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Date : 050120016

Reference 1 2 MoBEA 0]

Ministry of Environment,

ElA Directorate,

Bauilding Mo B3

King Faisal bin Abdud Aziz Street
Postal Code: 11941

PO Box: 1408

Amman, lordan

Tel: +962 556 1136

F.b.0. Mr (zeat Ahmad Salman Abu Humra, [Director, Leensing and Guidance, ELA Directorate)
SUBJECT: HLISSEIN THERMAL POWER STATION: EXPANSION PROJECT

His Excellency Minister of Environment

ACWA Power is proposing to expand the existing Hussein Thermzl Power Station located in the
industrial sector of Zerga, Zarqa Governorate, Jordan, through their 1009 cwned "Al Zarga Electric
Power Generation PSC™,

The project will be [ocated within the current Hussein Thermal Poweer Station (TPS] site boundary, an
land belonging to the plant. The existing plant was bullt In 4 stages between 1973 & 1984 and
currenthy has a net capacity of 321 MW, operating on Heawy Fuel 04l [HFO).

The proposed combined cycle gas turbine expansion will increase operational capacity to
approximatehy 485 MW at a higher generating efficiency. The operational fuel will be natural gas.

This letter has been prepared to notify the Ministry of Emvirenment’'s ElA Directorate of the
proposed expansion project and to reguest that the project is registered in the applicable Minfstry
systems.

A Zarka wiould like to outline its commitment to fully undertake an ElA in line with the lordanizn ElA
requirements, in order to obtain the necessary project environmental dearances.

For and on behalf of
Zarka Power Generation Co.

Yours sincerehy,

rized Signatory



dAami
S R TR A P ...in;l_;'l-'lﬂ
i .-.:‘\:-.,ﬂ il
o Aol sl A8l gl il U8 ;3 Adaaa 48 3 Bl
Al gueal) Uane danagd i gdagal

codag g Auds Agas

e il Al LA e gads 2016/1/5 Apl Z/MOEjO01 4, S 5l
ol iidlae § Adlall dpladl Cpeall Al idaas

Bl gl eall U8 Jals i A pus Al elia)] el el gopall oy Alally o8 g
aleal) B gl Lder 2005 20 37 8 Al 21 a2 Tolma) olliy poplally 3lay
F s SN Bl adpa e A Al S aadl il el Badiaadl Ay,Lin
(www.moenv.gov.jo)

Lol sl L)
www.maenv. gav.jo s st dt - oo e Dleatoais, ety ey s STanresane ile



ENGLISH TRANSLATION

Date: 19/1/2016

Attn: Al Zarga power station Company
Subject: Hussein Thermal power station expansion
Greetings,,,

Reference to your letter number Z/MoE/001 dated 5/1/2016 regarding the
environmental requirements of the expansion project of Hussein existing thermal
station in Al ZARQA .

Kindly be informed that the above project requires a comprehensive
environmental study before taking any action related to the project based on the
system of environmental impact assessment of No. 37 for the year 2005 noting
that the official qualified consultant parties list to conduct environmental impact
assessment studies are indicated on the ministry's website.

Dr. Taher Radi Al Shakhsheer

Environment Ministry
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Appendix B

Environmental Scoping Study — MoE Approval Letter

ACWA Power Zarga CCGT Project ]
Updated ESIA - Volume 4, July 2016 (ISSUE 3) Appendices
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ENGLISH TRANSLATION

Ministry of the Environment

No. 4/7/208
Date: ...
Corresponding to: .............

To: New Directions Consulting Co.
After greetings,

With reference to your letter no ECS-06-16/Ministry of the Environment/224/2, on
14/3/2015, to which the terms of reference report of the environmental impact study for
the exiting thermal plant extension project in Zarga Governorate is attach,

| declare approving the terms of reference for the above project study, provided that noise
reference measurements are taken for one-hour during the day and one-hour at night, for
three consecutive days, while taking into consideration that no external nose sources are
existing nearby the monitoring locations defined in the report. Thisis based upon the
recommendation of the technical committee that projects environmental impact studies
must be revised.

Best regards,
Dr. Tahir Radi Shakhshir
(Signature)

Minister of the Environment

(Seal [Eng. Ahmed Qatarneh - Secretary-General])
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Water Balance Diagrams
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ACWA Power Zarqa CCGT Project

WATER BALANCE REV. DATE

A 27/04/2016

INTRODUCTION

General
This document provides the water balance of the entire plant for several operating cases. The selection of operating cases is made to include relevant cases as
guarantee cases or cases at extreme ambient conditions, as these case are in general the cases demanding maximum and minimum flows.

In general, the flows shown in the water balances are average flows. Actual instantaneous flows can be higher or lower, specially for water treatment plant units that
will normally operate to produce flow at nominal capacities. In cases when the average flow exceeds the nominal capacity of a unit, it means that the corresponding
tank is supplying the difference. On the other side, when the average is lower than the nominal capacity of a unit, it means that the corresponding tank is storing the
difference.

Tank and water treatment plant capacities

The capacity of the tanks and water treatment plant (WTP) units is based on contractual requirements and the needs identified by the water balance.

For the water treatment plant units, the capacities are defined with ample margin (over average demand flow) and taking into account the size of the tanks (as they
provide some buffer to match demand and rate of production).The redundancies provided in the WTP are provided as spare units, i.e. it is not designed to operate at
the same time for increased production.

Document index

This document As in the same way the water treatment plant units are provided with capacities that exceed the average demand, the connection from the wells must
be

- Cover

- Introduction

- Case index and main inputs

- Tanks capacities

- Water treatment plant capacities
- Water balance for case 1

- Water balance for case 2

- Water balance for case 3

- Water balance for case 4

- Water balance for case 5

- Effluents generation

- Evaporation pond sizing
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ACWA Power Zarqa CCGT Project

REV. DATE

WATER BALANCE A 27/04/2016

CASE INDEX

Water balance is provided for the following cases:

Ambient
Case Fuel used [Evap. Cooler| Season |temperature,

®c
1 NG ON Summer 36
2 NG OFF Summer 36
3 LDO ON Summer 36
4 LDO OFF Summer 36
5 LDO OFF Winter 13

Notes:

Case with natural gas at winter conditions is not given as differences in water demand are minimum.
Case with LDO at winter conditions is given as this is specially stringent due to higher water demand for NOx control.
The temperatures used for summer and winter are based on typical conditions for the site in summer and winter seasons.

MAIN INPUTS

The following considerations have been taken into account for water balances

Evaporative coolers cycles of concentration 4
Water treatment plant efficiencies
Filtration unit 97 %, backwashing is done with RO 1st pass reject
RO 1st pass 75 %
RO 2nd pass 85 %, reject is recirculated to the inlet of RO 1st pass
Mixed beds 95 %
Waste RO 45 %
HRSG blowdown in drums 1%
ACC cleaning frequency 3 times per year
ACC cleaning water demand 5200 m3 per year
Condensate losses 0,25 % of condensate flow
HRSG sampling streams
Number of streams 30 samples (10 for each HRSG)
Stream flow 70 kglh
Total flow 2100 kg/h
Streams to be recycled
HRSG drum blowdown Yes
Evaporative cooler blowdown Yes

Sampling streams Yes
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DOCUMENT:

APZ01-00-Y__-PCR-IDM-0580

PROJECT:

ACWA Power Zarqa CCGT Project

WATER BALANCE

REV.

DATE

A

27/04/2016

TANKS CAPACITIES

Demineralized water tanks

Requirement

14 days for support of LDO

operation
Water flow malh 58,3 based on LDO operation in winter
(case 5)
Volume required m3 19589
Tank nominal capacity adopted 2 x 10000 m3

Service water tank

Requirement

7 days for support operation

based on NG/LDO operation in

Water flow m3/h 18,58 summer with evap. Cooler (cases
1 and 3)

Volume required m3 3121

Tank nominal capacity adopted 1 x 3200 m3

Fire fighting water tank

Requirement

2 hours at maximum demand

as per NFPA requirements

Water flow m3/h HOLD
Volume required m3 HOLD
Tank nominal capacity adopted HOLD

Raw water tank

Note: this tank is to be defined during design of the fire fighting system

Requirement

7 days for storage of recycled

HRSG blowdown, evap. Cooler

stream blowdown and sampling streams
won| o [edonns et ounme
Volume required m3 1722
Tank nominal capacity adopted 1 x 2800 m3 1000 m3 of extra capacity are

provided

Note: the considered case is the normal operation with NG fuel. Evap. Cooler operation is not considered as reserve water

for this purpose is already considered in the service water tank.
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DOCUMENT:

APZ01-00-Y__-PCR-IDM-0580

PROJECT:

ACWA Power Zarqa CCGT Project

WATER BALANCE

REV. DATE

A 27/04/2016

WATER TREATMENT PLANT CAPACITIES

Demineralized water trains (2nd pass RO and mixed bed units)

Requirement

support of NG operation

based on NG operation in summer

Water flow m3/h 10,33 (cases 1 and 2)
Overdesign % 100
Trains configuration adopted 2x21 m3/h

Note: it is not expected to operate both trains at the same time as the capacity of each is enough to support operation.

Service water train (1st pass RO)

Requirement

support of NG operation
(service water demand and
feeding of demi water train)

based on NG operation in summer

Water flow ma/h 31,87 with evap. cooler (case 1)
Overdesign % 50
Trains configuration adopted 2 x 47 m3/h

Filtration unit

Note: it is not expected to operate both trains at the same time as the capacity of each is enough to support operation.

Requirement

to support operation of 1st

pass RO
Water flow math a7 based on capacity of the 1st pass
RO trains
Overdesign % 0
Trains configuration adopted 2 x 47 m3/h also N+1 s possible (.. 3 x 50%,

or 4 x 33%, etc.)

Note: it is not expected to operate both trains at the same time as the capacity of each is enough to support operation.

Wells supply system

Requirement

to support operation of
filtration unit

without considering recycle of
other streams

Water flow

m3/h

a7

based on capacity of the filtration
unit

Overdesign

%

20

Capacity required

m3/h

58

this it the minimum capacity as per
water balance requirement
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DOCUMENT: APZ01-00-Y__-PCR-IDM-0580

@R Ddom [

ACWA Power Zarqa CCGT Project

REV. DATE
WATER BALANCE ry 2770412016
EFFLUENTS GENERATION
For effluent generation estimation, the following operation scenario is assumed:
Month dggiﬁﬁnﬁ G gg;sritvlgg g hs:gwn e[\zzg z r\;vtlit\rlle gifr:l: reE:t';Sd gensrf::lltl;zn(tfsl ow),
LDO cooler ON  |(volume), m3 m3/h
Jan 0,0 30,4 13254 18,1
Feb 30,4 3645 5,0
Mar 30,4 3645 5,0
Abr 30,4 3645 5,0
May 30,4 3645 5,0
Jun 30,4 12,0 4702 6,4
Jul 30,4 30,0 6288 8,6
Ago 30,4 30,0 6288 8,6
Sep 30,4 11,0 4614 6,3
Oct 30,4 3645 5,0
Nov 30,4 3645 5,0
Dic 154 15,0 1849 2,5
Total effluent generation for an entire year 58866 6,7

For the above table, the following assumptions has been considered:
- 30 days/year of operation with LDO (it is assumed in winter as this result in higher effluent generation)
- 15 days/year of plant in shutdown
- Rest of the year operation at full load with natural gas

- Evaporative cooler is used 2000 hours/year (it is assumed in the worst months from water consumption point of view)




ACWA Power Zarga CCGT Project
APZ01-00-Y__-PCR-IDM-0580 WATER BALANCE

Revision A
Date 27/04/2016

EVAPORATION POND SIZING

INPUT DATA VALUE UNIT SOURCE / NOTES

Evaporation rate: 2 m3/(m2-y) |data provided by Owner

HRSG blowdown: 1 %

LDO operation: 720 h/ly
Note: The most stringent hours per year (the ones with major evaporation) have

GT evap. Cooler operation: 2000 hly been considered in the estimation; hours that happen during the months of
May, June, July

Plant operating hours 8400 h/y Assumed 15 days/y of plant not in operation

Average annual cummulative rainfall: 139,1 mm/y MTS

Concentration cycles in evap. Coolers Assumed 4 (based on the use of permeate as make up)

Current available surface for the pond (empty): 28035 m2 This is the area of the bottom section

Current available surface for the pond (with 2 meter of water) 36935 m2 This is the area when liquid level is at 2 m

Current surface of the pond for rain collection: 43962 m2 This is the total area including the slopes that will collect rain

PROCESS EFFLUENTS VALUE NOTES

Total annual process effluents to the pond 58866 m3

RAIN COLLECTED IN THE POND VALUE NOTES

Annual rainfall 139,1 mm/y

Total are in the pond for rain collection 43962 m2

Total annual process effluents to the pond 6115 m3

EVAPORATION POND SURFACE CALCULATION VALUE NOTES

Total annual water to the pond 64981 m3

Pond minimum surface to evaporate water collected 32490 m2 Based on the evaporation rate given by Owner of 2 m3/(m2.year)

Current average pond surface 32485 m2 This is the pond surface with liquid level at 1 m

Design pond height 2 m This is the minimum recommended height in order to have some margin for

high rain years (note 1)

NOTES:

1. As evaporation occurs thorugh the entire year as effluents are generated, the expected water level in the pond (with normal rain) is expected to be around 1 m.
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Appendix D

Construction Programme

ACWA Power Zarga CCGT Project ]
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Appendix E

Project Plan (and plans for construction laydown areas)

ACWA Power Zarga CCGT Project ]
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SCOPING SESSION

In accordance with MoEnv’s “EIA Regulation No. (37) of the year 2005”, a scoping session must be held for those
projects which require a comprehensive EIA study; as the case with this Project. Public participation is one of
the most important aspects in the Scoping/EIA process as it directly involves the stakeholders whom are
expected to be affected by the Project development. In general, the objectives of the scoping session include
the following:

= Introduce the Project and its various components to the stakeholders and provide them with all available
information at this stage;

= Allow stakeholders to participate in the process of scoping environmental and social impacts of the Project;

= Early consideration of stakeholders concerns and fears regarding the nature and scale of anticipated impacts
from the Project; and

= Allow stakeholders to comment on the scope of work and methodology that will be adopted for the EIA
study.

In accordance with the above and in coordination with MoEnv, the scoping session for the Project was held on
24 February 2016 at the Le Meridian Hotel in Amman. The list of invitees was identified jointly by the MoEnv
and the ‘EIA team’ taking into account all stakeholder groups which are likely to be affected by the Project
directly or indirectly. The list of invitees, list of attendees, and the agenda of the session is presented in Annex
I

Throughout the scoping session, the following presentations were given:

= A welcome speech by Mr. Imad Daraawi, EIA Engineer from the Ministry of Environment. Mr. Daraawi
started by welcoming the attendees to the scoping session, after which he briefly explained the purpose of
the scoping session and stressed on its importance as it aims to take into account the concerns and
comments of stakeholders throughout the EIA study.

= A presentation on the Project by Mr. Maher Tubeishat, Asset Management Executive Manager at CEGCO.
Mr. Tubeishat started by briefly discussing the history of the Hussein Thermal Power Plant, and then he
presented in details the Project to include the following: (i) Project’s agreements and contractual structure,
(ii) Project technology, (iii) Project location and layout, (iv) Project components, (v) Project schedule and
duration, and (vi) anticipated job opportunities during the Project’s various phases and other social
responsibility programs to be implemented.

= A presentation by Mr. Ibrahim Masri, Consultant from ECO Consult. Mr. Masri reiterated the objectives of
the scoping session and discussed briefly the Project details (location, components and phases) and then
moved on to discuss the environmental clearance process for the Project as required by the MoEnv. More
specifically, Mr. Masri presented in details the anticipated negative and positive environmental and social
impacts during the various Project phases and the methodology that will be adopted throughout the EIA
study — this included mainly the methodology for baseline assessment of the various environmental and
social receptors as well as the methodology for assessing the various impacts.

There was time for questions and answers following this presentation as well as a facilitated discussion,
moderated by Mr. Masri.

Attendees raised and discussed a number of issues and concerns, which are summarized below. Selected photos
from the session are shown in Figure 1 below.



Figure 1: Selected Photos from the Scoping Session

SYNTHESIS OF COMMENTS

The ‘EIA Team’ documented all records of the scoping session to include transcripts, minutes of meetings, list
of participants and attendees, comments and so on. In addition, throughout the scoping session a form was
distributed to stakeholders to allow them to document any comments or concerns they might have in writing.

The following table presents the main issues raised by the stakeholders throughout the scoping session. The
table also highlights how those comments will be incorporated throughout the EIA study. The detailed minutes
of meeting and the filled stakeholder forms are presented in Annex I.



Table 1: Main Issues Raised by Stakeholders during the Scoping Session

supplied and also required
that the potential impacts on

No. Parameter Comment Response

A stakeholder stated that The consultants will coordinate with the
additional air quality Ministry of Environment with the
monitoring points should be intention of obtaining recorded data of
considered at areas located at the continuous air quality monitoring
a distance from the project being undertaken in the local area. Upon
site in order to improve the review of such data, and subject to its
accuracy of the modelling suitability, the results will be included to
results and pollutant the ESIA baseline and used to outline
concentrations in such areas existing background concentrations for
(given that all air quality the cumulative assessment of the air

1. monitoring points are emissions in the air dispersion model.

currently located within the
Project site and adjacent
nearby areas only). In
addition, several stakeholders
suggested that such data

Air Quality could be available from the
Ministry of Environment’s
continuous air quality
monitoring program in the
area.

A stakeholder stated that there Continuous Emissions Monitoring Systems
must be a continuous air (CEMS) will be included on each stack for
quality monitoring program monitoring during operation. The
during the operation phase of requirement for this will further be
the project to measures stack detailed in the ESIA and outline

» emissions and which should Environmental & Social Management
) be coordinated with the and Monitoring Plan (ESMMP); which
Environmental Monitoring will be developed as part of the ESIA. The
Department at the Ministry of outline ESMMP will include the
Environment. monitoring measures to be identified to
ensure emissions are within allowable
limits.
Given that the Project site is not located
within or close to any significant sources
. of variable noise disturbances (such as
A comment was raised on the . . . . .
. . o airports, railways, or variable industrial
noise baseline monitoring . .
. . processes), the actual noise levels within
duration stating that 1 hour of . . .
. o . . the area is relatively stable. During
3. Noise monitoring during daytime .
o monitoring the average nose level
and 1 hour of monitoring . . e
. . . . (Leq(A)) stabilises quickly (e.g. within a
during night-time is not .
. .. minute) and therefore a short term
considered sufficient. . . .
monitoring period can provide
representative baseline noise conditions
in the project area.
. . The ESIA will include projections of all water
Some stakeholders inquired about . . P J. .
. requirements in relation to the project,
. the water requirements of the ) L
Soil and . oy whilst outlining the sources of supply.
4, Project and how will it be . . . s
Groundwater Water will be supplied via a new pipeline

to be constructed by the Water Authority
of Jordan. The developer has already




water resources in the area be
studied as part of the ESIA.

signed a water supply agreement with the
Water Authority of Jordan, who have
guaranteed the supply of 2,450m’ of
water per week. In addition, a back up
water supply of 3 deep groundwater wells
will be drilled within the site area to a
depth of approximately 450m. The ESIA
will study and assess the impacts of water
supply to the Project, including any
expected impacts on water resources and
associated infrastructure.

Several comments were raised

requiring that the ESIA
identify all the waste streams
that will be generated from
the project (including
hazardous waste) and identify
the appropriate handling and
disposal measures to be
implemented.

The ESIA will include an assessment of waste
and hazardous waste streams expected
to be generated during construction and
operation. The outline ESMMP will
include a requirement to develop a waste
management plan to manage solid waste
and hazardous fractions. Wastewater
assessment will be included in a separate
chapter of the ESIA. The assessment of
solid waste will outline the expected type,
guantity, and management. This will
include appropriate mitigation measures
for storage onsite and expected
management off-site. Such measures will
take into account all the requirements
from the Ministry of Environment as
stipulated within the various regulations
and instruction on management of waste
streams.

A stakeholder suggested that the

ESIA should identify
appropriate measures to

Impacts on community health, safety and
security will be discussed and assessed
as part of the ESIA, with inclusion of

Community S . -
Health prevent urbanisation in areas appropriate mitigation measures and
! close to the thermal power monitoring requirements. Specific
Safety and . . . o .
. plant. This could include for impacts upon local urbanisation will also
Security . . .
example the acquisition of be discussed in the ESIA.
land areas adjacent to the
power plant.
A stakeholder inquired how The employees of the old HTPS will not be
Worker . employees of the existing dismissed but will retain their jobs either
CO(I';dItIOhS Hussein TPS will be at the new power plant or other projects
an

Occupational

managed/retained etc. It was
suggested that existing

of CEGCO. This will be outlined in the
ESIA.

Health and employees be included to the
Safety ESIA.
As per the lender requirements an
A stakeholder indicated that the assessment of associated facilities will be
ESIA should include the included to the ESIA. NEPCO is the
Other associated facilities of the responsible entity for developing the

Project such as the gas
pipeline

detailed design and construction of the
gas pipeline connection with the thermal
power plant. Water Authority of Jordan




is responsible for the water pipeline. The
ESIA will outline the process to be
undertaken by NEPCO and WA to
ensure compliance of associated facilities
with national and lender requirements.

The ESIA should include an
Environmental Emergency
Response Plan to detail
procedures for dealing and
handling of any
environmental emergency
which might occur at the
Project site

The requirement for a site specific

Emergency Preparedness and Response
Plan will be included in Volume 3 of the
ESIA (Outline ESMMP) for development
by the EPC Contactor during construction
and the O&M Company during
operation.




APPENDIX | — SCOPING SESSION INVITEES, ATTENDEES, AGENDA
AND MINUTES OF MEETING



LIST OF INVITEES

No.

Key Stakeholders

National Governmental Agencies

Ministry of Environment (MoEnv)

Ministry of Water and Irrigation (MWI)

Ministry of Agriculture (MoA)

Ministry of Labour (Mol)

Ministry of Tourism and Antiquities (MoTA)

Ministry of Industry and Trade (MolT)

Jordan Institute for Standards and Metrology (JISM)

Department of Lands and Survey (DLS)

O O N| O | | W| N[ B~

Energy and Minerals Regulatory Commission (EMRC)

[any
o

Public Security Directorate (PSD)

[y
[y

Civil Defense Directorate (CDD)

[uny
N

Traffic Department

[uny
w

Royal Department for Environment Protection (Rangers)

[N
o

Jordan Atomic Energy Commission (JAEC)

[uny
(%

Jordan Industrial Estates Company (JIEC)

[any
(e}

Jordan Engineers Association (JEA)

[uny
~N

Greater Amman Municipality (GAM)

Local Governmental Agencies

18

Al Zarqa Governorate

19

Al Zargqa Municipality

20

Al Hashimeyeh Municipality

21

Zarqa Environmental Directorate

Research and Academic Institutions

22

Hashemite University

Non-Governmental Organizations

23

Jordanian Hashemite Fund for Human Development (JOHUD)

24

Environmental Societies Association — the society represents all environmental NGO’s in Jordan
— RSCN, JES, NEWS, etc. An invitation is issued by the MoEnv to the Association who in turn
invites all environmental NGO’s to the scoping session.

Local Community Representatives

25

This mainly includes members of the Municipal Council which are elected as
representatives of the local community (and includes both males and females). This
includes the following: Ms. Fatima Jammal; Ms. Buthayna Al-Hindawi; Ms. Jamilah Al-
Mashagbeh; Mr. Khaled Zyoud; and Mr. Abdelraheem Al-Omoush.

Private Sector

26

Jordan Petroleum Refinery Co.

27

Samra Wastewater Treatment Plant Co




LIST OF ATTENDEES

No. ‘ Entity Name Position
National Governmental Agencies
1 Ali AlImashni Head of Environmental Monitoring Department
2 Noura Alshraa Chemical Researcher
3 Ministry of Environment Hussein AlSharabati Agricultural Engineer
4 Ahlam AlDumour Legal Expert
5 Emad Al-Darawi EIA Engineer
6 Aseel Jaloudi Intern
7 Saleh AlOran Head of Environment and Climate Department
8 Ministry of Water and Irrigation Wafa’a Shehadeh Head of Energy Efficiency Department
9 Ayman Jaber Head of Service Department

10 Ministry of Agriculture Lama Abu Hassan Agricultural Engineer
11 Ministry of Energy and Natural Ali Khawaldeh Engineer
12 Resources Sama’an Makhamreh Head of Electricity Generation Department
13 L Manal Mohamad Agricultural Engineer
Greater A M lit
14 reaterAmman Viunicipality Rasha Abu Hamour Environmental Engineer
15 Traffic Department Hana Nsour Planning Engineer
16 Energy and Minerals Regulatory Ayman Quraan Engineer
17 | Commission Khaled Moumani Geological Expert
18 | Royal Department for Environment Officer

Protection (Rangers)

Ra’afat Walid

19 Civil Defense Directorate

Mohammed Basheer

Department Head

20 Department of Lands and Survey

Ghaleb Mahmoud

General Director Advisor

21 | Ministry of Municipal Affairs

Asmaa Ghzawi

Head of Environmental Department

Local Governmental Agencies

22 Al Zarqa Governorate

Ghazi Shbeilat

Assistant to the Mayor of Zarga Governorate

23 Zarqa Environmental Directorate

Inam Joude

Head of Directorate

Research and Academic Institutions

24 Hashemite University

Ali Alnaga

Hydrology Professor

Non-Governmental Organizations

25 RSCN Rasha Haymour Conservation Planner
26 National Environment and Wildlife N/A
Society Naser Alluneidi
Private Sector
27 ) Khaled Algasem Process Engineer
Jordan Petrol Ref Co.
28 ordan Fetroleum Retinery o Khaled Noubani Safety Engineer
Other
29 CEGCO Maher Tubaishat Director
30 Faisal Hamed Head of Environment and Safety Department
31 5 Capitals Ken Wade Director
32 Ibrahim Masri Consultant
ECOC It
33 onsu Lamees Hayary Analyst




AGENDA

. ECO
Ky capilalg Consuh

Hussein Thermal Power Station Repowering Project

10:00 - 10:15

10:15-10:20

10:20-11:00

11:00-11:30

11:30-12:00

12:00-12:45

12:45-13:30

13:30-14:30

Environmental Impact Assessment

Scoping Session Agenda

24 February 2016 — Le Meridian Hotel, Amman

Registration

Welcoming Speech
Ministry of Environment

Project Concept and Components
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DETAILED MINUTES OF MEETING OF THE SCOPING SESSION

1. Welcoming Speech — Mr. Imad Daraawi, EIA Engineer, Ministry of Environment

Mr. Daraawi started by welcoming the attendees to the scoping session, after which he briefly explained the
purpose of the scoping session and stressed on its importance as it aims to take into account the concerns and
comments of stakeholders throughout the EIA study.

2. Project Concept and Components — Mr. Maher Tubeishat, CEGCO Director

Mr. Tubeishat started by briefly discussing the history of the Hussein Thermal Power Plant, and then he
presented in details the Project to include the following: (i) Project’s agreements and contractual structure, (ii)
Project technology, (iii) Project location and layout, (iv) Project components, (v) Project schedule and duration,
and (vi) anticipated job opportunities during the Project’s various phases and other social responsibility
programs to be implemented.

After the presentation there was time for questions regarding the project. The main questions are summarized
in the table below.

A. Project Description

1 | Mr. Saleh Oran — Ministry of Water and Irrigation
Why weren’t other alternatives considered for generating electricity instead of a thermal power plant such as
renewable energy?

Mr. Maher Tubeishat — CEGCO

An important decisive factor in relation to this is the land area available for generating electricity at a capacity of
485MW. Renewable energy such as solar PV or wind in general requires large land areas, especially if we take into
account the production capacity required. For example, a solar PV project requires around 18-25 Dunums for the
generation of IMW. The land area available at the project site is definitely not sufficient for the development of
485MW of electricity through renewable energy sources. In addition, the Ministry of Energy and Mineral Resources
has defined optimal areas in Jordan for the development of solar and wind energy projects, and the project site is
not located within such areas.

Mr. Ibrahim Masri — ECO Consult

I would also like to add that the Master Strategy of Energy Sector prepared by the Ministry of Energy discusses the
need to diversify energy resources and increase the share of renewable energy to 7% in 2015 and 10% in 2020. The
Master Strategy of Energy Sector understands the importance of inclusion of renewable energy within the energy
mix but also understands its limitation. Not all the electricity needs of Jordan can be met by renewable energy
sources and therefore there has to be a combination of electricity generation sources which also includes thermal
power plants which is considered crucial for meeting base load demands in Jordan. Renewable energy sources such
as solar and wind are not available all the time throughout the day as opposed to thermal power plants which can
consistently generate electrical power needed to meet base load demands.

2 | Mr. Emad Al-Darawi — Ministry of Environment

Itis understood that the old thermal power plant will be decommissioned. How will you handle the decommissioned
parts and will you be benefit from such decommissioned materials for the new thermal power station?

Mr. Maher Tubeishat — CEGCO

Due to the old age of the thermal power plant, the decommissioned parts cannot and will not be used for the new
project. Decommissioned parts will be sold as scrap through a tendering process to be issued at a later stage.

3 | Mr. Khaled Moumani - Energy and Minerals Regulatory Commission

What is the duration of the operation phase of the Project?

Mr. Maher Tubeishat — CEGCO

As discussed throughout the presentation, based on the PPA signed between NEPCO and the developer the project
will be operational for 25 years.

4 | Mr. Khaled Noubani — Jordan Petroleum Refinery Co.

Within the design of the power plant, did you consider the utilization of air preheaters?




Mr. Maher Tubeishat — CEGCO
The combined cycle technology incorporates air preheating. This technology has been chosen as it ensures the
lowest heat rate and minimal combustion. This has been studied based on a heat mass balance diagram.

3.

Environmental and Social Impact Assessment - Mr. Ibrahim Masri, Consultant at ECO Consult

Mr. Masri reiterated the objectives of the scoping session and discussed briefly the Project details (location,
components and phases) and then moved on to discuss the environmental clearance process for the Project as
required by the MoEnv. More specifically, Mr. Masri presented in details the anticipated negative and positive
environmental and social impacts during the various Project phases and the methodology that will be adopted
throughout the EIA study — this included mainly the methodology for baseline assessment of the various
environmental and social receptors as well as the methodology for assessing the various impacts.

There was time for questions and answers following this presentation as well as a facilitated discussion
moderated by Mr. Masri. The main issues raised during the session are summarized below according to the
environmental/social attribute they relate to.

A. Air Quality

1

Mr. Khaled Noubani — Jordan Petroleum Refinery Co.
With regards to the selection of the 6 air quality monitoring points, were certain standards, regulations or guidelines
followed in the selection process?

Mr. Ibrahim Masri — ECO Consult

There are no specific guidelines, standards or regulations that detail the number of monitoring points that should
be selected for a baseline study or where they should be selected. Monitoring points are selected based on the
detailed understanding of the site and which is usually determined on a case by case basis. Many factors should be
taken into account when selecting the number of monitoring points and their location to include location of nearby
receptors (such as community settlements such as Al Hashimeyeh in the case of the project), nearby polluting
sources (such as the refinery in the case of the project), topography of the site, meteorological conditions in the
area such as wind direction, expected impacts from the project, etc. All such factors were taken into account for
the selection of the 6 monitoring points as part of the air quality monitoring program.

Mr. Ali Nagah — Hashemite University

| believe that the 6 monitoring points selected for baseline measurements will be insufficient for the statistical
analysis that will be undertaken as part of the air emission dispersion model that will determine the emissions
concentration and dispersion in the area. This is especially true in other areas located at a distance from the power
plant where no baseline monitoring points have been selected. How will the model be able to determine
concentrations in such areas where there are no baseline measurements? This will lead to lower accuracy and
estimations of pollutants. For improved accuracy, additional monitoring points must be considered at a distance
from the project site.

Ms. Inam Joudeh — Zarqa Environmental Directorate

The Ministry of Environment along with the Royal Scientific Society (RSS) have set a continuous air quality
monitoring program at several locations in the area which takes into account emissions from the old HTPS, the
refinery and As-Samra WWTP. The results of such a monitoring program could be taken into account as part of the
model to improve the accuracy of the modeling results.

Mr. Ibrahim Masri — ECO Consult

As stated earlier, the selection of the monitoring points has been based on several factors and focused on those
areas where the greatest impacts on air quality are expected. At further distances from the project site (5-10km)
the impact is expected to decrease significantly but nevertheless the modeling program will assess the impact in
such areas based on estimations on baseline conditions. However, your comment will be taken into account and
we will coordinate with the MoEnv to obtain the results of the continuous air quality monitoring program
undertaken in the area to improve the accuracy of the modelling results.




3 | Mr. Emad Al-Darawi — Ministry of Environment
There must be a continuous air quality monitoring program during the operation phase of the project to measure
stack emissions. It is recommended that this program be coordinated with the Environmental Monitoring
Department at the Ministry of Environment.
Mr. Ibrahim Masri — ECO Consult
As part of the EIA an Environmental Management Plan (EMP) is developed which identifies the mitigation and
monitoring requirements that must be implemented during the construction and operation phase. Such an air
quality monitoring program will be considered and taken into account, but this will be determined at a later stage
during the EIA study and will depend on the results of the impact assessment.

B. Noise
1 | Mr. Emad Al-Darawi — Ministry of Environment

You stated in the presentation that there will be 6 monitoring points for noise within the Project area and its
surroundings which will measure noise levels during day and night. What will be the monitoring duration at each
location?

Mr. Ibrahim Masri — ECO Consult

The monitoring will be undertaken for 1 hour during daytime and 1 hour during night-time at each monitoring point.
Based on previous experiences, such duration is considered to be sufficient and representative of baseline
conditions given that there are no significant sources of noise disturbances in the area which could significantly
affect baseline measurements.

Mr. Emad Al-Darawi — Ministry of Environment

| believe noise monitoring should be conducted for a longer duration so that the results provide a more accurate
representation of noise levels in the area. 1 hour of monitoring during daytime and 1 hour during night-time is not
considered sufficient.

Mr. Ken Wade - 5Capitals

This issue has been studied and from our previous experiences in undertaking noise baseline measurements, 1 hour
of monitoring during daytime and 1 hour of monitoring during night-time is considered sufficient to reflect noise
levels within the area, especially that project site is not located close to airports or a busy highway or any other
disturbing sources of noise. Taking that into account the actual noise levels would usually stabilize quickly, after the
first ten minutes of monitoring.

Mr. Ibrahim Masri — ECO Consult

In addition, within the scoping report that will be submitted to the Ministry of Environment a detailed justification
will be provided on why such a monitoring duration has been decided. As you know such a scoping report will be
submitted to the Ministry of Environment for review, and should the Ministry still conclude that such duration is
not representative of the actual conditions and require a longer monitoring period then this will be taken into
account.

C. Soil and Groundwater

1

Mr. Khaled Noubani — Jordan Petroleum Refinery Co.

Itis known that the Zarqa area has scarce water resources while on the other hand the Project is expected to require
significant amounts of water. How will water be supplied for the project? And what are the expected impacts from
such water requirements on the water supply in the area?

Mr. Maher Tubeishat — CEGCO

There are two options for water supply to the project. This will include a dedicated pipeline network from the Water
Authority of Jordan (WAJ) whom the developer has already signed a water supply agreement with which it will
provide 2,450m3/week (350m3/day) —while the project requirements are estimated at this stage at 100m3/day (this
will be confirmed at a later stage) AND/OR the second alternative will include 3 deep groundwater wells within the




site. It is important to note that within the existing HTPS are currently 9 water wells but those will not be utilized
given that the water quality is not suitable as the Total Dissolved Solid (TDS) is too high.

Mr. Ibrahim Masri — ECO Consult

| would also like to bring to your attention that the EIA will also study the potential impacts from the water
requirements of the project on the local water resources in the area. The results of this study will be included within
the EIA that will be submitted to the Ministry of Environment.

Mr. Ali Almashani - Ministry of Environment
Which is the better alternative, for water to be supplied through a pipeline from WAJ or through the 3 new deep
water wells?

Mr. Maher Tubeishat — CEGCO

This has been thoroughly studied with WAJ, and it was found that the supply through a pipeline form WA/ is the
best alternative, and hence an agreement has been signed. The 3 new water wells will be utilized in cases of
emergency and during situations where WAJ cannot supply the required amount of water. In addition, the study
concluded that the existing old wells within the HTPS cannot be used given that the water quality is not suitable as
the Total Dissolved Solid (TDS) is too high and that is why 3 new water wells will be utilized for abstraction, which
run deeper than the existing ones and have a lower TDS value.

Mr. Khaled Moumani — Hashemite University
The old wells lie within the Amman-Wadi Sir basin that is 50 — 60 meters deep with a TDS value of more than 3,000
mg/l. The newer well will run deeper and reach the A4 layer with a TDS value between 1000 — 1400 mg/I.

Mr. Khaled Noubani — Jordan Petroleum Refinery Co.
Will a Reverse Osmosis Unit be required if the water will be extracted from the deep wells?

Mr. Maher Tubeishat — CEGCO
Since salinity levels in these new well are much lower especially when compared to the existing wells, a Reverse
Osmosis will not be required.

Mr. Hussein Sharbati — Ministry of Environment

The EIA must identify all waste streams that will be generated from the project and their estimated quantities. In
addition, the EIA must also explain whether the evaporation ponds will be lined or not. Finally, the EIA must also
ensure that the storage tanks for the fuels are bunded taking into account 110% of their storage capacity.

Ms. Noura Alsharei — Ministry of Environment
The EIA must detail how hazardous waste will be managed and disposed in a safe way with appropriate coordination
with the Ministry of Environment.

Mr. Ibrahim Masri — ECO Consult

All those comments will be taken into account. The EIA will develop a detailed waste management plan which will
identify the types of wastes expected, nature, quantities and the appropriate measures for their storage onsite and
their final disposal. The plan will take into account all the requirements form the Ministry of Environment as
stipulated within the various regulations and instruction on management of waste streams.

D. Community Health, Safety and Security

1

Mr. Ghaleb Ahmad — Department of Land and Survey
Will the Developer adopt any compensation measures to the local community for any environmental pollution
incidents, such as air pollution?

Mr. Ibrahim Masri — ECO Consult

The EIA will identify and study all potential impacts from the Project on the local community and assign the
appropriate mitigation and monitoring measures to be implemented throughout the project’s construction and
operation phase to ensure that such impacts are eliminated or reduced to acceptable levels. Nevertheless, taking
the above into account, in the highly unlikely event that the Developer is responsible on his own for any
unacceptable environmental pollution, then the developer will be committed to compensation towards the local
communities which in any case is required as part of the laws and regulations of Jordan.

Mr. Faisal Hamed — CEGCO




It should be noted that in comparison to the old thermal power plant the air quality will to some extent be improved
given that emissions will be severely reduced as the new power plant will run on natural gas as opposed to the old
plant which ran on heavy fuel oil. Moreover, the company will follow an integrated and strict environmental, health
and safety management system to ensure compliance with all environmental requirements.

Mr. Khaled Moumani - Energy and Minerals Regulatory Commission (EMRC)

Since the project will be operational for 25 years, the concept of urbanization of Al-Hashimeyeh and Al-Zarga should
be taken into account and appropriate measures should be set to prevent urbanization in areas close to the thermal
power plant. This could include for example the acquisition of land areas adjacent to the power plant to prevent
any new community settlements close to the Project.

E.

Worker Conditions and Occupational Health and Safety

Mr. Sama’an Makhamreh — Ministry of Energy
What will happen to the old employees of the HTPS? Will they be dismissed? This issue must be investigated as part
of the EIA.

Mr. Maher Tubeishat — CEGCO

The employees of the old HTPS will not be dismissed but will retain their jobs either at the new power plant or other
projects of CEGCO. There has been a clause defined with the Ministry of Energy that addresses this issue and states
that arbitrary dismissal is forbidden. A work package will be offered to the employees, whom have the right to
either accept or refuse the offered package. This will all be coordinated with the Ministry at a later stage. For
example, at this stage 12 of the employees at the old HTPS have been transferred to work in the Aqaba Thermal
Power Plant. In addition, the new power plant is expected to provide 100 new job opportunities.

F.

Other

Mr. Emad Al-Darawi — Ministry of Environment
Will the EIA study cover the associated facilities of the project such as the pipeline route from the main gas pipeline
to the project site?

Mr. Maher Tubeishat — CEGCO
The main pipeline with which this project will connect is located 900 -1000 meters east of the station and will be
included in the EIA study.

Mr. Ghaleb Ahmad — Department of Land and Survey
With regards to the pipeline, will any land acquisition occur?

Mr. Ibrahim Masri — ECO Consult

At this point, the final detailed design of the pipeline has not been developed. At a later stage, when the design is
finalized, the exact uses of these lands and their ownership (private or public) will be determined and should any
acquisition be required it is expected that it will be undertaken in accordance with the laws and regulations of
Jordan — mainly the Land Acquisition Law No. (12) of the year 1987 which sets in details the land acquisition process
in relation to advertisements, compensation, grievances, etc. Anyways, as stated earlier this issue will be
investigated as part of the EIA study as well.

Mr. Maher Tubeishat — CEGCO

It is important to note that the design and construction of the pipeline is the responsibility of NEPCO. Similarly, any
land acquisition and compensation requirements will be undertaken by NEPCO and the relevant governmental
entities such as the Ministry of Energy and the Department of Lands and Survey.

Mr. Hussein Sharbati — Ministry of Environment
The EIA must include an Environmental Emergency Response Plan which details procedures for dealing and handling
of any environmental emergency which might occur at the Project site.
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Environmental Impact Assessment

Hussein Thermal Power Station Project

Pz 5 capials QFS

=  Project: Hussein Thermal Power Station Project

= Developer: ACWA Power

= Project Company (Owner): Al Zarqga Electric Power Generation PSC
= EPC Contractor: SEPCO Il

= O&M Company: Central Electricity Generating Company (CEGCO)

= Environmental Consultant: 5 Capitals and ECO Consult

1. INTRODUCTION

Project site is located within the Industrial Area located around 4km
northeast of Zarga City (the capital city of the Governorate) while to the
north is located Al-Hashmiyeh city. To the west is also the existing Jordan
Petroleum Refinery. The new proposed Project site is located within the
existing boundaries of the Hussein TPS.

Figure 1: Project Location

3. PROJECT COMPONENTS

ACWA Power is to proposing to develop a new 485MW natural gas fired
power plant within the existing landholding of the Hussein Thermal Power
Station (Hussein TPS) located in Zarqa Governorate. The output from the
power plant will be supplied to the National Electricity Power Company of
Jordan (NEPCO) under a 25-year Power Purchase Agreement (PPA).

The requirement for the Project is due to the closure of the original Hussein
TPS in December 2015 and the continued growth of electrical demand in
Jordan. The proposed project will provide a cleaner energy source at a much
improved operational efficiency compared to the original Hussein TPS plant.

2. PROJECT LOCATION

The Project site is located within Zarqa Governorate in the north of Jordan,
around 25km northeast of the capital city of Amman. More specifically, the
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The following present the key components of the Project and which include
the following:

= 3 Gas Turbine Generators which generate electricity directly from the
combustion of fuel;

= 3 Heat Recovery Steam Generators (HRSG) which uses exhaust heat
generated from gas turbines to convert water to steam;

= 1 Steam Turbine Generator that uses steam generated by the HRSG’s to
generate additional electricity under combined cycle operation;

= Air Cooled Condensers for dry cooling of steam turbine steam;

=  Fuel Storage Tanks; Natural gas is the main fuel used, while Diesel fuel is
a backup fuel used in emergency situations only;

=  Gas Receiving Station to transfer incoming natural gas for the pipeline;



= Deepwater well and pumping station within the site boundary for
process water will only be used to top up process water as required; and

= Ancillary facilities including administration building, central control
room, evaporation ponds, etc.

4. OVERVIEW OF PROJECT ACTIVITIES

Decommissioning of the proposed repowering project will be as a minimum
after 25 years of operations. Information regarding decommissioning activities is
not available at this stage.

5. ANTICIPATED ENVIRONMENTAL IMPACTS FROM THE
PROJECT

This section presents the likely activities to take place during the Project
development and which will include: (i) planning and construction, (ii) operation
and (iii) decommissioning each of which is summarized below.

Planning and Construction Phase

Typical activities during the planning and construction phase for the Project are
summarized below. Construction activities for the project are expected to
commence once all necessary project approvals are obtained and which is
expected in the 2" Quarter of 2016. Construction duration is anticipated to last
for approximately 2 years.

= Detailed and final planning and design for the project and its components;

=  Site preparation activities which include excavations, clearing and levelling;
= |nstallation of foundation and civil works for structures and equipment;

= |nstallation of equipment.

Operation Phase

Operation is expected to commence in two separate phases for simple cycle
operation (Gas Turbines operation alone) and combined cycle operation (Gas
Turbines and HRSG & Steam Turbines in combination). Simple cycle operation is
expected to commence on 1* December 2017, while combined cycle operation
is due for 1*' June 2018.

The operational phase will continue for 25 years in accordance with the PPA.

The operational phase will predominantly generate power in combined cycle
operation fuelled by natural gas. This will ensure high efficiency power
generation, with low air emissions.

Decommissioning Phase
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Implementation of the Project will give rise to several potential positive and
negative impacts on certain environmental attributes all of which will be
discussed throughout the project scoping session.

It is important to highlight the positive environmental impacts that are
anticipated from the development of the project. These impacts are
summarised below:

=  Provision of a reliable source of electrical generation which will help to
meet the increasing electricity demands in Jordan;

= The project will generate a much cleaner form of energy compared with the
previous Hussein TPS which operated on Heavy Fuel Oil with a low
efficiency;

= A substantial reduction in GHG and pollution emissions compared to the
previous Hussein TPS;

= The project is expected to generate local employment, particularly
during the construction and operation phase and subsequently enhance
socio-economic conditions of local communities.

Several negative impacts are anticipated from the Project, however it should be

noted that these will be vastly reduced compared to the previous Hussein TPS

plant and will be subject to mitigation measures and monitoring. Such impacts

are summarised in the tables below for each phase of the Project development.

Summary of Anticipated Impacts during the Planning and Construction Phase

Attribute Likely Project Impact

Minor risk of soil and groundwater contamination during the
Soil, Geology and | various construction activities from improper housekeeping

Groundwater activities, spillage of hazardous material, waste and
wastewater, etc.
I . Minor impacts to ecology due to the largely cleared nature of
Biodiversity P &Y gely

the enclosed project site. Various construction activities could

Flora/Fauna
( / ) potentially disturb existing habitats within the site.

Considered unlikely, however various earthworks have the

Archaeology potential to disturb/damage sub-surface archaeological




remains if present within the site.

Air Quality/Noise

Various construction activities could result in an increased
level of dust from excavations and unpaved vehicle
movements. Vehicles and construction plant may also lead to
gaseous pollutant emissions.

Various construction activities will likely result in noise
emissions to the environment. Any noisy construction works
will however be limited to daylight periods.

Traffic and
Transportation

Potential for waiting vehicles on the service road adjacent to
the entrance of the existing Hussein TPS. No road closures or
diversions are expected.

Occupational
Health and Safety

Generic occupational health and safety risks from working on
construction sites.

Summary of Anticipated Impacts during the Operation Phase

Attribute

Likely Project Impact

Air Quality and
Noise

Operation of the thermal power plant on natural gas will result
in air pollutant emissions (e.g. NO, and CO) as well as
greenhouse gas emissions to the surrounding environment.
Impacts are significantly reduced compared to the original
Hussein TPS.

Operation of the thermal power plant will likely result in noise
emissions to the surrounding environment.

Soil, Geology

Depending on water availability and supply, water requirements
for the Project could affect local water resources and uses of
local communities.

and
Groundwater

Risk of soil and groundwater contamination during the various
operation activities from improper housekeeping activities,
spillage of hazardous material, waste and wastewater, storage
tanks, etc.

Occupational
Health and

Safety

Generic occupational health and safety risks during operation.

6. CONTACT INFORMATION

For further questions and comments please contact:

Ibrahim Masri — Project Manager, or ECO Consult office
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E-mail: Ibrahim.masri@ecoconsult.jo
Phone: +962 6 569 9769
Fax: +962 6 569 7264
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DETERMINATION OF ACID GASES IN DIFFUSION TUBES BY ION CHROMATOGRAPHY
REPORT NUMBER X5449R
BOOKING IN REFERENCE No  X5449
DESPATCH NOTE No SOR27562
CUSTOMER 5 Capitals Environmental & Management Consulting

PO Box 119899

Sheikh Zayed Road, Dubai

UAE

DATE SAMPLES RECEIVED 26/02/2016

GRADKO LAB REF GIN 18301-18312
JOB REFERENCE Hussein TPS

NITROGEN DIOXIDE

Tube Identification Date On Date Off Exposure ng NO, ugNO; - NO, NO,

(hrs) Total  Blank  pg/m®* ppb*
669880 A-1(A) 27/01/16  23/02/16  649.50 0.81 0.81 16.70 8.69
669881 A-1(B) 27/01/16  23/02/16  649.50 0.78 0.77 16.06 8.35
669883 A-2(A) 27/01/16  23/02/16  648.75 0.76 0.76 15.70 8.17
669882 A-2(B) 27/01/16  23/02/16  648.75 0.73 0.73 15.16 7.89
669884 A-3(A) 27/01/16  23/02/16  648.75 1.18 1.18 24.53 12.76
669885 A-3(B) 27/01/16  23/02/16  648.75 1.17 1.17 24.22 12.59
669886 A-4(A) 27/01/16  23/02/16  649.00 0.79 0.79 16.42 8.54
669887 A-4(B) 27/01/16  23/02/16  649.00 0.88 0.87 18.15 9.44
669888 A-5(A) 27/01/16  23/02/16  648.25 0.88 0.88 18.34 9.53
669889 A-5(B) 27/01/16  23/02/16  648.25 0.80 0.80 16.53 8.59
669892 A-6(A) 27/01/16  23/02/16  647.75 0.75 0.75 15.60 8.11
669893 A-6(B) 27/01/16  23/02/16 647.75 0.78 0.78 16.19 8.42

Lab Blank 0.002

(RESULTS ARE BLANK CORRECTED)

OVERALL M.U. +14.9% REPORTING LIMIT  0.05ug NO,
Analysed on Dionex ICS1100 ICU10 ANALYST NAME B. Gregory
DATE OF ANALYSIS 10/03/2016 DATE OF REPORT  11/03/2016

ANALYSIS HAS BEEN CARRIED OUT IN ACCORDANCE WITH IN-HOUSE METHOD GLM3

farndkn Isternastional Lol

MR FFLALLY CHECEED S —

Rainrd.....— " et i e U P PO AP TR -
. Gakrs, Labaraiury Manager




DETERMINATION OF ACID GASES IN DIFFUSION TUBES BY ION CHROMATOGRAPHY

SULPHUR DIOXIDE

Tube Identification Date On Date Off Exposure  ug S ungsS - SO, SO,

(hrs) Total  Blank  pg/m® ppb*
669880 A-1(A) 27/01/16  23/02/16  649.50 0.39 0.39 21.96 8.23
669881 A-1(B) 27/01/16  23/02/16  649.50 0.37 0.36 20.49 7.69
669883 A-2(A) 27/01/16  23/02/16  648.75 0.26 0.26 14.57 5.46
669882 A-2(B) 27/01/16  23/02/16  648.75 0.32 0.32 17.85 6.69
669884 A-3(A) 27/01/16  23/02/16  648.75 0.74 0.74 41.65 15.62
669885 A-3(B) 27/01/16  23/02/16  648.75 0.68 0.68 38.13 14.30
669886 A-4(A) 27/01/16  23/02/16  649.00 0.18 0.17 9.63 3.61
669887 A-4(B) 27/01/16  23/02/16  649.00 0.23 0.23 1291 4.84
669888 A-5(A) 27/01/16  23/02/16  648.25 0.32 0.31 17.60 6.60
669889 A-5(B) 27/01/16  23/02/16  648.25 0.19 0.19 10.60 3.97
669892 A-6(A) 27/01/16  23/02/16  647.75 0.34 0.33 18.69 7.01
669893 A-6(B) 27/01/16  23/02/16  647.75 0.36 0.35 19.93 7.47

Lab Blank 0.004

(RESULTS ARE BLANK CORRECTED)

OVERALL M.U. +14.9% REPORTING LIMIT 0.03ug S
Analysed on Dionex ICS1100 ICU10 ANALYST NAME B. Gregory
DATE OF ANALYSIS 10/03/2016 DATE OF REPORT 11/03/2016

ANALYSIS HAS BEEN CARRIED OUT IN ACCORDANCE WITH IN-HOUSE METHOD GLM3

farndkn Isternastional Lol

MR FFLALLY CHECEED S —

Rainrd.....— " et i e U P PO AP TR -
. Gakrs, Labaraiury Manager




DETERMINATION OF OZONE IN DIFFUSION TUBES BY ION CHROMATOGRAPHY

REPORT NUMBER KO01316R
BOOKING IN REFERENCE No  K01316
DESPATCH NOTE No 27562

CUSTOMER 5 Capitals Environmental & Management Consulting Attn: Max Burrow
Sheikha Sana Bldg, Svite 203

Sheikh Zayed Road,

Dubai

United Arab Emirates

DATE SAMPLES RECEIVED 26/02/2016
JOB NUMBER Hussein TPS

Sample

Location Number
A-1(A) 669894
A-1 (B) 669895
A-2 (A) 669896
A-2 (B) 669897
A-3 (A) 669898
A-3 (B) 669899
A-4 (A) 669900
A-4 (B) 669901
A-5 (A) 669902
A-5 (B) 669903
A-6 (A) 669906
A-6 (B) 669907

Laboratory Blank

Comment: Results are blank subtracted

Overall M.U. +10.0%
Analysed on Dionex ICS3000 ICU5

Date of Analysis 09/03/2016

Date

Exposed

27/01/2016
27/01/2016
27/01/2016
27/01/2016
27/01/2016
27/01/2016
27/01/2016
27/01/2016
27/01/2016
27/01/2016
27/01/2016
27/01/2016

Date

Finished

23/02/2016
23/02/2016
23/02/2016
23/02/2016
23/02/2016
23/02/2016
23/02/2016
23/02/2016
23/02/2016
23/02/2016
23/02/2016
23/02/2016

Exposure

Hours

649.50
649.50
648.75
648.75
648.75
648.75
649.00
649.00
648.25
648.25
647.75
647.75

Reporting Limit

Analyst Name

Date of Report

M9
on

Tube
Total

0.56
0.77
0.64
0.63
0.62
0.52
0.90
0.78
0.70
0.71
0.68
0.60

0.01

Analysis has been carried out in accordance with in-house method GLM 2

REPORT OFFICIALLY CHECKED

Blllgnk Os
ug/m*
0.55 48.89
0.76 67.47
0.62 55.48
0.62 55.11
0.61 54.05
0.50 44.95
0.89 79.29
0.77 68.23
0.69 61.57
0.70 62.47
0.66 59.17
0.59 52.56
0.096ug O3

Katya Paldamova

10/03/2016

O3
ppb*

24.45
33.74
27.74
27.55
27.02
22.47
39.64
34.11
30.79
31.24
29.58
26.28

raunind
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REPORT NUMBER K01348R

CUSTOMER 5 Capitals Environmental & Management Consulting
P.O.Box 119899
Sheikh Zayed Rd
Dubai, UAE

GRADKO LAB REFERENCE 03K0231-0238

DATE SAMPLES RECEIVED 26.02.2016

DESPATCH REF.NUMBER 27562
JOB NUMBER Hussein TPS
BOOKING IN REF. X5450

QUANTITATIVE ANALYSIS FOR BTEX ON CG1TD DIFFUSION TUBES BY GCMS
IDENTIFICATION AND ESTIMATION (SEMI-QUANTITATIVE ANALYSIS) FOR TOP 5 VOC
ON CG1TD DIFFUSION TUBES BY GC/MS
Analysis has been carried out in accordance with in-house method GLM 13

Index to UKAS Accreditation Status

U Analysis is UKAS accredited under our Fixed Scope

F Analysis is UKAS accredited under our Flexible Scope

N Analysis is not UKAS accredited
Tube Number GRA 10939
Tube Location A-1 (A)
Exposure Time (mins) 38970

Accreditation
BTEX Status ng on tube ppb in air* pugm™>
Benzene U 26.09 0.36 1.13
Toluene U 93.53 1.16 4.27
Ethylbenzene U 23.08 0.31 1.29
m/p-Xylene U 74.25 0.98 4.16
0-Xylene U 28.88 0.38 1.62
TOP 5 VOC ng on tube ppb in air* pgm™
Butane, 2-methyl- N 61.53 0.79 2.27
Pentane F 51.45 0.66 1.90
Pentane, 2-methyl- N 48.28 0.62 2.13
Hexane F 36.67 0.47 1.62
Heptane F 24.60 0.32 1.26
Tube Number GRA 11183
Tube Location A-1(B)
Exposure Time (mins) 38970
Accreditation

BTEX Status ng on tube ppb in air* pugm™>
Benzene U 29.58 0.41 1.28
Toluene U 107.23 1.33 4.89
Ethylbenzene U 24.99 0.33 1.40
m/p-Xylene U 79.46 1.05 4.46
0-Xylene U 30.59 0.40 1.72

Garnidkn s crnstional Lok
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(A division of Gradko International Ltd.)

St. Martins House, 77 Wales Street Winchester, Hampshire SO23 ORH
tel.: 01962 860331 fax: 01962 841339 e-mail:diffusion@gradko.co.uk

LABORATORY ANALYSISREPORT

TOP 5 VOC ng on tube ppb in air* pgm™>
Butane, 2-methyl- N 59.43 0.76 2.20
Pentane, 2-methyl- N 54.00 0.69 2.38
Pentane F 51.20 0.66 1.89
Hexane F 41.42 0.53 1.83
Heptane F 26.89 0.34 1.38
Tube Number GRA 11011
Tube Location A-4 (B)
Exposure Time (mins) 38940

Accreditation
BTEX Status ng on tube ppb in air* pgm™
Benzene U 31.41 0.44 1.36
Toluene u 109.36 1.36 4.99
Ethylbenzene U 19.05 0.25 1.07
m/p-Xylene U 54.54 0.72 3.06
0-Xylene u 20.97 0.28 1.18
TOP 5VOC ng on tube ppb in air* pgm™
Butane, 2-methyl- N 75.52 0.97 2.79
Pentane F 65.11 0.84 241
Pentane, 2-methyl- N 60.63 0.78 2.68
Hexane F 36.03 0.46 1.59
Pentane, 3-methyl- N 22.47 0.29 0.99
Tube Number GRA 11153
Tube Location A-2 (B)
Exposure Time (mins) 38880

Accreditation
BTEX Status ng on tube ppb in air* pgm™>
Benzene U 34.51 0.48 1.50
Toluene U 98.76 1.23 4.52
Ethylbenzene U 24.55 0.33 1.38
m/p-Xylene U 73.22 0.97 4.12
0-Xylene U 27.98 0.37 1.57
TOP 5 VOC ng on tube ppb in air* pgm™
Butane, 2-methyl- N 66.32 0.85 2.46
Pentane F 61.96 0.80 2.29
Pentane, 2-methyl- N 53.37 0.69 2.36
Hexane F 38.03 0.49 1.68
Pentane, 3-methyl- N 25.25 0.32 1.12

The Diffusion Tubes have been tested within the scope of Gradko I nternational Ltd. Laboratory Quality Procedur es calculations and assessments
involving the exposur e procedures and periods provided by the client are not within the scope of our UKAS accreditation. Those results obtained
using exposur e data shall be indicated by an asterisk. Any queries concer ning the data in thisreport should be directed to the Laboratory M anager
Gradko International Ltd. Thisreport isnot to be reproduced, except in full, without the written permission of Gradko I nternational Ltd.

Form LQF32b Issue 6 — February 2015 Report Number K01348R Page 2 of 4

Garnidkn s crnstional Lok

REPDRT UFFICM;L‘[ CH}HEB ‘f‘i' sgnntere an‘:_:r ﬂ:lh--ﬁr'ﬂ-_t af these reseliy

g

1. Cages, [abaraiury Manager




L

gradko* o

ENVITo |"""||r'|T

(A division of Gradko Inter national Ltd.)
St. Martins House, 77 Wales Street Winchester, Hampshire SO23 ORH
tel.: 01962 860331 fax: 01962 841339 e-mail:diffusion@gradko.co.uk

LABORATORY ANALYSISREPORT

Tube Number GRA 11683
Tube Location A-3 (A)
Exposure Time (mins) 38940

Accreditation
BTEX Status ng on tube ppb in air* pgm™>
Benzene U 60.55 0.84 2.62
Toluene u 204.82 2.75 10.13
Ethylbenzene U 50.21 0.62 2.62
m/p-Xylene U 142.70 1.75 7.43
0-Xylene U 56.70 0.70 2.95
TOP 5 VOC ng on tube ppb in air* pgm™
Pentane F 204.57 2.63 7.56
Butane, 2-methyl- N 198.18 2.54 7.33
Pentane, 2-methyl- N 163.94 2.11 7.24
Hexane F 145.83 1.87 6.44
Heptane F 99.15 1.27 5.09
Tube Number GRA 11128
Tube Location A-3 (B)
Exposure Time (mins) 38940

Accreditation
BTEX Status ng on tube ppb in air* pgm™>
Benzene U 60.25 0.84 2.61
Toluene u 199.61 248 9.11
Ethylbenzene U 48.22 0.64 2.71
m/p-Xylene U 139.80 1.85 7.85
0-Xylene U 55.09 0.73 3.09
TOP 5VOC ng on tube ppb in air* pgm'a*
Pentane F 202.24 2.60 7.48
Butane, 2-methyl- N 198.60 2.55 7.34
Pentane, 2-methyl- N 171.30 2.20 7.57
Hexane F 142.66 1.83 6.30
Heptane F 92.99 1.19 4.78
Tube Number GRA 10225
Tube Location A-4 (A)
Exposure Time (mins) 38940

Accreditation
BTEX Status ng on tube ppb in air* pgm™
Benzene U 37.40 0.52 1.62
Toluene u 124.77 1.55 5.70
Ethylbenzene U 21.24 0.28 1.19
m/p-Xylene U 61.44 0.81 3.45
0-Xylene U 23.19 0.31 1.30

The Diffusion Tubes have been tested within the scope of Gradko I nternational Ltd. Laboratory Quality Procedur es calculations and assessments
involving the exposur e procedures and periods provided by the client are not within the scope of our UKAS accreditation. Those results obtained
using exposur e data shall be indicated by an asterisk. Any queries concer ning the data in thisreport should be directed to the Laboratory M anager
Gradko International Ltd. Thisreport isnot to be reproduced, except in full, without the written permission of Gradko I nternational Ltd.

Form LQF32b Issue 6 — February 2015 Report Number K01348R Page 3 of 4
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TOP 5 VOC ng on tube ppb in air* pgm-

Butane, 2-methyl- N 91.50 1.17 3.38
Pentane F 77.51 1.00 2.87
Pentane, 2-methyl- N 64.70 0.83 2.86
Hexane F 46.40 0.60 2.05
Pentane, 3-methyl- N 25.64 0.33 1.13
Tube Number GRA 11061
Tube Location A-2 (A)
Exposure Time (mins) 38940

Accreditation
BTEX Status ng on tube ppb in air* pgm™
Benzene U 36.58 0.51 1.58
Toluene U 105.56 131 4.82
Ethylbenzene U 26.30 0.35 1.48
m/p-Xylene U 79.95 1.06 4.49
0-Xylene U 30.58 0.40 1.72
TOP 5VOC ng on tube ppb in air* ugm'g*
Butane, 2-methyl- N 81.25 1.04 3.00
Pentane F 70.47 0.90 2.61
Pentane, 2-methyl- N 61.03 0.78 2.70
Heptane F 24.44 0.31 1.26
Pentane, 3-methyl- N 23.26 0.30 1.03

UPTAKE RATES

Benzene 1.85ng.ppm ™ .min™*

Toluene 2.07ng.ppm™.min™

Ethylbenzene 1.94ng.ppm™.min™*

Xylenes 1.94ng.ppm™.min™

All other compounds: 2.00 ng.ppm™.min™.

Identification and estimation results for ng on tube are calculated using toluene standards.
Overall MU 13.7% for quantitative analysis of BTEX compounds.

Date of Analysis 01.03.2016

Analysts Name G. Aikman Date of Report 10.03.2016
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Appendix H
Continuous Air Quality Monitoring Results (2016)

ACWA Power Zarga CCGT Project
Updated ESIA - Volume 4, July 2016 (ISSUE 3) Appendices
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National Academy for Environment

Data Collection M ethods

The methods in bellow are used for data collection:

Parameter (s) M ethod
NO, NO2, NOx | Direct-reading - Chemiluminescence method
CO Direct-reading- electrochemical cell

PM10 and PM2.5 | Continuous direct mass method using a tapered
element oscillating microbalance analyzer.

SO2 Direct-reading -electrochemical cell.

Wind Speed, Wind | Meteorological Monitoring Guidance + our thermal

Direction, Ambient | Environment Monitor (EQUEST Brand) and wind
Temperature, and | sensor (Vaisala Brand)

Relative Humidity

All equipment's used for monitoring equipped with data logging meter
stores all of reading up to 250 logs.

Data was download from the devices and placed in the Excel- tables
The geographical location of measuring site is specified by ECO Consult.

Occupational and Environmental Health Specialist

"Muhamed Fuad" Khalefeh Banny Awwad

+962-6-5330434 S\ +962-6-5350650 :—uila
= abja958@orange.jo 1 s Sl &
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Results of Ambient Air Quality Monitoring
At
Al-Husain Thermal Power Station —Zarga
During 22— 29 Mar ch 2016

For

Eco-Consult

Prepared by
Occupational and Environmental Health Specialist

Muhamed Fuad" Khalefeh Banny Awwad

1% April 2016
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Ambient Air Quality Data Report

Date :22.03.2016

Geographical Position: 32.11923 N and 036.12859 E

Duration (24 Hours)

Weather Condition: (Cloudy, Wind direction: West North, Wind speed = 16 km/hr.
Humidity: 46% and Temperature: 19C)

Tablel.1
Average Air Quality Levels (in ng/m3) with respect to 24-hourly aver age Standar d
SN Concentrations (Readings) Maximum
Parameters Unit Average Min Max Allowable
Concentration
(ng/m’)
1 PM 1o pg/m3/24 Hrs. 39.2 20.2 59.9 120
2 PM ;5 ng/m24 Hrs. 23.0 17.6 29.4 65
3 SO, ng/m24 Hrs. 1.42 0.3 4.20 20*
4 NO ng/m’24 Hrs. 15.0 8.8 27.0
5 NO, ng/m324 Hrs. 7.0 36 13.0 200*
6 NO, ng/m%24 Hrs. 175 10.6 26.0
7 Cco ng/m/8 Hrs. 251.7 190.0 330.0 15000*

* WHO Ambient Air Quality Standard

+962-777-296305 +962-79-5758689 s sl +962-6-5330434 S +962-6-5350650 il
GY) -Olee 11941 4enall 2358 .= abjad58@orange.jo (s AN & »
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SPM hourly average concentration
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Figurel: PM 10 and PM 2.5concentrations (24- hour average) 22.3.2016
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Figure 2: CO, SO2, NO, NO2, NOx, Concentrations (24-hour average) 22.3.2016
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National Academy for Environment

Ambient Air Quality Data Report

Date :23.03.2016

Geographical Position: 32.11923 N and 036.12859 E

Duration (24 Hours)

Weather Condition: (partially Cloudy, Wind direction: South East, Wind speed =
21 kmv/hr. Humidity: 15% and Temperature: 26C)

Tablel.1
Average Air Quality Levels (in ng/m3) with respect to 24-hourly aver age Standard

SN Concentrations (Readings) Maximum
Parameters Unit Average Min M ax Allowable
Concentration
(ng/m?)
1 PM 1 ng/m324 Hrs. 42,6 30.3 55.6 120
2 PM 55 ng/m324 Hrs. 24.8 18.3 34.2 65
3 SO, pg/m3/24 Hrs. 154 04 4.6 20*
4 NO ng/m24 Hrs. 15.7 9.7 28.5
5 NO, ng/m324 Hrs. 7.7 4.6 13.9 200*
6 NOy pg/m3/24 Hrs. 175 8.2 27.0
7 CO ng/m3/24 Hrs, 256.9 192.0 330.0 15000*

* WHO Ambient Air Quality Standard
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Figurel: PM 10 and PM 2.5concentrations (24- hour average) 23.3.2016

Figure 2: CO, SO2, NO, NO2, NOx, Concentrations (24-hour average) 23.3.2016
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National Academy for Environment

Ambient Air Quality Data Report

Date :24.03.2016

Geographical Position: 32.11923 N and 036.12859 E

Duration (24 Hours)

Weather Condition: (partialy Cloudy, Wind direction: South East, Wind speed =
18 km/hr. Humidity: 34% and Temperature: 22C)

Tablel.1

Average Air Quality Levels (in ng/m3) with respect to 24-hourly average Standar d

SN Concentrations (Readings) Maximum
Parameters Unit Average Min Max Allowable
Concentration
(ng/m?)
1 PM 14 ng/m>/24 Hrs. 43.0 32.2 57.5 120
2 PM 55 ng/m3/24 Hrs. 29.1 20.2 395 65
3 S0, ng/m324 Hrs, 1.53 0.40 3.60 20*
4 NO ng/m>/24 Hrs, 15.4 10.2 254
5 NO, ng/m3/24 Hrs. 8.1 4.6 13.2 200*
6 NO, ng/m324 Hrs. 19.5 13.8 28.2
7 CoO ng/m>/24 Hrs, 268.2 195.5 345.0 15000*

* WHO Ambient Air Quality Standard
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Figurel: PM 10 and PM 2.5concentrations (24- hour average) 24.3.2016

Figure 2: CO, SO2, NO, NO2, NOx, Concentrations (24-hour average) 24.3.2016
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National Academy for Environment

Ambient Air Quality Data Report

Date :25.03.2016
Geographical Position: 32.11923 N and 036.12859 E
Duration (24 Hours)
Weather Condition: (partially Cloudy, Wind direction: East, Wind speed = 26
km/hr. Humidity: 43% and Temperature: 25C)
Al o) al
Tablel.1
Average Air Quality Levels (in ng/m3) with respect to 24-hourly aver age Standar d

SN Concentrations (Readings) M aximum
Parameters Unit Average Min M ax Allowable
Concentration
(ng/m®)
1 PM 1 ng/m324 Hrs. 53.9 31.0 72.3 120
2 PM 55 ng/m>/24 Hrs. 36.1 24.6 47.2 65
3 SO, ng/m3/24 Hrs. 1.86 0.50 3.90 20*
4 NO ng/m324 Hrs. 16.10 11.20 22.30
5 NO, ng/m24 Hrs. 9.10 5.90 14.0 200*
6 NO, ng/m*/24 Hrs. 21.70 15.50 30.20
7 co ng/m¥8 Hrs. 276.8 188.9 366.9 15000*

* WHO Ambient Air Quality Standard
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Figurel: PM 10 and PM 2.5concentrations (24- hour average) 25.3.2016

Figure 2: CO, SO2, NO, NO2, NOx, Concentrations (24-hour average) 25.3.2016
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National Academy for Environment

Ambient Air Quality Data

Date : 26.03.2016

Geographical Position: 32.11923 N and 036.12859 E

Duration (24 Hours)

Weather Condition: (Cloudy with scattered rain, Wind direction: West, Wind
speed = 18 km/hr. Humidity: 60% and Temperature: 21C)

Table1.1
Average Air Quality Levels (in pg/m3) with respect to 24-hourly average Standard

SN Concentrations (Readings) Maximum
Parameters Unit Average Min M ax Allowable
Concentration
(ng/m?’)
1 PM 1 ng/m24 Hrs. 37.70 28.70 48.50 120
2 PM 25 ng/m>/24 Hrs. 27.50 21.00 36.30 65
3 SO, p.g/m3/24 Hrs. 154 0.60 2.80 20*
4 NO ng/m324 Hrs. 11.8 10.4 15.3
5 NO, ng/m>/24 Hrs. 8.00 6.60 11.20 200*
6 NOy p.g/m3/24 Hrs. 17.70 15.30 21.60
7 Cco ng/m24 Hrs. 248.40 178.90 315.30 15000*

* WHO Ambient Air Quality Standard
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Figurel: PM 10 and PM 2.5concentrations (24- hour average) 26.3.2016
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Figure 2: CO, SO2, NO, NO2, NOx, Concentrations (24-hour average) 26.3.2016
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National Academy for Environment

Ambient Air Quality Data Report

Date : 27.03.2016

Geogr aphical Position: 32.11923 N and 036.12859 E

Duration (24 Hours)

Weather Condition: (Cloudy with scattered rain, Wind direction: West, Wind
speed = 18 km/hr. Humidity: 60% and Temperature: 21C)

Tablel.1
Average Air Quality Levels (in ng/m3) with respect to 24-hourly average Standar d
SN Concentrations (Readings) Maximum
Parameters Unit Average Min M ax Allowable
Concentration
(ng/m®)
1 PM 1 ng/m24 Hrs. 34.3 25.0 43.3 120
2 PM 55 ng/m>/24 Hrs. 22.4 16.5 31.2 65
3 SO, ng/m3/24 Hrs. 1.36 0.6 2.40 20*
4 NO ng/m>/24 Hrs. 8.10 6.40 10.60
5 NO, ng/m3/24 Hrs. 7.40 5.80 8.90 200*
6 NOy ng/m324 Hrs. 15.50 13.50 18.20
7 co ng/m>/24 Hrs. 222.6 188.6 263.5 15000*

* WHO Ambient Air Quality Standard
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Figurel: PM 10 and PM 2.5concentrations (24- hour average) 27.3.2016
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Figure 2: CO, SO2, NO, NO2, NOx, Concentrations (24-hour average) 27.3.2016
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Ambient Air Quality Data

Date : 28.03.2016

Geogr aphical Position: 32.11923 N and 036.12859 E

Duration (24 Hours)

Weather Condition: (Rainy, Wind direction: West, Wind speed = 18 km/hr.
Humidity: 87% and Temperature: 14C)

Tablel.1
Average Air Quality Levels (in ng/m3) with respect to 24-hourly average Standar d

SN Concentrations (Readings) Maximum
Parameters Unit Average Min Max Allowable
Concentration
(ng/m’)
1 PM 1 ng/m324 Hrs. 315 26.8 33.8 120
2 PM s ng/m324 Hrs. 18.3 16.0 213 65
3 SO, ng/m’24 Hrs. 1.01 0.20 1.80 20*
4 NO ng/m24 Hrs. 6.70 0.00 7.60
5 NO, pg/m¥24 Hrs, 5.80 5.2 6.70 200*
6 NO, ng/m’24 Hrs. 13.40 11.30 14.60
7 (6{0) pg/m3/24 Hrs. 208.60 187.90 238.80 15000*

* WHO Ambient Air Quality Standard
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Figure 2: CO, SO2, NO, NO2, NOx, Concentrations (24-hour average) 28.3.2016
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Ambient Air Analysis

* The concentration of PM9 and PM, 5 at monitoring site was found below the

Maximum Allowable Concentration limits.

* The concentration of CO, SO2, and NO, at monitoring site was found below the

Maximum Allowable Concentration limits.

Note: All measurements were performed at 1.5 meter above ground level.

No Exceedences noted during monitoring period for all measurements.

\/
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1 INTRODUCTION

1.1 Entran Ltd has been commissioned to undertake an assessment of the predicted local
air quality impacts arising from the operation of the proposed ACWA Power Zarqa CCGT

Project in Zarga, Jordan.

1.2 The project location is presented in Figure 1; the Site boundary is shown in yellow and
the Project area in purple). The Site is located in an industrial area, approximately 25 km
northeast of Amman and 4km northeast of the centre of Zarga. The nearest sensitive residential
receptor (Hashmiyeh) is approximately 250m north of the Site.

Figure 1. Location of the Project
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1.3 The proposed power block will comprise three gas turbines, three heat recovery steam
generators (HRSG) and one steam turbine. The typical operational regime of the plant will be
combined cycle, whereby the gas turbines operate in parallel with the HRSGs and steam

turbine. Emissions to air would be via a 60 m main stack (4.8 m in diameter).

14 In simple cycle mode, emissions from the gas turbines would vent directly to air via a
45 m (5.4 m diameter) bypass stack.

11 The primary fuel for the project will be natural gas, with light distillate oil (LDO) as a
back-up fuel.




1.2 The impact on air quality of the new turbines in both combined and simple cycle mode,

using both natural gas and LDO has been assessed.

1.3 A detailed air quality dispersion modelling assessment has been undertaken to
determine impacts associated with the proposed. Dispersion modelling has been carried out
using the United States (US) Environmental Protection Agency (EPA) AERMOD dispersion
model and three years of meteorological data from Amman Airport (2013 to 2015). This is the

most recent data available for the area that is suitable for dispersion modelling.

1.4 The key pollutants considered in this assessment are: oxides of nitrogen (NOx as NO>),
particles (as PMuo), sulphur dioxide (SO2) and carbon monoxide (CO). Predicted ground-level

concentrations are compared with relevant air quality standards and guidelines.
15 A background monitoring study has been undertaken around the proposed project to
establish current air quality conditions to determine potential cumulative impacts at receptor

locations.

1.6 A glossary of common air quality terminology is provided in Appendix A.



2 LEGISLATION, POLICY AND ASSESSMENT CRITERIA
The Hashemite Kingdom of Jordan Ministry of Environment

2.1 Emissions of NOx and SO, from the project will be compliant with the Jordanian

emission standards1, as detailed in Table 2.1.

Table 2.1: Jordanian Maximum Permissible Emission Rates

Nitrogen Dioxide 1-hour 1,500
Sulphur Dioxide 1-hour 6,500

2.2 Ambient air quality standards for Jordan are specified in JS 1140/2006. The standards
for NO,, CO, SO, and PMyg are presented in Table 2.2.

Table 2.2: Jordanian Air Quality Standards for Ambient Air Quality

8-hour 9 9,920 (a)
Carbon Monoxide

1-hour 26 28,708 (a)

1-hour - 400
Nitrogen Dioxide 24-hour 0.08 145 (a)

Annual 0.05 91 (a)

1-hour - 786
Sulphur Dioxide 24-hour 0.14 353

Annual - 114

24-hour - 120
Particulate Matter (as PM;y)

Annual - 70
(@) Conversion from ppm to pg/m® assumes an ambient temperature of 36°C and atmospheric

pressure of 101.3 kPa

International Finance Corporation World Bank Group

2.3 The IFC Guidelines® recommend the use of national legislated standards, or in their

absence, the current World Health Organisation (WHO) Air Quality Guidelines.




2.4 A summary of the IFC guideline values for NO2, SO2 and PMyo is provided in Table 2.3.
In addition to the guideline values the IFC also specifies interim targets for SO, and PMsg in

recognition of the need for a staged approach to achieving the guideline value.

Table 2.3: IFC Guideline Values

_ o 1-year 40
Nitrogen Dioxide
1-hour 200
125 (Interim target 1)
o 24-hour 50 (Interim target 2)
Sulphur Dioxide
20
10-minute 500

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

1l-year
30 (Interim target 3)
_ 20
Particulate Matter (as PMag) 150 (Interim t t1)
nterim targe
100 (Interim target 2)
24-hour

75 (Interim target 3)
50

The Equator Principles

25 The Equator Principles provides a set of standards for financial investors to assess the
social and environmental risk of a project. In air quality terms, a proposed facility satisfies the

Equator Principles if compliance with the IFC air quality guideline values is demonstrated.

Degraded Airsheds

2.6 The term ‘Airshed’ refers to the local area around a facility or complex of facilities that is
directly affected by emissions from the facility or complex. There are a humber of factors that
can potentially affect the size of a relevant airshed, including plant characteristics, stack height,

meteorological conditions and topography.

1JS 1189/2006

2 International Finance Corporation World Bank Group, General EHS Guidelines: Environmental. Air Emissions and
Ambient Air Quality, April 2007.




2.7 For new power plants in degraded airsheds, the IFC? states that new facilities should
minimise incremental impacts by achieving the emission values set out in Table 2.4. The IFC
also state that where these emission values result in excessive ambient impacts relative to local
regulatory standards, the project should explore and implement site-specific off-sets that result
in no net increase in the total emissions of those pollutants. Off-set provisions should be

implemented before the power plant comes fully on stream.

2.8 Suitable offset measures could include reductions in emissions of particulate matter,
sulphur dioxide or nitrogen dioxide, as necessary through:

(a) the installation of new or more effective controls at other units within the

same power plant or at other power plants in the same airshed,

(a) the installation of new or more effective controls at other large sources,

such as district heating plants or industrial plants, in the same airshed, or

(b) investments in gas distribution or district heating systems designed to
substitute for the use of coal for residential heating and other small
boilers.

29 In addition, the IFC guidance states that:

emissions from a single project should not contribute more than 25% of the
applicable ambient air quality standards to allow additional, future sustainable

development in the same airshed.

3 International Finance Corporation World Bank Group (December 2008), Environmental, Health and Safety Guidelines for
Thermal Power Plants.



Table 2.4: World Bank Emission Guidelines for Combustion Turbines (mg/Nm3)

Note:

- Guidelines are applicable for new facilities

- EA may justify more stringent or less stringent limits due to ambient environment, technical and economic considerations provided there is compliance with applicable ambient air quality
standards and incremental impacts are minimised.

- For projects to rehabilitate existing facilities, case-by-case emission requirements should be established by the EA considering (i) the existing emission levels and impacts on the
environment and community health, and (ii) cost and technical feasibility of bringing the existing emission levels to meet these new facilities limits.

- EA should demonstrate that emissions do not contribute a significant portion to the attainment of relevant ambient air quality guidelines or standards, and more stringent limits may be

required.

Natural Gas (all turbine types of Unit >50MWth) N/A N/A N/A N/A 51 51 15%
Other Fuels (Unit > 50MWth) 50 30 Use of 1% or | Use of 0.5% or | 152 (a) 152 (a) 15%
less S fuel less S fuel

General Notes:

- MWth = Megawatt thermal input on HHV basis; N/A/ = Not applicable; NDA = Non-degraded airshed; DA = Degraded airshed (poor air quality); Airshed should be considered as being
degraded if nationally legislated air quality standards are exceeded or, in their absence, if WHO Air Quality Guidelines are exceeded significantly; S = sulphur content (expressed a
percent by mass); Nm? is at one atmosphere pressure, 0 degrees Celsius, MWth category is to apply to the entire facility consisting of multiple units that are reasonably considered to
be emitted from a common stack. Guideline limits to apply to facilities operating more than 500 hrs per year. Emission levels should be evaluated on a one hour average basis and be

achieved 95% of annual operating hours.
- If supplemental firing is used in a combined cycle gas turbine mode, the relevant guideline limits for combustion turbines should be achieved including emissions from those
supplemental firing units (e.g., duct burners).

- (a) Technological differences (for example the use of Aeroderivatives) may require different emissions values which should be evaluated on a cases-by-case basis through the EA
process but which should not exceed 200 mg/Nm3.

Comparison of the Guideline limits with standards of selected countries / region (as of August 2008):

- Natural Gas-fired Combustion Turbine — NOx
0 Guideline limits: 51 (25 ppm)
o EU: 50 (24 ppm), 75 (37 ppm) (if combined cycle efficiency > 55%), 50*n / 35 (where n = simple cycle efficiency)
o US: 25 ppm (> 50 MMBtu/h (= 14.6 MWth) and < 850 MMBtu/h (= 249MWth)), 15 ppm (> 850 MMBtu/h (= 249 MWth))
o (Note: further reduced NOx ppm in the range of 2 to 9 ppm is typically required through air permit)
- Liquid Fuel-fired Combustion Turbine — NOx
0 Guideline limits: 152 (74 ppm) — Heavy Duty Frame Turbines & LFO/HFO, 300 (146 ppm) — Aeroderivatives & HFO, 200 (97 ppm) — Aeroderivatives & LFO
o EU: 120 (58 ppm), US: 74 ppm (> 50 MMBtu/h (= 14.6 MWth) and < 850 MMBtu/h (= 249MWth)), 42 ppm (> 850 MMBtu/h (= 249 MWth))
- Liquid Fuel-fired Combustion Turbine — SOx
0 Guideline limits: Use of 1% or less S fuel
0 EU: S content of light fuel oil used in gas turbines below 0.1% / US: S content of about 0.05% (continental area) and 0.4% (non-continental area)

Source: EU (LCP Directive 2001/80/EC October 23 2001), EU (Liquid Fuel Quality Directive 1999/32/EC, 2005/33/EC), US (NSPS for Stationary Combustion Turbines, Final Rule — July 6, 2006)




European Standards

2.10 The project is seeking funding from the European Bank for Reconstruction and
Development (EBRD) and will therefore require compliance with European environmental
standards. On this basis it is proposed that emissions from the Project will be compliant with the
Industrial Emissions Directive* standards, which are extremely stringent compared with those
specified by JS 1189/2006. The NOx and CO emission limit values for new gas turbines using both
natural gas and light/ middle distillates are 50 mg/Nm? and 100 mg/Nm? respectively (referenced to
15% Oy), however the emission limits are not applicable to operations occurring for less than 500

hours per year (e.g. back-up operation).

2.11 European Directive 2008/50/EC of the European Parliament and of the Council of 21st May
2008, sets legally-binding limit values for the protection of public health and sensitive habitats. The
EU limit values for NO,, SO, CO and PMyg are presented in Table 2.5.

Table 2.5: EU Limit Values

annual 40 -
Nitrogen Dioxide Not to be exceeded more than 18 times per
(NO2) 1-hour 200 annum, equivalent to the 99.8™ percentile
of 1-hour means
Not to be exceeded more than 3 times per
24-hour 125 annum, equivalent to the 99.2" percentile
Sulphur Dioxide of 24-hour means
(SO2) Not to be exceeded more than 24 times per
1-hour 350 annum, equivalent to the 99.7" percentile
of 1-hour means
Carbon Monoxide
(CO) 8-hour 10,000 -
annual 40 -
Particulate Matter UK AQO, not to be exceeded more than 35
(as PMo) 24-hour 50 times per annum, equivalent to the 90.4
percentile of 24-hour means

Assessment Ambient Air Quality Standards

2.12 For the purposes of this assessment, the air quality standards (AQS) that have been

applied are provided in Table 2.6. The standards referenced in the table below relate to the most

4 The Industrial Emissions Directive, 2010/75/EU




stringent standards when considering the Jordanian, IFC and EU standards/guideline for each

parameter, per averaging period.

Table 2.6: Air Quality Standards Adopted for the Air Quality Assessment

Annual 40
Nitrogen Dioxide 24-hour 145
1-hour 200
Annual 114
o 24-hour 125
Sulphur Dioxide
1-hour 350
10 minute 500
. Annual 40
Particulate Matter (as PMao)
24-hour 50
) 8-hour 9,920
Carbon Monoxide
1-hour 28,708




3 ASSESSMENT METHODOLOGY

Dispersion Modelling Parameters

3.1 The potential impact of the project on local air quality has been assessed using Breeze
AERMOD?7, a new generation dispersion model that incorporates the latest understanding of the

atmospheric boundary layer.

3.2 The primary emission sources at the site are as follows:

¢ In combined cycle mode - three main stacks associated with the HRSG; or

¢ In simple cycle mode - three bypass stacks.

3.3 For normal project operations, the key pollutants arising from natural gas combustion and

emitted via the HRSG/ bypass stacks will be nitrogen dioxide (NOx as NO_) and CO.

3.4 In the event of a natural gas supply failure or routine maintenance, it is proposed that
ultra-low-sulphur diesel oil is used as a back-up fuel, which will result in emissions of sulphur
dioxide (SOy) and particulate matter (PM1o) in addition to NOx and CO.

35 The source emission parameters used in the dispersion modelling are presented in
Appendix B. These data have been provided by the equipment manufacturer in line with the
proposed fuel specifications. All stacks will include flue gas sampling ports and regular monitoring

will be undertaken using Continuous Emissions Monitoring Systems.

3.6 Dispersion modelling has been carried out for the following operational scenarios:

Scenario 1 (normal operation) — operation of all three gas turbines using natural gas

and in combined cycle mode with emissions via the 60 m tall main stacks.

e Scenario 2 (natural gas and simple cycle mode) — operation of all three gas turbines
using natural gas and in the simple cycle mode with emissions via the 45 m tall bypass

stacks.

e Scenario 3 (LDO and combined cycle) — operation of all three gas turbines using low

sulphur LDO and in combined cycle mode with emissions via the 60 m tall main stacks.

e Scenario 4 (LDO and simple cycle mode) — operation of all three gas turbines using

low sulphur LDO and in the simple cycle mode with emissions via the 45 m tall bypass
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stacks.

3.7 A summary of the scenarios assessed is presented in Table 3.1.

Table 3.1 — Summary of Scenarios Assessed for the Air Quality Assessment

Scenario 1 Natural gas NOy, CO Combined Main stacks
Scenario 2 Natural gas NOy, CO Simple Bypass stacks
Scenario 3 LDO NOx,lgl\(/l)l ’OSOZ’ Combined Main stacks
Scenario 4 LDO NOX'PCAZ ,0802, Simple Bypass stacks

3.8 For each scenario, the assessment represents worst-case conditions as it is assumed that

the all three gas turbines operate continuously.

Nitric Oxide to NO, Conversion

3.9 Oxides of nitrogen (NOy) emitted to atmosphere as a result of combustion will consist
largely (around 90%) of nitric oxide (NO), a relatively innocuous substance. Once released into the
atmosphere, NO is oxidised to NO,. The proportion of NO converted to NO» depends on a number
of factors including wind speed, distance from the source, solar irradiation and the availability of
oxidants, such as ozone (O3). At locations close to the source where highest concentrations are

predicted, the rate of oxidation will be relatively small.

3.10 Typical NO:NO: conversion ratios of 70% for long term predictions and 35% for short term

predictions have been assumed for comparison with the air quality standards for NO».

Local Meteorological Data

3.11 The modelling has been carried out using three years (2013-2015) of hourly sequential
meteorological data in order to take account of inter-annual variability and reduce the effect of any
atypical conditions. A meteorological station in Amman has been used for the assessment, which
is the most representative data currently available for the area. This is located approximately
25 km to the northeast of the project site.

3.12 Wind roses for each of the three years are presented in Figures 3.1 to 3.3 below. These

generally show that the prevailing wind direction is from the west; therefore sensitive receptors to
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the east of the project are likely to be worst-affected by emissions from the site.

Figure 3.1: Wind Rose for Amman 2013
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Figure 3.2: Wind Rose for Amman 2014
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Figure 3.3: Wind Rose for Amman 2015
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Buildings

3.13 The presence of buildings close to emission sources can significantly affect the dispersion
of pollutants by leading to a phenomenon called building downwash. This occurs when a building
distorts the wind flow, creating zones of increased turbulence. Increased turbulence causes the
plume to come to ground earlier than otherwise would be the case and results in higher ground

level concentrations closer to the stack.

3.14 Downwash effects are only significant where building heights are greater than 30 to 40% of
the emission release height. The downwash structures also need to be sufficiently close for their

influence to be significant.

3.15 The project will include a number of buildings (e.g. HRSGs, electric building, ACC) that
have the potential to affect the wind field and these have been included in the dispersion model as

downwash structures, along with the old HTPS building.

Terrain

3.16 The area in the immediate vicinity of the site is relatively flat, however there is hilly terrain to

the west beyond Zarga. Topographical data has therefore been included in the model to account

13



for any terrain related effects.

Sensitive Receptors

3.17  Specific receptors have been identified where people are likely to be regularly exposed for
prolonged periods of time (e.g. residential areas). The location of the discrete sensitive receptors is

presented in Table 3.2 and Figure 3.4.

Table 3.2: Location of Sensitive Receptors

1 NEPCO Training Centre Commercial 0.2km south

2 mialg?i?:esédgEg?hiiﬁ?%gﬁ;) Residential 0.25km north

3 Zarga Cemetery Cultural 0.5km south-southeast
4 gfg)%?ngggtiigiers Residential 0.65km southwest
5 Agricultural Land Agriculture 1km southeast
6 Petrochemical Refinery Industrial 1.5km west

7 Steelworks Industrial 1.7m southeast
8 Education Centre Educational 1.75km southwest
9 Residential Cluster (Hashmiyeh) Residential 1.7km northwest
10 | Sports Stadium Recreational 2.5km southwest
11 | North Zarga (Residential) Residential 4.1km southwest
12 | Wastewater Treatment Facility Industrial 5km northeast
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Figure 3.4: Sensitive Receptor Locations

3.18 Pollutant concentrations have been predicted at both discrete receptor locations and over a
8km by 6 km Cartesian grid of 100m resolution.

Significance Criteria

3.19 There are no local planning policies that provide limits for acceptable impacts from
proposed facilities in Jordan. The UK Environment Agency has developed criteria for assessing the
significance of an impact compared with relevant air quality standards and background air quality.
A process contribution (PC) is considered significant if:

e The long-term PC > 1% of the long-term air quality standard

e The short-term PC > 10% of the short-term air quality standard
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3.20 At 1% of the long-term air quality standard, the impact of a development is unlikely to be
significant compared with background air quality. Both the short-and long term criteria are also
designed to ensure that there is a substantial safety margin to protect public health and the

environment.

3.21 If the above criteria are not met, the PC should be considered in combination with relevant

ambient background pollutant concentrations. The air quality standards are likely to be met if:

e Thelong-term PC + background concentration < 70% of the air quality standard

e The short-term PC < 20% (air quality standard — short-term background concentration),
where the short-term background concentration is assumed to be twice the long-term

background concentration
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4 BASELINE CONDITIONS

Diffusion Tube Monitoring

4.1 Ambient concentrations of SO, and NO, were measured by passive diffusion tube at six

locations (A-1 to A-6) in support of this Project. The location of the tubes is presented in Figure 4.1.

4.2 Two tubes were exposed at each location for a period of 27 days (27" January 2016 to 23"
February 2016). The measured data are considered to provide an indication of long-term
background concentrations at the site.

Figure 4.1: Diffusion Tube Locations

4.3 The measured 27-day mean SO, and NO; concentrations are presented in Table 4.1.
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Table 4.1: 27-Day Mean Concentrations of NO, and SO. Measured by Diffusion Tube (ug/m?3)

A-1 16.7 16.1 22.0 20.5
A-2 15.7 15.2 14.6 17.9
A-3 245 24.2 41.7 38.1
A-4 16.4 18.2 9.6 12.9
A-5 18.3 16.5 17.6 10.6
A-6 15.6 16.2 18.7 19.9
Airshed Average 17.8 20.3

4.4 The data indicate that existing long term NO, and SO, concentrations in the area are likely
to be within the relevant air quality standards. The highest concentrations were measured by tube
A-3, which is located on the western site boundary adjacent to the highway, and is likely to be

strongly affected by both traffic and emissions from the petrochemical refinery to the east.

Automatic Monitoring

4.5 Continuous monitoring of NO2, PM1g, CO and SO: has been undertaken at the Project site
(32.11923 N, 036.12859 E) to provide an indication of existing short-term concentrations in the
area. The monitoring was carried out between the 22" and 29" March 2016 and reported as the
average concentration measured over each 24-hour period for NO2, PMio and SO,. For CO, the

data is reported as the 8-hour mean.

4.6 A summary of the 24-hour mean concentrations measured over the five day period is
presented in Table 4.2.




Table 4.2: Concentrations of NO2, SO, PMip and CO Measured by Continuous Monitor at the

Project Site (ug/m?3)

1 7.0 1.4 39.2 252
2 7.7 15 42.6 257
3 8.1 15 43.0 268
4 9.1 1.9 53.9 277
5 8.0 15 37.7 248

4.7 The monitoring data indicate that existing 24-hour mean NO», SO, and CO concentrations
are well within the relevant air quality standards. The measured NO, and SO, concentrations are
somewhat lower than the 27-day mean concentrations measured diffusion tube, possibly indicating

that conditions over the five day monitoring period were atypical.

4.8 The 24-hour mean PMjo concentration exceeded the EU limit value on one day. The air
quality standard permits 35 exceedences of the limit value per year, however a considerably longer
monitoring period would be required to determine whether a significant number of exceedences are
likely to occur. It should be noted that the 24-hour mean PM1o concentrations are well within the

Jordanian air quality standard of 70 pg/m3.

Summary of Baseline Monitoring Data

4.9 A review of the local monitoring data indicates that existing NO;, SO, and CO
concentrations in the immediate vicinity of the project are likely to be well within the relevant air
quality standards. The airshed is therefore not considered to be degraded with respect to these

pollutants.

4,10 The data indicate that there is the potential for short-term exceedences of the EU limit value
for PM1o, however this would not be considered unusual in areas characterised by a dry, windy

climate.




5 PREDICTED IMPACT (NORMAL GAS-FIRED OPERATION)

Introduction

5.1 Concentrations of NO2, PM1o, SO and CO due to emissions from the proposed project are
presented as the maximum predicted over the three years of meteorological data. The
concentrations are compared with the relevant air quality standards to determine the significance of

the impact.

Scenario 1 (Natural Gas, Combined Cycle)

Nitrogen Dioxide (NO>)

5.2 The maximum predicted NO, concentration at identified sensitive receptor locations is
presented in Table 5.1 for Scenario 1 (natural gas, combined cycle). This represents the normal

operational scenario.

Table 5.1: Maximum Predicted NO, Concentrations — Natural Gas, Combined Cycle (ug/m?)

NEPCO Training Centre 0.26 0.83 4.3
Nearest Residential Receptor

to the Proposed Site 0.27 0.71 3.8
(Hashmiyeh)

Zarga Cemetery 0.65 1.6 6.0
Agricultural Land 0.41 1.0 3.5
Petrochemical Refinery 0.17 0.70 3.0
Steelworks 0.37 0.87 4.6
Education Centre 0.10 0.35 2.1
ﬁle:éﬂmgiL?'”Ster 0.14 0.77 3.2
Sports Stadium 0.051 0.19 2.2
North Zarga (Residential) 0.041 0.15 1.8
\é\;i?lti(taywater Treatment 013 0.39 19
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5.3 The maximum predicted annual mean NO- concentrations are considered to be potentially
significant since they exceed 1% of the IFC and EU guideline/ limit value of 40 ug/m3. However,
the local monitoring data indicates that existing NO2 concentrations in the area are well within the
standard and therefore the risk of an exceedence during normal, gas-fired, combined cycle

operation at the project is considered to be negligible.

5.4 The predicted short-term NO, impacts are less than 10% of the relevant air quality

standards and are therefore considered to be of negligible significance.

5.5 The predicted NO» concentrations are also presented as contour plots in Figures 5.1, 5.2

and 5.3 for the year in which maximum impacts occur (2014).

5.6 Maximum annual mean impacts occur to the east of the project, which is primarily occupied

by industrial and commercial sites, where there will be no relevant long-term exposure.

5.7 The influence of the local topography is evident in the short-term concentrations with
maximum impacts occurring over the higher ground, approximately 1km north-northeast of the
proposed power blocks.

Figure 5.1: Predicted Annual Mean NO, Concentrations (ug/m?) — Natural Gas, Combined
Cycle
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Figure 5.2: Predicted Maximum 24-Hour Mean NO; Concentrations (ug/m?) — Natural Gas,
Combined Cycle
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Figure 5.3: Predicted Maximum 1-Hour Mean NO, Concentrations (ug/m®) — Natural Gas,
Combined Cycle
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Carbon Monoxide (CO)

5.8 Predicted maximum ground-level mean CO concentrations as 8-hour and 1-hour means are
presented in Table 5.2.

Table 5.2: Maximum Predicted CO Concentrations — Natural Gas, Combined Cycle (ug/m?3)

NEPCO Training Centre 5.8 11.7
Nearest Res_idential Rejceptor to the 4.0 10.4
Proposed Site (Hashmiyeh)

Zarga Cemetery 7.2 16.3
CEGCO Engineers Accommodation 6.9 15.2
Agricultural Land 5.6 9.5
Petrochemical Refinery 3.6 8.1
Steelworks 5.1 12.7
Education Centre 2.4 5.7
Residential Cluster (Hashmiyeh) 5.2 8.7
Sports Stadium 1.3 5.9
North Zarga (Residential) 11 4.9
Wastewater Treatment Facility 1.7 5.1

5.9 The impact of the proposed project under normal operation is less than 10% of the relevant

air quality standard at all receptor locations and is therefore considered to be of negligible

significance.

Scenario 2 (Natural Gas, Simple Cycle)

Nitrogen Dioxide (NO>)

5.10 The maximum predicted NO, concentration at identified sensitive receptor locations is

presented in Table 5.3 for Scenario 2 (natural gas, simple cycle).




Table 5.3: Maximum Predicted NO» Concentrations — Natural Gas, Simple Cycle (ug/m3)

Facility

NEPCO Training Centre 0.087 0.27 1.2
Nearest Residential Receptor

to the Proposed Site 0.11 0.28 1.3
(Hashmiyeh)

Zarga Cemetery 0.22 0.55 2.3
gfgﬁ%fggtiigﬁers 0.081 0.31 1.9
Agricultural Land 0.16 0.45 1.8
Petrochemical Refinery 0.054 0.26 1.4
Steelworks 0.15 0.40 14
Education Centre 0.034 0.13 1.0
(RHeafs'fl‘;:‘it)'zL?'”Ster 0.045 0.32 1.4
Sports Stadium 0.021 0.073 0.75
North Zarga (Residential) 0.020 0.062 0.57
Wastewater Treatment 0.060 0.16 0.85

5.11 The maximum predicted NO2 concentrations due to gas-fired simple-cycle operation at the

project are less than 1% and 10% of the relevant AQSs, therefore the significance of the impact is

considered to be negligible.

Carbon Monoxide (CO)

5.12 Predicted maximum ground-level mean CO concentrations as 8-hour and 1-hour means are

presented in Table 5.4.




Table 5.4: Maximum Predicted CO Concentrations — Natural Gas, Simple Cycle (ug/m?3)

NEPCO Training Centre 1.9 3.4
Nearest Residential Receptor to the 1.7 3.6
Proposed Site (Hashmiyeh)

Zarga Cemetery 2.9 6.3
CEGCO Engineers Accommodation 2.1 51
Agricultural Land 2.7 4.9
Petrochemical Refinery 1.6 3.7
Steelworks 2.7 3.8
Education Centre 11 2.8
Residential Cluster (Hashmiyeh) 2.2 3.9
Sports Stadium 0.51 2.1
North Zarga (Residential) 0.41 1.6
Wastewater Treatment Facility 0.60 2.3

5.13 The impact of the proposed project is less than 10% of the AQS at all receptor locations

and is therefore considered to be of negligible significance.




6 PREDICTED IMPACT (LIGHT DIESEL OIL)

Scenario 3 (LDO, Combined Cycle)

Nitrogen Dioxide (NO>)

6.1 The maximum predicted NO, concentration at identified sensitive receptor locations is

presented in Table 6.1 for Scenario 3 (LDO, combined cycle).

Table 6.1: Maximum Predicted NO, Concentrations — LDO, Combined Cycle (ug/m?3)

NEPCO Training Centre 11 3.4 17.9
Nearest Residential Receptor

to the Proposed Site 1.1 2.8 15.6
(Hashmiyeh)

Zarqa Cemetery 2.8 6.9 26.3
Accommodation 13 42 246
Agricultural Land 1.84 4.7 16.2
Petrochemical Refinery 0.73 3.2 141
Steelworks 1.6 3.8 20.9
Education Centre 0.43 1.6 8.9
(RHe:s'f]mgzL():'”Ster 0.61 35 15.1
Sports Stadium 0.24 0.87 7.1
North Zarga (Residential) 0.19 0.66 8.1
\é\;i?lti(taywater Treatment 0.60 19 8.8

6.2 The maximum predicted annual mean and 1-hour mean NO; concentrations are considered

to be potentially significant since they exceed 1% and 10% of the air quality standards respectively.
However, since existing NO; concentrations in the area are relatively low, the risk of an
exceedence of any of the air quality standards for NO, during back-up, LDO-fired, combined cycle

operation at the project is considered to be negligible.

6.3 The predicted NO, concentrations are also presented as contour plots in Figures 6.1, 6.2
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and 6.3 for the year in which maximum impacts occur (2014).

Figure 6.1: Predicted Annual Mean NO; Concentrations (ug/m?) — LDO, Combined Cycle
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Figure 6.2: Predicted Maximum 24-Hour Mean NO; Concentrations (ug/m® - LDO,
Combined Cycle
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Figure 6.3: Predicted Maximum 1-Hour Mean NO; Concentrations (ug/m?3) — LDO, Combined
Cycle
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Carbon Monoxide (CO)

6.4 Predicted maximum ground-level mean CO concentrations as 8-hour and 1-hour means are
presented in Table 6.2.
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Table 6.2: Maximum Predicted CO Concentrations — LDO, Combined Cycle (ug/m?3)

NEPCO Training Centre 3.7 7.5
Nearest Res_idential Re_ceptor to the 26 6.6
Proposed Site (Hashmiyeh)

Zarqa Cemetery 4.9 111
CEGCO Engineers Accommodation 4.5 10.4
Agricultural Land 4.0 6.8
Petrochemical Refinery 2.6 5.9
Steelworks 3.7 8.8
Education Centre 1.7 3.7
Residential Cluster (Hashmiyeh) 3.7 6.3
Sports Stadium 0.90 3.0
North Zarga (Residential) 0.73 3.4
Wastewater Treatment Facility 1.2 3.7

6.5 The impact of the proposed project under back-up, combined cycle operation is less than

10% of the relevant AQS at all receptor locations and is therefore considered to be of negligible

significance.

Sulphur Dioxide (SO.)

6.6 Predicted maximum ground-level mean SO, concentrations are presented in Table 6.3.




Table 6.3: Maximum Predicted SO, Concentrations — LDO, Combined Cycle (ug/m3)

NEPCO Training Centre 6.6 41.8 219 293
Proposed Ste (Hashmiyen) 68 | 0 | 191 | 25
Zarqa Cemetery 16.9 84.9 322 431
CEGCO Engineers Accommodation 8.2 51.4 301 404
Agricultural Land 11.2 57.9 198 266
Petrochemical Refinery 45 38.8 173 231
Steelworks 10.0 46.9 256 342
Education Centre 2.6 19.8 109 146
Residential Cluster (Hashmiyeh) 3.7 43.0 184 247
Sports Stadium 14 10.7 86.3 116
North Zarga (Residential) 1.2 8.1 98.6 132
Wastewater Treatment Facility 3.7 23.3 108 145

(a) 10-minute mean estimated by multiplying the 1-hour mean by 1.34 as recommended by UK
Environment Agency Guidance.

6.7 The impact of SO, emissions from the proposed project under back-up, combined cycle
operation is potentially significant over all averaging periods. However, the predicted process

concentrations are within the relevant air quality standards at all receptor locations.

6.8 The 24-hour and 1-hour mean EU limit values for SO, permit 3 and 7 exceedences per
annum respectively (see Table 2.5). The 99.2" percentile of 24-hour means at the Zarga Cemetery
(where maximum receptor impacts are predicted) is 61.4 ug/m?, 49.1% of the limit value. The 99.7"

percentile of 1-hour means at Zarga Cemetery is 253 pg/m?, 72% of the limit value.

6.9 Based on the limited existing SO, monitoring data for the local area, it is considered unlikely

that the air quality standards will be exceeded at any of the identified receptor locations.

6.10 The predicted SO, concentrations are also presented as contour plots in Figures 6.4, 6.5,

6.6 and 6.7 for the year in which maximum impacts occur (2014).
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Figure 6.4: Predicted Annual Mean SO, Concentrations (ug/m?3) — LDO, Combined Cycle
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Figure 6.5: Predicted Maximum 24-Hour Mean SO, Concentrations (ug/m3) — LDO, Combined

Cycle
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Figure 6.6: Predicted Maximum 1-Hour Mean SO, Concentrations (ug/m?) — LDO, Combined
Cycle
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Figure 6.7: Predicted Maximum 10-Minute Mean SO, Concentrations (ug/m3) — LDO,
Combined Cycle
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Particulate Matter (PM1o)

6.11 Predicted maximum annual and 24-hour mean ground-level mean PMi, concentrations are

presented in Table 6.4.

Table 6.4: Maximum Predicted PMio Concentrations — LDO, Combined Cycle (ug/m?)

NEPCO Training Centre 0.061 0.38
Proposed St (Hashmiyen) 0.063 031
Zarga Cemetery 0.16 0.78
CEGCO Engineers Accommodation 0.076 0.47
Agricultural Land 0.10 0.53
Petrochemical Refinery 0.041 0.36
Steelworks 0.092 0.43
Education Centre 0.024 0.18
Residential Cluster (Hashmiyeh) 0.034 0.39
Sports Stadium 0.013 0.10
North Zarga (Residential) 0.011 0.074
Wastewater Treatment Facility 0.034 0.21

6.12 The maximum predicted PM1o concentrations due to LDO-fired, combined-cycle operation

at the project are less than 1% and 10% of the relevant AQSs, therefore the significance of the

impact is considered to be negligible.

Scenario 4 (LDO, Simple Cycle)

Nitrogen Dioxide (NO>)

6.13 The maximum predicted NO2 concentration at identified sensitive receptor locations is
presented in Table 6.5 for Scenario 4 (LDO, simple cycle).




Table 6.5: Maximum Predicted NO- Concentrations — LDO, Simple Cycle (ug/m?3)

NEPCO Training Centre 0.45 1.4 6.4
Nearest Residential Receptor

to the Proposed Site 0.56 1.4 6.9
(Hashmiyeh)

Zarga Cemetery 1.1 2.9 11.9
CEGCO Englineers 0.42 16 97
Accommodation

Agricultural Land 0.82 2.4 9.4
Petrochemical Refinery 0.28 1.3 7.1
Steelworks 0.77 2.1 7.2
Education Centre 0.18 0.67 5.4
Residential Cluster

(Hashmiyeh) 0.23 1.7 7.4
Sports Stadium 0.11 0.4 3.9
North Zarga (Residential) 0.10 0.32 2.9
Wast_ewater Treatment 0.31 0.82 4.4
Facility

6.14 The maximum predicted annual mean NO, concentration is over 1% of the AQS and

therefore potentially significant. However, since the local monitoring data indicates that existing
long-term concentrations are well within the standard, the risk of an exceedence is considered to

be negligible.

6.15 The predicted short-term NO2 concentrations are less than 10% of the relevant AQSs and

are therefore of negligible significance.

Carbon Monoxide (CO)

6.16 Predicted maximum ground-level mean CO concentrations as the 8-hour mean are
presented in Table 6.6.
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Table 6.6: Maximum Predicted CO Concentrations — LDO, Simple Cycle (ug/m?)

NEPCO Training Centre 15 2.7
Nearest Res_idential Re_ceptor to the 13 29
Proposed Site (Hashmiyeh)

Zarqa Cemetery 2.3 5.0
CEGCO Engineers Accommodation 1.7 4.1
Agricultural Land 2.2 4.0
Petrochemical Refinery 1.3 3.0
Steelworks 2.1 3.0
Education Centre 0.85 2.3
Residential Cluster (Hashmiyeh) 1.8 3.1
Sports Stadium 0.41 1.7
North Zarga (Residential) 0.33 1.2
Wastewater Treatment Facility 0.48 1.8

6.17 The impact of the proposed project under back-up, simple cycle operation is less than 10%

of the relevant AQS at all receptor locations and is therefore considered to be of negligible

significance.

Sulphur Dioxide (SO.)

6.18 Predicted maximum 24-hour mean ground-level mean SO; concentrations are presented in

Table 6.7.




Table 6.7: Maximum Predicted SO, Concentrations — LDO, Simple Cycle (ug/m3)

NEPCO Training Centre 2.8 17.1 78.0 105
Proposed Ste (Hashmiyen) 34 | w7 | se | 112
Zarqa Cemetery 6.8 35.0 145 195
CEGCO Engineers Accommodation 2.6 195 119 160
Agricultural Land 5.0 28.8 115 155
Petrochemical Refinery 1.7 16.5 86.2 116
Steelworks 4.7 255 88.4 118
Education Centre 11 8.2 65.8 88.2
Residential Cluster (Hashmiyeh) 1.4 20.3 90.4 121
Sports Stadium 0.68 4.6 48.1 64.4
North Zarga (Residential) 0.63 3.9 35.9 48.1
Wastewater Treatment Facility 1.9 10.0 53.7 72.0

(a) 10-minute mean estimated by multiplying the 1-hour mean by 1.34 as recommended by
UK Environment Agency Guidance.

6.19 The impact of SO, emissions from the proposed project under back-up, simple cycle
operation is potentially significant over all averaging periods. However, the predicted process
concentrations are within the relevant air quality standards at all receptor locations. However,
based on the limited existing SO> monitoring data for the local area, it is considered unlikely that

the air quality standards will be exceeded at any of the identified receptor locations.

Particulate Matter (PM1o)

6.20 Predicted maximum annual and 24-hour mean ground-level mean PMjo concentrations are

presented in Table 6.8.
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Table 6.8: Maximum Predicted PM1p Concentrations — LDO, Simple Cycle (ug/m?3)

NEPCO Training Centre 0.025 0.16
Proposed Site (Hashmyer) 0.081 0.6
Zarqa Cemetery 0.063 0.32
CEGCO Engineers Accommodation 0.024 0.18
Agricultural Land 0.046 0.26
Petrochemical Refinery 0.016 0.15
Steelworks 0.043 0.23
Education Centre 0.010 0.075
Residential Cluster (Hashmiyeh) 0.013 0.19
Sports Stadium 0.006 0.043
North Zarga (Residential) 0.006 0.036
Wastewater Treatment Facility 0.018 0.092

6.21 The maximum predicted PMio concentrations due to LDO-fired, simple-cycle operation at

the project are less than 1% and 10% of the relevant AQSs, therefore the significance of the impact

is considered to be negligible.




7 MITIGATION MEASURES

7.1 All mitigation measures detailed in the ESIA mitigation section for Air Quality shall be
employed at the project.

7.2 The proposed facility will employ best available technology (BAT) in order to minimise
emissions. Regular maintenance of plant at the proposed facility will also be carried out in order to
optimise performance.
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8 SUMMARY AND CONCLUSIONS

8.1 An assessment has been carried out to determine the potential air quality impacts

associated with the proposed ACWA Power Zarga CCGT Project.

8.2 The key pollutants considered in the assessment were NOx (as NO), CO, particles (as
PMso), and SO2. A background monitoring study has been undertaken around the proposed site to
establish current air quality conditions. The data indicate that existing NOz, SO, and PMjg
concentrations are within the relevant air quality standards and the airshed is not considered to be

degraded.

8.3 Detailed dispersion modelling of potential emissions from the proposed facility has been
carried out using AERMOD for combined and simple cycle operation for both the primary fuel
(natural gas) and back-up fuel (light diesel oil). The assessment has considered the impact of the

project for all operational modes at sensitive receptor locations.

8.4 For normal operation utilising natural gas as a fuel and in combined cycle mode, the model
predicts that ground-level pollutant concentrations of NO, and CO at sensitive receptors will be well
within the relevant air quality standards and the risk of an exceedence is considered to be
negligible. For natural-gas fired, single cycle operation, the predicted impacts are also of negligible

significance.

8.5 Operation of the project using low sulphur light diesel oil would only occur during failure of
the natural gas supply or routine maintenance activities. For both combined cycle and simple cycle
operation using light diesel oil, the predicted NO2, CO and PMjo concentrations at receptor
locations are well within the relevant air quality standards and the risk of an exceedence is
considered to be negligible. However, maximum predicted concentrations of SO are potentially
significant, particularly in terms of short-term impacts. The local monitoring data indicates that
existing SO concentrations are relatively low and therefore an exceedence of the relevant air
quality standards at sensitive receptor locations is considered unlikely. However, the use of light
diesel oil for prolonged periods should be avoided in order to minimise the impact of emissions on

short-term SO2 concentrations.

39



APPENDIX A - AIR QUALITY TERMINOLOGY

Term Definition

Accuracy A measure of how well a set of data fits the true value.

Air quality Policy target generally expressed as a maximum ambient concentration to

objective be achieved, either without exception or with a permitted number of
exceedences within a specific timescale (see also air quality standard).

Air quality The concentrations of pollutants in the atmosphere which can broadly be

standard taken to achieve a certain level of environmental quality. The standards are
based on the assessment of the effects of each pollutant on human health
including the effects on sensitive sub groups (see also air quality objective).

Ambient air Outdoor air in the troposphere, excluding workplace air.

Annual mean

The average (mean) of the concentrations measured for each pollutant for
one year. Usually this is for a calendar year, but some species are reported
for the period April to March, known as a pollution year. This period avoids
splitting winter season between 2 years, which is useful for pollutants that
have higher concentrations during the winter months.

(Monitoring)

Exceedence A period of time where the concentrations of a pollutant is greater than, or
equal to, the appropriate air quality standard.

Fugitive Emissions arising from the passage of vehicles that do not arise from the

emissions exhaust system.

LDO Light diesel oil

NO Nitrogen monoxide, a.k.a. nitric oxide.

NO; Nitrogen dioxide.

NOx Nitrogen oxides.

O3 Ozone.

Percentile The percentage of results below a given value.

PMio Particulate matter with an aerodynamic diameter of less than 10
micrometres.

ppmw Parts per million by mass (weight)

Ratification Involves a critical review of all information relating to a data set, in order to

amend or reject the data. When the data have been ratified they represent
the final data to be used (see also validation).

pug/m3 micrograms
per
cubic metre

A measure of concentration in terms of mass per unit volume. A
concentration of 1ug/m® means that one cubic metre of air contains one
microgram (millionth of a gram) of pollutant.

Uncertainty

A measure, associated with the result of a measurement, which
characterizes the range of values within which the true value is expected to
lie. Uncertainty is usually expressed as the range within which the true value
is expected to lie with a 95% probability, where standard statistical and other
procedures have been used to evaluate this figure. Uncertainty is more
clearly defined than the closely related parameter ‘'accuracy', and has
replaced it on recent European legislation.
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APPENDIX B - STACK EMISSION PARAMETERS

Table B1: Emission Parameters (Main HRSG Stacks)

Parameter / Fuel Natural Gas | LDO

Stack Height (m) 60.0

Stack Diameter (m) 4.8

Temperature (K) 392 427

Actual Flow Rate (Am?/s) 446 492

Exit Velocity (m/s) 24.7 27.2

Emission Rate (g/s)

NOXx 8.6 45.2

PM;, - 1.8

CO 8.3 6.7

SO, - 193
Table B2: Emission Parameters (Bypass Stacks)

Parameter / Fuel Natural Gas LDO

Stack Height (m) 45.0

Stack Diameter (m) 5.4

Temperature (K) 832 831

Actual Flow Rate (Am?3/s) 947 957

Exit Velocity (m/s) 41.4 41.8

Emission Rate (g/s)

NOx 8.6 45.2

PM;, - 1.8

CcO 8.3 6.7

SO, - 193

Note: SO2 emissions rate from LDO is based upon LDO Sulphur content of 1%.

Note: All modelled emissions are based on 15% O2.
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1

1.1

1.2

1.3

INTRODUCTION

Entran Ltd have been commissioned to undertake a noise assessment for the Al-Hussein
Power Plant located at Zarqa, Jordon. Specifically the noise modelling assessment is in
regard to the proposed combined cycle power plant project to be developed within the

existing landholding of the Hussein TPS.

The Project site is located within Zarga Governorate in the north of Jordan, around 25km
northeast of the capital city of Amman. The proposed project will be located entirely within
existing land belonging to the Central Electricity Generating Company (CEGCO) at the
Hussein Thermal Power Station. The Hussein TPS is located in the north of Zarqa city, in
an area with several industrial and commercial facilities, including a large petrochemical
refinery and steelworks facility. The proposed project site is approximately 4 Km north east
of the centre of Zarga city (the capital city of Zarga Governorate) while to the north is

located Al-Hashmiyeh city.

The Hussein TPS Repowering Project will involve the design, construction, ownership
financing, operation and maintenance of the expanded thermal power generating facility,
under its new operational configuration. The proposed expansion configuration will

comprise the following:

a) 3 Gas Turbine Generators (GTG)

Gas Turbines directly combust fuel to generate electricity via the in built turbine
and generator (Operates in a similar method to a turbofan engine on an
aeroplane).

* Equipped with Low NO, burners;

* Each Gas Turbine will have a bypass stack for emissions during simple cycle
operation (when required);

* Equipped with Continuous Emissions Monitoring System (CEMS) monitoring
systems.

b) 3 Heat Recovery Steam Generators (HRSG);

HRSG’s use the hot exhaust gases from the gas turbine to heat water to steam
for transfer to the steam turbine.

* Each HRSG will have a main stack for emissions during combined cycle
operations;

* Equipped with main stack and CEMS systems for air emissions monitoring;
c) Steam Turbine Generator.

The steam turbine uses the steam from the HRSG to turn generate electricity in
combined cycle, additional to the GTG, thereby increasing plant efficiency.



1.4

1.5

1.6

* Natural gas (main fuel):

o Delivered via a new gas pipeline connection to Jordan’s main gas
pipeline (approximately 900m to the east);

* Natural Gas receiving station equipped with:
o Gas forwarding systems;
0 Metering devices;
o Gas compressors (if required, but not expected to be required);
o All related auxiliaries.
d) LDO fuel (back up):

* To be delivered by the existing pipeline from the adjacent petrochemical
refinery;

* 14 days of operational on site storage capacity provide on-site.
e) Wastewater treatment facilities for:
e Process/Chemical wastewater;
* Oily waste water streams;
f) Air Cooled Condensers (for dry cooling of ST steam);
g) Deepwater well and pumping station within site boundary:
* Filter, Reverse Osmosis (RO) and lon Exchanger for water treatment;
» Storage for water on site;
h) Ancillary Facilities (including administration building, Central Control Room etc.)

i) Evaporation pond

The project site is effectively spilt into four main sections based on the proposed
operational uses of these areas. These sections are shown in Figure 1. Some of the

receptors adjacent to the project site are shown in Figure 2.

The purpose of this assessment is to establish the potential noise levels at nearby
receptors and, if necessary, formulate mitigation measures to protect existing noise
sensitive receptors. Relevant national/local guidance on noise sources is presented in
Section 2. The assessment of noise is considered in Section 3 together with our

recommendations for mitigation. Our conclusions are summarised in Section 4.

This Report is necessarily technical in nature and contains terminology relating to
acoustics and noise. Therefore, a glossary together with a brief introduction to the subject

of noise has been provided in Appendix A.



Figure 1 Project Site




Figure 2 Nearby Receptors




2 NOISE ASSESSMENT CRITERIA

Jordanian Legislative Policy

2.1 The Environmental Protection Law no. 52/2006 sets the definitions and outlines the main
responsibilities and functions of the ministry of environment. As per the law, the ministry is
responsible for setting Jordan’s environmental protection policy, monitoring activities,
coordinating national efforts for environmental protection, and preparing environmental
contingency plans. Article 7 of the law assigns the ministry of environment with the
environmental monitoring and inspection responsibilities, and grants its employees the
right to enter any facility for inspection needs. Articles 8, 9, 10 relate to marine
environment. Article 13 sets the requirements for conducting environmental impact

assessment for projects.

2.2 The law also calls for the establishment of environmental protection fund (articles 16 and
17); and sets fees for violation of its provision, terms for delegation of authority, and the
operation of environmental nongovernmental organizations in Jordan. Finally, it lists the
regulations that should be issued in accordance to the law. Of the required 12 regulations
set by law; the following regulations have already been issued: marine and coastal
environment; environment protection from pollution in emergency cases; air protection;
nature reserves and national parks; management, transport and handling of harmful and
hazardous substances; management of solid wastes; environmental impact assessment;

and soil protection.

2.3 The Jordanian Guidelines for the Prevention of Noise (2003) sets the noise limits for the

ambient noise climate for various situations:

Table 2.1 Jordanian Guidelines for the Prevention of Noise (2003)

Residential in Urban 60 50
Residential in Sub-Urban 55 45
Residential in Rural 50 40
Residential having Small industries, 65 55
Offices and Public Buildings

Industrial 75 65
Schools, hospitals, mosques and 45 35

Churches




Table 2.2 IFC EHS Guidelines, 2007 - Noise

Residential, Institutional, Educational 55 45
Industrial, Commercial 70 70
2.4 Under the Jordanian regulations the noise sensitive residential receptors (NSRs) in the

2.5

vicinity of the plant have been classified as ‘Residential having Small industries, Offices
and Public Buildings’. This is due to the presence of the commercial and industrial activity
locally. Therefore, the relevant noise limits for the residential NSRs are 65 dB(A) during
the day and 55 dB(A) at night. These limits are 10dB(A) above the guidance of the IFC

EHS General Guidelines for noise.

For receptors such as the NEPCO training centre (located immediately adjacent to the
proposed power block, the noise limit has been taken to reflect the industrial criteria, due
to the industrial nature of training activities that are undertaken at this facility. In relation to
the Jordanian standards the industrial limits reflect 75 dB(A) in the daytime and 65 dB(A)
at night. For the IFC EHS Guidelines, this value is considered to be 70 dB(A) for either day
or night.




3 NOISE ASSESSMENT

3.1 The projects equipment suppliers have provided the major noise generators both internally
(e.g. within the acoustic enclosures) as well as other externally located plant (e.g. air
cooled condensers, water pumps the outlet stack, and ancillary equipment). The noise

source data of all major plant is presented in Table 3.1.

Table 3.1 Plant Sound Power Noise Levels dB

;ﬁ:e?if inlet 111 111 103 99 94 91 88 88 86
Gtinlet duct 103 103 95 91 97 95 97 97 89
Gtinlet duct

wansition 97 99 94 93 92 91 90 90 87
Generator 121 118 115 112 107 103 108 97 87
Generator

coupling 121 114 111 109 104 96 92 83 77
Gt

acoustical 117 118 113 107 106 103 102 108 99
enclosure

DLN gas

acoustical 104 99 94 88 88 89 93 90 84
enclosure

Water

injection

acoustical 109 104 101 91 84 89 88 84 73
enclosure

Fin fan

coolers - 109 108 108 107 104 100 96 90
Exhaust If

silencer and 119 114 107 98 92 89 84 87 83
transition

ACC - 78 83 83 80 80 78 75 73
Boiler Inlet

ducting 93

Boiler

casing 93

Boiler outlet

ducting and

stack 93

boiler stack

exit 93

Equipment 93

Safety valve

Silencers 138




3.2

3.3

3.4

3.5

3.6

By taking into account the source noise levels, the area of acoustic or non-acoustic
enclosures (where available) and the intervening distance to the receptor, a noise model
was constructed using proprietary software IMMI2016 using the methodology outlined in
ISO9613 (ISO 9613-2 “Acoustics — Attenuation of sound during propagation outdoors —
Part 2: General method of calculation” describes a detailed procedure to calculate sound
levels from point sources. Area and line sound sources are divided into component point

sound sources).

ISO 9613-2 computes long-term average sound levels in octave bands with nominal mid-
band frequencies from 63 to 8000 Hz. ISO 9613-2 makes a difference between calculation
of short-term and long-term levels. If the first are calculated in downwind conditions
(favourable propagation of sound with significant positive wind from source to receiver),
the latter are calculated using the same formulas but corrected by means of the

meteorological correction term C,__-

The guidance given by ISO 9613-2 on how to determine the meteorological correction
term CO is rather unsatisfactory and therefore the following global parameters are included

in the noise model:

e Temperature 10°C; relative Humidity 70%;
* Light downwind propagation towards the receptor;

* No soft ground attenuation

In terms of noise attenuation from buildings off-site, information on these were not
available and therefore a worst-case free propagation model was constructed. The results
of the noise modelling at representative receptors (NSRs) are presented below (other
NSRs are too distant for an accurate calculation of noise levels). Noise contours based on

the above methodology have been computed and are presented in Figure 3.

By assuming that the existing ambient noise levels are 55 dB during the day and 50 dB at
night, the noise impact is computed and shown in Figures 4 and 5 respectively. However,
it should be noted that intervening obstacles (e.g. buildings and other infrastructure) have

not been taken into account and therefore the noise impact contours are indicative only.



Figure 3 Computed Noise Contours
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3.7 The following figures illustrate the contour at which noise may increase by 3dB(A) in
respect to the baseline noise levels. In line with the outcomes of the ESIA noise monitoring
studies, the baseline has been taken to be 55dB(A) in the daytime and 50dB(A) at night-

time for the wider area.

Figure 4 Computed Noise Impact Contours, Day
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Figure 5 Computed Noise Impact Contours, Night
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Figure 6 Cumulative Noise Impacts (+3dB(A) Noise — Daytime and Night time)
; . >
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Table 3.3 Receptor Noise Levels, dB(A) (Base Load)

Residential Cluster, 65 — Day 55 — Day
i Residential having 39.1 ) )
Al Hashmiyeh 55 - Night 45 - Night
Small industries,
Nearest Residential
Offices and Public 65 — Day 55 — Day
Receptor, in Al o 57.3
Buildings 55 - Night 45 - Night
Hashmiyeh
Training Centre, 75 — Day
Industrial 59.7 70 Day/Night
NEPCO 65 - Night
Residential having
CEGCO staff Small industries, 509 65 — Day 55 — Day
Accommodation Offices and Public ' 55 - Night 45 - Night
Buildings
Jordon Petroleum 75 — Day
Industrial 41.1 70 Day/Night
Refinery Al Zargaa 65 - Night
Schools, hospitals,
45 — Day 55 — Day
Education Centre mosques and 37.1
35 - Night 45 - Night
Churches
Prince Mohammed Recreational 346 65 — Day 55 — Day
Sports Stadium (Institutional) ' 55 - Night 45 - Night
75 — Day
Steel Works Industrial 391 70 Day/Night
65 - Night

3.8 As can be seen from the above, noise levels bar the nearest residential dwelling are within

the adopted criteria for the daytime at all modelled receptors.

3.9 At night, there is compliance to all Jordanian standards, however the off-site nearest
residential receptor and CEGCO accommodation area may be exposed to noise levels in

excess of the WHO night time noise guidelines.

3.10 The only other receptor that may be exposed to exceeding limits at night is the Education
centre in Zarga, however, this is not considered to be open at night and therefore not

applicable for consideration of exceedances.
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Mitigation Measures

3.11 All mitigation measures detailed in the operational mitigation section of the ESIA shall be

considered and implemented.
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4

4.1

4.2

4.3

4.4

4.5

SUMMARY

Noise levels have been assessed at the proposed Hussein TPS Power Generation Project

in Zarqa, Jordan.

This assessment has considered the noise effects of the proposed project on noise levels
at local receptors, during the operational phase. The assessment has been based on a
series of environmental noise predictions using 1SO9613 methodology, with input data
from the equipment manufacturers of the proposed plant. The assessment is based upon
specified noise levels provided by the equipment manufacturers, for combined cycle

operation.

During the operational phase of the development, it is predicted that noise from the
proposed project will meet the required Jordanian noise standards at all modelled

receptors (in regard to the specific receptor classification).

Receptor noise levels are modelled to exceed the WHO noise guidelines at night at some
residential receptors to the north of the project site, in regard to the projects process

contribution.
The cumulative impact of noise indicates that some properties immediately to the north of

the project may be within the +3dB(A) contour (from baseline values) for night time

operations.
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APPENDIX A — INTRODUCTION TO NOISE

In order to assist the understanding of acoustic terminology and the relative change in noise, the

following background information is provided.

The human ear can detect a very wide range of pressure fluctuations, which are perceived as
sound. In order to express these fluctuations in a manageable way, a logarithmic scale called
the decibel, or dB scale is used. The decibel scale typically ranges from 0 dB (the threshold of

hearing) to over 120 dB.

The ear is less sensitive to some frequencies than to others. The A-weighting scale is used to
approximate the frequency response of the ear. Levels weighted using this scale are commonly
identified by the notation dB(A).

A noise impact on a community is deemed to occur when a new noise is introduced that is out of
character with the area, or when a significant increase above the pre-existing ambient noise level
occurs. For levels of noise that vary with time, it is necessary to employ a statistical index that
allows for this variation. These statistical indices are expressed as the sound level that is

exceeded for a percentage of the time period of interest.

In the UK, traffic noise is measured as the Lag, the noise level exceeded for 10% of the
measurement period. The Lagg is the level exceeded for 90% of the time and has been adopted
to represent the background noise level in the absence of discrete events. An alternative way of
assessing the time varying noise levels is to use the equivalent continuous sound level, Laeq.
This is a notional steady level that would, over a given period of time, deliver the same sound

energy as the actual fluctuating sound.

To put these quantities into context, where a receiver is predominantly affected by continuous
flows of road traffic, a doubling or halving of the flows would result in a just perceptible change of
3dB, while an increase of more than 25%, or a decrease of more than 20%, in traffic flows
represent changes of 1dB in traffic noise levels (assuming no alteration in the mix of traffic or

flow speeds).
Note that the time constant and the period of the noise measurement should be specified. For

example, BS 4142 specifies background noise measurement periods of 1 hour during the day

and 5 minutes during the night. The noise levels are commonly symbolised as ago(1houry @and

17



Lago(smins)- The noise measurement should be recorded using a ‘FAST’ time response equivalent

to 0.125 ms.

Table A1: Glossary of Terms

Term

Definition

Decibel (dB)

A scale for comparing the ratios of two quantities, including sound pressure
and sound power. The difference in level between two sounds s1 and s2 is
given by 20 1og10 (s1/s2). The decibel can also be used to measure
absolute quantities by specifying a reference value that fixes one point on
the scale. For sound pressure, the reference value is 20uPa.

A-weighting, dB(A)

The unit of sound level, weighted according to the A-scale, which takes into
account the increased sensitivity of the human ear at some frequencies.

Noise Level Indices

Noise levels usually fluctuate over time, so it is often necessary to consider
an average or statistical noise level. This can be done in several ways, so a
number of different noise indices have been defined, according to how the
averaging or statistics are carried out.

I—eq,T

A noise level index called the equivalent continuous noise level over the
time period T. This is the level of a notional steady sound that would contain
the same amount of sound energy as the actual, possibly fluctuating, sound
that was recorded.

I—max,T

A noise level index defined as the maximum noise level during the period T.
Lmax is sometimes used for the assessment of occasional loud noises, which
may have little effect on the overall L¢q noise level but will still affect the
noise environment. Unless described otherwise, it is measured using the
'fast' sound level meter response.

LooT

A noise level index. The noise level exceeded for 90% of the time over the
period T. Lgg can be considered to be the "average minimum" noise level
and is often used to describe the background noise.

Free-Field

Far from the presence of sound reflecting objects (except the ground),
usually taken to mean at least 3.5m

Ambient Noise
Level

The totally encompassing sound in a given situation at a given time, usually
composed of a sound from many sources both distant and near (Laeq,1)-

Residual Noise
Level

The ambient noise remaining at a given position in a given situation when
specified sources are suppressed to a degree such that they do not
contribute to the ambient noise level (Laeq 1)

Specific Noise
Level

The equivalent continuous A-weighted sound pressure level at the
assessment position produced by the specific noise source (the noise
source under investigation) over a given time interval (Laeq,1)

Rating Noise Level

The specific noise level plus any adjustment for the characteristic features of
the noise (Larr).
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DEEP WELLS MONTHLY REFORT

CENETRAL ELECTRICITY GENERATING COMPANY
HUSSEIN THEMRAL POWER STATION

CHEMICAL DEPATRMENT

LAB & CHEMICAL INJECTION SECTION

SAMPLE TYPE: DEEP WELLS WATER REPORTING DATE : 03/01/2016
LOCATION: HTPS - DEEP WELL |

SAMPLING MONTH: December

Tas.!.,l.- - UEEP ij. | . i ) 1
pH @ 25°C 7.38 3 7.35 : 7.48
X, pSlem @ 25°C 4500 - 4020 - 2500
TDS ppm 2880 - 2673 - 1800
Si0; ppm 16.6 = 16.8 - 17.2
Cl 7 ppm 268 - B4 = LT
THas CaC0O; ppm B3 - 1018 - 748
Ca " ppm 236 - 225 - 163
Mg"* ppm 147 - 158 123
Na ppm 489 - 434 - 258
Total Fe ppm 0.058 - 0.062 - 0.046
80,7 ppm 558 - 573 392
K'ppm 13 - 12 - 8
Total alkalinity az Caldy ppm | 208 - 208 - 224
NOTES;
® Digep wells (2,7,8,9) are not available
ANALYST SUPERVISOR SECTION HEAD
Raid Karajeh Said Tobassi Abdullah Alhasani

(QF-H-02:15} REV, A




WASTE WATER & NEUTRALIZATION PITS REPORT

HUSSIE THEMRAL POWER STATION
CHEMICAL DEPATREMENT

LAB & CHEMICAL INJECTION SECTION

CENETRAL ELECTRICITY GENERATING COMPANY

SAMPLE TYPE: WASTE WATER

| LOCATION: HTPS — WASTE WATER SYSTEM

SAMPLING DATE : 29M 172015
SAMPLING HOUR: @ 9:30 am

el Ve pH@25°C| X, uSiem @25°C| TOSppm | Oilppm | Remarks
NEUTRALIZATION PIT 485 - - - - Empty
NEUTRALIZATION PIT & - - - - Empty
NEUTRALIZATION PIT R.O : 2 Stop
AFTER OIL SEPARETOR 6.31 - 10 i i
TOTAL WASTE WATER 7.38 569 364 1 -
RECOMMENDED VALUES 6.0-9.0 . <100 -
MNOTES:
ANALYST SUPERVISOR SECTION HEAD
Raed Karajeh Said Tobassi Abdullah Alhasan:

(QF-H-02--012) REY, A
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1) Introduction

Hussein power plant is located in the northern region of Jordan, approximately 30 km
northeast of the capital Amman. The plant site is located within Zarga Industrial area and is
situated 560 m above sea level. Hussein power plant comprises 7 generating units, 3 of
which are steam turbines, nominally rated at 33 MW gross, 4 are steam turbines rated at 66
MW gross (CEGCO).

Within the power plant the water demand is being satisfied through groundwater wells
distributed mainly in the northern parts of the plant penetrating mainly the upper B2A7
limestone aquifer which outcrops in the area with partial penetrating of the A4 aquifer in
some wells (Figure 1)

According to the records of the Ministry of Water and Irrigation the average depth of
groundwater wells ranges from 86m to 280m with a static water level between 480 and
490m asl.
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Figure 1: Groundwater wells location and depth within and in the surroundings of the thermal
station.



2) Geologic Setting

The geologic outcrops in the study area are shown in figure 2. The dominant geologic units
are of late Cretaceous age composed of limestone, marl and marly limestone belonging to
Ajlun and Balga groups. Inplaces they are covered by quaternary soil, alluvium and lacustrine
gravels.

In the northern parts of the area a Tertiary basaltic flow crops out and extends from Samra
treatment plant to the north along Zarqga River. The geologic succession is given in table 1.

Table 1: Geologic outcrops in the study area.

Formation Symbol | Group | Period Era Stage

Soil over bedrock S Quaternary Cenozoic | Holocene - Recent
Alluvium and Wadi Sediments Al Quaternary Cenozoic | Holocene - Recent
Fluviatill and Lacustrine Gravels Pl Quaternary Cenozoic | Pleistocene

Abed Olivine Phyric Basalt AOB Safawi | Tertiary Cenozoic | Miocene

Amman Silicified Limestone ASL Belga Late Cretaceous | Mesozoic | Campanian

Wadi Umm Ghudran WG Belga Late Cretaceous | Mesozoic | Santonian

Wadi as Sir Limestone WSL Ajlun Late Cretaceous | Mesozoic | Turonian
Fuhays/Hummar/Shu'ayb FHS Ajlun Late Cretaceous | Mesozoic | Cenomanian

3) Topography

The station is located within Amman Zarga ground and surface water basins with an
elevation range within the station from 530 to 580 masl.

The vicinity of the station is modeled to form a medium relief area with elevations ranging
from 475 masl 3 km northwest of the station to a maximum of 690masl 3 km south west of
the station as shown in figure 3.

The power station site is located between two main drainage courses trending from south
and east and pour in Zarga River in the northern part of the study area as shown in figure 4.
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Figure 2: Geologic outcrops in the study area.
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Figure 3: Digital Elevation model of the area.
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Figure 4: 3D model of the study area.



4) Hydrogeologic Settings

The power station is located in the center of Amman Zarqa groundwater basin which is one
of the most important groundwater basins in Jordan.

The main hydrolgeologic unit is the composite aquifer of the A7 and B2 units, which are high
productive units, composed of Wadi Sir Lime stone (A7) and Amman Silicified Limestone unit
with an average thickness of 130m within the thermal station. Um Ghudran chalky
Limestone unit (B1) between the B2 and A7 aquifers is a semi aquifer, but it hydraulically
connects the overlying B2 with the underlying A7 aquifers, building the B2/A7 composite
aquifer system.

The base of this productive composite aquifer system is located at a depth of 80 m in the
north western parts of the area increasing gradually to reach a maximum of 240m in the
southern parts of the area (Figure 5)

i darem s

Figure 5: Depth to the base of B2A7 aquifer unit



Within the Thermal power station the base level of this unit is restricted between depths of
100m to 160m giving a maximum well depth of 160m in the southern parts of the power
station.

The thickness of this unit or the base depth to the underlying aquiclude (not a water
producing unit) represents the limiting factor for the depth of groundwater wells in the area.

Due to this distribution of the B2A7 units the groundwater wells in the area were drilled to
depths ranging from 38 m in the low thickness zone reaching a maximum of 238m in the
southern parts of the area where the thickness is relatively high (Figure 6).

*

Figure 6: Groundwater wells distribution and depth within and in the vicinity of the thermal station.



In the central parts of the area few wells were drilled with a depth exceeding 200 m to invest
the second productive groundwater aquifer, known as Hummar Formation (A4) in the
middle Ajlun group.

The B2 A7 aquifer is underlain by the A5 A6 Aquitard unit which separates it from the A4
(middle aquifer) systems.

The Base depth of the A5,6 layer ranges from 200m in the North western parts of the area
reaching a maximum of 340m below the surface in the southern parts of the area (Figure 7).

AR AV

Figure 7: Depth to the base of A5-6 aquitard unit.



By modeling of the hydrogeological units base distribution the thickness of the A5 A6
Aquitard unit is calculated to be in a range of 100m to 108m separating the two aquifer
system with a low permeability layer preventing hydraulic connection between these two
aquifer systems (Figure 8).
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Figure 8: Thickness distribution of the A5-6 aquitard unit.



5) Groundwater Flow

The records of the Ministry of Water and Irrigation (MW!I) updated in October 2012, show
that the water levels of observation wells data were recently measured for wells within and
around the power station.

A map of groundwater flow was created in the GIS environment based on static water level
measurements. Information of the observation wells data allowed constructing groundwater
table and groundwater flow lines (Fig. 9).

The obtained groundwater flow map of the area of the power station illustrate the severe
with over pumping resulting from the high concentration of groundwater wells in the
Hashimya area leading to a drop in the water level forming a sink for the groundwater and
allowing water from all the surrounding areas to flow to this sink.

The water table within the power station was found to be in the range of 480 masl to 490m
asl.

The surrounding water levels are relatively high in the southern parts of the area with a
water table of 510m asl generating a groundwater flow towards the power station well field.

The presence of Samra waste water treatment plant produced a recharge mound created
due to the infiltration of treated waste water into the upper aquifer system and giving a
water table as high as 550m asl.

The presence of the recharge mound created a groundwater divide located 3 km north of
the power station that enhanced the groundwater flow towards the power station with a
high hydraulic gradient. It also generated another groundwater flow from that recharge
mound to the north.

The presence of this high groundwater recharge and flow amount from the treatment plant
to the power station may lead to NO3 enrichment in the groundwater.

A major flow line crosses the QOil Refinery and reaches the power station which may be
considered as the source of the oil in the groundwater wells within the power station.

A cross section was constructed from the recharge mound downstream of Samra treatment
plant to the south eastern parts of the study area (Figure 10).

The cross section shows a very high hydraulic gradient of 3% from the recharge mound to
the thermal station compared with a relatively low gradient of 0.4% for the groundwater
flow coming from the south east, while the hydraulic gradient for the groundwater flowing
from the oil refinery to the thermal station is around 1.2%.

The high hydraulic gradient has formed due to two factors, the groundwater over drafting in
the vicinity of the thermal plant and the recharge from Samra waste water treatment plant
effluent creating a recharge mound raising the water table about 50 meter above the
average groundwater table in the area as shown in the records of the observation wells
(Figures 11, 12 and 13).
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Figure 10: Water table cross section
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Figure 11: Groundwater hydrograph east of the thermal station (In general, declining water level).
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Figure 13: Groundwater hydrograph downstream of Samra treatment plant (Increasing water level).




6) Groundwater Quality

The salinity of the groundwater in the water wells of the plant, (wells: 1, 2, 3, 7, 8, 9, and 10)
range from around 2000 to 4000 uS/cm, without a clear pattern of areal distribution.

The nitrate content, which can shed light on the origin of groundwater and the affecting
environmental conditions range in average from around 35 to 80 mg/I. Natural, unpolluted
groundwater in Jordan has values of less than 15mg/I. Therefore, it can be concluded that a
major source of pollution causes the deterioration of the area's groundwater resources (Fig.
14)

The presence of phosphate in concentrations of 10 to 60 microgram/| is also a sign of
pollution resulting from a municipal or agricultural type of wastes, but agriculture is very
limited in the area and its wider surroundings. Therefore, the pollution can originate from
household waste waters, which is collected and treated in Khirbet es Samra treatment plant
lying 4km north of the power plant.

The other parameters of calcium, magnesium, sodium, potassium, chloride, sulfate, and
bicarbonate are salinity indicators and reflect water rock interactions. Their concentration in
the wells of the area can not allow specifying the origin of the water or its sources.

Well 2 in the northeastern area of the plant has low salinity (EC value) of around 2000
uS/cm. The same applies for wells 7 and 10 lying in the central western part of the area, with
their low salinity of 2000 and 2100 mg/I (Fig. 15)

When combining the water quality findings with the groundwater flow pattern (Figure 9) the
following can be concluded:

1. The area receives groundwater from all directions; north, east, south and west.

The groundwater coming from the east-northeast direction has relatively low
salinity but the contributions of that flow to the groundwater of the area are limited
in quantity.

3. The contributions from the recharge mouth in the area lying in the northwest of the
plant also contribute to the groundwater resources of the area. But that
groundwater on its underground course to the aquifer underlying the plant receives
recharge from the effluents of Khibet es Samra along wadi Dhuleil.

4. Knowing that the effluents of Khirbet es Samra are highly aggressive and dissolve
minerals from the rock matrix during their infiltration to the groundwater and when
moving as a groundwater flow. Now, and depending on the flow pattern of the
groundwater, and the permeability of the rocks and the geologic structures present
in them, mixing ratios of the original groundwater with the infiltrating water from
Khirbet es Samra effluents produce a variety of groundwater qualities even in wells
hundreds of meters apart. Therefore, wells in the central western area show a high
range of salinities within a small area, ranging from 2000 to 3800 uS/cm.

5. On its way to the plant site the groundwater coming from a southwestern direction
flows in the underground of the Oil Refinery plant, which might contribute to the
groundwater of the area with leakages, containing pollutants, which later on feed
the groundwater underlying the Power Plant as indicated by the water quality of
well 9.
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Figure 14: Concentrations of NO3 in the thermal plant area in mg/I.
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7) Recommendations

The power plant can drill more wells in the plant or its surroundings areas and can extract
more water. But that water will continue to remain of impaired quality until the recent
improvement of treatment in Khirbet es Samra are reflected in the water quality of the
wells. Given the above, the following serves as a recommendation for the power plant.

1) Whether the water is taken from the groundwater underlying the plant or its further
surroundings or from the effluents of KhirbetesSamra directly
or indirectly from wadi Dhuleil is the same for the water balance of the area.
Therefore, it is recommended that negotiations with the Ministry of Water and
Irrigation (MoWI) take place in order to provide the power plant with treated waste
water instead of getting it after infiltration and flow to the existing wells of the
power station

2) Drilling wells or deepening of existing wells into the deeper aquifer A4, Hummar
Formation can also provide water with good quality. But, such wells may need
development to enhance their yield because their yields under natural conditions
may not be high enough to serve the purpose or the power station. In addition, the
depth to the A4 may be 350 m and more, but the water level will certainly be
shallower than the aquifer, because the aquifer; A4in the area is confined.
Deepening the current wells or drilling new deep wells require penetrating the A56
unit which is around 110 m, so the available wells needs to be deepen with at least
200 additional meter for each well to go through the A56 Aquitard unit and
penetrate the productive A4 unit with a good saturated thickness.
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The attached below are Licenses issued from WAJ (Water Authority of Jordan) regarding the
Drilling of THREE new deep water wells to replace Three of the existing deep wells in Project
land, in a circle of 50 meters around each of the old deep wells center, as indicated in the

below table & picture:

# Existing DW Location License Expected
East West Issue Date Date
Wo01-2 Deep Well No.2 256460.32 170161.82 7-Apr-2016 7-Aug-2016
WO01-6 | Deep Well No.6 256131.14 170227.22 7-Apr-2016 7-Aug-2016
WO01-10 | Deep Well No.10 256022.03 170187.4 7-Apr-2016 7-Aug-2016
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Leasing Contract

Contract No.

FIRST PARTY:

Me, Jamal [hrahim Fanek

Mr. Maber [brahim Fanck
Hereinafter referred to as the Lessor

SECOND PARTY
Sepco 11 Elecrtic Power Construction Corp.

Hercinafler referred to as the Lessee

Preamble

Whereas the first party ( Lessor) owns the land number 349 parcel 18 Alwdi Alkarbi
situnted in Al-hashemiah — Zarka, the land size is around 16,175 square meters
referred to here under as the premiscsand whereas the first party has agreed 1o rent the
whole land 1o the second pasty.

Therefore both partics had agreed upon the following terms and conditions:

1. The above preamble is an integral part of the contract.

2. Period of the contract, one year starting May 6, 2016, 1ill May 6 , 2017.

3, Both Partics agreed that if the second party wishes 1o renew the contract for
another period of 6 months, it will done without the objection of the first
party or who owns this land without any change on the rent value.

4. The amount of rent is JD 14,494.( Fourteen Thousands Four Hundred and

Ninty Four Jordanian Dinars ) to be paid in advance at the beginning of
the rental period

5. The Imhstbcﬁgluwmetheleasodpmniscsthnbcpmposcofhis
bherefits and will return it upon the expiry of the Jease in its condition with the
changes risc.

6. The whole amount of rent 1o be paid in one paymeat.

7. Incase of disputes, the governing kaws of Jordan shall prevail and the courts of
Amman shall be the sole suthority of jurisdiction over such dispute.



8. The contract has been arranged into two copies and signed by both parties afier
being studied and read.
9, The contract consist of preamble und @ clauses including this cluuse.

This contract 15 made on Y!U 12016,

FistPay(Lessor) g 00 € So ke

A=
e
MIMFK /
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List of required permits\Authorisations

No. | PERMITS / AUTHORISATIONS ISSUING AUTHORITY Owner EPC

1. Ministry of Industry and
Registration of the Project Company Trade

2. Electric sector
Generation License Regulatory Commission

3. EIA Approval

Ministry of Environment

4. Import registration or import permit
to import into Jordan all plant, _
machinery, equipment, spare parts, Investment Promotion

. . . Committee, Ministry of
materials and supplies required for
. . . Industry and Trade
construction, completion and operation
of the Facility

5. Permission to export and re-import
plant machinery for purposes of repair _
and refurbishment in accordance with Investr'nent Prt.m.\otlon
Article of the Implementation Committee, Ministry of

Industry and Trade
Agreement.

6. No objection certificate to obtain Investment Promotion
export permit to export the imported Committee, Ministry of
equipment not forming the permanent | Industry and Trade
part of the Facility.

7. Approval of | lists of fixed assets ( Investment Promotion
machinery, equipment, spare parts, )
materials, supplies etc.) to be imported Committee
by the Project Company and its
Contractors for construction,
completion and operation of the
Facility for purposes of customs
exemptions

8. Approval of exemption from university | Council of Ministers

fees and stamp duties as expressly




No.

PERMITS / AUTHORISATIONS

ISSUING AUTHORITY

Owner

EPC

provided in Article of the
Implementation Agreement.

Statutory notifications granting
exemption from Sales Tax on the
importation of plant and equipment for
incorporation into the Facility and the
temporary importation of erection
materials, machinery and equipment
(subject to re-export), and services as
expressly provided in Article and of the
Implementation Agreement

Council of Ministers

10.

Government Authorizations

Relevant Authority

11.

Statutory notification that the

Lenders will be exempted from
taxation on their income in Jordan, as
expressly provided in Article of the
Implementation Agreement

Council of Ministers

12.

Statutory notifications granting
exemption from Sales Tax on the
importation of Spare Parts f or
incorporation into the Facility, as
expressly provided in Article of the
Implementation Agreement

Council of Ministers

13.

Statutory Notification to ISTD of the
exemption from Income Tax f or the
first 10 years, as expressly provided in
Article of the Implementation
Agreement

Council of Ministers

14.

Permission f or the appointment of
non-Jordanian Construction Contractor
and O&M Contractor

Council of Ministers,

Construction
Contractors

Association




No. | PERMITS / AUTHORISATIONS ISSUING AUTHORITY Owner EPC
15. | Approval of the Facility as satisfying the | Civil Defense
fire safety and protection standards
under the Fire Service Act Department
16. | Permission for storage of Sulphuric Civil Defense
acid, Caustic ( NaOH) and Hydro
Chloric acid at site. Department
17. | Work permits and national security Ministry of Labor
clearance for expatriate employees of
Project Company and the Construction
and O&M Contractor(s)
18. | Easement or lease agreement and Ministry of Public
approval for construction of Access
Works
Road.
19. | No Objection Certificate to build Civil Aviation Authority
exhaust stacks and bypass stacks at the
site as part of the plant.
20. | Professional License Municipality of Great
Amman
21. | Registration with  Chamber of Chamber of Industry
Industry
22. | Registration for business Ministry of Trade and
Industry
23. | Registration for construction license Ministry of Public
Works and Housing
24, Jordan Construction
Registration for construction activities Contractors Association
25. | Registration for Engineering Activities Jordan Engineers
Association
26. | Excavation Material Disposal Municipality




No. | PERMITS / AUTHORISATIONS ISSUING AUTHORITY Owner EPC
27. | Wireless & Walkie-Talkie Telecom Authority
28. | Temporary Office Permit Municipality
29. | Construction Permit Municipality
30. | Signboard Permit Municipality
31. | Labor Clearance Ministry of
Interior/Ministry of
Labor
32. | Site Camp Approval Municipality
33. | Approval to import the Project material | Jordan Institute for
without test Standards and
Metrology
34. | Advance approval to import the Project | Civil Defence
firefighting material without test Department
35. | Approval for transportation of heavy Ministry of Public
equipment inside Jordan Works and Housing
36. | Registered the company in the ministry
of industry and trade
37. | Chamber of Industry registration
license (Zaqgar)
38. | Certificate of Jordanian construction
contractors association
39. | Professions of the municipal license
40. | Agency mandate on behalf of the
director (authorization)
41. | The general budget of the company
42. | Permit of Road layout and construction
43. | Permit of Fire fighting system pipes

connection




No. | PERMITS / AUTHORISATIONS ISSUING AUTHORITY Owner EPC
44, | Permit of Night work
45, | Permit of Interphone using

46.

Permit from Worker ministry
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Risk Assessment

Description of the task: Security Arrangements.

Assessed By :SEPCOIII

Assessment number : APZ/RA/Security Arrangements/S003

Location: APZ Project Date: 23.06.2016 Review Date:
. . Risk Residual
Risk Rating .
How might Persons at Proposed corrective Level | Risk level
No. Hazard . Existing control measures .
harm be caused Risk measures if any L/m/
S | L R Yes /No
H/VH
e Physical protection measures such as fences,
barriers, lights, CCTV surveillance shall be provided to
completely avoid the tress passing. e Security  procedures
e Training/ Screening shall be done for all the shall be put in place
personnel before entering inside the premises and and to be followed.
provided the identity badges. e Effective monitoring
e Warehouse and storage areas are designated as facilities shall be in
restricted and only authorized personnel will be place such as
) ) allowed entrance. These areas are fenced and will be management
Bullying to Security . . )
secured during non-working hours. oversight of
employees/ guards/ ] o i
. . e Exterior protective lighting shall be employed to operations
Unauthorized Entry/ | Crime/damages | Employees / ) ] o
o ) serve as a deterrent to intrusion and to assist in the e Checking of
trespassers /Peer of facilities and Project ) )
1 ) ) detection of intruders. 4 |1 4 performance of the L Yes
group formation/ equipment/ Managemen . . . .
e Manned guard posts which operate during periods of security management
Threats damage of tteam/ o ) ) ]
o o darkness sufficient to allow for the inspection of system effectiveness
communication Visitors/ )
o ] personnel and vehicles. of those who
utilities. Suppliers o ) ) ) .
e Lighting controls, including on/off switches, shall be supervising the
installed within protected areas or shall be capable of execution.
being locked against tampering. e Keeping senior
e Contract security officers shall be management /
licensed/certified/registered as required by local, Project teams

state, federal, or province law or regulation.

Contractor security officers shall complete initial and

refresher training programs to ensure their

competency.

appraised of progress

/ Challenges.




e Internal and external investigations shall be
conducted in accordance with Company security
policies and the appropriate civil and criminal

statutes.

Sensitive information and records shall be managed,
classified, and safeguarded in accordance with the
Company Records Management program and

applicable local, state and federal laws.

Company information and records, whether written,
electronic, or oral, shall be classified as either
"Unrestricted", "Restricted", "Confidential", or "Most
Confidential". The responsibility for classifying and
marking information is that of the originator and/or

appropriate manager.

Where lockers or storage containers are provided by
the company for personal use by employees or
contractors, they shall be fitted with an appropriate
locking device, and shall be locked at all times when
not attended by their assigned user.

e The proper communication channel must be
implemented, how to act for emergency including
with state intelligence, Rescue and Police dept. for

the Emergency assistance.

All correct back up and reinforcement strategies are
established and tested.

e The security system shall be effectively
communicated to those with responsibility for its

execution.

Security registers shall be provided to record the
details of the entrants.

o All the control mechanisms are established such as
gates, Badges checking, PPE’s checking, Checking for

unauthorized carrying of weapons, drugs etc.




o Intelligence networking shall be adopted such as
Local social/ Political leaders/Intelligence providers/

Local police etc.

Adequate unauthorized entry control resources such
as Security personnel, equipment’s shall be
established.

Adequate communication system shall be established

for the adequate communications.

Establish the Physical protection measures such as
gates, fences, barriers to prevent the unauthorized

Security procedures
shall be put in place
and to be followed.

Effective monitoring

facilities shall be in

place such as
entry.
) - ) ) ] ) management
] Security e Specific equipment/ Vehicle inspection shall be )
Traffic ) ) ] oversight of
) ) guards/ carried out by the authorized authority to ensure the i
Unauthorized accidents, o ] operations
] ) Employees / reasonable entry inside the plant premises.
vehicles entry/ Failure of the : ) ] ] ) e Checking of
) ) Project e Issuance of vehicle/ equipment badges to identify the
Equipment entry/ equipment or ] performance of the Yes
. . . Managemen | authorized entry. )
Defective equipment machinery/ ) ] ) security management
] ) t team / ¢ Vehicles and Equipment shall be checked while enter .
operation Unauthorized o ] S ) system effectiveness
) Visitors/ and exit to prevent the taking in of unauthorized
operation. ] ] ] of those who
Suppliers materials such as weapons, hazardous chemicals, .
) ] supervising the
drugs etc. and stealing of plant properties. )
. ] o execution.
e Entry and exit register log shall be maintained to . .
. . e Keeping senior
record the information.
management /
Project teams
appraised of progress
/ Challenges.
Fire explosion, Security e The facility of the Site security and safety system e Security procedures
Terrorist Attacks / Firing, Armed guards/ from the terrorist attacks / Strikes / Communal shall be put in place y
es
Strikes / Violence Weapons Employees/ | violence etc...Shall comply with all applicable local and to be followed.
attacks, Bomb Project and state laws and government regulations. e Effective monitoring




attacks, Atomic

weapons etc.

Managemen
t team/
Visitors/

Suppliers/
Publics

e |dentify security concerns and criteria and ensure
Safeguards, Where permitted by law, persons
employed by, or on behalf of, the Company shall be
subject to a satisfactory background investigation

prior to hire or assignment.

The access gate of site facility will be staffed by
licensed security guards and they will control the
access in accordance with the procedure, the
parking/ movement of vehicles within the perimeter

of Site area is controlled by the security guards.

The possession of weapons, including firearms, is

prohibited on Company premises.

The Project site access main gate is staffed by a team

of  Security personnel consisting  Security
Officer/guards for 24 hours on shift basis. This team
controls the entry of vehicle/ material/ equipment/

visitors.

All personnel, including employees, contractors,
vendors, and visitors, shall be required to enter
through designated and/or controlled access points
with proper identification of approved company

photo- identity cards.

All Project employee vehicles, brief cases, bags, tools,
etc. are subject to search by Project Security Services

Officers at any time at the gates or on site.

In  compliance  with  Project management

requirements, vehicles entering the Project
construction site through the construction gate will
require an Authorized Vehicle Pass (Sticker) issued by
the Project Safety and Security In charge.

e The security personnel will be provided with mobile
phone for effective communication.

e A security team will patrol all the sites on regular

facilities shall be in

place such as
management
oversight of
operations

Checking of

performance of the
security management

system effectiveness

of those who
supervising the
execution.

Keeping senior
management /
Project teams

appraised of progress

/ Challenges.




basis and will ensure the implementation of the
security measures. Random check shall be conducted
frequently in the project site to trace out

unauthorized people/ vehicle, if any others.

Identification of restricted areas, and address the
level of protection required for each. Restricted areas
are defined as those areas for which extra security
precautions are required, and which, through the
commission of a criminal or terrorist act, may (1)
threaten the safety of individuals, (2) cause a severe
adverse impact on operations, environment, or the
community, (3) result in major economic losses to
the Company, and/or (4) adversely affect the

Company's reputation.

Company facilities, main offices, including buildings,
Structures, lay down yards and all over the other
premises, shall be protected against intrusion by a
perimeter fence or other physical barrier of equal or
greater protection.

e Facilities shall display security signage designed to
control traffic, deter criminal activity, and provide
emergency contact information to the public. Signage
shall be posted in accordance with local, state,
federal or province laws/regulations and shall be in
Arabic, English and other languages as required.

NO TRESPASSING: signs shall be posted on the

perimeter fence and gates so as to be readily visible

from any approach In the absence of ordinance
mandated language with English Hindi and Tamil (No
Trespassing - Violators shall Be Prosecuted" or words
to that effect.)

o PROHIBITED SUBSTANCE: signs shall be posted at all

routinely used entrances such as the restricted to




carrying the weapons, chemicals and the other items
which may harm to personnel’s / Equipment’s and
Environment.

o CONCEALED WEAPONS: signs prohibiting the carrying
of such shall be posted on all routinely used
entrances where local ordinances or state/province
laws require such signage as a condition of
enforcement.

e EMERGENCY CONTACT: signs shall be posted on all
routinely used gates and entrances, including the site
premises. Signs shall be readily visible to the public
and shall display the Company name and emergency

contact number.

Unauthorized entry
inside the
commissioned/

operation areas

Unauthorized
operation,
Damage of

equipment/
properties/
incorrect
operation,
stealing.

Security
guards/
Employees /
Project
Managemen
t team /
Visitors/
Suppliers/
Publics

e Security guards shall be deployed to control the
unauthorized entry.

e The commissioning and trial running area shall be
cordoned off and declare as the exclusion zone.

e Display the caution/ warning signs to alert or create
awareness about the hazards in commission and
operation areas.

e The security personnel shall be well trained about the
hazards and precautions.

e Entry to the operation areas shall be controlled by

permit to work system.

Security procedures
shall be put in place
and to be followed.

Effective monitoring

facilities shall be in

place such as
management
oversight of
operations

Checking of

performance of the
security management

system effectiveness

of those who
supervising the
execution.

Keeping senior
management /

Project teams

yes




appraised of progress

/ Challenges.

Feople

dnet

Repuatation

ey mlrend g Ly

Slight effact

SHght kossas

Slight smpact

Firsd &id Irjury

Maimgr e=ffeck

BAirar Iomes

Limited impact

Lot Tavsa injury

Localizad effact

Considershis
sses

Eonzicershis
irnpact

Haospital Treatrrent

Fisjor effect

Matsomal et

Drivablimg

irjury/Fatal

hlassive eITect

Iribern.staores|
Invpact

Bk Eating

Artion and Tire scaie




ENGINEER’S STAMP:

CONTRACTOR’S STAMP:

Signature

FOR APPROVAL

BO | Issue for Approval

AO | Issue for Approval

/ /

REV DESCRIPTION

PREPARED | CHECKED | CHECKED | CHECKED | APPROVED DATE

CWA POWER
A‘igl—! tg—":\

ACWA POWER

7 sepcoi
| IR

WEBEDREM=TE S

SEPCO IIl ELECTRIC POWER CONSTRUCTION
CORPORATION

PROJECT:
APZ
LOCATION:
Zarga —Jordan
PACKAGE:
Total Plant

TITLE: Security Procedure

DOCUMENT No.:

SEPCOIII-AM002-SE-202-00-A0 REVIAL

SUBCONTRACTOR:




Contents

1. INTRODUCGTION ..ttt ettt ettt ettt ettt ettt e et e e e e et et e e et e e e et e e e e et e b e e et et e e et enb e e e enba e eeennnns 4
000 U o Yo XY PP 4
P 60 1 PSP PP PRPPPPTP 4
3L REFERENCE ..ttt ettt ettt ettt ettt ettt ettt e a e et et e et e e et e ea e ea e a e et e e e e e eenaenaanannas 4
4. RESPONSIBILITIES et ietetti et ettt e ettt ettt ettt ettt e et et e e et e b e e et e e e e e e e b e e e ee b e e e enenaeeeennaeaenes 4
4.1 CONTRACTOR. SEPCO . e ettt ettt et et e e e et et e e e e et e e e ea e e e e e e e e e e e e e enaennennen 4
T R 1] 3 0 = 0 F= Y =4 Y PP 4
o A o ] YT =T V1Yo T PP 5
S I Y o 1104 =) o ] £ PPPPPRUPPPPTR RPN 5
4.1.4 ACCESS CONLIOI LEATET ...ceeeeee ettt ettt e e e e e e e e e e e e e e ee e e e e e er e e een e eennaeernnns 5
R =T N 4 VA = [ o LSO PP 6
4.1.6 Personnel Prasent 0N SITE ... 7
5. SITE ACCESS ...ttt ettt ettt ettt ettt e et e e e et e e e e e e e e e e et e et e e e e e era s 9
5.1 Access to site through the outer gate (ACWA — MASEN).......iiiuiiiii e e e e e eeas 9
5.2 Access to the site throUugh the APZ .........con i aas 10
LI X oo o YT 3PP 10
5.2 2 VBNICIES . e ettt e e a e e e e e e era s 11
LI 31V - Vol Yo T=T o 13
I YA 1 | £SO PSP PP UPPPP TR 14
LI T T ] 1= PPN 14
5.2.6 MaiNtENaNCE COMPANIES L. ittt ettt e et e e e e e et e e e e e e e e e e e e e e e ea e e eaen 16
6. CONSTRUCTION SITE ID BADGE ...ttt e e e e e e e e e e e e e e e e e e e e e e e eneenannen 16
6.1 Requirements for obtaining site€ ID badges ......c.uiviniiiii 16
6.2 Site 1dentification Badge COStS .. uuu i e 16
6.3 Obligations ANd FiGNES .. ...ii et a e aaas 16
7. DATA CONTROL OPERATIONS. . .. ettt ettt ettt e et e e e e e e e e e e a e e e a e e e e e n e eneenennen 17
8 o] G - (ool PP U PP UPPPPTR 17
7.2 VENICIE @CCESS ... eeet ettt ettt ettt et ettt e e et e et et e et e et et e et e et e e e ea e er e ern e anr e ennnaan 17
7.3 Work permits outside of WOrKing NOUIS .........oiiniiin e eaas 17

8. ENTRY AND EXIT OF MATERIALS, EQUIPMENT AND TOOLS..... .ottt 18



Subject: Security Procedure Page 3 of 19

I R CT=T YT - I U =T PP PPPPPTPPRR 18
S =0 PPN 18
S0 T N PP 18
9. BOOTHS AND STORAGE AREAS ...ttt ettt e et et e e e e e e e e enannaen 18
10. SECURITY INCIDENT REPORTS ... ettt ettt et e et e e e e e e e e e e e e e e enaeneenas 18
11. FIREARMS AND OTHER ARIMS .. Lttt ettt et et e et e e e e e e e e e e enaanaenns 18
12. ALCOHOL, DRUGS AND TOBAGGCO ....cuetiteeeeeee ettt e e e et et st e et s e et e e e e e s e s e e eneeneeneenas 19
13. CONFIDENTIAL INFORMATION . ..ttt ettt ettt ettt et et et et et e et e e e et e e e e e e e e e eneenannaenns 19

SEPCOIIl ELECTRIC POWER CONSTRUCTION CORPORATION



Subject: Security Procedure Page 4 of 19

1. INTRODUCTION

1.1 Purpose

The purpose of this document is to define the conditions and required processes for granting
authorization and access to ACWA Power Zarqa Project Construction site.

SEPCO Ill workers and companies and any of its subcontractors, clients as well as representatives

(i.e. all companies wanting to enter the site) must comply with this procedure.

2. SCOPE

The scope of this procedure is company-wide and affects workers and work teams (ancillary means,
machinery, etc.) requiring access to the ACWA Power Zarga Construction site.

Subcontractor’s staff and facilities services all visitors must be accompanied by staff notice 24

hours and forbidden to take pictures.

3. REFERENCE

3.1 ACWA POWER ZARQA HSEMP

3.2 OSHA Standard/ https://www.osha.gov/

4. RESPONSIBILITIES

4.1 CONTRACTOR. SEPCO Il

The contractor is responsible for overall security related activities by ensuring that plans and
procedures are transmitted to all personnel accessing the site and that all of the resources that are

necessary for their execution are available.

The SEPCO Ill contractor along with the human and materials means available to him (both own and
external) assumes contractually and before ACWA power the commitment to execute all of the
works as per the project specifications and will appoint the Head of Safety who will manage all
occupational safety and personal safety related activities.

4.1.1 HSE manager.
The Head of Safety is responsible for: Applying this procedure.
Health and Safety Department personnel.

Having available the necessary resources to implement the procedure and manage HSE activities

during the daily execution of construction and commissioning operations.

SEPCOIIl ELECTRIC POWER CONSTRUCTION CORPORATION
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Receiving daily HSE reports. Conducting appropriate analyses in accordance with foreseen

safety/security risks. Informing
Managing the activities that must be conducted by security guards in relation to site security.

Managing the activities that must be conducted by security team to assure of only authorized

personnel go into the site.
Liaising with ACWA power on all aspects pertaining to Health and Safety and Security.

Generating reports that may be required by the Site Manager or any other authorized person.

4.1.2 HSE Supervisors

Conduct HSE Induction for newly mobilized/hired employees and conduct/assist in training of

employees at all levels.

Keep records of HSE meetings, inspections, safety violations, trainings and other relevant field HSE

documentations.

Assure that the person at site has the ID badge and they are in the correct area that they are

allowed to work.

4.1.3 Animators

Assist to the HSE supervisors in the correct apply of HSE rules, informing about any safety or

environment problem they detect at site.

4.1.4 Access Control Leader

The Head of Safety will appoint an Access Control Leader.

He/she will have the obligation to inform the Head of Safety and Site Manager immediately in the

event of any incident.
His/her functions are:

Reviewing the documentation sent by companies and authorizing companies, workers and

equipment requiring access to the site.
Managing all security related functions according to this procedure.

Administering company, worker and equipment documents and files that may have been required

for approving their access to the site.

Maintaining all security standards and procedures in accordance with security management

policies.

SEPCOIIl ELECTRIC POWER CONSTRUCTION CORPORATION
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Checking visitor as well as loading and unloading and maintenance reports or other documentation
supplied by subcontractor companies.

Keeping an updated log of companies, workers, equipment, etc. that can access the site.
Verifying compliance with security and other associated procedures.

Providing periodic reports on construction site security matters to the Head of Security.
Reviewing documentation required to working materials that require access to the site.

Verifying that security guards fulfil their duties and that all workers are provided of the necessary

training prior to the commencement of work.

4.1.5 Security guards

Security guards will belong to a specialized company and must have the corresponding permits to
perform their duties. Said guards shall have knowledge and experience in similar positions at other
construction sites.

The security guard team will receive specific training on project procedures and specific safety and
security aspects in connection with the areas requiring surveillance.

Security guards will wear uniforms and will make use of their personal protective equipment when
walking about the site.

Security guards will be responsible for:
Surveillance of site access ways, perimeter fencing, stored materials, etc.

In the case of theft, loss or vandalism at the construction site all available information must be sent
to the Site Manager and the site’s Head of Security.

Access control. Verifying that any person, vehicle, work equipment, etc. is authorized to access the
site as defined in Annex 1 of this procedure.

Access log. Compiling and filing all necessary documents for obtaining access authorization for
visitors, materials, maintenance personnel, etc.

Protecting and safeguarding the defined construction zone under their responsibility.

Conducting inspection rounds through the entire zone in order to identify any dangers, inspect the
site’s perimeter, access gates, etc.

Maintaining order and watching over compliance with established construction site rules.
Authorizing and controlling worker identification badges.

Managing site keys (temporary installations as well as site buildings).

SEPCOIIl ELECTRIC POWER CONSTRUCTION CORPORATION
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Taking action in case of an emergency and bringing together all members of the emergency team.

Notifying the Site Manager and the Head of Security in the event of any anomalous situation at the
construction site.

The Access Control Lead will be responsible for the control and verification of the documentation in
coordination with the site’s security guards. This process will be formalized by means of the
corresponding access authorization log.

Security guards will conduct rounds of surveillance on site and even after the contractor’s working
hours and on holidays.

Security guards will conduct regularity checks on people and vehicles.

In case of suspected theft, security guards will notify the Site Manager and the Head of Security and
will carry out special checks on people and vehicles.

Security guards will be the ones implementing this procedure for access control.

They may deny access/exit to any person or vehicle suspected of being involved in criminal
activities and will be obliged to notify of this situations to the Access Control Leader and Head of
Safety.

In case of an emergency or evacuation from site, both drill or real, security guards will be
responsible for directing site traffic in order to ensure that access pathways remain free of
obstacles and can facilitate the entry of ambulances and fire trucks, if necessary. They will close the
access to prevent the entry of vehicles and people and will provide SEPCO Il a record with the
identification of the workers and visitors currently on site.

Communication with security guards

Security guards, the Head of Safety, Access Control Leader and the Site Manager must be notified

by phone, walkie-talkie or any other means of communication.

4.1.6 Personnel present on site

Anyone authorized to enter the construction site is responsible for participating actively in the
application of this procedure in order to ensure that a maximum level of security is attained.

Taking into account that any action by any person could have a negative impact on the safety of
others, people present on site will be informed about any situation that could pose a danger to
their own safety or that of others.

Every person present on site will be obliged to notify ACWA POWER -SEPCO lll, either the Site
Manager, Head of Safety, Supervisors, etc. of any anomaly that may lead to any risk for the safety
of people.

SEPCOIIl ELECTRIC POWER CONSTRUCTION CORPORATION
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They must also inform in the case of:

>
>
>
>
>
>
>
>
>

>

Loss, theft or vandalism of both personal goods and company property.

Suspicious situations.

Threats to people.

Any anomalous situation requiring prompt notification.

All personal present at site will also have the following responsibilities:

Facility and materials protection.

Information protection (intellectual property and communications).

Physical protection (personal).

Vehicle safety.

Restriction of objects that are forbidden on site.

If any person that is working with one company of the EPC leaves it voluntarily before finish his

work in, will not can enter to other company for doing the same work while his owner company

continues having same type of work.

The next flow diagram defines the process to follow for accessing at site for new companies,

personal, vehicles and machinery, supplies and visitors:

No Matters Company/subcontractor | Access control leader Security guard
> Review documentation sent by
supply the required companies and approve their legal
01 New documentation and/or status. NA
company communication of P> Notify to Consortium HSE manager and
company the Client with
> information of new companies
> Reviewing and approve documentation
of workers.
> Send the access request to ACWA power
Supol the required for new workers before 24 hours.
PPy . 4 > Ensure that all new workers pass the p Verifying that any person is
documentation of new . . . .
Personal ) HSE induction before entry to site. Make authorized to
02 workers 48 hours in . . . , . .
entry L a sticker for putting in the worker’s P> Access to site and had his ID
advance to the arriving . .
time to the Consortium helmet after pass the HSE induction access badge.
" P Provide new workers with ID badge after
pass the HSE induction.(the card is
prepared exactly for the Project the
worker is going to work:
. Supply the required P> Reviewing and approve documentation p> Verifying that any machine and
Vehicle . . S .
and documentation of new of Vehicle and vehicle is authorized to access
03 machiner Vehicle and machinery p> Machinery. to site and had it access card
entr Y| before 48 hourstothe > Send the access request to ACWA power and give instructions to park on
¥ Consortium. for new Vehicle and machinery before the parking lot

SEPCOIIl ELECTRIC POWER CONSTRUCTION CORPORATION
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24 hours.
> Ensure that all new machinery pass the
safety inspection check-list by

Consortium HSE department before
entry to site.

> Provide all new Vehicle

04

Supply

All supplier must inform
the consortium for the
delivery arrival date and
time 48 hours in
advance, and submit the
necessary documents in
case of special delivery
(hazardous material ...)

> Send the access request for delivery to
ACWA power 24 hours before.

Identify the supplier before the
access control Guard. Notify
the warehouse manager or
subcontractor responsible
about the arrival of the
supplies, and the person
responsible will then authorize
entry and will indicate the
Location where supplies must
be unloaded.

05

Visitors

Visitors must request
authorization to access
the construction site
(with reason for the visit
and the person and
company being visited)
From the Consortium at
least 48 Hours in
advance.

> Send the Access request for visitor to
ACWA Power before 24 hours.

Visitor must head over to the
access control point on the
given date, identify themselves
and notify the reason for the
visit and the person and
company being visited.

> Any visitor must be informed of

the risks at site and in the case
of needed to access to working
areas must go through the
safety induction training The
security guard will contact said
person or department; once
notified, the security guard will
issue a sheet

5. SITE ACCESS

People must go through two access control points in order to enter the site, an outer one, which is

located on the access road.

5.1 Access to site through the outer gate (ACWA — MASEN)

All people and vehicle having to access the site, such as for example companies that must execute

works, supply vehicles or people visiting APZ will need an authorization from SEPCO lll. To this end,

they must previously supply the required documentation and/or communication as indicated in this

procedure.

Any person or vehicle authorized by SEPCO lll is only authorized to access the APZ site within the

ACWA site and therefore is not authorized to access the APZ project. SEPCO Il will appoint a person

who will be responsible for providing ACWA with all of the necessary information, via e-mail and 24

hours in advance, to allow access to the site for people and vehicles that have been authorized by
SEPCO IlI.

SEPCOIIl ELECTRIC POWER CONSTRUCTION CORPORATION
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When communicating with ACWA, those people or vehicles that are regularly authorized to access
the construction site will be identified. Similarly, those who have been temporarily or permanently
denied authorization to enter the site, either as a result of termination of employment, disciplinary
reasons or any other reason will likewise be notified.

5.2 Access to the site through the APZ

5.2.1 Employees

All necessary documentation MUST be supplied with the required anticipation in order for workers
to access the construction site.

Access to the facility will be authorized once the documentation has been supplied, reviewed and
approved by the SEPCO Il Access Control Leader.

Prior to commencing work at the site, all workers will attend a safety induction and will be given
documentation describing the general risks present at the construction site. Upon its conclusion,
workers must complete a short questionnaire in order to ensure proper understanding of the
contents being imparted and to assess the level of assimilation of the safety concepts that were
discussed. A log of all attendees will be maintained.

The access control (input and output) will be exclusively with a magnetic badge and anyone that
don’t have the magnetic badge must pass for the Office (on this case S office for taking the photo

New workers must take the photo at the same date that allowed to entrance of the plant and must
wait at the security guard for the leader safety control access for allowing to entrance on site. If
someone doesn’t respect these rules the leader control access have the right to send a warning
notice on first time and on second time even maybe be fired of the project definitely

The badge is strictly personal and if safety guard verify that someone are using the badge for
another person the control access lead have the right to cancel the badge

SEPCOIIl ELECTRIC POWER CONSTRUCTION CORPORATION
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This badge shows the following information in a visible form:
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Vehicles entering any of the zones will have restricted access. The SEPCO IIl Security will be
responsible for deciding and issuing the entry permits to vehicles that, out of need, must enter the
site. Vehicles entering the site MUST surrender the necessary documentation to the SEPCO Il
Security Lead at least 48 hours in advance in order to obtain access. Vehicles authorized to enter

Sample of the employee badge
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the site will have an identification card that will show the vehicle’s license plate number, the person
responsible for it and the company to which it belongs. Vehicle access cards must be placed on the
vehicle’s windscreen permanently and be visible at all times.

Vehicles carrying several passengers will not be allowed to enter. Passengers must step out of the
vehicle and proceed as instructed in the previous section regarding worker access. Security guards
may stop and inspect vehicles randomly as necessary as a preventive measure in order to safeguard
the goods of all subcontractors. Security guards may inspect authorized visitor vehicles both at
entry and exit. In addition, all vehicles with regular access may be inspected and photographed
both at entry and exit. Security guards will keep a daily list of all inspected vehicles.

Authorized vehicles shall observe all site traffic rules:
» Use of seatbelts.
» Maximum speed of 20km/h.

» Parking in dedicated areas prepared for this purpose, facing outward and with vehicle keys
available at all times in areas other than offices.

» The use of mobile phones while driving is strictly prohibited.
» Observe the established direction of traffic.
» Respect temporary road traffic cuts.

This card will be removed in case of non-compliance with road rules and road signs.

Sample of Vehicle entry badge
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All required documentation of machinery entering the construction site MUST be supplied in order
to obtain authorization. Subcontractor companies must previously provide SEPCO IlI's Safety
Department with a list of all the machinery they wish to bring to the construction site as well as its

associated/required documentation. Machinery that has been authorized to work on site must be

inspected at least every three months in order to keep the authorization valid.

ALWA PFOWTER Inran Propeci

ECILIRFRYER T ERNT Y P55

Sample of construction equipment / machinery entry badge
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Flow chart for the process of making the Vehicle / Machinery
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5.2.4 Visits

Visits for ACWA Power SEPCO IlI

All visitors wanting to access the construction site must attend a safety brief induction before
access can be authorized. Furthermore, they must sign the access authorization and a document in

which they are informed about the risks present at the construction site.
This process will work as follows:

e All visitors must request authorization to access the construction site at least 48 hours in

advance.

¢ Once authorization has been obtained for a specific date or period, visitors will head over to
the access control point and identify themselves on the given date and must inform on the
person being visited and the purpose of the visit.

¢ The security guard will contact said person or department; once notified, the security guard will
issue a sheet which must be signed by a person from SEPCO lll at the beginning of the visit and
returned at the exit at the access control point. This document will contain general information
about site safety and a map of the site.

e In general, visitors will have restricted access to the construction site except those visitors who,
due to the nature of their work, must inevitably access said zone. In this case, visitors must go
through the safety induction training and will ALWAYS be escorted by the person being visited
or otherwise by another person on whom this task may have been delegated. Al safety rules
must be complied with and compulsory PPE must be worn at all times.

Visits for subcontractor companies.
SEPCO lll must authorize visits from subcontractor companies at least 48 hours in advance.

¢ Once an authorization has been obtained for a specific date or period, people must head over
to the access control point on the given date, identify themselves and notify the reason for the
visit and the person and company being visited. They must remain in the control checkpoint
until entry has been authorized.

¢ The security guard will contact the person or company being visited.

e The person being visited will head over to the access control point and collect the completed
report and will contact a person from SEPCO IIl with powers to authorize the entry to the site
so that he/she may sign the authorization.

5.2.5 Suppliers

Regular supplies for SEPCO llI

e The supplier will identify him/herself before the person responsible for access control.
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e Access control personnel will notify the warehouse manager by phone about the arrival of the

supplies.

e The person responsible will then authorize entry and will indicate the location where supplies
must be unloaded. Personnel and vehicles in connection with regular supplies for SEPCO Il are

considered to be the same as an authorized subcontractor company.

Regular supplies for subcontractor companies

e As previous step, subcontractor companies must have turned in the documentation that may

be considered necessary for accessing the site.
e The supplier will identify him/herself before the access control guard.

¢ Personnel and vehicles in connection with regular supplies for subcontractors are considered to
be the same as the authorized subcontractor company with which they are related.

Specific supplies for ACWA Power -SEPCO lIl.

Must show to the responsible of control the following documentation:

e Permit circulation

Vehicle Insurance

Driver’s License

The supplier will be identified in the access control
¢ From access control will be notified by phone or walky-talky to the storehouse responsible

The person responsible for the warehouse authorizes the entry and will escort or indicate where
the supplier must go to unload. In this case, a specific entry report will be prepared. The report

must be returned and signed by the person responsible for access control upon exiting the facility.
Must show to the responsible of access control the following documentation:

e Permit circulation

e Vehicle Insurance

e Driver’s License

The supplier must identify him/herself before the access control guard. The subcontractor company
responsible for receiving the supplies will be contacted by phone from the access control post. The
subcontractor responsible for receiving the supplies will proceed to the access control post and
collect the completed report (Annex 3) and will then approach a person from SEPCO Ill who has

authorization to grant access to the site so he/she may sign the report. Once signed, the
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subcontractor will again head over to the access control post where he/she will surrender the
report to the responsible person, at which time he/she will be allowed on site.
5.2.6 Maintenance companies

¢ The staff of the maintenance company will identify in the access control
¢ Shall submit in access control the following documents:

e VEHICLE who is going to enter for the maintenance:

e Technical specification sheet.

¢ Technical inspection.

e Driver’s license.

e Compulsory insurance.

The maintenance technician must contact a person from SEPCO Ill or from the subcontractor
company. He/she must proceed to the access control point to receive the maintenance technician.
The person responsible for access control will issue a report, which will be authorized by a person
from SEPCO Il with authority to grant access to the site. The report must then be signed and
returned to the person responsible for access control upon exiting the facility.

6. CONSTRUCTION SITE ID BADGE

6.1 Requirements for obtaining site ID badges

To obtain the Site ID Badge a number of mandatory requirements established by the Health &
Safety Department and described in the site’s Safety Plan must be fulfilled. The Health & Safety
Department must be contacted in order to obtain Vehicle Identification Cards (once in possession
of the Construction Site ID Badge).

6.2 Site Identification Badge Costs

The Construction Manager will establish the cost of each Site Identification Badge. This cost will
apply to each issued badge (duplicate in case of loss, deterioration, etc.) and charged to the
company to which the worker belongs.

6.3 Obligations and rights

The badge allows people to enter and exit the site and will leave a record with all of the associated
data. The badge must be mandatorily surrendered for destruction once the work is over, when the
worker no longer works at the site and, in all, when the intended purpose for which the badge was
originally issued no longer exists. Companies that have subcontractors working for them will be

responsible for collecting and surrendering their badges to the SEPCO Il Security department.
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ID can be removed by HSE Department team in case of any violation committed by worker.

7. DATA CONTROL OPERATIONS

7.1 Worker access

The entry and exit of workers to the site will always be controlled by means of an access control
system or manually (in the case that turn styles are not operational), which will consist in verifying
the records in the authorized worker lists kept by security guards. All workers must show their
identification (by showing their ID badge) to the security guards and sign off when entering or
exiting the site.

A dedicated an exclusive access path will be made available to pedestrians. This path will be
delimited and signalized.

7.2 Vehicle access

The entry of vehicles will take place through a gate that will open automatically using the badge
that identifies authorized workers or by means of a manual access control system similar to what
was described earlier. In the case of manual control systems, drivers must identify themselves
before safety guards and sign off both when entering and exiting the site. Only the driver can enter
inside the vehicle all the other personnel must go into the site through the turn tile.

Vehicle access cards to the construction zone must be placed on the vehicle’s windscreen and
remain always visible.

7.3 Work permits outside of working hours

The work schedule as per the client requirements. Outside of this schedule subcontractors must
request a special permit from SEPCO Ill to work.

The following must be indicated in the permit request:
¢ Name of Subcontractor Company.
e Proposed timeframe outside of normal working hours.

+ Name of company safety lead (safety specialist). The role of the safety lead is considered to be
fundamental and necessary, which means he/she must be present on site at the time indicated
on the PERMIT at the beginning of the works and remain there until their completion.

e ACCESS TO THE SITE WILL NOT BE ALLOWED if a Safety Lead from the requesting company is
not present.

e Type of job and location.
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8. ENTRY AND EXIT OF MATERIALS, EQUIPMENT AND TOOLS

8.1 General rule.

Entry and exit of materials, equipment and tools will be controlled by the access control security
guards. For any material, equipment or tools enter or exit from the site, must be used signed by the

subcontractor manager, head of consortium relevant department and HSE department.

8.2 Entry.

Companies performing work on site must provide to the surveillance team (access control) a list of

all materials, tools or machinery they will be introducing to the site using.

8.3 Exit.

The exit of materials, equipment or tools must always be accompanied by the corresponding
authorization which must be duly signed by the person from the Subcontractor Company, the
Supervisor from the affected area and ACWA POWER -SEPCO IIlI's Safety Department. The same
criteria shall apply to those materials, tools, etc. that subcontracting companies must take out from
the site for the performance of those works that may occasionally take place off site.

9. BOOTHS AND STORAGE AREAS

All companies with on-site booths, offices, cantinas, locker rooms, etc. or storage areas will be
responsible for closing them and for the custody of the items contained therein. Security guards will
have the keys to facilities as dictated by the Site Manager and will control stored materials,
chemical and hazardous products, etc. All equipment and materials must be stored in places set up
to that effect. SEPCO IIl and subcontractors will be responsible for their own equipment and
materials. Security guards will have information about which materials that are stored in the
warehouse are hazardous. Hazardous product material safety data sheets must be taken into
account when considering their storage and preservation.

10. SECURITY INCIDENT REPORTS

A report must be issued as soon as incidents occur and must include a statement from workers,
property damages, causes, etc. All thefts and incidents of any kind must be notified immediately to
the Site Manager and the Head of Security. The latter will be responsible for conducting
investigations and issuing the subsequent reports. The site security team (guards) will record all
incidents, thefts or threats.

11. FIREARMS AND OTHER ARMS

Firearms or any other type of arms (switchblades, knives, teaser guns, mace, etc. are strictly
forbidden on site.
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The Site Manager must be notified as soon as firearms are detected on site. The latter must be
surrendered to the police.

Situations that entail danger to the security of people will require fencing off the area in order to
neutralize the danger; the police department will then be summoned, if necessary.

12. ALCOHOL, DRUGS AND TOBACCO

The consumption of alcohol and drugs is strictly forbidden. Tobacco will be an exception if
dedicated smoking areas are available.

If any worker seems to be under the influence of alcohol or drugs the worker will be submitted to
an alcohol and drugs test, for this subject the medical team will be required to check this
circumstance and if the check is positive the sanction procedure will be applied.

13. CONFIDENTIAL INFORMATION

All workers will be provided with information about data protection policies
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Example of noise barriers

1.Thedistributed energy station project in guangxi

2.Tongxiang gas power plant
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BEST AVAILABLE TECHNIQUES

The Industrial Emissions Directive (IED, 2010/75/EU) requires that facility permits include
all the measures necessary to achieve a high level of protection of the environment as a
whole. To achieve this, the IED requires EU Member States to develop operational
permit conditions on the basis of Best Available Techniques (BAT). Article 3, Definitions,
of the IED define BAT as follows:

(10) ‘best available techniques’ means the most effective and advanced
stage in the development of activities and their methods of operation
which indicates the practical suitability of particular techniques for
providing the basis for emission limit values and other permit conditions
designed to prevent and, where that is not practicable, to reduce
emissions and the impact on the environment as a whole:

(a)  ‘techniques’ includes both the technology used and the way in which
the installation is designed, built, maintained, operated and
decommissioned.

(b)  ‘available techniques’ means those developed on a scale which allows
implementation in the relevant industrial sector, under economically and
technically viable conditions, taking into consideration the costs and
advantages, whether or not the techniques are used or produced inside
the Member State in question, as long as they are reasonably
accessible to the operator.

(c)  ‘best’ means the most effective in achieving a high general level of
protection of the environment as a whole.



1.2

1.3

1.4

1.5

1.6

A7

1.8

1.9

In order to define BAT for various industrial sectors, include power generation, Bat
Reference Documents (BREFs) have been developed, resulting in an exchange of
information between EU Member States. Amongst other things (such as present
emissions and consumption levels), BREF documents describe techniques considered
for the determination of best available techniques as well as BAT conclusions and any
emerging techniques. The BREF documents are also developed cognisant of the criteria
set out under Annex Il of the IED".

The current adopted BREF document for Large Combustion Plant® was published in July
2006. It is noted that a formal draft was submitted during June 2013 and it is anticipated
that a revised BREF will be made available in the near future.

The requirement for the Project to meet EU BAT, including related emissions and
discharge standards, is stipulated under EBRD PR3°.

An analysis of the Project design against the adopted BREF is provided under Table
5.21., overleaf. In addition, the Project has produced a Best Available Techniques (BAT)
Analysis report, (5 Capitals, June 2016). For completion, key changes in the 2013 draft
BREF are also included; however, it remains to be seen whether these will be retained in
future adopted BREF (i.e. removed, relaxed or made more stringent).

The most notable observation from the BAT review is that the Project’s net electrical
efficiency at design stage — 50.10% - falls below the 54-58% guideline. The BAT
guideline is reflective of turbine technology (F-class gas turbines) which has been
prevalent for the last 10-15 years in mature and large power grid systems.

The Project will be using E-class gas turbines, which due to power demand/grid
constraints in Jordan, are more favourable than F-class turbines. This is primarily due to
the improved flexibility, starting time and loading rates of E-class turbines — which in the
context of Jordanian installed capacity (4,000MW), peak demand (3,000MW) and
renewables (approaching 10% installed capacity) — are more favourable than F-class
turbines.

Furthermore, it is noted that the Project is adopting Air Cooled Condenser (ACC)
technology, which is estimated to have a negative overall impact on efficiency of approx.
1.5%.

In summary, whilst the plant’s electrical efficiency is less than may be anticipated, it is
considered that — in respect of local constraints and the broader BAT attributes — the
Project is consider to generally meet the current BREF requirements.

IED Annex lll, Criteria for determining best available techniques, are as follows: (1) the use of low-waste technology; (2) the
use of less hazardous substances; (3) the furthering of recovery and recycling of substances generated and used in the
process and of waste, where appropriate; (4) comparable processes, facilities or methods of operation which have been
tried with success on an industrial scale; (5) technological advances and changes in scientific knowledge and
understanding; (6) the nature, effects and volume of the emissions concerned; (7) the commissioning dates for new or
existing installations; (8) the length of time needed to introduce the best available technique; (9) the consumption and
nature of raw materials (including water) used in the process and energy efficiency; (10) the need to prevent or reduce to a
minimum the overall impact of the emissions on the environment and the risks to it; (11) the need to prevent accidents and
to minimise the consequences for the environment; and, (12) information published by public international organisations.

The Scope of the Large Combustion Plant BREF, in general, covers combustion installations with a rated thermal input
exceeding 50MW, including the power generation industry. The BREF covers not only the combustion unit, but also
upstream and downstream activities that are directly associated with the combustion process.

EBRD PR3 para. 9 states: Clients will structure the projects to meet relevant EU substantive environmental standards,
where these can be applied at the project level. Certain projects that, due to their nature and scale, would be subject to the
EU Industrial Emissions Directive will be required to meet EU Best Available Techniques (BAT) and related emission and
discharge standards, regardless of location.



Table Error! No text of specified style in document..1 Project Analysis Against Adopted Large Combustion Plant BAT Reference Document (BREF)
Adopted BREF July 2006, Section 7.40, Techniques to consider in the determination of BAT for the combustion of gaseous fuels, pp. 469.

Applicable Guidance Document

Environmental Benefit

TECHNIQUES FOR THE SUPPLY AND HANDLING OF GASEOUS FUELS AND LIQUID ADDITIVES

Applied (Y / N)

Techniques to Consider in the Determination of BAT

Comments

Use of an expansion turbine to recover the energy content of the pressurised gases
delivered by gas pipelines. If the pressure of the gas supply pipeline exceeds the

Most Efficient Use of

Under Schedule 7, Natural Gas Specifications, of the PPA
(Power Purchase Agreement, 2015), a minimum and
maximum delivery pressure of 32barg and 65 barg is
specified, respectively. Furthermore, the specification states
that: “in emergency cases, the minimum gas pressure may
decrease to below 30barg but gas pressure shall be provided
at least at 28 barg”.

The Project is performing fuel gas supply pressure reduction

required input pressure of the Large Combustion Plant, the gas needs to be I N/A via the use of valves in a typical reducing station

decompressed. This normally takes place in an expansion turbine to recover some of 9y arrangement. The Lender’s Technical Advisors, Lummus

the energy used for compression. Consultants, consider the Project’s approach to be
appropriate, noting:

“From review of the gas supply parameters, recoverable
energy would be minimal as well as variable. Therefore, with
the additional operational requirements and the need to
maintain a fairly constant and reliable fuel gas supply
pressure to the gas turbines.”

Preheating of fuel gas by recovering the off-gas energy content. Waste heat from the

power plant can be used to heat up the decompressed gas, increasing electricity | - This is being adopted, as indicated form heat balance
. . . ncreased Efficiency Y .

output. Typically, this involves capture and re-use of latent heat arising from steam diagrams.

turbines.

The gas supply pipeline will be underground, however,
NEPCO will be responsible for managing safety and security.

Reduce Risk of Fire The Project will undertake regular inspections of onsite
Regular checks of the gas delivering facilities and piping. Hazards Y infrastructure associated with fuel delivery.

In addition, the Project refers to a gas supply safety system
and appropriate gas detection and alarm equipment should
be confirmed as part of this system

Sealed surfaces with drainage systems (including oil separators to avoid water and soil Prev(e;ntlondof Ston and v Drainage system will include oil separators to avoid
contamination caused by lubrication oil). c roundwater contamination.

ontamination
All screening, crushing, milling, briquetting and other plant for the pre-treatment and . . . . . - . .
storage of rgw materigls priorgto use in thg process should be totally enclosed with RESIEAED Eif/Al7 N/A UL It il Sl L

extraction and arrestment plant, as appropriate, to prevent emissions to atmosphere.

Emissions

operations at the proposed CCGT plant.

Project No -008
Confidential

WSP | Parsons Brinckerhoff
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Techniques to Consider in the Determination of BAT
Applicable Guidance Document

Environmental Benefit Applied (Y / N) Comments

Bulk Storage Tanks. Bulk storage tanks and areas where spillages are most likely,
such as sampling points, should be bunded. Bunds should:

be impenetrable;

have no outlet and drain to a sump;

contain all parts of the tank;

be hydraulically tested on a regular basis;

have a capacity capable of containing 110% of the combined capacity of all tanks

within the bund;

e where not frequently inspected, be fitted with a high-level probe and an alarm as
appropriate; and,

e have the fill points within the bund where possible.

Prevention of Soil and
Groundwater Y
Contamination

Storage of hazardous materials and wastes will be suitably
contained, including 110% bunding.

For sub surface structures (storage tanks):

e Engineer systems to minimise leakages from pipes and ensure swift detection if
they do occur, particularly where hazardous (i.e. Groundwater-

hazardous)substances are involved; Prevention of Soil and
e Provide secondary containment and/or leakage detection for sub-surface Groundwater N/A No underground storage tanks are proposed.
pipework, sumps and storage vessels; Contamination

e For non-accessible pipes, double walled type pipes with automatic control of the
spacing can be applied (liquid and gaseous fuels); and,

e  Establish an inspection and maintenance programme for all subsurface
structures, e.g. Pressure tests, leak tests, material thickness checks or CCTV

In the case of SCR, storage of ammonia as ammonia-water solution. Higher Safety N/A SCR Not Proposed

TECHNIQUES TO INCREASE THE EFFICIENCY OF GASEOUS-FUEL-FIRED BOILERS AND TURBINES

Use of advanced materials to reach high operating temperatures and thus increased
gas turbine efficiencies. Typically, the adopted of modern gas turbine models include Increased Efficiency N/A Not applicable for E-class gas turbine technology.
advanced materials.

A complete microprocessor based Distributed Control System
Increased Efficiency Y (DCS) will be installed for automatic and safe control of the
plant.

An automated combustion control unit should be in place to manage combustion
efficiency, reduce CO formation and to optimise excess air to reduce NOx formation.
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Applicable Guidance Document

Environmental Benefit

Techniques to Consider in the Determination of BAT

Comments

Applied (Y / N)

Air pre-heating is more typically used in conventional oil or
coal plants. The unit is configured to maximise heat recovery
to the HRSG, therefore excess waste heat for pre-heating is

Preheating of combustion air using waste heat. Increased Efficiency N/A not available. All exhaust heat from the gas turbine is fed to
the HRSG to generate steam for the steam turbine, and in this
way, thermal efficiencies of the overall process are optimised.

Waste heat should be utilised through the use of secondary steam generation in a - Waste gas exiting the gas turbine is fed to the HRSG to

Increased Efficiency Y

combined cycle unit (HRSG), or through the use of Combined Heat & Power (CHP).

generate steam to drive a steam turbine.

Combined cycle with/or without supplementary firing (HRSG) for net electrical
efficiency in the region of 54-58%. The latest turbine developments are reported to
achieve an overall efficiency approaching 60%.

The net electrical efficiencies reported in the Draft BREF (June 2013) under ISO
conditions are reported to be 46-60%.

It should be borne in mind that these BAT levels are not achievable in all operation
conditions. Quoted targets are based on operation at the design point of the plant, and
will not take into account factors such as changes in operational load or fuel quality.
Energy efficiency is also dependent on cooling-techniques.

Increased Efficiency

* Taking into account local constraints, E class turbines offer
a solution that can fit the requirement of grid. Indeed, in order
to be compliant with the norm, the size of each unit has to be
lower than10% of the system’s peak load.

Other Siemens and Alstom arrangement would result in a
lower capacity, while GE arrangement with 3X3X1
configuration results in higher output and higher efficiency.

v+ Moreover, the selected technology is the most reliable, having
a significant number of running hours. This gives more
confidence on the reliability of steam turbine. It also complies
with the environmental requirement at low load condition
there are multiple machine configurations available.

This gives flexibility to operate at around 25% of load at the
same time complying the requirement of emission.

(5 Capitals, June 2016)
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Techniques to Consider in the Determination of BAT
Applicable Guidance Document

Environmental Benefit Applied (Y / N) Comments

Intercooled Recuperated Gas Turbine.

A large part of the power that is generated by the turbine is required to drive the
compressor. A way to improve the gas turbine efficiency is to reduce the compressor
work by cooling the airflow through the compressor. Theoretically, cooling after each
compressor stage will give the largest reduction of compressor work, however, in

. L ) ; : Increased Efficiency N/A This is not applicable technology for the Project.
practice only a restrictive number of cooling stages is feasible.
If the temperature of the gas turbine exhaust gas is higher than the outlet air
temperature of the compressor, it is possible to transfer some of the heat from the
exhaust gas to the compressors outlet air. This improves the gas turbine efficiency
because less fuel is required to heat the gas to the desired turbine inlet temperature.
Addition Fuel-firing in Turbine Exhaust: This has not been adopted, reportedly due to size,
Overall thermal efficiencies of up to ¢.85% are possible, giving low emissions per unit Increased Efficiency N/A configuration and cost, and is not required to allow the facility
of useful energy produced. to have high levels of efficiency.
Heat Increase in the condensing cooling water (temperature increase BAT and energy Increased Efficiency N/A The plant utilises Air Cooled Condensers.

efficiency BAT) of 7°C to 14°C is considered BAT.

DRAFT LCP BREF (JUNE 2013)

Combined Heat & Power (CHP) Readiness:

Flexibility in combustion plant design to allow easy modifications e.g. implementing
heat generation.

The plant is configured for maximisation of electrical output

i Biie ey b rather than external eat supply.

TECHNIQUES FOR THE PREVENTION AND CONTROL OF AIR EMISSIONS

The BAT associated emission levels are based on a daily average, standard conditions and represent a typical load situation. For peak-load, start-up and shut-down periods as well as for
operational problems of the flue-gas cleaning systems, short-term peak values, which could be higher, have to be regarded.

Dry low Nox burners will be utilised, and the process control

Low excess air: R_educnon of NOx and Yes unit (DCS) will allow fully effective combustion control with
To reduce thermal NOx, increased efficiency A .

optimisation of excess air.
Flue-gas recirculation. Reduction of NOx N/A Not applicable for gas-fired turbines using DLN technology.

Dry Low NOx (DLN) burners for gas-fired boilers with emissions of NOx in the range 20

i 50mg/Nm3. (IED Limit 50mg/Nm3) Reduction of NOx Y For new gas turbines, DLN burners are BAT.
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Applicable Guidance Document

Environmental Benefit

Techniques to Consider in the Determination of BAT

Selective Catalytic Reduction (SCR). Beside DLN technique and the potential for

Applied (Y / N)

Comments

For new gas turbines, the DLN burners can be seen as the
standard technique so that the application of an additional
SCR system is, in general, not necessary.

Metal emissions are mainly in the particulate form for oil fuels.

Compounds

S . : ; Reduction of NOx N/A
water and steam injection, SCR is also considered to be part of the BAT conclusion. Further, the plant can meet BAT associated emission
levels without the employment of SCR (or SNCR) so this
is not required in order to justify BAT.
CO Emissions 30 - 100 mg/Nm?® (LCP BREF). .
IED Limit 100 mg/Nm®. Reduction of CO Y
*BAT for the minimisation of CO emissions is complete
combustion, which goes along with good furnace design, the
use of high performance monitoring and process control
i ) techniques and maintenance of the combustion system.
CO oxidation catalyst. Reductéoon i(:tc;négsmn) 2 N/A This is demonstrated through the plant’s commitment to
2 keep CO emissions below 100mg/Nm?® CO.
The application of an oxidation catalyst for CO can be seen
as BAT when it is operated in densely populated urban areas
— which is not the case in this Project.
Catalytic combustion. Reduction of NOx N/A Not applicable for gas-fired turbines using DLN technology.
. . . Stack height has been sized to optimise emission levels, but
Stack Height Optimisation. Reductlolr:nofaétr:blent Air Y also to reduce as far as practicably reasonable, any back-
P pressure on the gas turbine to increase efficiency.
Continuous Emissions Monitoring System (CEMS) Mom?o_rm_g of Oper_atlon to Y Interlocked to the DCS.
Minimise Emissions
Flue-gas Desulphurisation (FGD) is BAT for higher sulphur fuels, and therefore, Reduction of SO N/A
particulate abatement of FGD + Electrostatic Precipitator (EP) is considered BAT. x The Plant will be primarily fired by natural gas.
Whilst the plant will be capable of operating on Light Distillate
The largest proportion of metals and compounds released to the air are included in the Reduction of Metals and ol (LDfO)’ andlthe pflanlt vl Ta_mtam 2 §trat$g|c SUPEIY n
composition of particulate. Their release to the air is therefore best controlled by Compounds N/A _casetp LU gats uefsulpp_ly stk ot @i, 185 i e
minimising particulate release levels and by selecting residual fuel oil with a low ash. P intentionjtoloperatefoniiuelioil
Whilst the agreed LDO specification permits a maximum of
f : : ; : : 1.2% sulphur, the Client has agreed to restrict sulphur to
For oil and oil emulsion fuels, releases of nickel and vanadium may be highly " N . .
significant, whilst a number of other metals and compounds may also be released. Aealieion oLt an N/A <1.0%, by blending if necessary. It is noted that typically,

LDO supplied is <0.5% sulphur.
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Applicable Guidance Document

Techniques to Consider in the Determination of BAT

Hydrogen chloride and fluoride emissions — FGD plant is effective for emissions
reduction.

Environmental Benefit

Reduction of Chloride and
Fluoride Emissions

Comments

Applied (Y / N)

N/A

Total PAH (unspecified) emissions for large coal and oil fired combustion plant are of
the order of 10-100 ng/m? in the flue gas. Some PAH is associated with particles and
thus particulate removal equipment will reduce emissions to air, although the ash and
dust may be contaminated.

Regeneration of de-mineralisers and condensate polishers:

Reduction of PAH
Emissions

TECHNIQUES FOR THE PREVENTION AND CONTROL OF WATER POLLUTION & WASTE

Reduced Waste Water

N/A

Included within Project’'s water management and treatment

Environmental Management System (EMS):
A formal system to demonstrate compliance with environmental objectives.

Neutralisation and sedimentation. Discharge Y system.

Elutriation: . . ) .

Neutralisation - N/A Only applicable in cases of alkaline operation.

mvjjt?;qgaﬁoao;ﬁrdség :es dTILé?'nsséglgc?e(;l:er:t?;s:nﬂ;rte tslplc}am(;:eanin methods Reduced Waste Water v Oily water treatment system Included within Project’s water
. . P op ’ P y dry 9 Discharge management and treatment system.

where technically possible.

Surface Run-off: Reduced Waste Water v Drainage from plant areas will be to the effluent treatment

Sedimentations or chemical treatment and internal re-use. Discharge system, storm water.

The use of once-through systems is BAT, in particular for processes requiring large B " - "

cooling capacities (e.g. > 10 MWih). N/A Not applicable as the plant utilises Air Cooled Condensers.

To prevent oil contaminating the water, oil separation wells are considered BAT. Avoid Water Pollution Y Oil separators are included within the drainage design.

Combustion Residues: BAT is to divert from landfill and re-use combustion residues. Reduction of Waste N/A (9 3[R Pty GES e Slelel oo o Eolil 2siiEn

ENVIRONMENTAL MANAGEMENT

Improved Environmental
Management

residue.

The Project will develop an Environmental Management

Y System (EMS) to ISO 14001.
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