a discrete
management unit for that species,

where data are available and/or based on
expert judgment.

6 Langhammer, P.F. et al. 2007. Identification and Gap Analysis of Key Biodiversity Areas: Targets for Comprehensive
Protected Area Systems. Best Practice Protected Area Guideline Series No. 15. IUCN, Gland, Switzerland.
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CRITERIA TER1 TEIR 2
3. Migratory/ (a) Habitat known to sustain, on a (b) Habitat known to sustain, on a cyclical
Congregatory cyclical or otherwise regular basis, or otherwise regular basis, = 1 percent
Species = 95 percent of the global but < 95 percent of the global
population of a migratory or population of a migratory or
congregatory species at any point congregatory species at any point of
of the species’ lifecycle where that the species’ lifecycle and where that
habitat could be considered a habitat could be considered a discrete
discrete management unit for that management unit for that species,
species. where adequate data are available

and/or based on expert judgment.

(c) For birds, habitat that meets BirdLife
International’s Criterion A4 for
congregations and/or Ramsar Criteria
5 or 6 for Identifying Wetlands of
International Importance.

(d) For species with large but clumped
distributions, a provisional threshold is
set at =5 percent of the global
population for both terrestrial and
marine species.

(e) Source sites that contribute = 1
percent of the global population of
recruits.

STRUCTURE OF THE CRITICAL HABITAT ASSESSMENT

This appendix is structured to provide an assessment of some key species in the Dugm area that
meet Criteria 1, 2, 3 or some combination of these. It is divided into two main sections, namely a
terrestrial section and a marine section. For each species assessed, background is presented
based on knowledge of the species life history and ecology, conservation and population status
and its distribution globally, nationally and within the Dugm area. Finally, conclusions are drawn
with respect to the gradient of critical habitat that the area represents for each species, including
assessment of whether the habitat can be defined within a Tier 1 or Tier 2 category.

LIMITATIONS AND ASSUMPTIONS

Sufficient data were available to enable firm conclusions to be drawn regarding the critical habitat
designations presented in this document. However, subsequent mitigation and management
recommendations, would be significantly improved if more data were available, and
recommendations covering potential future survey work are presented in Section 4 of this
technical appendix.

The study presented here was also limited by the nature and variety of third party data sets which
were not all necessarily designed for use in CHA and were of variable quality.

The review and compilation of component EIA studies relating to the different Project and AF
components has identified a number of species potentially triggering CHA which require some
consideration at the SEZAD (regional) scale to inform future development planning in the region.
Recommendations are provided in Section 4 of this technical appendix for future CHA studies.
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METHOD

CRITICAL HABITAT DETERMINATION

The CHA was based on the broad pool of biodiversity data obtained as through consulting
existing information sources (Table 2.1, below) and generating an inventory of marine species
known to the area. This list was screened against the IUCN Red List of Threatened Species to
determine listed species including Critically Endangered (CR), Endangered (EN), Vulnerable
(VU), Near threatened (NT), Least Concern (LC) and Data Deficient (DD) species, These species
were then subject to assessment using critical habitat criteria and thresholds, as appropriate, as
defined in PS6 and GN6. The analysis of this data was conducted with the overall scope of
determining the relative irreplaceability and vulnerability of any biodiversity values that trigger
Criteria 1 through 5 on a scale that is ecologically relevant as made explicit in footnote 12 of
Performance Standard 6 (see also paragraph GN13). Most of the assessment was based on
analysis of existing data and results of previous studies. In the event that new, secondary analysis
was deemed necessary for this report, this was conducted as mentioned in the results sections
where relevant.

Table 2.1:  Main sources of data

ORGANISATION REFERENCED DATA

Ministry of Environment and Climate CBD Biodiversity List

Affairs Cetacean strandings data

Ministry of Fisheries and Agriculture Fisheries species data

Environment Society of Oman Cetacean and turtle data (Oman Cetacean Database)

Green turtle and hawksbill telemetry data.

SniliEies WG Soesy Turtle foraging ecology data

Five Oceans Environmental Services Cetacean. turtle and baseline ecology data

Previous ecology surveys in Dugm and the Gulf of Masirah
HMR Environmental Engineering Previous marine and terrestrial ecology surveys in the Gulf of
Consultants Masirah

Previous marine and terrestrial ecology surveys in the Gulf of

Royal Haskoning DHV Masirah

The Lenders’ Independent Environmental and Social Consultant (IESC) identified the following
species as a priority requiring CHA, which are accordingly used as the starting point in this report
to which other eligible species have been added:

Terrestrial Species:

- Egyptian Vulture (Neophron percnopterus);

Sociable Lapwing (Vanellus gregarius)

Salsola omanensis (Plant); and

N2 2\ Z

Ochradenus harsusiticus (Plant).

Marine Species:

v

Arabian Sea humpback whale (ASHW; Megaptera novaeangliae);
Sei whale (Balaenoptera borealis);
Loggerhead turtle (Caretta caretta);

Hawksbill turtle (Eretmochelys imbricata); and

N2\ 2N 2N

Green turtle (Chelonia mydas).
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The Egyptian Vulture (Neophron percnopterus) occurs in the area of interest and was therefore
included in the CHA. However, the findings of the assessment and expert opinion agree that this
species occurs at such low density in the project area that habitats therein are not considered to
be critical for this species at this time. The assessment concludes that the Egyptian Vulture
should therefore be excluded as an important ecological feature of the project area, and no
mitigation measures to ensure no net loss of this species is required in the biodiversity
management plan.

The Sociable Lapwing (Vanellus gregarius) was also initially identified by the IESC as a priority
species, but since it has not previously been recorded in the Dugm area (Jens Erikson pers.
comm.”) it has been ruled out and is not given further consideration in the CHA.

Although vagrants cannot be ruled out, the weight of evidence (Robert Baldwin, pers comm.)
indicates that it is unlikely that Sei whales commonly occur in the Arabian Sea. Unconfirmed
reports from Oman are noted (Baldwin et al, 1999) but these anecdotal reports have been made
in the absence of definitive, positive identification by cetacean experts, nor have they been
verified by genetic or photographic evidence. No confirmed records are reported from Omani
waters either from vessels, nor beach based surveys of the Sei whale are included in the Oman
Cetacean Database (1985 - 2017). Furthermore the chief scientist of Soviet whaling vessels
active in the area from 1963 to 1966 made no record of Sei whales in their capture of 2,385
baleen whales (Michalev et al, 2000). Their presence in the area of interest is therefore
considered highly unlikely (Baldwin, 2003) and according to regional experts it is considered likely
that reports of this species in the region are either vagrants or misidentifications (Dr G Minton,
pers.comm, 23 July 2017).

However, during this assessment another endangered cetacean, the Indian Ocean humpback
dolphin (Sousa plumbea), was identified as meeting the criteria for CHA and is included in the
assessment below.

” Jens Erikson is a resident bird specialist managing the Oman Bird Records Database. The database reveals no records
of Sociable Lapwing in the area. According to expert opinion there is no known suitable habitat for this species in the area

or nearby.
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RESULTS

TERRESTRIAL ENVIRONMENT
TERRESTRIAL CRITICAL HABITAT ASSESSMENT AREA

The Critical Habitat Assessment Area (CHAA) for terrestrial species is defined as all habitat
potentially offering suitable ecological conditions for that species to breed, feed, shelter,
commute, congregate or which contributes to any other element of its life history. The
identification of potential suitable habitat is confined to habitat data presented in Technical
Appendix B: Harmonised Habitat Mapping which is compiled from baseline information presented
in the EIA studies listed in Table 2.1. The resulting CHAA encompasses all of the Project and
Associated Facility (AF) footprint and a 0.25 km buffer zone around it. To this end the terrestrial
CHAA is synonymous with the direct and indirect Areas of Influence (Aol) as described in the
main assessment.

DISCRETE MANAGEMENT UNITS (DMU)

The delineation of discrete management units within the Dugm Special Economic Zone (Dugm
SEZ) is based on ecological units that have more in common with each other than they do with
those in adjacent areas. For further information refer to the harmonised habitat mapping
(Technical Appendix B).

Table 3.1: Terrestrial discrete management units and associated biodiversity features

DMU KEY BIODIVERSITY FEATURES"

Coastal habitats including

mudflats, sand and Important area for wading and migratory bird species
lagoons

Reptiles and the Oman-endemic plant, Salsola omanensis. Striped hyena may

Cramil Peis e dunes scavenge along the coastal belt

Coastal sabkha’ Scattered areas of vegetation supporting small mammals and reptiles

Highest diversity of reptiles including endemic Thomas’ spiny-tailed lizard and

Crere) e ezre) plEns regionally endemic Egyptian spiny-tailed lizard

Diversity of flora and important wildlife corridor for larger species such as gazelle
and ibex. The Oman-endemic plant, Salsola omanensis may be present. Cliffs
may be used by nesting Egyptian Vultures (in the future)

Mountains and rocky
terrain

Higher diversity of flora including mature stands of Prosopis cineraria and Acacia
tortilis, habitat for the Oman-endemic plant Ochradenus harsusiticus. Important
habitat for wildlife including arthropods, reptiles, birds and mammals

Wadis and other
temporary watercourses

Degraded or transformed

land Generally of limited biodiversity value

Dugm Refinery Project
DRPIC
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SCREENING OF BIODIVERSITY FEATURES

The terrestrial CHA has been restricted to consideration of a single bird species, the Egyptian
Vulture and two endemic plant species. Table 3.2 below highlights the species included in the
CHA and justification for their inclusion.

8 For species, common and scientific names are tabulated in the results section of this report.
® Sabkah - an area of coastal flats subject to periodic flooding and evaporation which result in the accumulation of aeolian
clays, evaporites, and salts, particular to North Africa and Arabia.
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Table 3.2 also highlights a number of additional biodiversity features that potentially warrant CHA
consideration at a strategic (SEZAD) scale. In the case of the plants listed in Table 3.2 many
have not been recorded in the project area but are known to occur in central Oman and more
specifically in the four quarter degree grid squares between 19.0° - 20.0° N and 57.0° - 58.0° E
that includes or surrounds the SEZAD area. More detailed surveys would be required to
accurately map the distribution of many of the species listed as detailed botanical survey data is
not available. Information on species conservation statuses is based on the following sources
(Fisher et al 1999; Mallon & Budd 2011; IUCN 2017; Patzelt 2014). With reference to the five
terrestrial mammal species — consultation with Omani mammal experts identified a possibility that
these species occur in the Dugm area on the basis that habitats which are present in the CHAA
may be suitable to support them (see the main biodiversity assessment for additional baseline
information on these species).

IFC PS6 guidance requires that key biodiversity areas are also subject to CHA. Key biodiversity
areas are identified as being sites of high nature conservation value, defined using internationally
recognized standards. In the context of the Project, the Dugm Important Bird Area (IBA) and the
Jiddat al Harasis IBA qualify as key biodiversity areas because they are designated according to
international standards defined by Wetlands International. However, both IBA sites are not
assessed in this CHA in order to keep individual species (rather than assemblages of species) the
sole focus of this document. Potential impacts are fully considered in the main biodiversity
assessment where detailed baseline information for these IBAs is also presented.
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(Hyaena hyaena)

FEATURE ENDEMISM OMAN  REGIONAL GLOBAL INCLUDED/EXCLUDED
SPECIES/FEATURE (OmAN OR JUSTIFICATION FOR INCLUSION/EXCLUSION
TYPE REGIONAL) STATUS STATUS STATUS  FROM THIS ASSESSMENT
Egyptian Vulture . . .
(Neophron Bird N/A NE NE En? Included Included in this CHA. Of’ global conservation concern.
percnopterus) Requested by the Lenders’ IESC.
Sociable Lapwing Identified by the Lenders IESC but there are no records
. . 3 of this species occurring in the vicinity of Dugm. All
=2 Bird N/A NE NE CR Excluded Omani records for this species are restricted to Sohar
and Dhofar.
. Not identified by the Lenders IESC. Only one recorded
ﬁiteaﬂgﬁ;sgle (e Bird N/A NE NE En® Excluded sighting. Unlikely to warrant strategic CHA consideration
P in the Dugm region
Not identified by the Lenders IESC. Only one recorded
fﬁgﬁ; I;alcon (Fele Bird N/A NE NE En® Excluded sighting. Unlikely to warrant strategic CHA consideration
9 in the Dugm region
Included in this CHA. Endemic species of global
. . 4 conservation concern. Recorded in Port of Dugm
Salsola omanensis Plant Endemic NE NE VU Included boundary (50ES 2015). Under threat from development,
livestock farming and road construction
Included in this CHA. Endemic species of global
Ochradenus . 4 conservation concern. Recorded in SEZAD boundary
harsusiticus Plant Endemic NE NE VU Included (50ES 2011). Under threat from development, livestock
farming and road construction
Not identified by the Lenders IESC but species potentially
Pycnocycla sp. nov. Plant Endemic Dd NE NE* Excluded requiring strategic CHA consideration in the Dugm
region.
Campvlanthus Not identified by the Lenders IESC but species potentially
sedo%/es Plant Endemic NE NE NT* Excluded requiring strategic CHA consideration in the Dugm
region. Not under threat.
Convolvulus Not identified by the Lenders IESC but species potentially
oopositifolius Plant Endemic NE NE NT* Excluded requiring strategic CHA consideration in the Dugm
pp region. Under no immediate threat
Not identified by the Lenders IESC but species potentially
Pulicaria pulvinata  Plant Endemic NE NE NT* Excluded requiring strategic CHA consideration in the Dugm
region. Under no immediate threat
Striped hyena Mammal N/A CR EN? NT2 Excluded Not identified by the Lenders IESC but species potentially

requiring strategic CHA consideration in the Dugm
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ENDEMISM
SPECIES/FEATURE FEATURE (OmAN OR ORRl — INEeTeifl  CLesAL | [NEHUERIER! 2ELURED JUSTIFICATION FOR INCLUSION/EXCLUSION
TYPE STATUS STATUS STATUS  FROM THIS ASSESSMENT
REGIONAL)
region.
Arabian wolf . , . Not identified by the Lenders IESC but species potentially
(Canis lupus arabs) Mammal N/A EN EN LC Excluded ::Zg:,(l)l;:ng strategic CHA consideration in the Dugm
o g Not identified by the Lenders IESC but species potentially
Rippell's sand fox )., ) N/A EN'  LC? Lc? Excluded requiring strategic CHA consideration in the Dugm
(Vulpes rueppellii) region
Caracal ) . . Not identified by the Lenders IESC but species potentially
(Caracal caracal) Mammal N/A EN LC LC Excluded ig:g::ng strategic CHA consideration in the Dugm
e Not identified by the Lenders IESC but species potentially
, Mammal N/A EN' NE vu? Excluded requiring strategic CHA consideration in the Dugm
(Capra ibex) .
region.
. Key . S S
Dugm Important Bird Biodiversity N/A N/A N/A N/A Excluded Assgssed in the main biodiversity impact assessment not
Area in this CHA.
Area
. . Key . T, I
Jiddat Al Harasis .7 . . Assessed in the main biodiversity impact assessment not
Important Bird Area E\lrc::versny N/A N/A N/A N/A Excluded in this CHA.

! Fisher et al 1999

2Mallon & Budd 2011

%lUCN 2017
‘Patzelt
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EGYPTIAN VULTURE
LIFE HISTORY AND ECOLOGY

The Egyptian Vulture typically nests on ledges or in caves on cliffs, crags and rocky outcrops, but
occasionally also in large trees, and exceptionally on the ground (Gangoso and Palacios, 2005). It
forages in lowland and montane regions over open, often arid, country. It also scavenges at
human settlements. The Egyptian vulture has a broad diet including carrion, tortoises, organic
waste, insects, young vertebrates, eggs and even faeces (Margalida et al., 2012). It is usually
solitary, but will congregate at feeding sites, such as rubbish tips.

CONSERVATION STATUS

The Egyptian Vulture is a medium-sized avian scavenger that is globally endangered (BirdLife
International, 2017). Published information puts the Oman population of breeding Egyptian
Vulture at around 100 pairs (Jennings, 2010). However, recent work on Masirah Island (about
110 km north-east of Dugm) estimated the population on that island alone to be 65-80 pairs
(Angelov et al., 2013), suggesting a larger national breeding population. The previous estimate of
the breeding Egyptian Vulture population on Masirah was of 12 pairs (Rogers, 1988). The new
estimate makes Masirah the second-most dense known population of breeding Egyptian Vultures
in the world. Only Socotra Island, Yemen, is more densely populated. It is not known whether the
Oman population of Egyptian Vultures has increased, or whether higher recent population
estimates are the result of better survey work. Generally speaking, information on numbers of
breeding vultures in Oman is lacking.

Electrocution of Egyptian Vultures and other large birds is a conservation problem. The impact of
electrocution on some bird species, especially endangered ones, can be significant. The risk and
impact of this threat has increased over the years as electricity infrastructure has expanded.
Electrocution events can also cause power outages, which affect end users and can increase
transmission costs.

There is evidence that Egyptian Vultures are sometimes electrocuted in Oman, though the extent
of the problem has not been quantified (http://egyptianvultureoman.blogspot.co.at/). Electrocution
incidents are known to have occurred at oil production camps in Oman, resulting in damage to
equipment, lost production time and death of birds (Petroleum Development Oman, unpublished
data). Solutions have been found by power transmission and distribution companies, users and
conservationists, and can be particularly cost effective, if implemented early in development
(APLIC 2006, http://www.aplic.org/mission.php).

It appears that other threats to Egyptian Vultures are either not operative or not significant in
Oman, including the Dugm area. Because there is apparently no breeding population near Dugm,
nest disturbance and persecution of breeders is not an issue. Firearms are not widely used,
though some poaching of wildlife is known to occur. Although Omanis have a generally negative
view of Egyptian Vultures (local name: Rahma), this does not usually translate into direct
persecution, poisoning or shooting. Low human populations across much of the country and local
animal husbandry methods suggest that inadvertent or targeted poisoning may be low.

Increasing human population at Dugm will mean a larger volume of organic waste, which the
government will want to dispose of in a manner that promotes human health. A larger volume of
waste, if available to vultures, will be an attractant, and may provide a foothold for future breeding
birds or the regular use of rubbish dumps at Dugm by non-breeding birds. At the very least, an
increase in biological waste might attract small numbers and single transient birds.

In recent decades global Egyptian Vulture populations have suffered huge declines. The main
causes for the declines are targeted and inadvertent poisoning, electrocution,
hunting/persecution, and changes in food availability. As a group, vultures are under threat.
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Declines have occurred in 15 of the 16 vulture species in Europe, Asia and Africa, a situation
which is driving the urgent development of a multi-species conservation action plan being
coordinated by the Convention on Migratory Species (CMS). At a recent regional workshop to
develop that action plan (Sharjah, February 2017), Oman was identified by local and international
experts as particularly important because of its breeding population, its large wintering population,
and that it is apparently fairly benign in terms of the main threats being faced by vultures.

GLOBAL AND NATIONAL DISTRIBUTION

The species has a huge global distribution, extending from the Iberian Peninsula across to central
Asia, south to India, Arabia and large parts of Africa, mostly north of the equator. In southern
areas Egyptian Vultures are year-round residents; in the north, they are migratory. Migratory
birds winter mostly in Arabia and Africa. Young Egyptian Vultures from migratory populations will
spend at least their first 1.5 years in southern areas (i.e. they do not undertake migration in their
first spring, at least) (Oppel et al 2015, BirdLife International 2017, Vulture Conservation
Foundation https://www.4vultures.org/2017/04/19/egyptian-vulture-rupis-is-home/).

DISTRIBUTION WITHIN CHAA

There is no published information that suggests the Dugm area to be currently important to
Egyptian Vultures, either as a place to nest or as an area that might support pre-breeding or
migratory birds. Masirah Island, approximately 125 km from Dugm, is the nearest concentration
of breeders, and breeding has been confirmed (probably of a single pair) at Jaaluni (about 70 km
west) (Eriksen & Victor 2013). Although no vultures seem to breed nearby, cliffs in the Dugm area
are probably suitable for Egyptian Vulture nesting. It is important to note that changes resulting
from the development of Dugm may attract Egyptian Vultures and other scavenging birds, and so
the potential for impact may change over time. Resident species attracted to Dugm (i.e. Egyptian
Vulture and Lappet-faced Vulture) could potentially set up territories and attempt to breed.

Egyptian Vultures breed on ledges and in holes in cliffs. Nesting cliffs need not be very high. The
main breeding areas in Oman are where cliffs exist on Masirah Island and in the mountains in
northern Oman (Eriksen & Victor 2013). Egyptian Vultures may nest in other parts of Oman, but if
so at low densities, reflecting the lack of food and the absence of cliffs in which to nest and roost.
Nesting Egyptian Vultures are territorial. In high density areas Egyptian Vulture territories may be
separated by hundreds of meters, in low density areas there could be tens of kilometers between
nests.

Like most scavengers, Egyptian Vultures can forage over huge areas, especially when not tied to
a nest during breeding. This allows them to survive in areas where food availability is
unpredictable. Egyptian Vultures in Oman tracked via satellite used an area that extended over
more than 11,000 square km in the course of a year (Dr. Mike McGrady unpubl. data).

In places across their global distribution, Egyptian Vultures are commensal with humans. They
are often associated with nhomadic camps, and forage at abattoirs and rubbish dumps in villages
and towns. In southern areas (i.e. Arabia, Africa and India) during the non-breeding season,
(sometimes very large) aggregations of migrant and resident Egyptian Vultures gather at rubbish
dumps. In recent decades such aggregations have occurred at rubbish dumps and landfills in
Oman, and some landfills in the sultanate are internationally recognized as important to Egyptian
Vultures and other scavenging birds (eagles and vultures) of conservation concern (Al Fazari and
McGrady 2016).

KNOWLEDGE GAPS

It is not known whether the Oman population of Egyptian Vultures has increased, or whether
higher recent population estimates are the result of better survey work. Generally speaking,
information on numbers of breeding vultures in Oman is lacking, including specific numbers for
the Dugm area, if any. The national (Omani) Egyptian Vulture survey that is currently run in
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partnership with the Environment Society of Oman (since 2012) is designed to fill this knowledge
gap.

CONCLUSIONS AND JUSTIFICATION FOR TIER SELECTION

Although Egyptian Vultures are listed globally, at present Dugm is not assessed to be an
important area for the species. On that basis it is difficult to designate the natural (cliffs for
nesting) or modified habitats (waste disposal sites and settlements for foraging) in the Dugm
region as meeting either Tier 1 or Tier 2 critical habitat criteria. This species has therefore been
excluded from further consideration in the management of critical biodiversity.

In the future landfill sites catering for a larger volume of waste (if available to the birds) may act as
an attractant for breeding or non-breeding birds. With this in mind landfill sites and the
mountainous and rocky terrain, especially that between Dugm and Ras Madrakah and further
inland (in particular cliffs of the rocky mountain and escarpment) could meet critical habitat for this
species in the future.

SALSOLA OMANENSIS
LIFE HISTORY AND ECOLOGY

Salsola omanensis is a shrub that grows to a height of 50 cm (Ghazanfar, 2003). It occurs on
limestone plateau, limestone cliffs and coastal plains ranging from 50-300m above sea level
(Patzelt, 2014). It flowers/fruits in October (Ghazanfar, 2003). Little else is known about the
ecology of the species.

CONSERVATION STATUS

The species is listed as by the IUCN Red List as Vulnerable with an observed, estimated,
inferred, projected or suspected population reduction. Detailed information pertaining to the
Omani status of this species is lacking. Key threats include development, agriculture (in particular
livestock farming) and recreational activities that may lead to habitat destruction/degradation
(Patzelt, 2014). Loss of habitat resulting from infrastructure development is listed as a key
concern (ibid.).

GLOBAL AND NATIONAL DISTRIBUTION

Salsola omanensis is endemic to Oman. It reportedly occurs throughout the country including
central Oman, the offshore island of Al Hallaniyah and the Sahil al Jazir coast but its abundance
is classified as not common (Ghazanfar, 2003; Patzelt, 2014). It inhabits limestone plateaux,
limestone cliffs and coastal plains (Patzelt, 2014).

DISTRIBUTION WITHIN CHAA

The presence of Salsola omanensis within the CHAA was not documented in the Dugm Refinery
Project and Associated Facilities EIAs or the Industrial Development Zone (IDZ) EIA (50ES
2011). However, specimens were encountered during the Port of Dugm winter ecological baseline
survey (50ES, 2015) around N19.644106 E57.694306. These specimens were positively
identified as S. omanensis (J. Henrot pers. comm. 2015). This area in the Port has been
earmarked for development and was already surrounded by modified habitat at the time the 2011
survey was conducted.
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KNOWLEDGE GAPS

Little information is currently available relating to the ecology and distribution of the species.
Detailed surveys would be required to identify the population size, distribution and conservation
measures (Patzelt 2014).

CONCLUSIONS AND JUSTIFICATION FOR TIER SELECTION

Only limited information exists regarding the presence of Salsola omanensis in the CHAA.
However, the limestone cliffs and plateaux of the mountains and rocky terrain DMU together with
coastal plains may potentially qualify as Tier 2 critical habitat on the basis that they are likely to
sustain = 1 percent but < 95 percent of the global population of an endemic or restricted-range
species where that habitat could be considered a discrete management unit for that species,
where data are available and/or based on expert judgement.

OCHRADENUS HARSUSITICUS

LIFE HISTORY AND ECOLOGY

Ochradenus harsusiticus is a spiny shrub that grows to a height of 50cm (Ghazanfar, 2003). It
occurs in open Acacia tortilis - Prosopis cineraria woodland of sandy and gravelly depressions
and wadi habitats (Ghazanfar, 2003; Patzelt, 2014). It fruits and flowers between November and
April (Ghazanfar, 2003).

CONSERVATION STATUS

The species is listed as globally Vulnerable by the IUCN Red List reflecting continuing decline in
the area of occupancy and area, extent and/or quality of habitat. Detailed information pertaining to
the Omani status of this species is lacking (Patzelt, 2014).

Key threats include infrastructure development, agriculture (in particular livestock farming) and
road construction that may lead to habitat destruction/degradation (Patzelt, 2014). The wadis are
already subject to some modification but are resilient and will recover if stress factors are limited.
However, this habitat will not recover if large swathes are destroyed through the removal of
mature stands of vegetation and/or alteration to natural drainage patterns and hydrology..

GLOBAL AND NATIONAL DISTRIBUTION

Ochradenus harsusiticus is endemic to Oman and more specifically the sandy and gravelly soils
of central Oman (including the limestone plateau of the Jiddat Al Harasis) (Ghazanfar 2003;
Patzelt 2014).

DISTRIBUTION WITHIN CHAA

Ochradenus harsusiticus was noted during the refinery and service corridor studies (referenced
as HMR 2015a and HMR 2015e, respectively in the Biodiversity chapter), however, details of
where the species occurred were not provided. Since the refinery footprint is now entirely
modified it is extremely unlikely that the species is still present if they were located on the
prepared ground. A few specimens of this species were also recorded in a shallow wadi less than
1 km from the sea between two areas of dense vegetation (N19.78598 E57.71176) approximately
5.8 km north-north-east of the refinery boundary during the IDZ survey (50ES 2011).

KNOWLEDGE GAPS
Little information is currently available relating to the ecology and distribution of the species.

Detailed surveys would be required to identify the population size, distribution and conservation
measures (Patzelt, 2014).
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CONCLUSIONS AND JUSTIFICATION FOR TIER SELECTION

Only limited information exists regarding the presence of Ochradenus harsusiticus in the CHAA.
However, the sandy and gravelly wadis associated with open terrain populated by Acacia tortilis
and Prosopis cineraria could potentially support populations of this species, and on this basis,
they could qualify as Tier 2 critical habitat because they might sustain = 1 percent but < 95
percent of the global population of an endemic or restricted-range species where that habitat
could be considered a discrete management unit for that species, where data are available and/or
based on expert judgement. 5O0ES (2011) concluded that the wadi habitats within the SEZAD
area support the most diverse array of fauna and flora including mature stands of Prosopis
cineraria and Acacia tortilis and are most likely to support this species.

TERRESTRIAL ENVIRONMENT CRITICAL HABITAT SUMMARY

Tier 2 critical habitat for the two Oman-endemic plant species assessed in this CHA may occur in
the CHAA on the basis that the CHAA could sustain = 1 percent but < 95 percent of the global
population of an endemic or restricted-range species where that habitat could be considered a
discrete management unit for that species, where data are available and/or based on expert
judgement. Detailed academic research on the habitat preferences of the two assessed plant
species is not available, however, available evidence suggests that their critical habitat comprises
the following DMUs in the CHAA:

- Salsola omanensis - limestone plateau, limestone cliffs and coastal plains ranging from 50 -
300m above sea level (likely to best correspond to the mountains and rocky terrain and
coastal plains and dunes DMUSs);

- Ochradenus harsusiticus - sandy and gravelly depressions and wadi habitat in association
with Acacia tortilis - Prosopis cineraria woodland (likely to best correspond to the wadis and
other temporary watercourses DMU); and

In the case of the Egyptian Vulture, although this species is listed globally as Vulnerable, at
present Dugm is not assessed to be an important area for the species and the CHAA is unlikely to
contain either Tier 1 or Tier 2 critical habitat. It is noted that, in the future the species could
colonise the area in association with increased scavenging opportunities associated with refuse
disposal facilities. Suitable nesting habitat could, in the future, comprise cliffs in the mountains
and rocky terrain DMU — although there is no evidence of nesting in the CHAA at present.

Using information on likely habitat preferences of the three assessed species and their
corresponding DMUs, Figure 3.1 shows the distribution of potential critical habitat for the four
assessed species in the CHAA. The distribution of critical habitat represents has been inferred
based on potential habitat suitability for these species and not their actual distribution. The critical
habitat mapping is restricted to areas for which prior habitat mapping is available namely the
CHAA which is informed by the Dugm Industrial Zone IEA (50ES 2011), the Port EIA (50ES
2015) and Dugm Refinery and Associated Facilities EIA. The habitat mapping methodology and
findings, which form the basis of the DMU mapping, is provided in Technical Appendix B:
Harmonised Habitat Mapping).

Figure 3.2 shows the combined critical habitat for the four assessed species. In the legend for
Figure 3.2 - low refers to areas where one of the species may potentially occur; medium for areas
where two of the species may overlap; and high for areas where three species may overlap. No
area exists where all four may possibly occur. Critical habitats within the footprint are
predominantly assessed to be low or medium. As can be seen from Figure 3.2, the majority of
potential critical habitat — four the three plant species and Egyptian vulture - lies outside the
footprint of the Dugm Refinery and the Associated Facilities footprint.

There are 163 locations where the Project footprint overlaps an area of potential critical habitat for
the two assessed plant species — the list of locations is provided at the end of this document.
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Egyptian vulture is omitted from Table 3.3 as there is no evidence that it is currently present in the
CHAA.
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Figure 3-1: Distribution of critical habitat for the three terrestrial species assessed.
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Figure 3-2: Combined critical habitat mapping for the three species included in the assessment.
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MARINE ENVIRONMENT
MARINE CRITICAL HABITAT ASSESSMENT AREA

For assessment of the marine environment an initial step in the process was to define the CHAA
using GIS analysis of data presented in previous EIA studies listed in Table 2.1. The relevance of
project elements in defining the CHAA was directed by GN5 of PS6 that states:

“At a minimum, the client should screen and assess the risks to and potential impacts on
biodiversity and ecosystem services in the project area of influence, taking into account
the following: (i) the location and scale of project activities, including those of associated
facilities; (ii) its supply chains (as required in paragraph 30 of Performance Standard 6);
(iii) the project’s proximity to areas of known biodiversity value or areas known to provide
ecosystem services; and (iv) the types of technology that will be used...”

The maximum extent of the CHAA from information available was ultimately defined by the ESIA
dated October 2015 for the OTTCO Ras Markaz Crude Park, an Associated Facility, It should be
noted that only eight tanks at the Ras Markaz facility will be used exclusively for the Project and
therefore liability for spills arising from the facility are shared between the project owner and third
parties. However, as no specific oil spill scenario for the eight dedicated project tanks was
provided in the ESIA the precautionary principle was applied and the worst case presented in the
EIA was used to define the area of influence for the project. It should be noted that adopting a
Project focussed assessment, the ‘worst case’ scenariois potentially unrealistic given that the
DRPIC crude oil storage tanks are approximately 1.7 km from the coast and the chances of oil
spilling directly from the DRPIC part of the tank storage facility is low. However, to ensure a
robust assessment available modelling for the whole tank storage facility (including the majority of
the site which will be managed by OTTCO) has been used.

Annex 13 of the Ras Markaz ESIA presents a Tier 3 oil spill model (60,000 m3) which suggests
potential impacts covering a wide geographic area which represents the area of influence since it
encompasses the footprint of all other potential impacts. Error! Reference source not found.
shows the combined winter and summer oil dispersion models based on a 60,000m? spill from the
Ras Markaz tanker terminal single point mooring (SPM) (OTTCO, 2015). The full extent ranges
over 250 km to the north, 170 km to the south and a maximum offshore distance of 85 km. The
seaward extent of the spill model aligns approximately with the 200 m depth contour, which also
coincides with DMU boundaries described in the section below. At least one SPM will have the
capacity to receive oil from Ultra Large Crude Carriers OTTCO, 2015) which can transport over
550,000 m® (Evanelista 2002), and therefore the spill model used for this exercise does not
represent the very worst case scenario of a spill from a single vessel at the Ras Markaz site.

Fully developed impact scenario assessments that account for noise, wildlife strikes and spills
from ships in transit through the Gulf of Masirah (associated with AFs) were not available to
inform this CHA. The potential oil spill area has been adopted as a pragmatic CHAA which is
likely to capture the spatial extent of the majority of other potential direct and indirect impacts
associated with the Refinery, the off-site facilities or the AFs. This approach confers with
paragraph GN64 in the IFC GN6 guidance document which recommends that CHAs extend
beyond the immediate project site where biodiversity attributes and ecological processes dictate.
This approach was also adopted to define the maximum direct and indirect Area of Influence (Aol)
for the marine environment which is outlined in the main assessment.
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Figure 3-3: Geographic extent of marine CHAA as defined by 60,000 m?® oil spill from SPM at Ras

Markaz.
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Discrete Management Units

Discrete management units (DMUs) are defined by the spatial extent of physical and biological
features within the CHAA. DMU’s were thematically defined through preliminary screening of the
ecology of specific biodiversity features within the CHAA including an overlap with terrestrial
DMUs in the nearshore and intertidal zone, as well as shallow coastal waters, deep water over
shelf areas and oceanic water as detailed in Table 3-3. The spatial extent of DMUs is defined by
bathymetry which is natural biogeographic feature delineating changes in ecological features in
the marine environment. Enclosed within the CHAA boundary, the marine DMUs follow depth
contours as depicted in Error! Reference source not found. below.

Table 3-3: Marine discrete management units and associated biodiversity features
DESCRIPTION DEPTH POTENTIAL MARINE BIODIVERSITY FEATURES™

Turtle nesting sites

ez e B Lowest Astronomical High biomass and high biodiversity mudflats

intertidal habitat Tide (LAT) Om Bird wading and foraging

Sea-grass beds

Hard coral reef environments

Green, hawksbill and loggerhead turtle foraging
Shallow coastal 0 - 20m areas and/or interesting habitat
habitat Reef associated demersal (bottom-dwelling) fish

resources
Coastal dolphin habitat
Humpback whale potential nursery habitat

Deep water benthic habitats including soft corals

Deep water shelf (octocorals)
P 20 — 200m Principle humpback whale habitat
habitat o
Pelagic fish resources
Turtle migratory habitat
Oceanic cetacean species
Oceanic habitat >200m Humpback whale migratory habitat

Pelagic fish resources
Turtle migratory habitat

10 Many of the habitats listed are in the wider CHAA. They are not present in the Project footprint.
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Screening of Biodiversity Features

The marine CHA was limited to the two cetacean species (ASHW and Indian Ocean humpback
dolphin) and three turtle species (hawksbhill, loggerhead and green turtles). Table 3-4 also
presents other species of high biodiversity value, extracted from EIA reports for the project and
associated facilities (Table 2.1), that potentially warrant CHA consideration at a wider scale than
the Project (e.g. the Gulf of Masirah scale). More detailed field surveys are required to enable
CHA for many of the listed species as they remain data deficient. Additionally other important taxa
not considered within relevant EIAs but which are relevant to the CHA include the scalloped
hammerhead (Sphyrna lewini), great hammerhead (Sphyrna mokarran) and the narrow sawfish
(Anoxypritis cuspidate). These three species are all noted on the IUCN Red List as Endangered
(Jedabo and Ebert, 2015) and highlights the requirement to ensure marine species are given
opportunity for more detailed review beyond findings of previous ElAs. Insufficient data on these
biodiversity features is available at the present time to develop appropriate and effective
mitigation (if required), noting that these issues sit largely outside the scope of the Present scope
and relate to wide-scale commercial use of the marine zone (e.g. fishing).
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Table 3-4: Biodiversity screening for marine environment

SPECIES FEATURE TYPE  OMAN STATUS REGIONAL STATUS GLOBAL STATUS :;\'f(':‘tf;:é JUSTIFICATION FOR INCLUSION/ EXCLUSION
Arabian long-beaked Not identified by the Lenders IESC but species
common dolphin potentially requiring strategic CHA consideration,
Delphinus capensis Cetacean NE NE Db Excluded considering all commercial and non-commercial uses
tropicalis of the marine zone.

Not identified by the Lenders IESC but species
e il otentially requiring strategic CHA consideration
Balaenoptera Cetacean NE NE EN Excluded potentally req g strateg . '

considering all commercial and non-commercial uses
musculus ;

of the marine zone.

Not identified by the Lenders IESC but species
Bryde's Whale potentially requiring strategic CHA consideration,
Balaenoptera edeni Cetacean NE NE Db Excluded considering all commercial and non-commercial uses

of the marine zone.

Not identified by the Lenders IESC but species
Cuvier's beaked whale potentially requiring strategic CHA consideration,
Ziphius cavirostris Cetacean NE NE LC Excluded considering all commercial and non-commercial uses

of the marine zone.

Not identified by the Lenders IESC but species
Dwgﬁsperm whale Cetacean NE NE DD Excluded poter_ltlal!y requiring - strategic CHA conS|d_erat|on,
Kogia sima considering all commercial and non-commercial uses

of the marine zone.

Not identified by the Lenders IESC but species
False killer whale potentially requiring strategic CHA consideration,
Pseudorca crassidens Cetacean NE NE DD Excluded considering all commercial and non-commercial uses

of the marine zone.

Humpback whale
Megaptera Cetacean NE EN LC Included
novaeangliae

Identified by the Lender's IESC Regional population
Endangered IUCN Red List

Not identified by the Lenders IESC but included in the
CHA as a representative species subject to potential
impacts arising from the Project and AFs. Global
population assessed as Endangered (*in review)

Indian Ocean
humpback dolphin Cetacean NE NE EN* Included
Sousa plumbea
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SPECIES FEATURE TYPE OMAN STATUS REGIONAL STATUS GLOBAL STATUS :;(CCLEE[E;! JUSTIFICATION FOR INCLUSION/ EXCLUSION
Indo-pacific bottlenose Not io]entified py the Lendgrs IESC but. speqies
dolphin Cetacean NE NE DD Excluded poteptlal!y requiring strateglc CHA conS|d.erat|on,
Tursiops aduncus con3|der|ng all commercial and non-commercial uses
of the marine zone.
Not identified by the Lenders IESC but species
Orca Cetacean NE NE DD Excluded potentially requiring strategic CHA consideration,
Orcinus orca considering all commercial and non-commercial uses
of the marine zone.
Not identified by the Lenders IESC but species
Pygmy Kkiller whale otentially requiring strategic CHA consideration,
Feresa attenuata Cetacean NE NE DD Excluded Eonsideriﬁg alﬁcom?nercial agnd non-commercial uses
of the marine zone.
Not identified by the Lenders IESC but species
Risso's Dolphin potentially requiring strategic CHA consideration,
Grampus griseus Cetacean NE NE LC Excluded considering all commercial and non-commercial uses
of the marine zone.

. Not identified by the Lenders IESC but species
g?el:%h EmieT) el Cetacean NE NE LC Excluded potential!y requiring st(ategic CHA consid_eration,
bredanensis con5|der|n_g all commercial and non-commercial uses

of the marine zone.
Sperm Whale Nott i?elrluified by_ thetL?ndgrsCIEAS\C but_dspetc_:ies
potentially requiring strategic consideration,
E’n@ésritcegphalus Cetacean NE NE VU Excluded considering all commercial and non-commercial uses
of the marine zone.
Not identified by the Lenders IESC but species
Spinner Dolphin potentially requiring strategic CHA consideration,
Stenella longirostris Cetacean NE NE Db Excluded considering all commercial and non-commercial uses
of the marine zone.
Pantropical Spotted Not id_entified b_y_ the Lend_ers IESC but_ spe(_:ies
Dolphin Cetacean NE NE LC Excluded poter_ltlal!y requiring - strategic CHA conS|d_erat|0n,
Stenella attenuata conS|derlng all commercial and non-commercial uses
of the marine zone.
E?evrrﬁitz:”rlléwge Turtle NE NE CR Included Identified by client. Qlobal population Critically
imbricata Endangered IUCN Red List

WSP
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SPECIES FEATURE TYPE  OMAN STATUS REGIONAL STATUS GLOBAL STATUS :;(CCLEE;;! JUSTIFICATION FOR INCLUSION/ EXCLUSION
Green turtle Identified by client. Global population Endangered
Chelonia mydas Turtle NE NE EN Included IUCN Red List
Not identified by the Lenders IESC but species
Leatherback turtle potentially requiring strategic CHA consideration,
Dermochelys coriacea Turtle NE CR VU Excluded considering all commercial and non-commercial uses
of the marine zone.
Loggerhead turtle Identified by client. Regional population Critically
Caretta caretta Turtle NE CR VU Included Endangered IUCN Red List
Not identified by the Lenders IESC but species
Olive Ridley turtle potentially requiring strategic CHA consideration,
Lepidochelys olivacea Turtle NE NE VU Excluded considering all commercial and non-commercial uses
of the marine zone.
Not identified by the Lenders IESC but species
Oman Butterflyfish . potentially requiring strategic CHA consideration,
Chaetodon dialeucos Fish NE NE LC Excluded considering all commercial and non-commercial uses
of the marine zone.
. Not identified by the Lenders IESC but species
Vel e sea otentially requiring strategic CHA consideration
snake Snake NE NE LC Excluded potentialy requirnng strateg ‘ '
. considering all commercial and non-commercial uses
Pelamis platura )
of the marine zone.
A . Not identified by the Lenders IESC but species
GOl SEEEES otentially requiring strategic CHA consideration
Diploastraea Hard coral NE NE NE Excluded potenually req g strateg . '
favus conS|derlng all commercial and non-commercial uses
of the marine zone.
Not identified by the Lenders IESC but species
Acc_)ral species Hard coral NE NE LC Excluded poter_ltlal!y requiring  strategic CHA con5|d_erat|on,
Favites pentagona considering all commercial and non-commercial uses
of the marine zone.
Not identified by the Lenders IESC but species
Cabage Coral potentially requiring strategic CHA consideration,
Montipora foliosa Hard coral NE NE NT Excluded considering all commercial and non-commercial uses
of the marine zone.
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SPECIES FEATURE TYPE  OMAN STATUS REGIONAL STATUS GLOBAL STATUS :;(CCLEE;;! JUSTIFICATION FOR INCLUSION/ EXCLUSION

Not identified by the Lenders IESC but species
A coral species Hard coral NE NE LC Excluded poteptlal!y requiring strateglc CHA con5|d9rat|on,
Platygyra daedalea considering all commercial and non-commercial uses

of the marine zone.

Not identified by the Lenders IESC but species
A coral species potentially requiring strategic CHA consideration,
Plesiastrea versipora Hard coral NE NE LC Excluded considering all commercial and non-commercial uses

of the marine zone.

Not identified by the Lenders IESC but species
A coral species potentially requiring strategic CHA consideration,
Porites lobata Hard coral NE NE NT Excluded considering all commercial and non-commercial uses

of the marine zone.

Not identified by the Lenders IESC but species
A coral species potentially requiring strategic CHA consideration,
Stylophora pistillata Hard coral NE NE NT Excluded considering all commercial and non-commercial uses

of the marine zone.

. Not identified by the Lenders IESC but species

P GO SITREES otentially requiring strategic CHA consideration
Turbinaria Hard coral NE NE VU Excluded potentially req g strateg A ’

considering all commercial and non-commercial uses
mesenterena ;

of the marine zone.

Not identified by the Lenders IESC but species
A coral species potentially requiring strategic CHA consideration,
Turbinaria peltata Hard coral NE NE VU Excluded considering all commercial and non-commercial uses

of the marine zone.

Not identified by the Lenders IESC but species
Cgbbage Ieathgr coral Soft Coral NE NE NE Excluded poter_ltlal!y requiring  strategic CHA conS|d_erat|on,
Sinularia brassica considering all commercial and non-commercial uses

of the marine zone.

Not identified by the Lenders IESC but species
Arabian cushion star . potentially requiring strategic CHA consideration,
Culcita coriacea Marine Fauna  NE NE NE Excluded considering all commercial and non-commercial uses

of the marine zone.

Not identified by the Lenders IESC but species
Spiny cushlon star Marine Fauna  NE NE NE Excluded poter_ltlal!y requiring  strategic CHA con5|d_erat|on,
Culcita schmideliana considering all commercial and non-commercial uses

of the marine zone.
Indian Sea Star Marine Fauna  NE NE NE Excluded Not identified by the Lenders IESC but species

WSP
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SPECIES FEATURE TYPE  OMAN STATUS REGIONAL STATUS GLOBAL STATUS E‘fgﬁ?;;é JUSTIFICATION FOR INCLUSION/ EXCLUSION
Fromia indica potentially requiring strategic CHA consideration,
considering all commercial and non-commercial uses
of the marine zone.
Not identified by the Lenders IESC but species
A starfish . potentially requiring strategic CHA consideration,
Linckia multifora Marine Fauna  NE NE NE Excluded considering all commercial and non-commercial uses
of the marine zone.
Not identified by the Lenders IESC but species
Lollyfish . potentially requiring strategic CHA consideration,
Holothuria atra Marine Fauna  \NE NE LC Excluded considering all commercial and non-commercial uses
of the marine zone.
Tiger-ai potentialy requing strategie CHA_ consideration,
cucumber Marine Fauna NE NE LC Excluded potentially req g straleg - ’
L considering all commercial and non-commercial uses
Holothuria hilla ;
of the marine zone.
Not identified by the Lenders IESC but species
White thread fish . potentially requiring strategic CHA consideration,
Holothuria leucospilota Marine Fauna  \NE NE LC Excluded considering all commercial and non-commercial uses
of the marine zone.
Macroslgae potentialy requing  strategis CHA._ consideration,
Nizamuddinia Macroalga NE NE NE Excluded potentially. req g strateg ) ’
el considering all commercial and non-commercial uses

of the marine zone.
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ARABIAN Sea Humpback Whale
LIFE HISTORY AND ECOLOGY

The high primary productivity associated with the monsoon-driven upwelling in the Arabian Sea
creates conditions suitable for feeding by large whales at latitudes more typically associated with
breeding (Reeves et al. 1991; Mikhalev 1997; Papastavrou & Van Waerebeek 1997; Baldwin 2000).
Whaling data and recent scientific research confirm that this includes a small and isolated
subpopulation of humpback whales (Minton et al. 2008, Minton et al. 2011). Recent genetic analyses
confirm that this subpopulation is significantly distinct from other humpback whale populations, and
has been isolated for an estimated 70,000 years (Pomilla et al., 2014).

CONSERVATION STATUS

The IUCN Red list classifies Humpback whales globally as Least Concern. In the northern Indian
Ocean (NIO), however, they are recognised by the IUCN Red List as geographically, demographically
and genetically isolated (Minton et al. 2008) and are referred to as ‘Arabian Sea humpback whales’.
This subpopulation is officially listed as ‘Endangered’ (Minton et al., 2008).

The global population abundance of humpback whales is currently undefined by IUCN status
assessments (Reilly et al., 2008), but is estimated at over 80,000 individuals. The most recent
assessment of the Arabian Sea population in Oman indicates a population of ASHWSs of just 82
individuals (95% CI 60-111) and it has been speculated that this sub-population may be in decline
(Minton et al., 2008).

Threats to whales in the region are well documented, and include accidental entanglement in fishing
gear (Minton et al., 2011; Anderson, 2014; Sutaria et al., 2017; and Moazzam & Nawaz, 2017), ship
strike and disturbance from underwater noise created by the shipping and transport industries, as well
as coastal and offshore construction, seismic exploration and offshore oil and gas production (Baldwin
et al., 2016b). Images of whales photo-identified in Oman between 2000 and 2003 demonstrate that
30-40% have scarring consistent with entanglement in fishing gear (Minton et al., 2011) and fishing
effort, particularly that using gillnets, the gear known to cause the greatest risk to humpback whales
(Johnson et al., 2005), is on the rise in Oman and many other parts of the region (Oman Department
of Statistics, 2013; FAO, 2016; Anderson, 2014).

Globally, humpback whales are the cetacean species second most at risk from ship strike
(Vanderlaan & Taggert, 2007). This is pertinent as the Arabian region hosts some of the busiest
shipping lanes in the world. A threefold increase of container shipping traffic has been noted from the
Arabian Sea between 2004 and 2014 (Willson et al., 2016b).

ASHWs may also be more susceptible to disease: nearly 70% of examined whales from Soviet
whaling catches in the Arabian Sea in the 1960’s showed liver anomalies (Mikhalev, 2000b) and over
20% of examined whales from Oman displayed signs of Tattoo-like skin disease, with a significantly
increasing trend between 2000 and 2011 (Van Bressem et al., 2014). This regionally resident
population of whales may also be more vulnerable to climate change if shifts in oceanographic
conditions affect productivity in their restricted Northern Indian Ocean range (Thomas et al., 2015).

The International Whaling Commission’s (IWC) Scientific Committee has repeatedly reiterated that
this population is at great risk and requires significant collaborative conservation efforts to both
prevent further decline and to promote recovery of the population (e.g. IWC, 2016b). Despite these
designations and recommendations, conservation efforts to date have been minimal, piecemeal and
lacking coordinated government support.



GLOBAL AND NATIONAL DISTRIBUTION

Humpback whales are found in all major oceans and noted as a cosmopolitan species (Clapham and
Mead 1999) and are divided into separate management units by IUCN (also referred to as ‘stocks’ by
the IWC).

The current known distribution of the ASHW includes the waters of Oman, Yemen, Iran, Pakistan and
India with potential for occurrence in other states of the NIO region. Almost all data to date, however,
has come from the results of research in Oman (Brown, 1957; Mikhalev, 2000; Minton et al. 2008;
Reeves et al., 1991, Slijper et al., 1964; Wray and Martin, 1983; Yukhov, 1969; Baldwin 2003, and
others).

Species distribution modelling and ecological niche modelling derived from Oman-based studies
indicates a distribution around the periphery of the Arabian Sea with a core area along the central and
southern coastline of Oman (Willson et al., 2017). Models were run using vessel based sightings data
and satellite telemetry with the output of three separate model algorithms combined into an ‘ensemble
model’ using environmental covariate data. The distribution models fit broadly with distribution of
whale capture by Soviet whaling fleets between 1962 and 1966 (Figure 3-5) allowing for the fact that
no information is available on the relativel effort spend whaling in different areas hence the catch
density off the Pakistani coast may be biased. This information was reviewed by the IWC Scientific
Committee in 2017 (IWC, 2017).
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Figure 3-5: Average of sightings and satellite telemetry ensemble ecological niche models with overlay of
historical takes of humpback whales in the Northern Indian Ocean between 1962 and 1966, (Mikhalev,
2000; IWC Catch Database, extracted 25 October 2013). (Source: Willson et al. 2017)

Vessel-based research surveys conducted in Oman since 2000, as well as the results of satellite
telemetry studies (Willson et al 2017), demonstrate the Gulf of Masirah, to be one of the most
important habitats yet identified for the ASHW. Minton (2011) reports humpback whale group
sightings of 0.15/ hour for small vessel surveys in the Gulf of Masirah and 0.2/ hour from shore based



observations at Dugm during surveys conducted between 2000 and 2004. These are noted as the
highest encounter rates of all study areas within Oman, with the other main high-density area being
the Hallaniyats Bay (Dhofar region). Habitat modelling using Eigenvector Linear Models was
performed on the same dataset (Corkeron et al., 2011) and resulted in the same conclusions. More
recent analysis of vessel-based surveys conducted up to 2012 (Figure 3-6) continues to confirm the
Gulf of Masirah as a critically important area (Willson et al. in prep).
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Figure 3-6: Density plots of total vessel effort (a) vessel effort standard deviation (b) sum of ASHW
sightings density (c) and standard deviation of sightings density (Source: Willson et al, in prep)
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Satellite telemetry studies conducted in Oman between 2014 and 2016 to model the movements of
ASHWSs revealed migratory movements within a 1,150 km corridor between central Oman and
Northern Yemen (n=9) (Willson et al, 2016). Whales in this study spent the majority of their time

(72%) over shelf waters in depths of <200m.
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Figure 3-7: Habitat utilization derived from counts of Static Space State Model (SSSM) locations within a
hexagon grid network. Full extent of the study area defined by whale movement (upper panel; this should
be A; cell size 25 km min. radius) and selected high-use areas (bottom plots ‘B’ and ‘C’; cell size 15 km

min. radius). (Willson et al., 2016).

DISTRIBUTION WITHIN AREA OF INFLUENCE

Results of the 2014 to 2016 telemetry studies revealed that whales spent 35% of their time in the Gulf
of Masirah (Willson et al. 2016) with the range included in this analysis determined by the extent of

the area shown in
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Figure 3-8. The results reveal that the 95% habitat range within the Gulf of Masirah is broadly
distributed throughout the area, whilst the 50% range is found towards the north of the Gulf. Six
satellite tags fitted with dive profile sensors revealed that whales spent 83% of their time within the top
20 m of the water column, with the most frequent dive duration lasting between 5-10 minutes (Willson
et al. 2016).

Secondary analysis of the same data modelled using space state techniques for the specific purpose
of the current report reveals that whales spent 54% of time within the defined CHAA between the
months of November and July.
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Figure 3-8: Kernel Density Estimate of ASHW habitat utilisation derived from Static Space State Model
locations from satellite telemetry studies 2014-’16 within the Gulf of Masirah.

Ongoing vessel-based surveys in the area prioritise the collection of photographic data during
encounters with humpback whales. Photographic records include the cataloguing of tail fluke and
dorsal images together with location and behaviour data. Simultaneously genetic samples are taken
that enable the same catalogue to match individual fluke and dorsal records with the sex derived from
laboratory based DNA analysis. Recent review of the photographic database indicates that
encounters have resulted in a total of 354 occasions where individual identifications could be made
across study sites in Oman (Table 3.5).

Photographic records also reveal that over 52% of individuals registered in the database have been
observed within the CHAA, thus making it the most important habitat within the known range of this
endangered population (Willson et al. in prep).

Table 3.5: Occurrence of identified ASHWs within different study areas within Oman (Willson et al. in
prep)

TOTAL NUMBER OF INDIVIDUAL:NUMBER OF OVERALL PERCENTAGE OF INDIVIDUALS
IDENTIFICATIONS INDIVIDUALS IDENTIFIED :IDENTIFIED WITHIN EACH STUDY AREA

STUDY AREAS

Azaiba 1 1 0.6




STUDY AREAS TOTAL NUMBER OF INDIVIDUAL:NUMBER OF OVERALL PERCENTAGE OF INDIVIDUALS
IDENTIFICATIONS INDIVIDUALS IDENTIFIED IDENTIFIED WITHIN EACH STUDY AREA
Dugm 3 3 1.7
Dugm Port 2 2 1.2
Gulf of Masirah 117 75 43.6
Hadbin 3 2 1.2
Hallaniyats 35 26 15.1
Hasik 144 39 22.7
Likbe 3 3 1.7
Masirah 14 11 6.4
Mirbat 5 5 2.9
Muscat Area 1 1 0.6
Sadh 2 2 1.2
Salalah 4 2 1.2
Grand Total 334 172 100

The foraging ecology of the ASHW remains poorly understood, and is of interest given the
population’s unique regional status (Minton et al., 2008; Pomilla Amaral et al. 2014). Minton (2011)
and Reeves (1991) hypothesised that energy requirements within the Arabian Sea may be met by
increased productivity generated by nutrient rich upwelling water off the southern Arabian Peninsula
during the summer monsoon period.

Sardines and euphasiids were found in the stomachs of whales examined in the Soviet catch (n=85)
(Mikhalev, 1997). Both of these prey items occupy different habitats. Sardine species found in Oman
predominantly feed on phytoplankton (Randal, 1995). Piontkovski (2014) identified monthly
fluctuations in sardine landings associated with remotely sensed chlorophyll-a concentration from
MODIS-Aqua and SeaWIFS archives off the northern coast of Oman. Spatial distribution modelling of
ASHW revealed that net primary productivity was the strongest environmental co-variate associated
with distribution, with primary productivity a noted feature of the Gulf of Masirah (Willson et al. 2017).

High densities of euphausids (shrimp-like krill) are typically associated with proximity to shelf edge
(Harris et al. 2014). Dive behaviour of whales off Masirah Island bordering on the eastern extent of the
CHAA has indicated repeated dives over 200m (Figure 3.9) and of equivalent depth to where high
densities of myctophids (lantern fish) have been detected. The historical whaling records and
evidence from telemetry work suggest behavioural plasticity in foraging strategies between coastal
and offshore waters (Willson et al. 2016).
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Figure 3.9: Best Daily Locations (BDL) of telemetry plots combined with maximum depths for each day
(Source: Willson et al. 2016)

Of a total of 162 sightings within the CHAA the Oman Cetacean Database (OMCD) describes 11
encounters where feeding has been observed (OMCD 2016). These are defined by events during
which surface lunge feeding is visible. It is possible that feeding behaviour often goes undetected
given that dive profile information (recorded by satellite telemetry units) shows that dive duration of
whales ranges between 2 — 35 minutes, with the most frequent average dive duration for all animals
lasting between 5 to 10 minutes (Willson et al., 2016).

There are various lines of evidence to indicate that the Gulf of Masirah is important during the
reproduction process of ASHW. Mating has not been directly observed anywhere in Oman. However,
the breeding season for the ASHW population is estimated to commence in January, peak in March
and end in late May based on inspection of foetus development during Soviet whaling activities
(Mikhalev, 1997). A combined genetics and photographic study programme (Minton et al., 2011) has
demonstrated that the Gulf of Masirah has an equal ratio of sightings of males and females over the
winter/ spring period in contrast to male dominated ratios recorded elsewhere in Oman, thus providing
the opportunity for mating to take place. Mating is also likely to be associated with locations where
male humpback song is detected. Deployment of bottom mounted passive acoustic monitoring units



between 2012 and 2013 revealed the presence humpback whale song in the Gulf of Masirah from
early December through to late June (Cerchio et al. 2016).

As with mating, calving of ASHW has not been directly observed. The Oman Cetacean Database
(OMCD) reveals that 27% (n=37) of individuals that have been observed and biopsied in the Gulf of
Masirah have been females, (39%= male and 33% unknown) (OMCD 2016). Based on the
occurrence of adult females in the area during the breeding and calving season it is hypothesised that
these are either recently pregnant or in late pregnancy stages. Further interrogation of sightings data
in the OMCD reveals that mother-calf pairs have been observed on 15 separate occasions in Oman
waters. Seven of these occurred within the boundary of the CHAA, and specifically within the Gulf of
Masirah, indicating that the area has ecological function as nursery habitat (OMCD 2016). On one
occasion, in March 2012, a mother-calf pair is known to have entered the confines of the Port of
Dugm port basin (Port of Dugm Company in lit. to R. Baldwin. March 2012).

Plates 1 and 2: Mother and calf humpback sighte
Port of Dugm Company).

KNOWLEDGE GAPS

Detailed information on the ASHW is available as a result of systematic study conducted since 2000
(e.g. Baldwin 2000; Minton et al 2008; Willson et al. 2017; ESO and MECA unpubl. Data; and others).
These studies have also revealed information about threats. Still relatively little is known about
breeding and feeding behaviours and habitats, and there remain gaps in knowledge of distribution and
seasonality of movements. The recent EIAs in the Dugm area have provided little new information.
The gaps in our knowledge hinder definition of thorough and comprehensive mitigation and
management measures.

CONCLUSIONS AND JUSTIFICATION FOR TIER SELECTION

IFC’s PS6 defines critical habitat as areas of high biodiversity value that satisfy one or more of five
Critical Habitat Criteria. PS6 also defines gradients of critical habitat based on the vulnerability and
irreplaceability of the site. For the first three criteria numerical thresholds are used to assign a Tier 1
or Tier 2 critical habitat designation. For ASHWSs, three of the five critical habitat criteria are relevant
(Criteria 1, 2 and 3) the first of which meets the Tier 1 level designation, whist the second and third
meet the Tier 2 level designation, as described below:

Criterion 1: Critically Endangered (CR) or Endangered (EN) Species. The CHAA is a centre for
distribution of the Endangered ASHW. Tier 1 criterion (a) is met because the habitat sustains more
than 10% of the global population of the ‘species’, the later termed a discrete ‘subpopulation’ in this
case.
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Criterion 2: Endemic/Restricted Range Species. Tier 2 is assigned in this case as the Aol is known to
sustain more than 1%, but less than 95%, of the global population of this restricted range species.

Criterion 3: Migratory/ Congregatory Species. The assignation of Tier 2 in this case relates to the
CHAA sustaining, on a cyclical or otherwise basis, more than 1%, but less than 95%, of the global
population of this migratory species.

Based on these conclusions, there is a requirement to adhere to paragraphs 17-19 of PS6, which
includes reference to study of alternative sites, assessment of impacts on the biodiversity values for
which the critical habitat was designated, a robust monitoring programme and a mitigation strategy
within the context of a Biodiversity Action Plan, including identification of biodiversity offsets if
required. Such plans require advance preparation in considerable detail in order to assess whether
the necessary requirements can be satisfied for a species meeting the Tier 1 critical habitat
designation.

Indian ocean humpback dolphin
LIFE HISTORY AND ECOLOGY

Indian Ocean humpback dolphins are usually seen within a narrow strip of shallow near-shore waters
(Ross et al. 1994, Jefferson and Karczmarski 2001), seldom in water deeper than 20-30 m
(Karczmarski et al. 2000). Seasonality of occurrence, movements, group sizes, and reproduction has
been reported in several studies (e.g. Durham 1994, Karczmarski et al. 1999a, 1999b, Guissamulo
2007). The dolphins appear to be selective in their habitat choice (e.g. Karczmarski et al. 2000;
Stensland et al. 2006). Dependence on shallow-water habitats as feeding grounds is often evident
throughout the year (Karczmarski and Cockcroft 1999; Karczmarski et al. 2000), although the details
of the preferred key habitats may differ between groups and locations (Jefferson and Karczmarski
2001; Atkins et al. 2004; Stensland et al. 2006).

In Oman, identification of fish otoliths (inner ear bones) taken from the stomach contents of this
species from the Gulf of Masirah (Ponnampalam et al., 2012) reveals prey to often include fishes of
the family Sciaenidae (drums and croakers), demersal species associated with shallow rocky, sand
and mud substrate. Similar studies from the south of Oman have also revealed a high incidence of
cephalapods and crustaceans in the diet (Baldwin et al., 2004).

Little is known about the life history of this species. Studies in South Africa suggest gestation is 10-12
months (Cockcroft, 1989), with mother-calf association continuing for three to four years (Karczmarski
et al., 1999). In Oman, social and/or mating behaviour has been observed in the months of April and
May, and the presence of calves has been recorded in April through June, and in October through
December (Baldwin et al. 2004).

CONSERVATION STATUS

Humpback dolphins found within the Indian Ocean have recently been taxonomically separated are
and now considered a separate species distinct from the Indo-Pacific humpbacked dolphin ((Jefferson
and Rosenbaum, 2014). This status has not yet been formally incorporated by the IUCN Red List.
However, the conservation status of this species has been reviewed using the Red List criteria in
recognition of diminishing abundance and degradation of habitat throughout much of the Indian
Ocean (Braulik et al 2016). This recent assessment considers the species to be Endangered (Braulik
et al. 2016) based on an estimated decline of at least 50% across its range over three generations.

Abundance estimates exist for South Africa and Southwest Indian Ocean, but no-where else within
the range. All those that have been quantitatively evaluated have been small in size, always less than
500 and usually fewer than 200, and the evidence suggests that the species is not abundant
anywhere within its range (Braulik et al. 2015).



The nearshore distribution of this species puts it within range of artisanal fisheries with gill nets posing
a high risk of bycatch. Within Oman a high incidence of beach cast specimens results from
interactions with fisheries (Collins et al. 2002). Loss of nearshore habitats due to coastal development
is also a noted feature of the Arabian region in general (Baldwin et al. 2004), with dredging, land
reclamation, construction blasting, port and harbour construction, vessel traffic, oil and gas exploration
related activities, and other activities, all occurring in humpback dolphin habitat (IWC, 2002). Range
wide mortality from bycatch alone is several orders beyond the limit for a sustainable population and
leads experts to conclude the species is almost certainly decreasing (Friedmann and Daly, 2004;
Reeves et al., 2008).

GLOBAL AND NATIONAL DISTRIBUTION
Indian Ocean humpback dolphins occur along the western periphery of the Indian Ocean from False

Bay in South Africa in the south west of the range through to the most southern tip of India in the north
west of the range (
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Figure 3.10). Distribution covers south and east Africa, the Middle East and South Asia with this range
including the west coast of Madagascar, Red Sea, Arabian Sea and Arabian Gulf. The level of
knowledge is greatest in the South West Indian Ocean, South Africa and Oman (Braulik et al. 2015).
Existence of pockets of suitable habitat, local extirpation and range reductions are most likely the key
factors accounting for their disjunct distribution (IWC, 2002). Within the western Indian Ocean genetic
data suggests significant population segregation between Oman, Zanzibar and South Africa that is
correlated with large scale oceanographic regimes.
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Figure 3.10: The assumed distribution of the Indian Ocean humpback dolphin (Sousa plumbea). (Source:
Braulik et al. 2016).

Indian Ocean humpback dolphins are one of the most commonly encountered cetacean species in
Oman, and its distribution, while seemingly absent from the Gulf of Oman, appears to be continuous
along the Arabian Sea coast of the Sultanate (Salm et al. 1993; Baldwin & Salm 1994; Baldwin et al.
2004; Minton 2004).

Humpback dolphins are known for their narrow habitat preference. Results of surveys in 2000-2003 in
Oman confirmed that sighting rates for this species increase with proximity to the shore (Minton et al.,
2011). Although usually found in water depths of 20m or less, this species has been sighted in Oman
in water depths greater than 40m in certain, restricted locations (Baldwin et al. 2004). The migration
and movements of animals in Oman have not yet been studied, but elsewhere in its range S. plumbea
populations are apparently comprised of long-term residents that show a limited home range, in the
order of tens to hundreds of kilometres (Guissamulo and Cockroft, 2004; Karczmarski et al., 1999;
Keith et al., 2002; Parsons, 1998).

Very strong population structure has been defined from genetic study of this species in Oman,
including animals sampled from the Gulf of Masirah (Mendez et al., 2013). The study also showed
that the population sampled in Oman has the highest genetic diversity in the Western Indian Ocean
region (Mendez et al., 2011).

DISTRIBUTION WITHIN CHAA
A total of 40 sightings of humpback dolphins have been recorded from incidental and dedicated

sightings from vessel surveys between 1986 and 2006 within the Aol. Group sizes range between one
and one hundred individuals (OMCD 2016). Most sightings (n=22) were of groups of 10 animals or



less, with 16 sightings of between 11 and 50 individuals and two sightings made up of group numbers
between 60 and 100 animals (OMCD).

Within the Gulf of Masirah, Indian Ocean humpback dolphins have been sighted off the west coast of
Masirah, Bar al Hikman, the Ghabbhat Hashish and in several locations between Ras bin Tawt and
Ras Madrakabh, including around the Port of Dugm (OMCD). This indicates a near continuous coastal
distribution in the area (Figure 3-11). Frequent year round sightings have been made from shore-
based observations from Dugm south to Ras Markaz. A key habitat identified in 2002 was the
northern part of Dugm bay (how the central location of the port itself) (Minton, 2004).

Based on the fact that Indian Ocean humpback dolphins typically exhibit limited home ranges
(Baldwin 2003) it can be inferred that all ecological requirements for the species are likely to be
available within the CHAA.
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KNOWLEDGE GAPS

There is very little information available on the Indian Ocean humpback dolphin. Most of the
information is dated and little of it is detailed. No dedicated study of this species has been conducted
in Oman and most records are therefore incidental. The gaps in our knowledge hinder definition of
thorough and comprehensive mitigation and management measures.

CONCLUSIONS AND JUSTIFICATION FOR TIER SELECTION

IFC’s Performance Standard 6 defines critical habitat as areas of high biodiversity value that satisfy
one or more of five Critical Habitat Criteria. PS6 also defines gradients of critical habitat based on the
vulnerability and irreplaceability of the site. For the first three criteria numerical thresholds are used to
assign a Tier 1 or Tier 2 critical habitat designation. For Indian Ocean humpback dolphin, two of the
five critical habitat criteria are relevant (Criteria 1 and 2), both of which meet the Tier 2 level
designation, as described below:

Criterion 1: Critically Endangered (CR) or Endangered (EN) Species. The Aol is known to be
populated by the Endangered Indian Ocean humpback dolphin. Tier 2 criterion (c) is met because the
habitat supports regular occurrence of one or more individuals.

Criterion 2: Endemic/Restricted Range Species. Tier 2 (b) is assigned in this case as the CHAA is
considered to sustain more than 1%, but less than 95%, of the global population of this restricted
range species.

Based on these conclusions, there is a requirement to adhere to paragraphs 17-19 of PS6, which
includes amongst other requirements includes reference to the assessment of impacts on the
biodiversity values for which the critical habitat was designated, a robust monitoring programme and a
mitigation strategy within the context of a Biodiversity Action Plan, including identification of
biodiversity offsets, if required.

Hawksbill turtle
LIFE HISTORY AND ECOLOGY

Hawksbill turtles mature very slowly, taking 20 to 40 years, and so are long-lived (Chaloupka and
Musick 1997). Age to maturity in the Indo-Pacific is at the upper end of this scale, requiring a
minimum of 30-35 years (Limpus 1992; Limpus and Miller 2000; Mortimer et al. 2002, 2003). This
makes populations more sensitive to potential decline as juveniles face the threat of mortality for
many years before they are able to reproduce. Once mature, active nesting by females continues over
a period of at least 17-20 years in the Indo-Pacific (Mortimer and Bresson 1999; Limpus 1992). Data
specific to Oman on this topic are not available.

Hawksbills nest on insular (island) and mainland sandy beaches throughout the tropics and
subtropics. They are highly migratory and use a wide range of broadly separated localities and
habitats during their lifetimes (for review see Witzell 1983). Available data indicate that newly
emerged hatchlings enter the sea and are carried by offshore currents into major gyre systems where
they remain until reaching a carapace length of some 20 to 30 cm. At that point they recruit into a
neritic (coastal) developmental foraging habitat that may comprise coral reefs or other hard bottom
habitats, sea grass, algal beds, such as that found in the Gulf of Masirah.

Once sexually mature, hawksbills undertake breeding migrations between foraging grounds and
breeding areas at intervals of several years (Witzell 1983, Dobbs et al. 1999, Mortimer and Bresson
1999). In Oman these migrations are known to have both a local component (e.g. nesting on Masirah
Island and feeding in the Gulf of Masirah) and a wider, national component (e.g. nesting at the
Daymaniyat Islands and, again, foraging in the Gulf of Masirah) as demonstrated by satellite tracking
studies.



Global population genetic studies have demonstrated the tendency of female sea turtles to return to
breed at their natal rookery (Bowen and Karl 1997), even though as juveniles they may have foraged
at developmental habitats located hundreds or thousands of kilometers from the natal beach. While
hawksbills undertake long migrations, some portion of immature animals may settle into foraging
habitats near their beaches of origin (Bowen et al. 2007). In Oman, all adult females tagged to date
have remained in Omani waters, often using the Gulf of Masirah for foraging as described above.

Hawksbills are known to be important components of healthy coral reef ecosystems and are primarily
omnivorous in the Indo-Pacific (Bjorndal and Jackson 2003). In Oman they are thought to consume a
combination of forage including sponges, soft corals and other benthic reef organisms (Salm 1991).

CONSERVATION STATUS

The global status of hawksbill turtles, as listed by the IUCN Red List is Critically Endangered,
reflecting a low population size in decline (Mortimer and Donnelly, 2008). With respect to IFC GN6
guidance document, this means that it is facing an extremely high risk of extinction in the wild. It is the
highest risk category assigned by the IUCN Red List for wild species.

Analysis of historic and recent published and unpublished global accounts indicate extensive
subpopulation declines of hawksbill turtles in all major ocean basins over the last three generations as
a result of over-exploitation of adult females and eggs at nesting beaches, degradation of nesting
habitats, take of juveniles and adults in foraging areas, incidental bycatch mortality relating to
fisheries, and degradation of marine habitats (Mortimer and Donnelly, 2008). Today, some protected
populations are stable or increasing, but the overall decline of the species, when considered over a
period of three generations, has been in excess of 80%. The greatest decline has occurred in the
Indian Ocean, where a decline of 93.8% over the past three generations has been calculated
(Mortimer and Donnelly, 2008).

Almost all of the threats described above apply in Oman, where degradation of nesting habitat due to
coastal development and incidental mortality as a result of fisheries are thought to be the most
important impacts (Pilcher et al., 2014). The hawksbill turtle population of Oman has been recognised
as a globally significant population of high conservation priority (IUCN 1991). Oman is one of few
countries in the world that still has large populations of turtles (Baldwin, 1999). However, the current
status, and trend, of hawksbill turtle populations in Oman is not known. Indeed, such figures are
available only for the loggerhead turtle (see below) which reveal a significant and very substantial
decline (over 70%) in the nesting female population over the past three decades.

GLOBAL AND NATIONAL DISTRIBUTION

The hawksbill turtle has a circumglobal distribution throughout tropical and, to a lesser extent,
subtropical waters of the Atlantic Ocean, Indian Ocean, and Pacific Ocean. Hawksbills are migratory
and individuals undertake complex movements through geographically disparate habitats during their
lifetimes. Hawksbill nesting occurs in at least 70 countries, although much of it now only at low
densities. Their movements within the marine environment are less understood, but hawksbills are
believed to inhabit coastal waters in more than 108 countries (Groombridge and Luxmoore 1989,
Baillie and Groombridge 1996).

In Oman, hawksbills nest on beaches in Musandam in the very north, to as far south as Dhofar,
though nesting here is in very low numbers. The main concentrations of nesting females occur at the
Daymaniyat Islands, where between 250-350 females nest annually (making this small site one of the
densest nesting locations by this species in the world) (Salm 1991; Baldwin 1999), and at Masirah
Island, where upwards of 125 females nest annually (Ross and Barwani 1982). Other key nesting
sites include the Muscat area around Bandar Jissah and Bandar Khayran and in the Gulf of Masirah
at Bar al Hikman and between Ras bin Tawt and Ras Madrakah (IUCN, 1991). Nesting peaks in April-
May (Baldwin 1999) but at hawksbills have been recorded nesting year round at some locations in
Oman (MECA unpubl. data).



Foraging largely occurs in the Gulf of Masirah (Pilcher et al. 2014), but has been observed in other
parts of Oman, such as around reefs off Muscat to the north (Salm and Salm 1991).



DISTRIBUTION WITHIN CHAA

As described above, hawksbills nest at Masirah Island and in the Gulf of Masirah at Bar al Hikman

and between Ras bin Tawt and Ras Madrakah (IUCN, 1991)
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Figure 3-12). Nesting is still known at all of these sites (ESO unpubl. data) and was recorded during
the EIA studies for Dugm Refinery Project and some of the Associated Facilities. Nesting occurs at
many different types of beaches in the CHAA, including pocket beaches in bays and along open
shoreline. Nesting is disparate and not enough intensive, long-term study has been conducted to
determine all nesting locations or the seasonality of nesting. It is interesting to note, however, that in
at least two locations in Oman where continuous monitoring has been undertaken for multiple years
(Daymaniyat Islands and Bar al Jissah) nesting has been found to occur year round, every year
(MECA unpubl. data).

At Masirah, the numbers of nesting females appears to have remained similar to that recorded in the
late 1970s, although the population trend is impossible to verify without long-term monitoring as there
is a very high inter-annual variation in nesting (ESO unpubl. data). It is possible, however, that
Masirah lIsland is more important to nesting hawksbills than has previously been thought; an
estimated 405 females nested there in 2016 (ESO unpubl. data).

Hawksbills also use the Gulf of Masirah as a foraging habitat. This part of Oman appears to be
favoured for foraging by hawksbills that nest both nearby (e.g. at Masirah Island) and further away
(e.g. Daymaniyat Islands) as revealed by results of satellite tracking.

Satellite telemetry studies were undertaken on a total of 27 hawksbills between 2010 and 2013, with
15 turtles tagged from the Daymaniyat Islands (to the north of Muscat) and 12 turtles from Masirah



Island (Pilcher et al., 2014). Plotted locations of final foraging areas are shown in
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Figure 3-12. Analysis of density based on best daily location point data per individual turtle per day
revealed that 12 of the turtles from Daymaniyat Islands and 12 from Masirah Island passed into the



Gulf of Masirah post nesting. The data also show that there is activity in this area year-round. Core
habitats were noted from the southern tip of Masirah (in close proximity to nesting areas) and in the
reef shallows of Bar al Hikman and Sif-bu-Sifa offshore reefs northeast of Dugm. All individuals
demonstrated high site fidelity over foraging grounds.
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Figure 3-12: Distribution of hawksbill turtles including nesting locations and post-nesting migrations

obtained using satellite telemetry studies
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Migratory routes to and from other breeding and foraging areas are likely to cross many parts of the
CHAA and hatchlings and juveniles can be expected to disperse widely throughout the area from
widely separated nesting sites.

KNOWLEDGE GAPS

Relatively little is known about hawksbill turtles in the CHAA and in Oman in general. Most information
comes from studies conducted around Masirah Island, Daymaniyat Islands and the Muscat area and
is limited to basic monitoring data of nesting turtles only (MECA and ESO unpubl. data.). The recent
ElAs in the Dugm area have provided some new information, but this is limited to records of nesting
inferred from tracks on beaches. The only other recent available data is from satellite tracking studies
(Pilcher et al. 2014) which provides some insight into migratory routes and foraging habitats for a
small sample of the population. All other data, largely limited to nesting records, is over 20 years old.
Current knowledge gaps hinder definition of thorough and comprehensive mitigation and management
strategy for this species.

CONCLUSIONS AND JUSTIFICATION FOR TIER SELECTION

IFC’s Performance Standard 6 defines critical habitat as areas of high biodiversity value that satisfy
one or more of five Critical Habitat Criteria. PS6 also defines gradients of critical habitat based on the
vulnerability and irreplaceability of the site. For the first three criteria numerical thresholds are used to
assign a Tier 1 or Tier 2 critical habitat designation. For hawksbill turtles, two of the five Critical
Habitat Criteria are relevant (Criteria 1 and 3) both of which meet the Tier 2 level designation, as
described below:

Criterion 1: Critically Endangered (CR) or Endangered (EN) Species. The CHAA contains breeding
and foraging habitat used by the Critically Endangered hawksbill turtle. Tier 2 criterion (c) is met
because the habitat supports the regular occurrence of one or more individuals of this CR species.

Criterion 3: Migratory/Congregatory species. The assignation of Tier 2 in this case relates to the
CHAA sustaining, on a cyclical or otherwise basis, more than 1% of the global population of this
migratory species.

Loggerhead Turtle
LIFE HISTORY AND ECOLOGY

The loggerhead turtle (Caretta caretta) nests on insular and mainland sandy beaches throughout the
temperate and subtropical regions worldwide. Like most turtles, loggerheads are highly migratory and
use a wide range of broadly separated localities and habitats during their lifetimes (Bolten and
Witherington 2003). Upon leaving the nesting beach, hatchlings begin an oceanic phase in major
current systems (gyres) that serve as open-ocean developmental grounds (Bolten and Witherington
2003; Putman and Mansfield, 2015). After 4-19 years in the oceanic zone, loggerheads recruit to
neritic developmental areas rich in benthic prey or epipelagic prey where they forage and grow until
maturity at 10-39 years (Avens and Snover, 2013). In Oman, on reaching sexual maturity loggerhead
turtles undertake breeding migrations between foraging grounds (distributed throughout the region,
but centered off Oman and Yemen), and nesting areas, primarily at Masirah Island. Remigration
intervals of loggerhead turtles are of one to several years with a mean of 2.5-3 years for females
(Schroeder et al., 2003) while males would have a shorter remigration interval (e.g., Hays et al. 2010,
Wibbels et al., 1990). On Masirah Island, females nest on average 5.5 times per year (Tucker et al.
2013). Migrations are carried out by both males and females and may traverse oceanic zones
spanning hundreds to thousands of kilometres (Plotkin 2003). During non-breeding periods adults
reside at coastal neritic feeding areas that sometimes coincide with juvenile developmental habitats
(Bolten and Witherington, 2003).



CONSERVATION STATUS

The loggerhead turtle is considered globally as Vulnerable under current IUCN Red List Criteria
(criterion A2b). However, it is recognised that the loggerhead turtle comprises 10 subpopulations that
vary widely in population size, geographic range, and population trends, and are the appropriate units
for assessment of global conservation status for this species (Wallace et al., 2010, 2011). Each of
these 10 subpopulations have been formally assessed and given their own status listing. The IUCN
Red List specifically states the following:

“the global listing is not an appropriate representation of the conservation status of the biologically
relevant subpopulations that make up the global Loggerhead Turtle population. Subpopulation
assessments demonstrated wide variation not only in status of individual subpopulations (as indicated
by IUCN Red List Categories), but also in the criteria under which the individual subpopulations
qualified for a threatened category. For these reasons, the subpopulation-level assessments for the
Loggerhead Turtle should be given priority in evaluating the true global conservation status of this
species.” (Casale, 2015).

One of the 10 subpopulations is the Northwest Indian Ocean loggerhead turtle subpopulation which
nests in Oman and Yemen. Genetic markers indicate that this subpopulation represents a distinct
subpopulation or regional management unit (Shamblin et al., 2014, Wallace et al. 2010). The Masirah
island stock probably represents over 90% of the subpopulation and has experienced a massive
decline in the past few decades, which has recently accelerated. Based largely on this, the Northwest
Indian Ocean loggerhead turtle subpopulation qualifies for the category Critically Endangered
according to IUCN Red List criterion A4, sub-criterion (b). According to the IFC GN6 guidance
document, this means that it is facing an extremely high risk of extinction in the wild. It is the highest
risk category assigned by the [IUCN Red List for wild species.

Threats to loggerhead turtles in the CHAA and in Oman in general have been documented (ESO
unpubl. report to MECA) and are summarised below.

Threats in the beach environment:

Light pollution;

Coastal construction;

Vehicle traffic;

Fisheries activities on beaches;
Harvest of eggs;

Beach recreation;

Beach pollution (including that from oil spill);
Overgrazing;

Vegetation removal/planting;
Erosion;

Sand mining and beach nourishment;

Predation; and

N2 20 20 28 2N N N 2 N 2 2N N 7

Climate change.
Threats in the marine environment;:

- Fisheries bycatch;
- Habitat degradation by fisheries;



Harvest of adult sea turtles;

Pollution at sea (including that from oil spill);
Vessel collision;

Dredging and other marine construction works;

Disease/pathogens; and

N2 20 20 2 2 2

Changes in trophic dynamics.

The impacts of fisheries activities on loggerheads have been a more recent focus of study at Masirah
Island and the Gulf of Masirah (Willson et al., 2015). This involved telemetry studies combined with
mapping of fisheries effort to reveal co-occurrence as well as interviews with fishermen. The results
revealed a preliminary estimate of 1,640-1,770 loggerheads bycaught every year in the skiff gill net
fishery alone. The bycatch from dhow fisheries is not known, but currently under study (ESO,
unpublished data), and is likely to be higher given the increased effort, endurance and range of this
fleet.

GLOBAL AND NATIONAL DISTRIBUTION

The loggerhead turtle is globally distributed throughout the subtropical and temperate regions of the
Mediterranean Sea and Pacific, Indian, and Atlantic Oceans (Wallace et al. 2010). Within its range, 10
different genetic stocks are recognised including those in: North West Atlantic Ocean, North East
Atlantic Ocean, South West Atlantic Ocean, Mediterranean Sea, North East Indian Ocean, North West
Indian Ocean, South East Indian Ocean, South West Indian Ocean, North Pacific Ocean, and South
Pacific Ocean. The IUCN Red List evaluation notes the global population size is unknown although
estimates the number of females nesting annually is between 36,000 and 67,000 (Casale et al, 2015).

In Oman, loggerhead turtles are widely distributed, having been documented from Musandam, in the
far north to the Oman/Yemen border in the south (Salm, 1991; Baldwin, 1999). The centre of their
distribution, however, is around Masirah Island and in the Gulf of Masirah. Over 90% of females
(approx. 10,000-14,000 individuals annually (Wilson et al., 2015)) nest in this location, with much
smaller numbers nesting primarily at the Hallaniyat Islands and mainland Dhofar.

Foraging habits and locations of loggerhead turtles are not well known, but telemetry studies (ESO
unpubl. data) reveal that adult females range mostly within Omani and Yemeni waters (Figure 13-3),
spending most of their time in deep, offshore waters. However, significant amounts of time are also
spent migrating along shorelines, including through the CHAA. Juvenile loggerhead turtles from Oman
have been documented as far afield as La Reunion and Western Australia, indicating that hatchling
dispersal and juvenile ranging are much more extensive than during the adult phase (ESO unpubl.
data).

DISTRIBUTION WITHIN CHAA

At least 40% of global loggerhead turtle nesting activity was previously thought to occur on Masirah
Island (Environment Society of Oman (ESO), unpublished data). Initial surveys conducted from 1978
(Ross and Barwani, 1982) estimated 30,000 or more female loggerheads nesting at Masirah island. A
comparison of equivalent historical and recent nesting trend data of index beaches at Masirah Island
indicates current nesting is now at one third (10-14,000 females annually) of the original number
estimated in the 1970’s and 1980’s (Witherington et al., 2015). Marginal loggerhead nesting habitat is
also known to occur between Ras Madrakah and Ras bin Tawt with estimates of 100 nests/year
reported by Salm (1991). With a global estimate from 36- 67,000 nesting females and Masirah
estimate at 10-14,000 it is estimated that 15 - 38% of the global population of adult females nest on
the island and the same proportion of males and females originate from this rookery.

Nesting by loggerhead turtles at Masirah mostly occurs between the end of April and beginning of
September with a peak in the first two weeks of June (Willson et al., 2015). The incubation period of
6-8 weeks implies that hatchlings will disperse to sea between June and November, which coincides



with south west monsoon currents that will take them in a northeasterly direction, away from the Gulf
of Masirah.

Movements of adult females in the inter-nesting and post-nesting periods is described from a satellite
telemetry study conducted on Masirah Island where 44 turtles were instrumented between 2006 and
2012 (Willson et al., 2015). The full regional extent of turtle movements post nesting is shown in
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Figure 3-13, with turtles distributing as far as the Arabian Gulf and Red Sea, whilst the predominant
area of post migration movement is to the Gulf of Aden between Yemen, Oman and Socotra.
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Figure 3-13: Adult female loggerhead turtle distribution based on telemetry studies conducted between
2006 and 2012 (ESO unpubl. data)

The results also reveal high density use of habitat within the CHAA (Figure 3-14). The results are
temporally biased: they only show movements of those animals that have already arrived on the
island (tagged on their first nesting event of the season), and exclude movements prior to the
beginning of the season. Furthermore, females were only tagged from the north end of the island.
Movement towards Masirah Island by females able to breed should be expected to occur at least two
months prior to April, and is likely to include passage through the Gulf of Masirah from foraging
grounds to the south. Females leave the island between July and September and head south. This
route predominantly takes them along the eastern fringe of the Gulf of Masirah.
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Figure 3-14: Kernel density plots of best daily locations from telemetry studies, showing monthly
distribution of adult female loggerhead turtles in the CHAA between 2006 and 2012 (ESO unpubl. data)

Habitat utilisation by this species is understood to be predominantly seasonal based on results of
telemetry data. This is expected to relate to turtles transiting through the area on migration to and
from nesting at Masirah Island (Willson et al., 2015). Although an important migration route, the Gulf
of Masirah is not expected to be an important foraging destination for adult female turtles based on
these results. However, the occurrence of male turtles or sub-adults in the area is not well known, due
to a lack of study on these population segments.



Overall distribution of loggerheads in the CHAA is depicted in
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Figure 3-15 below.
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Figure 3-15: Distribution of loggerhead turtles in the CHAA including nesting locations and post-nesting
migrations obtained using satellite telemetry studies.
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KNOWLEDGE GAPS

Detailed study of the Masirah Island nesting population of loggerhead turtles is available as a result of
systematic study conducted since 2006 (Casale, 2015; Willson et al., 2015; ESO and MECA unpubl.
data). Much less is known about foraging habitat except for that generated during investigation of
post-nesting migrations of adult female loggerheads during satellite tracking studies (Casale 2015;
Willson et al. 2015; ESO and MECA unpubl. data). These studies have also revealed information
about threats to loggerhead turtles, although this knowledge is largely confined to Masirah Island.
Almost nothing is known about the pre--adult life history stage of loggerhead turtles or about males.
The ElAs in the Dugm area have provided no new information. All other data on loggerhead turtles
(which is limited) comes mostly from IUCN Coastal Zone Management studies conducted in the late
1980s/early 1990s (Salm 1991). Knowledge gaps are a constraint on definition of a thorough and
comprehensive mitigation and management strategy for this species.

CONCLUSIONS AND JUSTIFICATION FOR TIER SELECTION

IFC’s PS6 defines critical habitat as areas of high biodiversity value that satisfy one or more of five
Critical Habitat Criteria. PS6 also defines gradients of critical habitat based on the vulnerability and
irreplaceability of the site. For the first three criteria numerical thresholds are used to assign a Tier 1
or Tier 2 critical habitat designation. For loggerhead turtles, two of the five Critical Habitat Criteria are
relevant (Criteria 1 and 3) the first of which meets the Tier 1 level designation, whist the second meets
the Tier 2 level designation, as described below:

Criterion 1: Critically Endangered (CR) or Endangered (EN) Species. The CHAA contains breeding
and foraging habitat used by the Critically Endangered loggerhead turtle. Tier 1 criterion (a) is met
because the habitat sustains more than 10% of the global population of the species, and 90% of the
relevant regional management unit/subpopulation (North West Indian Ocean subpopulation), which is
Critically Endangered.

Criterion 3: Migratory/Congregatory species. The assignation of Tier 2 in this case relates to the
CHAA sustaining, on a cyclical or otherwise basis, more than 1%, but less than 95%, of the global
population of this migratory species.

Based on these conclusions, there is a requirement to adhere to paragraphs 17-19 of PS6, which
includes reference to assessment of impacts on the biodiversity values for which the critical habitat
was designated, a robust monitoring programme and a mitigation strategy within the context of a
Biodiversity Action Plan, including identification of biodiversity offsets if required. Recommendations
for formulation of such a Biodiversity Action Plan are provided under ‘Strategic Recommendations’ in
Section 4. It is key to note that these requirements sit beyond the sphere of direct Project control and
impacts driving this requirement are only partly related to the Project.

It should, however, be noted that the AF influence on loggerhead turtle nesting sites is largely limited
to crude oil spill, which under worst case modelled scenarios would reach nesting beaches to the
south of Ras Markaz. This should be taken into consideration when evaluating the implications of the
CHA and in defining mitigation and/or offset action.

Green Turtle
LIFE HISTORY AND ECOLOGY

Green turtles are among the most highly migratory of all the turtles and use a wide range of broadly
separated localities and habitats during their lifetimes (for review see Hirth, 1997). Upon leaving the
nesting beach, it has been hypothesized that hatchlings begin an oceanic phase (Carr 1987), perhaps
floating passively in major current systems (gyres) that serve as open-ocean developmental grounds
(Carr and Meylan, 1980; and Witham, 1991). After a number of years in the oceanic zone, these
turtles recruit to neritic developmental areas rich in seagrass and/or marine algae where they forage
and grow until maturity (Musick and Limpus, 1997). Upon attaining sexual maturity green turtles



commence breeding migrations between foraging grounds and nesting areas that are undertaken
every few years (Hirth 1997). Age to maturity for the species appears to be the longest of any sea
turtle (Hirth 1997) sometimes requiring 50 years. Estimates of reproductive longevity range from 17 to
23 years (Carr et al. 1978, Fitzsimmons et al. 1995). Migrations are carried out by both males and
females and may traverse oceanic zones, often spanning thousands of kilometers (Carr, 1986;
Mortimer and Portier, 1989). During non-breeding periods adults reside at coastal neritic feeding
areas that sometimes coincide with juvenile developmental habitats (e.g., Limpus et al., 1994,
Seminoff et al., 2003). In Oman, juveniles/sub-adults are commonly seen in shallow waters along
rocky shorelines where they forage (Baldwin 1995).

CONSERVATION STATUS

The green turtle is currently categorized as Endangered by the IUCN Red List of Threatened Species
(Seminoff, 2004). On-going revision of the IUCN Red List will segregate the population into discrete
management units one of which is likely to be the Northern Indian Ocean management unit.
According to the IFC GN6 guidance document the Endangered listing means that it is facing a very
high risk of extinction in the wild. It is the second highest risk category assigned by the IUCN Red List
for wild species.

Analysis of historic and recent published accounts indicate extensive subpopulation declines in all
major ocean basins over the last three generations as a result of overexploitation of eggs and adult
females at nesting beaches, juveniles and adults in foraging areas, and, to a lesser extent, incidental
mortality relating to marine fisheries and degradation of marine and nesting habitats. Analyses of
subpopulation changes at 32 Index Sites distributed globally show a 48% to 67% decline in the
number of mature females nesting annually over the last three generations.

In Oman, data from nesting beach monitoring at Ras al Hadd (350 km to the north east of Dugm)
collected over the past 30 years (MECA unpubl. data) have yet to be analysed and the trend of the
population is therefore unknown. However, the population abundance of green turtles has been
previously estimated at between 12-20,000 females based on annual nest counts at Ras al Hadd
alone. This constitutes a relatively high proportion (14-23%) of the total global adult female population,
which has been estimated at 88,520 nesting females (Spotila, 2004). Oman therefore has an
important role to play in the conservation of this species.

Up to 8,000 green turtles per year are bycaught in the area around Masirah Island and in the Gulf of
Masirah, mostly in gill nets deployed by the artisanal skiff fishery (Willson et al., 2015). Ministry of
Agriculture and Fish Wealth annual statistics show the artisanal skiff gill net fishery to be prevalent
throughout the Gulf of Masirah for much of the year (MAFW, 2013) and as such it is likely this activity
has been exerting a significant population level threat to green turtles in the region since the
motorization of the artisanal fishery in the mid to late 1980’s (IUCN, 1991). Siddeek and Baldwin
(1996) projected simulated fishing related mortality and directed hunting captures using a stage class
matrix model for green turtles in Oman. The study concluded a maximum take and accidental
drowning rate of 268 female turtles per year for a positive population growth rate. The study indicates
that the existing accidental and targeted takes of green turtles in Oman far exceeds a sustainable
level for a viable population.

Other threats to green turtles in Oman are similar to those listed above for loggerhead turtles,
including both threats on nesting beaches and on the marine environment, although the severity and
magnitude of threats differs for each species.

GLOBAL AND NATIONAL DISTRIBUTION

The green turtle has a circumglobal distribution, occurring throughout tropical and, to a lesser extent,
subtropical waters (Atlantic Ocean — eastern central, northeast, northwest, southeast, southwest,
western central; Indian Ocean — eastern, western; Mediterranean Sea; Pacific Ocean — eastern
central, northwest, southwest, western central). Green turtles are highly migratory and they undertake
complex movements and migrations through geographically disparate habitats. Nesting occurs in



more than 80 countries worldwide (Hirth 1997). Their movements within the marine environment are
less understood but it is believed that green turtles inhabit coastal waters of over 140 countries
(Groombridge and Luxmoore 1989).

In Oman, green turtles are truly ubiquitous occurring from Musandam in the north to the Dhofar-
Yemen border in the south and are a common sight in coastal waters (Baldwin, 1999). Nesting occurs
on approximately 275 beaches in Oman from Musandam to Dhofar (Salm, 1991) though is centred at
Ras al Hadd where approximately 90-95% of Oman’s nesting occurs.

Foraging green turtles occur throughout shallow coastal waters in Oman wherever algae and
seagrasses occur. Highest densities of foraging green turtles have been recorded in Dhofar and in the
Gulf of Masirah (Salm 1991; and Ross, 1985).

DISTRIBUTION WITHIN CHAA

Salm (1991) documents nesting broadly spread around the periphery of the Gulf of Masirah at a
relatively low to medium density for this species. Annual estimates for the number of nests at main
nesting sites include 500/year at Ras Madrakah, between 240/year between Dugm and Ras bin Tawt,
and 220/year at Bar al Hikman (Salm 1991). Further important green turtle nesting occur at the
southern and eastern shores of Masirah island (n=200-500 nests/year) (MECA/ESO unpublished
data). Combining these data provides a maximum estimate of 1,500 turtle nests per year on beaches
of the CHAA. Although nesting occurs year round at Ras al Hadd, nesting is largely restricted to the



period June-October at Masirah Island.
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Figure 3-16 depicts the overall distribution of nesting green turtles in the CHAA.
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Figure 3-16: Distribution of green turtles nesting locations in the CHAA



Of six turtles tracked using satellite tags deployed in July 2016 at Ras al Hadd, three individuals
passed through the CHAA on post-nesting migration (EWS-WWF unpubl. data). One remained in the
CHAA for over three months are remained there until tag transmission terminated. This provides
further indication of the importance of the area for foraging by green turtles.

Studies conducted in the Masirah channel (Ross 1985) document foraging items to include
seagrasses (Halophila ovalis, Halodule uninervis) and algae (Chaetomorpha aera and Sargassum
illicifolium). Within the Masirah channel alone, a conservative count from aerial surveys of green
turtles in this area was estimated at 1,000-3,000 individuals equating to 100-300 turtles/km? (Ross,
1985). The sex ratio of turtles in this area was found to be equal with capture studies showing
individuals had a two week residency period, suggesting high mobility during foraging.

Juveniles and sub-adults, as well as migrating adults, can be expected to occur in high numbers
throughout the CHAA. Capture studies in the Masirah Channel encountered sizes from 30-110 cm
(Ross, 1985). Beach surveys reveal high numbers of strandings of green turtles, especially juveniles),
along beaches from Bar al Hikman to Dugm (ESO unpubl. data) including high densities along
beaches south of Ras bin Tawt, where approximately 10 stranded green turtles were encountered per
kilometre on average over a 5 kilometre stretch of shoreline in 2015 (Five Oceans Environmental
Services, 2015).

KNOWLEDGE GAPS

Relatively little is known about green turtles in the CHAA and in Oman most recent data, restricted
largely to nesting records, comes from Ras al Hadd (MECA and ESO unpubl. data.) or, at Masirah
Island, from fisheries bycatch studies (Willson et al. 2015; ESO unpubl. data). The recent EIAs in the
Dugm area have provided some new information, but this is mostly limited to records of strandings,
nesting inferred from tracks on beaches and infrequent sightings at sea. The only other recent
available data is from satellite tracking studies (EWS-WWF unpubl. data) which provides some insight
into migratory routes and forgaing habitats for a very small sample of the population. All other data,
which is predominantly results of nesting beach and foraging surveys, is over 20 years old.
Knowledge gaps are a constraint on definition of a thorough and comprehensive mitigation and
management strategy for this species.

CONCLUSIONS AND JUSTIFICATION FOR TIER SELECTION

IFC’s PS 6 defines critical habitat as areas of high biodiversity value that satisfy one or more of five
Critical Habitat Criteria. PS6 also defines gradients of critical habitat based on the vulnerability and
irreplaceability of the site. For the first three criteria numerical thresholds are used to assign a Tier 1
or Tier 2 critical habitat designation. In the case of green turtles, two of the five Critical Habitat Criteria
are relevant (Criteria 1 and 3) both of which meet the Tier 2 level designation, as described below:

Criterion 1: Critically Endangered (CR) or Endangered (EN) Species. The CHAA contains
breeding and foraging habitat used by the Endangered green turtle. Tier 2 criterion (c) is met
because the habitat supports the regular occurrence of one or more individuals of this EN
species; and

Criterion 3: Migratory/Congregatory species. The assignation of Tier 2 in this case relates to
the CHAA sustaining, on a cyclical or otherwise basis, more than 1% of the global population
of this migratory species.

Based on these conclusions, there is a requirement to adhere to paragraphs 17-19 of PS6, which
includes reference to assessment of impacts on the biodiversity values for which the critical habitat
was designated, a robust monitoring programme and a mitigation strategy within the context of a
Biodiversity Action Plan, including identification of biodiversity offsets if required.



3.2.10

Marine Environment Critical Habitat Summary

There are many marine species listed by IUCN’s Red List that are known to occur within the CHAA.
Of the five species evaluated as part of this assessment, two species, the Arabian Sea humpback
whale and the loggerhead turtle, meet the Tier 1 critical habitat criteria whereas the other three are
assessed to be Tier 2.

It should be noted that whilst the science and logic behind these results are thought to be
comprehensive and robust, the extent of the CHAA has been determined largely by the results of oil
spill modelling which implies a relatively expansive CHAA relative to the direct project risk. Some
other impacts may extend to similar distances from the project site (e.g. noise, ship strikes) but most
will be more localised. This should be taken into account when considering the implications of the
results of this CHA and the focus of mitigation/offset actions required.



RECOMMENDATIONS

The following recommendations have been divided into two categories:

Project and AF related recommendations — factors that DRPIC has direct influence or control
over. Factors relating to significant ecological impacts on critical habitat triggering species
identified in ecological impact assessment.

Strategic recommendations — issues affecting critical habitat triggering species that the
Project and AFs may affect in a cumulative way but which mainly relate to other industrial
developments and wider spatial planning of the terrestrial and marine zone.

In practice, it is difficult to separate Project related from strategic issues. However it is understood a
strategic approach to addressing impacts will take time to develop and there will be the requirement to
address specific mitigation requirements impacts immediately, such as during the construction phase.

In the first category, DRPIC will seek mitigation for these issues through implementation of the Project
ESMP. In the second category, DRPIC will seek to influence and address these issues through
consultation and advocacy with a broad range of stakeholders. The CHAA of projects and AFs
extends beyond the jurisdiction of SEZAD alone and are also shared with other industries and
community activities within the area.

Project Related Recommendations

DRPIC should commission detailed pre-construction botanical surveys at each of the locations where
the Project and AF footprint intersects with an area of potential suitable critical habitat for the endemic
plant species identified in this CHA. The results shall form the basis for a mitigation plan that is
compliant with the requirements of IFC PS6 and could be used to inform a net grain strategy (will
require development of a suitable metric as recommended in Technical Appendix E: Biodiversity
Offsetting Framework). An inventory of locations where the Project Footprint overlpas an area of
potentially terrestrial habitat is provided at the end of this document and will also be listed in the
Project Biodiversity Management Plan.

DRPIC should deploy construction phase and operational phase mitigation to address potential
indirect disturbance associated with marine facilities under its direct control: the Refinery; the Ras
Markaz Single Point Mooring facility; and the Product Export Terminal. Measures to address
disturbance arising from artificial lighting, noise and vibration and visual disturbance associated with
personnel and vehicles should be managed within thresholds which do not alter the behaviour or
habitat use of species triggering CHA (further recommendations are provided in Section 5 of the main
chapter).

DRPIC should agree a code of conduct for avoidance of marine mammal and turtle collisions and
minimum safety standards relating to pollution for all vessels importing and exporting oil products
to/from the Refinery.

Through biodiversity offsetting approaches (see Technical Appendix E: Biodiversity Offsetting
Framework) DRPIC should contribute to primary research and management and mitigation of
strategic biodiversity conservation issues associated with both marine and terrestrial zones (see
below).

Strateqic Initiative Approach




Although the project and AFs are challenged by specific elements of the IFC PS6 with respect to the
CHAA overlap with critical habitat, an opportunity exists for DRPIC to front an industry lead approach
to address strategic environmental management responsibilities. A mechanism such as an industry
association and fund (representing proportional interests) would provide a direct means for companies
such as DPRIC to guide resources directly into addressing associated impacts. CSR activities may
be undertaken as a gesture to support local community projects but should not be considered a
replacement for a coordinated and structured approach to environmental mitigation offset and
monitoring activities.

It is intended tha that the strategic initiative would be comprised of key stakeholders including: MECA,;
and Office of the Conservation of the Environment (OCE, Diwan of the Royal Court); the Oman
Botanic Garden; SEZAD; other Al Wusta local Govenrment agencies; the Port of Dugm Authority; all
AF developers and DRPIC.

With respect to the marine environment, development of the strategic initiative approach could be
supported by the IUCN whom have been active in formation of ‘advisory panels’ that guide mitigation
and monitoring through linking industry together government, conservation and research interests,
(Martin-Mehers, 2016). In the case of the Western Grey Whale, an IUCN advisory panel has
contributed to the development of a Conservation Management Plan and an IFC guided approach to
address environmental responsibilities of the developers of the Sakhalin oil field within an area of
critical habitat.

Progress with the Western Grey Whale advisory panel and consideration of similar conservation
concerns for the ASHW has previously resulted in members of the International Whaling Committee
Scientific Committee advising for a similar initiative to address critical habitat in the Gulf of Masirah:

‘...consideration of the formation of an independent advisory panel along the lines of that
developed for the western gray whale... to focus on key areas where threats are occurring
concurrently and provide expert advice on conservation management and research’ (IWC,
2015).

Other Strategic Recommendations

In addressing IFC PS6 conditions, DPRIC and lenders to evaluate financial framework for contribution
towards a strategic initiative based environmental monitoring and mitigation approach (such as the
industry association). Costings to include options, development and facilitation.

DPRIC to propose and present strategic initiative concept and strategic options to SEZAD, other
Omani Government bodies and interested industries.

Formally establish the initiative or the agreed mechanism through which DPRIC will finance activities
of strategic responsibility.

The strategic initiative should commission research to define likely impact scenario for noise, wildlife
strikes and oil spills from ships in transit through the Gulf of Masirah associated with AFs and wider
shipping operations. This information is essential to accurate define the CHAA for relevant marine
species and ultimate to devise effective mitigation approaches. Information from ecological research
should be made available to developers carrying out EIA studies in the Gulf of Masirah. SEZAD and
Omani Government bodies (such as the authority responsible for coordinating spatial planning in the
Sultanate, the Supreme Council for Planning) should develop a zoning strategy to guide developers to
avoid critical habitat, this may require designation of marine protected areas where no development or
commercial use is permitted.

The strategic initiative including SEZAD, Omani Government bodies and industrial bodies should
produce and publish an oil spill response plan identifying the most sensitive biodiversity areas.



The strategic initiative including SEZAD and Omani Government bodies (principally MECA and Office
of the Conservation of the Environment (OCE, Diwan of the Royal Court) in collaboration with the
Oman Botanic Garden) should commission research to better understand the distribution and
abundance of all endemic plant and mammal species identified in Table 3.2 which could potentially
trigger CHA according to IFC PS6.

With reference to both the terrestrial and marine zones, the strategic initiative should consider
offsetting approaches to address cumulative impacts on critical habitat for the species identified in this
document (see Technical Appendix E: Biodiversity Offsetting Framework). Such an approach could
be linked to a government lead region-wide/Gulf of Masirah wide zoning strategy with designated
zones where different activities are prohibited or permitted. Implementation of an offsetting strategy
may also offer a potential source of funding for conservation measures and would also provide a
strategic framework to provide assurance to potential project funders (particularly those requiring
compliance with IFC PS6) as implementation of the Dugm Special Economic Zone masterplan is
progressed.
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19.71935325760

57.64452913060

Mountains and rocky terrain

Salsola omanensis

19.71950549830

57.64777543130

Mountains and rocky terrain

Salsola omanensis

19.71896797370

57.64780353580

Mountains and rocky terrain

Salsola omanensis

19.71881573310

57.64455724590

Mountains and rocky terrain

Salsola omanensis

19.69728197470

57.63843102180

Gravel and Sand Plains

Salsola omanensis

19.72229467790

57.63910630990

Gravel and Sand Plains

Salsola omanensis

19.72220527170

57.64279679300

Gravel and Sand Plains

Salsola omanensis

19.69719259820

57.64212093240

Gravel and Sand Plains

Salsola omanensis

19.72071252610

57.66018210770

Gravel and Sand Plains

Salsola omanensis

19.72070379680

57.66254880680

Gravel and Sand Plains

Salsola omanensis

19.71873480930

57.66254069430

Gravel and Sand Plains

Salsola omanensis

19.71874353770

57.66017402410

Gravel and Sand Plains

Salsola omanensis

19.66550124170

57.64541708730

Gravel and Sand Plains

Salsola omanensis

19.66445220870

57.64824679410

Gravel and Sand Plains

Salsola omanensis

19.66269253180

57.64751984250

Gravel and Sand Plains

Salsola omanensis

19.66374155290

57.64469016110

Gravel and Sand Plains

Salsola omanensis

19.66601799150

57.64571402790

Gravel and Sand Plains

Salsola omanensis

19.66610239410

57.64575603910

Gravel and Sand Plains

Salsola omanensis

19.66606409010

57.64584179460

Gravel and Sand Plains

Salsola omanensis

19.66597968750

57.64579978340

Gravel and Sand Plains

Salsola omanensis

19.18920556440

57.73303835220

Gravel and Sand Plains

Salsola omanensis

19.18574434130

57.73744069150

Gravel and Sand Plains

Salsola omanensis

19.18214284950

57.73430408940

Gravel and Sand Plains

Salsola omanensis

19.18560399760

57.72990177480

Gravel and Sand Plains

Salsola omanensis

19.18817152920

57.72663506000

Gravel and Sand Plains

Salsola omanensis

19.19165198780

57.72966533840

Gravel and Sand Plains

Salsola omanensis

19.18955574150

57.73233240770

Gravel and Sand Plains

Salsola omanensis

19.18607532670

57.72930211490

Gravel and Sand Plains

Salsola omanensis

19.20189605110

57.71663054310

Gravel and Sand Plains

Salsola omanensis

19.19162066440

57.72970516570

Gravel and Sand Plains

Salsola omanensis

19.18814020510

57.72667477390

Gravel and Sand Plains

Salsola omanensis

19.19841537680

57.71360022250

Gravel and Sand Plains

Salsola omanensis

19.21367824340

57.70163522100

Gravel and Sand Plains

Salsola omanensis

19.19904033140

57.72026473960

Gravel and Sand Plains

Salsola omanensis
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19.19555973580

57.71723445460

Gravel and Sand Plains

Salsola omanensis




FT’(I)B\‘ 'Z?\ILIY; LATITUDE LONGITUDE DMU SPECIES
36 9 19.21019734140 57.69860503800 Gravel and Sand Plains Salsola omanensis
37 10 19.71310613780 57.63870119060:Gravel and Sand Plains Salsola omanensis
38 10 19.69255854030 57.63899834870 Gravel and Sand Plains Salsola omanensis
39 10 19.69245643420 57.63114126550 Gravel and Sand Plains Salsola omanensis
40 10 19.71300404670 57.63084310360 Gravel and Sand Plains Salsola omanensis
41 11 19.17213641960 57.73384852170 Gravel and Sand Plains Salsola omanensis
42 11 19.17439853740 57.75164478420 Gravel and Sand Plains Salsola omanensis
43 11 19.16337389730 57.75319617400 Gravel and Sand Plains Salsola omanensis
44 11 19.16111188820 57.73540108490 Gravel and Sand Plains Salsola omanensis
45 12 19.17579373420 57.75711406750 Gravel and Sand Plains Salsola omanensis
46 12 19.17754228000 57.76152810780 Gravel and Sand Plains Salsola omanensis
47 12 19.17450839280 57.76285917070 Gravel and Sand Plains Salsola omanensis
48 12 19.17275987600 57.75844519960 Gravel and Sand Plains Salsola omanensis
49 13 19.69406563460 57.64521654520 Gravel and Sand Plains Salsola omanensis
50 13 19.70939274550 57.64550953250 Gravel and Sand Plains Salsola omanensis
51 13 19.70936002830 57.64741693140 Gravel and Sand Plains Salsola omanensis
52 13 19.69403292560 57.64712376270 Gravel and Sand Plains Salsola omanensis
53 14 19.68200513560 57.67586450920:Gravel and Sand Plains Salsola omanensis
54 14 19.68518589240 57.68198606130 Gravel and Sand Plains Salsola omanensis
55 14 19.68200639470 57.68382736970:Gravel and Sand Plains Salsola omanensis
56 14 19.67882569710 57.67770590620 Gravel and Sand Plains Salsola omanensis
57 15 19.69252565730 57.64811153730:Gravel and Sand Plains Salsola omanensis
58 15 19.68117590440 57.64971050720 Gravel and Sand Plains Salsola omanensis
59 15 19.68093693700. 57.64781988960 Gravel and Sand Plains Salsola omanensis
60 15 19.69228667700 57.64622078780 Gravel and Sand Plains Salsola omanensis
61 16 19.70907302720 57.64547019940 Gravel and Sand Plains Salsola omanensis
62 16 19.71495812730 57.64558280590 Gravel and Sand Plains Salsola omanensis
63 16 19.71492481380 57.64752342120 Gravel and Sand Plains Salsola omanensis
64 16 19.70903971700 57.64741074390 Gravel and Sand Plains Salsola omanensis
65 17 19.71749384730 57.62861260850 Gravel and Sand Plains Salsola omanensis
66 17 19.71803713550 57.64230239990 Gravel and Sand Plains Salsola omanensis
67 17 19.71302850190 57.64252382980:Gravel and Sand Plains Salsola omanensis
68 17 19.71248521850 57.62883446510 Gravel and Sand Plains Salsola omanensis
69 18 19.72439858360 57.62930794070:Gravel and Sand Plains Salsola omanensis
70 18 19.72435389910 57.63912497720 Gravel and Sand Plains Salsola omanensis
71 18 19.71748307400 57.63908989710 Gravel and Sand Plains Salsola omanensis
72 18 19.71752774490 57.62927328000 Gravel and Sand Plains Salsola omanensis
73 19 19.65910546370 57.66181635570 Gravel and sand plains Salsola omanensis
74 19 19.65606670990 57.67001016650 Gravel and sand plains Salsola omanensis
75 19 19.65458062680 57.66939604400 Gravel and sand plains Salsola omanensis
76 19 19.65761935130 57.66120229530 Gravel and sand plains Salsola omanensis
77 20 19.65927649700. 57.67012525350 Gravel and sand plains Salsola omanensis




PoIN PoLYG
TID onID LATITUDE LONGITUDE DMU SPECIES
78 20 19.65740565990. 57.67073184530 Gravel and sand plains Salsola omanensis
79 20 19.65721203540 57.67006644810 Gravel and sand plains Salsola omanensis
80 20 19.65908287060. 57.66945984920 Gravel and sand plains Salsola omanensis
81 21  10.75178792890 57.60248602500 Vadis and other temporary  Ochradenus
watercourses harsusiticus
Wadis and other temporary  Ochradenus
82 21  19.74625106480 57.60818744740 5 ° 5N °0 Fresitots
83 21  19.74431913920 57.60609452850 "Wadis and other temporary  Ochradenus
watercourses harsusiticus
84 21  19.74985593790 57.60039309940 "Wadis and other temporary  Ochradenus
watercourses harsusiticus
85 22 19.25790787900 57.65854592210 “Wadis and other temporary  Ochradenus
watercourses harsusiticus
86 22  19.25019122790 57.65905634290 "Wadis and other temporary  Ochradenus
watercourses harsusiticus
87 22 19.24990124290 57.65419711810 “Wadis and other temporary  Ochradenus
watercourses harsusiticus
88 22  10.25761788740 57.65368646990 " adis and othertemporary  Ochradenus
watercourses harsusiticus
89 23  10.27496244130 57.62119935470 "Wadis and othertemporary  Ochradenus
watercourses harsusiticus
90 23 19.27947802890 57.62131424980 "Wadis and other temporary  Ochradenus
watercourses harsusiticus
91 23 19.27939946810 57.62473682060 " adis and other temporary  Ochradenus
watercourses harsusiticus
92 23 1027488388520 57.62462183190 "Wadis and othertemporary  Ochradenus
watercourses harsusiticus
Wadis and other temporary Ochradenus
93 24  19.32117517930 57.60422485560 °o° oM 00 kit
94 24  19.29918436390 57.60992538680 "W adis and other temporary - Ochradenus
watercourses harsusiticus
95 24  19.29809886470 57.60528000380 "Wadis and other temporary  Ochradenus
watercourses harsusiticus
96 24  19.32008955340 57.59957888030 "Wadis and other temporary  Ochradenus
watercourses harsusiticus
97 25  19.37626968410 57.59341549400 "Wadis and other temporary  Ochradenus
watercourses harsusiticus
98 25  10.37371297850 57.59372660090 "Wadis and other temporary  Ochradenus
watercourses harsusiticus
99 25  19.37364499090 57.59310625060 " adis and other temporary  Ochradenus
watercourses harsusiticus
100 25  19.37620169570 57.59279513410 WWadis and other temporary  Ochradenus
watercourses harsusiticus
101 26  19.38997917800 57.59277045670 WWadis and other temporary  Ochradenus
watercourses harsusiticus
102 26  19.37666513020 57.59348751960 "/adis and other temporary  Ochradenus
watercourses harsusiticus
103 26  10.37643452680 57.58873438540 "/adis and other temporary  Ochradenus
watercourses harsusiticus
104 26  19.38974856630 57.58801693600 V/adis and othertemporary  Ochradenus
watercourses harsusmcus
105 27  19.38985390030 57.59277821300 VWadis and other temporary  Ochradenus
watercourses harsusmcus




PoIN PoLYG
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106 27  19.38461618360 57.59305919410 "/adis and othertemporary  Ochradenus
watercourses harsusiticus
107 27  19.38453339150 57.59134556100 V/adis and other temporary  Ochradenus
watercourses harsusiticus
108 27  19.38977111620 57.59106452510 "Wadis and other temporary ~ Ochradenus
watercourses harsusiticus
109 28  19.46870927790 57.58058705200 W/adis and other temporary - Ochradenus
watercourses harsusiticus
110 28 = 10.46318438040 57.58143792670 "/adis and other temporary  Ochradenus
watercourses harsusiticus
111 28  19.46253146770 57.57672592190 WWadis and other temporary  Ochradenus
watercourses harsusiticus
112 28 19.46805634750 57.57587488960 V/adis and other temporary  Ochradenus
watercourses harsusiticus
113 29  19.50496383260 57.56872412970 /adis and othertemporary  Ochradenus
watercourses harsusiticus
114 29 1048954465840 57.57211997110 "Wadis and othertemporary ~ Ochradenus
watercourses harsusiticus
115 29 1048859204410 57.56731044090 "Wadis and other temporary  Ochradenus
watercourses harsusiticus
116 29  19.50401114060 57.56391415870 "Wadis and othertemporary — Ochradenus
watercourses harsusiticus
117 30  19.53788129730 57.56323411650 "/adis and other temporary  Ochradenus
watercourses harsusiticus
118 30  19.54035785970 57.56984614950 V/adis and other temporary  Ochradenus
watercourses harsusiticus
119 30  19.53802366090 57.57081880210 "/adis and other temporary  Ochradenus
watercourses harsusiticus
120 30  19.53554713140 57.56420685130 V/adis and other temporary  Ochradenus
watercourses harsusiticus
121 31  19.58809766450 57.56754117130 "/adis and othertemporary  Ochradenus
watercourses harsusiticus
122 31  10.58787700710 57.57234404640 /adis and othertemporary  Ochradenus
watercourses harsusiticus
123 31  19.58686732530 57.57220230010 "/adis and other temporary  Ochradenus
watercourses harsusiticus
124 31  19.58708798060 57.56748954470 /adis and othertemporary  Ochradenus
watercourses harsusiticus
125 32  10.58396633550 57.56646355700 V/adis and other temporary  Ochradenus
watercourses harsusiticus
126 32  10.58477469950 57.57157048960 V/adis and other temporary  Ochradenus
watercourses harsusiticus
127 32 1058334273770 57.571822788g0 WWadis and other temporary  Ochradenus
watercourses harsusiticus
128 32  10.58253437970 57.56671590050 V/adis and other temporary  Ochradenus
watercourses harsusiticus
129 33 1058257921890 57.56672328550 V/adis and other temporary  Ochradenus
watercourses harsusiticus
130 33  19.58295024190 57.56678587530 VWadis and other temporary  Ochradenus
watercourses harsusiticus
131 33 19.58295649190 57.56680446270 V/adis and othertemporary  Ochradenus
watercourses harsusiticus
132 33 10.58257646890 57.56674187280 V/adis and othertemporary  Ochradenus
watercourses harsusiticus
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133 34 1057747928700 57.56514940120 "Wadis and other temporary  Ochradenus
watercourses harsusiticus
134 34 1957996872760 57.570989378g0 WWadis and other temporary  Ochradenus
watercourses harsusiticus
135 34  10.57873634020 57.57157412450 "Wadis and other temporary ~ Ochradenus
watercourses harsusiticus
136 34  19.57624691730 57.56573418350 W/adis and other temporary - Ochradenus
watercourses harsusiticus
137 35  10.57904519050 57.57094211610 "Wadis and othertemporary ~ Ochradenus
watercourses harsusiticus
138 35  10.57967830230 57.57104640200 "/adis and other temporary  Ochradenus
watercourses harsusiticus
139 35 1957967512140 57.57106789770 Wadis and othertemporary  Ochradenus
watercourses harsusiticus
140 35 = 19.57904200970 57.57096361180 /adis and othertemporary  Ochradenus
watercourses harsusiticus
141 36 19.50349639090 57.57256159270 Wadis and other temporary  Ochradenus
watercourses harsusiticus
142 36 10.50534763250 57.57258050260 V/adis and other temporary  Ochradenus
watercourses harsusiticus
143 36 10.50534749990 57.57259495750 Wadis and other temporary  Ochradenus
watercourses harsusiticus
144 36 10.50349625830 57.57257604740 WWadis and other temporary  Ochradenus
watercourses harsusiticus
145 37  19.50167804850 57.56740583170 VWadis and othertemporary  Ochradenus
watercourses harsusiticus
146 37  19.59786071900 57.57202151270 /adis and othertemporary ~ Ochradenus
watercourses harsusiticus
147 37 = 19.59617047950 57.57454216010 /adis and othertemporary — Ochradenus
watercourses harsusiticus
148 37 1958998787370 57.56992643460 V/adis and other temporary  Ochradenus
watercourses harsusiticus
149 38  19.61682717890 57.56970423120 Wadis and other temporary  Ochradenus
watercourses harsusiticus
150 38  19.62339370000 57.57313917960 "/adis and othertemporary  Ochradenus
watercourses harsusiticus
151 38 = 19.62138791030 57.57740946760 /adis and othertemporary  Ochradenus
watercourses harsusiticus
152 38  10.61482147250 57.57397439300 "Wadis and other temporary  Ochradenus
watercourses harsusiticus
153 39  10.64049400480 57.57579581700 VWadis and other temporary  Ochradenus
watercourses harsusiticus
154 39  10.64496905340 57.58210657700 VWadis and othertemporary — Ochradenus
watercourses harsusiticus
155 39  10.64181964550 57.584594417g0 "Wadis and othertemporary — Ochradenus
watercourses harsusiticus
156 39  10.63734468120 57.57828371690 "/adis and other temporary  Ochradenus
watercourses harsusiticus
157 40 = 19.64618559510 57.57747104610 "/adis and othertemporary - Ochradenus
watercourses harsusiticus
158 40  19.65091306690 57.57782588510 adis and othertemporary - Ochradenus
watercourses harsusiticus
159 40 = 19.65059263410 57.58258117920 "/adis and othertemporary - Ochradenus
watercourses harsusiticus
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160 40  19.64586517500 57.58222620210 Wadis and othertemporary  Ochradenus
watercourses harsusiticus

161 41  19.71830952020 57.62415802040 "Wadis and other temporary  Ochradenus
watercourses harsusiticus

162 41 = 19.71576087430 57.62530844670 "/adis and other temporary  Ochradenus
watercourses harsusiticus

163 41  19.71501049610 57.62345478530 W/adis and other temporary  Ochradenus
watercourses harsusiticus

164 41 = 19.71755913100 57.62230433420 Wadis and other temporary  Ochradenus
watercourses harsusiticus

165 42 1971764680290 57.60251285160 V/adis and other temporary  Ochradenus
watercourses harsusiticus

166 42  19.71759674070 57.61387608120 W/adis and other temporary  Ochradenus
watercourses harsusiticus

167 42  19.71308005060 57.61385373510 “/adis and othertemporary  Ochradenus
watercourses harsusiticus

168 42 1071313010290 57.60249082450 Wadis and other temporary  Ochradenus
watercourses harsusiticus

160 43  19.75367930650 57.60505890730 WWadis and other temporary  Ochradenus
watercourses harsusiticus

170 43 10.74801463830 57.60994813050 YWadis and other temporary  Ochradenus
watercourses harsusiticus

171 43 10.74696023930 57.60858533090 Y/adis and other temporary  Ochradenus
watercourses harsusiticus

172 43 10.75262487140 57.60369608960 V/adis and other temporary  Ochradenus
watercourses harsusiticus

173 44  19.48486780670 57.57432009450 Mountains and rocky terrain Eg?’sfgl'ggxlg:]‘gﬁéis

174 44  19.48438177520 57.57463105470 Mountains and rocky terrain Eg?’sfgl'gr(‘)x;';‘gﬁs’is

175 44  19.48417912720 57.57427889620 Mountains and rocky terrain Eg?’sfgl'ggxlg:]‘gﬁéis

176 44 = 19.48466515820 57.57396793530 Mountains and rocky terrain Eg?’g;gg%‘;';”erﬁs’is

177 45 = 19.48419041420 57.57495032120 Mountains and rocky terrain Eg?’sfgl'ggxlg:]‘gﬁéis

178 45  19.48342852330 57.57506234370 Mountains and rocky terrain ggéfgl':%r\r’]‘;'ﬂgﬁs’is

179 45  19.48334966550 57.57446605110 Mountains and rocky terrain ggggl':%r\r/]‘gﬁgﬁs’is

180 45  19.48411155610 57.57435402580 Mountains and rocky terrain ggggl':%r\r/]‘gﬁgﬁs’is

181 46  19.49474888700 57.57092401980 Mountains and rocky terrain ggggl':%r\r/]‘gﬁgﬁs’is

182 46 = 19.49033840940 57.57184563810 Mountains and rocky terrain ggérgl':%r\:]‘g