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NON- TECHNICAL SUMMARY

BACKGROUND

Kuwail contains an estimated 101.5 billion barrels (bbl) of proven oil reserves,
roughly 8% of the world total, and around 1,600 producing ofl wells. Currently, Kuwait
produces about 2.6 million bbl/d of crude ofl. Overall, around two thirds of Kuwaiti oil
production comes from the southeast of the country, with about one-fifth from
northern Kuwait and about one-fenth from the west.

Kuwait's three domestic refineries currently have a combined capacity of 936,000
bblid. The country’s largest refinery is Mina Al Ahmadi (MAA), with a capacity of
466,000 bbl/d. The other refineries are Mina Al Abdullah (MAB) (270,500 bbl/d) and
Shuaiba (SHU) (200,000 bbi/d). In the long term, total refining capacily is expected
to be 1.4 million bbi/d.

Kuwait National Petroleum Company (KNPC), in its continuing commitment to meet
changing (and more slringent) environmental requirements and fo meet the
increased need for clean fuels, is embarking upon an ambitious profect, the Clean
Fuels Project 2020 (hereafter referred to as CFP), to upgrade and modernize the
three existing refineries. CFP will involve major upgrades at Mina Al Ahmadi refinery
(MAA) and Mina Abdullah refinery (MAB), while the old processing facilities at
Shuaiba refinery (SHU) will be retired.

The Front End Engineering Design (FEED) Phase of the project was completed in
June 2008, During FEED, an Environmental Impact Statement (EIS) was submitted
by KNPC to the Kuwait Environmental Public Authority (K-EPA).The project is
currently under the FEED Updafte Phase which is intended fo meel the new
markeling requirements of the Project. Thus, the EIS submitted and presented to K-
EPA in 2008 needs to be updated to reflect the new scope of the facilities as per
Feed Update Phase requirements. This EIS is an update of the original EIS and
covers an assessment of the FEED Update Phase scope of facilifies.

THE ENVIRONMENTAL IMPACT STATEMENT

In accordance with the regulatory requirements promulgated by Kuwail's principal
environmental regulatory authorily, the Kuwait Environment Public Authority (K-EPA),
and international ‘best practice’, Det Norske Veritas (DNV) conducted a full
independent EIA process in 2008 for the proposed CFP, following an Initial EIA
submitted by Fluor to K-EPA in August 2007. EIA is a process undertaken for certain
types of major projects, which are judged likely to have potentially significant
environmental effects, it assesses the environmental consequences of a proposed
development in advance, with emphasis on the prevention of unacceptable impacts.

The output of the EIA process was an Environmental Impact Statement (EIS), which
was prepared by DNV on behalf of Fluor, in accordance with the State of Kuwait
Regulations Implemented under Law No. 21 of 1995 as Amended by Law No. 16 of
1996. The EIS also fulfiled KNPC's regulatory and internal procedural (EIA Study
procedure SHE-ESHU-03-1407) requirements, as well as the statutory requirements
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of K-EPA. This FEED Update Phase EIS has also been prepared in accordance with
the above requirements and procedures.

This updated EIS sets out DNV's 3°-party assessment of the potential environmental
effects during the construction, subsequent operation and final decommissioning of
the CFP. It is supported by an Environmental Baseline Study (EBS) conductled by
DNV in conjunction with two Kuwaili technical providers, Kuwait Institule for Scientific
Research (KISR) and Wataniya Environmental Services (WES) in 2007. The EBS
provides an existing environmental ‘baseline’ of the CFP site and its surroundings
allowing DNV to assess any polential impacts posed by the project. WES also
provided some assistance with the development of part of this EIS. Public
consultation was not within the scope of the CFP EIA.

PROJECT DESCRIPTION

CFP involves modifications at KNPC's three (3) existing refineries: MAA, MAB, and
SHU. The MAA and MAB refineries will undergo major upgrades whilst the
processing facifities at SHU will be retired. The outcome of this will be the integrafion
of the KNPC Refining System into one merchant Refining Complex with Full
Conversion operation with highest Light Ends Products Yields and minimum Fuel Qil
production.

The CFP, which is currently under the Fronl-End Engineering and Design (FEED)
Update stage managed by Fluor, will result in a reduction in the overall refining
capacity of the three refineries from the current operating levels of 936,000 bbl/d to
800,000 bbl/d, The changes are expected to reduce impact on the environment from
the refinery activities. The project will integrate the new and existing process units
along with storage, infrastructure, oil movement and shipping. A variety of new
Utilities and Offsite (U&Q) facilities will be provided,

Environmental Measures Incorporated in CFP

KNPC's objective is that the CFP 2020 will incorporate best environmental practices
such as Best Available Control Technologies (BACT) and environmental mitigation
measures deemed necessary, so as to meet or exceed all relevant K-EPA emissions
criteria. The CFP has been designed to mitigate all environmental impacts, and
numerous environmental measures / BACT have been incorporated. BACT is
incorporated into the following areas:

Noise control and abatement

Air emissions abatement

Solid waste management

Management of hazardous chemicals

Wastewater treatment and disposal

Environmental monitoring

Assessment of Alternative Sites

It is a requirement of the EIA process to consider alternative site locations when
assessing a proposed development. CFP will, however, be based at the existing
KNPC refineries and not in a grassroots location and thus evaluating alternative site
“ocations"” is not possible. Thus this EIS examined allernatives lo the project itself.

Project Number: EP003351
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Constructing and operating the new petroleum refining and support facilities within
the available space at the existing MAA and MAB refineries was considered the most
suitable alternative. This is because it is economically viable, will improve regional air
quality by providing low sulphur fuels, and will upgrade current refining capabilities,
thus enhancing KNPC's competlitive standing within the industry

CFP will not only provide Kuwait and export customers with cleaner burning fuels but
will also enhance the safely and environmental performance of the MAA and MAB
refineries through modernization and incorporation of current best environmental
practice, while the older SHU refinery processing units will be decommissioned.

ENVIRONMENTAL BASELINE STUDY

In support of the EIA process, DNV conducted an Environmental Baseline Study
(EBS). The EBS was completed to provide a baseline of the existing environment in
order to properly assess any potential impacts posed by this project. The EBS field
work was undertaken by two specialist local consultants, WES and KISR.

DNV, WES and KISR conducted the following specialized studies as part of the
background studies:

Soil characteristics

Ambient air quality

Noise

Land use

Demography and socioeconomic aspects
Geology and seismology

Surface Water, groundwater and water use
Terresirial and aquatic ecology
Meteorofogy

The majorily of the EBS work was carried out between March 2007 and August 2007.
The main environmental issue identified was that existing air quality in the study area
often exceeds criteria.

NOISE

The main purpose of the Noise study was lo evaluate the potential community noise
impact due to the noise emissions from CFP.

This noise assessment considered noise impacts based on available information at
this early stage in the design process, and drew the following findings:

= There are no exceedences of relevant K-EFPA standard predicted at any receplor
during daytime due to CFP for both construction and operation.

s For the construction phase, night time noise levels will not be affected, since
consiruction activities are not performed during the night hours except under very
exceptional situations.

s For the operations phase, night time noise levels are expected to exceed the
relevant K-EPA standards at several locations.

Project Number: EP003351
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Based on the above, the following recommendations are made:

» Consltruction activities generating significant noise levels should not be carried
out during the night time except under wvery exceptional situations. This is
particufarly relevant near the beach chalets lo the south east of MAB refinery.

= In order to fully comply with K-EPA community noise standards, additional noise
altenuation using acoustic enclosures should be considered for significant noise
emitting sources located close to the fence lines, particularly for CFP works near
the eastern part of the CFP at MAB refinery. Details are provided within the
body of the repart.

+ Noise monitoring will be necessary during both consiruction and apera!:i:n fo
ensure no significant impact upon receptors.

AIR QUALITY

Air modelling was conducted to evaluate the impact of the CFP upon the existing
poor air quality in the study area. The air modelling results indicate that the air quality
impacts associated with the CFP are acceptable for the following reasons:

s The CFP wilf decommission the majority of air emission point sources from
the SHU refinery (as well as some units at MAA and MAB refineries), most
of which have large atmospheric pollutant emission rales. This will help
reduce the tofal pollutants emitted to atmosphere, hence improving the air
qualily in the area.

» After the completion of CFP, the vast majority of long and short ferm NO;,
S0: and TSP concentrations should improve. This is mainly due to the fact
that pollutant emissions from sources that are fo be decommissioned far
exceed the emissions associated with new CFP sources.

o Although, air quality in the study area improves as a result of the CFP, air
guality criteria are still breached in some areas for some paramefers.

» Fugitive emissions on site from the tank farms areas salisfy relevant crileria,

s CFP emissions during Sulphur Recovery Unit (SRU) emergency upsel
conditions satisfy relevant criteria.

» Based on the design data available, the air modelling results for the
emergency scenarios associaled with new CFP Flares indicated that all
scenarios salisfy the occupational exposure standard for SO, apart from the
new acid gas flare at MAB {Unit 146).

In the absence of any guidelines or criteria from the Kuwaili regulator for this
type of emergency event beyond the refinery fence-lines, the CFP compared
maximum ground level concentrations against more stringent US air quality
criteria. Maximum ground level sulphur dioxide concentrations beyond the
refinery fence-lines generally meet this more stringent criteria (US AEGL-2)
apart from emergency scenarios for the flares associated with Units 162,
167, 146, 149 (High Pressure) and Total Power Failure (TPF). The acid gas
flare at MAB (Unit 146) will also exceed the US ERPG-2 criterion for sulphur
dioxide.

Project Number: EP003351 .

Non Technical Summary [ Page 4 of 9 MANAGING RISK m



KMPC Clean Fuels Project 2020 Feed Update Phasea
EIS Rev 2 DNV ENERGY

Sensilivity analysis was thus conducted by increasing the flare slack heights
for these Units. The revised results indicate that all relevant criteria are met
for all cases except the new acid gas flares at MAA and MAB (Units 167 &
146), as well as the TPF Case, which still exceed the AEGL-2 criterion.

Additional, preliminary sensitivity analysis on the aforementioned flare units
indicates that with the emission rate of sulphur dfoxide halved, the resulting
peak ground level concenirations will reduce proportionally. This would
result in MAA Unit 167 and the TPF Case meeting the AEGL-2 criterion.
MAB Unit 146 would still not meet the AEGL-2 criterion (in order to meet
AEGL-2 criterion, the emission rate of sulphur dioxide should be reduced o
around 35-40% of its current value).

Consequently, it is recommended that KNPC implement design changes
during the EPC phase lo reduce the relief loads for the flare systems which
have the highest polential impact on the receptors located oulside the
refinery boundaries.

SOLID WASTE

CFP will produce a variety of solid wastes (hazardous and non-hazardous) during
both construction and operational activities. In order lo manage wasle properly and
comply with local and globally recognized waste management practices, a Waste
Management Plan (WMP) will be developed by each EPC Contractor in accordance
with KNPC policies / procedures as well as K-EPA requirements. Specifically, the
WMP will comply with the existing KNPC Procedure for Solid Waste Management
(SHE-ESHU-03-1406).

As part of the WMP, a number of mitigating measures will be implemented. These will
have the effect of reducing both the amount of waste generated, and the associated
impacts on the environment. The greatest potential impact to the environment relates
to the storage of hazardous wastes. The impact of the generation, slorage,
fransportation and disposal of non-hazardous and hazardous solid waste during the
operation of the CFP facilifies is considered fo be of small to moderafe negative
significance. During construction it is considered to be of small negafive significance.
This is due to the quantities and the nature of the material, the implementation of an
Environmental Management System (EMS) and WMP, and the full implementation of
all control measures by the EPC contractors as recommended in this report.

HAZARDOUS MATERIALS

The new and modified CFP facilities will handle and / or store a variely of potentially
hazardous materials, including finished products, raw materials and cafalysts.
Hazardous materials being used within the various systems that comprise the CFP
will include: water treatment chemicals such as hydrochloric acid, sulphuric acid,
caustic, chlorine, catalysts, and water conditioning chemicals such as corrosion
inhibitors and oxygen scavengers.

During construction, all hazardous material will be stored and managed in a central
location located within each EPC Contractor controlled area. Materials within these
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areas will be stored according to compalibility and all lammable malerials will be
segregated and stored in a flame protected area. All hazardous materials will be
contained within temporary or permanent bunding in order to prevent a release to soil
and / or groundwaler.

Hazardous malerials storage during operation of CFP facilities will either be in fixed
tanks (at various bunded locations on the site), in a compressed gas cylinder storage
area, or in the new MAB Chemical Storage Warehouse / Catalyst Storage Area.
Material Safety Data Sheels (MSDS's) will be made available at the guardhouse,
administration building and control room buildings for the refineries. In addition,
MSDS's will be accessible at the new chemical storage warehouse building and
catalyst storage facility at the MAB refinery for the materials stored in those buildings.

The impact from the sltorage, use, transportation and disposal of hazardous materials
is considered to be of “small negalive™ significance during construction and of
“moderate negative” significance during operalion provided that all recommended
management measures are followed. It is important that the management systems
will, as proposed, comply with K-EPA requirements for the handling, storage and
disposal of hazardous malerials. Storage of hazardous chemicals will be in
accordance with the provisions in Article 30 of the K-EFA regulations.

WASTEWATER

The CFP development will require farge volumes of water for cooling fower, boiler
feedwater (BFW) make-up, process waler, potable water, sanilation and other
refinery services. KNPC plan for as much of the CFP’s water demand to be mef by
waslewater recycling and reuse as possible.

There will be two new Wastewater Treatment (WWT) Systems provided as part of
CFP:

= New Wastewater Treatment System at MAB — Unit 156

e  New Wastewater Treatment System al MAA — Unit 163.

DNV has assessed the environmental impacis from the collection, treatment and
reuse of process and sanitary waslewaler effluents generated during both
conslruction and operational phases as having a ‘Small Negative Impact. Overall, it
s concluded that the planned new CFP wastewater collection and treatment facilities
are stale of the art, and constitute best practice and apply a considerable number of
BACT elements. The CFP wastewater facilities will be designed, built and operated
in such a way as to meet best practice and the applicable K-EPA environmental
criferia.

In order to augment the robust approach to addressing and mitigating environmental
impacts during the CFP’s construction and subsequent operations, this study makes
the following additional recommendations:

« The wastewaler discharge monitoring results should be audited by an
independent party on a regular basis.

s The waslewater, storm water and sanitary wastewaler collection /
treatment facilities should be made available at the earliest stage possible
during construction, and it is recommended thal each EPC contractor
make this an early priority for the CFP consiruction.

Project Mumber: EP003351
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TRAFFIC

A preliminary Traffic Impact Assessment (TIA) was conducted in the FEED Stage
ElA in 2008. It has not been updated as part of this report because a detailed TIA will
be conducted for the Ministry of Interior in the near future prior fo the start of
consiruction activilies.

The 2008 TIA indicated that the CFP could have a significant impact on local traffic
conditions during the conslruction phase, in particular during the seven month period
of peak consfruction activilies. The impact on traffic during operation of CFP
facilities was found to be acceplable although the overall volume of traffic is
expected to increase.

The long term impact should be positive for traffic around the SHU Refinery due to a
substantial reduction in the number of employees at the start of the CFP operational
phase.

It is recommended that a comprehensive TIA be conducted during the EPC phase to
further study local traffic patterns with the objective of determining the current status
of local roadways relative to their design carrying capacity. This information should
be used as the basis for development of a comprehensive CFP Traffic Management
Plan o ensure impacls are managed acceplably via delailed traffic control
measures.

MISCELLANEOQOUS ISSUES

Socio-economics

The proposed CFP will have positive benefits on the regional employment market
and local economy, due lo the recruitment of approximately 33,000 construction
workers (at peak) and approximately 1,500 additional operational staff. In addition,
there are anticipated to be positive benefits due to the effects of supply, maintenance
and service conlracts to local businesses.

There will be some potential negative social impacts from CFP consiruction staff. The
main concerns relate to the impact of the very large construction employees when
nol working, with some potential impact upon local residential areas owing to cultural
differences, and increased strain upon local facilities, and it is recommended that the
EPC contractor should develop a plan to handle the polential negative social impacls
from such a large influx of construction workers. To counter this, there will also be
potential positive impacts upon the local community via local businesses benefiting
from increased lrade and commerce.

KNPC's Safety, Health and Environmental practice will likely be enhanced through
the upgrading / replacing of aging units. This will generally make the KNPC refineries
and their surroundings a safer and cleaner place to live and work.

18
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Assessment of Landscape and Visual Impacts

There are no significant landscape impacts from installation of the CFP facilities and
receplors at long distances will consider the refinery in context with the existing
industrial developments adjacent to the site. Local observers will be visually impacted
by the CFP development, especially on the south-eastern edge of the project and
mitigation measures have been proposed o minimise visual impacts, in the form of
hording or earth bunds. The impact of the CFP development is minimised due to the
development being incorporated within the refinery boundaries.

Groundwater Monitoring and Contaminated Land

In the EBS, it was observed that there was no significant soil contamination identified
at MAA and MAB, however, soil hydrocarbon levels were higher al SHU where
contamination was identified at one location. The soil in this location will need to be
carefully removed and disposed of correctly. It is recommended that an independent
Environmental Advisor is regularly on site during construction whilst soil excavations
are taking place to ensure that the soil is excavated and disposed of in the correct
manner, and to help identify other areas of contamination, if any.

KNPC recently commissioned a comprehensive Groundwater Study, which involved
the establishment of 47 groundwater wells around the three existing refineries; the
report identified a degree of groundwater contamination below the refineries.

DNV recommend that regular checks for fugitive emissions to ground/groundwater
from CFP refinery plant and tanks are included as part of the EMS, and thal
systematic groundwater monitoring is conducted around the CFP facilities and in the
vicinity of the tank farms, and analysed against agreed criteria). The CFP will need to
provide a groundwater monitoring well system to detect any groundwater
contamination from areas where oil or other hazardous materials are normally
handled or stored.

It is additionally recommended that soil and groundwater identified as contaminated
in the KISR report and overfapping with the CFP location will require remediation
prior to the start of CFP conslruction.

EMERGENCY RESPONSE

The three KNPC refineries, MAA, MAB and SHU, process, store and distribute large
quantities of lammable and toxic materials. An incident, such as fire, explosion or
gas release occurring within the CFP facilittes may have serious consequences,
affecting not only the site and the local environment, but also other industries and the
public outside the site boundaries.

KNPC is committed lo the safety of its employees, installations and the general
public. All applicable safely standards, procedures and best practices are followed
during process selection, design, construction and operation. However, even with
the best safe working practices, it is recognized that emergency incidents may and
do still occur. KNPC has developed and implemented a Major Incident Procedure
Plan (MIPP) for its existing refineries. Since the CFP is being constructed and

Project Number: EP003351 .
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operated within KNPC's refineries’ boundaries, the MIPP will apply to CFP. The
MIFP provides a procedural framework for responding to emergency incidents such
as fire and flammable / toxic releases, and has been approved by the appropriate
Kuwaili authorities.

DECOMMISSIONING AND CLOSURE MANAGEMENT PLAN

At some stage in the fulure, the CFP will reach the end of its operational life. The
future decommissfoning and closure of the CFP will be a complex process, especially
in ensuring that the sites are rehabilitated to K-EPA's requirements such that the
sites can either be handed back to government control, or sold for another private
sector use.

KNPC will develop a conceplual Decommissioning and Closure Management Plan
(DCMPF) for the CFP (which will involve consultation with K-EFA) as closure planning
progresses. The DCMP will address all the project sfages that CFP decommissioning
will include, which are likely fo be: pre-decommissioning consents and coniracts;
decommissioning activity obligations; and post-decommissioning responsibilities.

Specific environmental related decommissioning and closure objectives associafed
with the CFP are predicated around meeting all Kuwaili legal and regulatory
requirements (including K-EPA criteria), and mitigating any impacis {environmental,
public health, safety, social) within the ‘impact vicinity' of the site.

The final goal of a successful eventual decommissioning of the CFP should be to
ensure that the need for post-closure site maintenance is minimised, and any fong-
term environmental activities are mitigated.

ENVIRONMENTAL MANAGEMENT SYSTEM (EMS)

KNPC has developed and implemented a company wide EMS in line with the
requirements of the 15014001:2004 Standard — Apex Manual for Environmental
Management System (SHE-ESHU-04-1401). Since the CFP facilities are within
KNPC refinery boundaries, this EMS will also apply to them, ensuring a structured
approach to the management of project-related environmental issues.

The implementation of the EMS will commence during the initial stages of
construction and will develop as the CFP becomes fully operational.

Project Number: EP003351
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1.0 Introduction

1.1 Background

Kuwait contains an estimated 101.5 billion barrels (bbl) of proven oil reserves,
roughly 8 % of the world total, and around 1,600 producing oil wells. Currently,
Kuwait produces about 2.6 million barrels/d of crude oil. Overall, around two thirds of
Kuwaiti oil production comes from the southeast of the country, with about one-fifth
from northern Kuwait and about one-tenth from the west.

Kuwait's three domestic refineries have a combined capacity of roughly 936,000
bbl/d. The country's largest refinery is Mina Al Ahmadi, with a capacity of 466,000
bbl/d. The other refineries are Mina Al Abdullah (270,500 bbl/d) and Shuaiba
(200,000 bbl/d). Kuwail National Petroleum Company (KNPC) continues to plan
significant expansion of its production capacity aiming to reach a long-term total
refining capacity of 1.4 million barrels/d.

KNPC, in its continuing commitment to meet changing (and more stringent)
environmental requirements and to meet the increased need for clean fuels, is
embarking upon an ambitious project, the Clean Fuels Project 2020 or CFP, to
upgrade the three existing refineries. These requirements will be implemented by the
year 2015.

1.2 Oulline of Clean Fuels Project 2020

The CFP involves modifications at KNPC's three (3) existing refineries: Mina Al
Ahmadi (MAA), Mina Abdullah (MAB), and Shuaiba (SHU). The MAA and MAB
refineries will undergo major upgrades while the processing facilities at SHU will be
retired. The outcome of this will be the integration of the KNPC Refining System into
one merchant Refining Complex with Full Conversion operation with highest Light
Ends Products Yields and minimum Fuel Ol production.

The CFP will result in a reduction in the overall refining capacity of the three
refineries from the current operating levels of 936,000 bbl/d to B00,000 bbl/d. The
changes are expected to reduce impact on the environment from the refinery
activities. The CFP will integrate the new and existing process units along with
storage, infrastructure, oil movement and shipping. A variety of new Utilities and
Offsite (U&O) facilities will be provided.

The Front End Engineering Design (FEED) Phase of the project was completed in
June 2008. During the latter stages of FEED Phase development, a variety of
changes surfaced as a resull revised marketing parameters which necessitated
further Front End Engineering Design development under a new FEED Update
Phase. The project is currently under the FEED Update Phase which is intended to
meet the new marketing requirements, demands and specifications for transport fuels
while integrating the operating capability of the MAA and MAB refineries with
optimum utilization of KNPC's existing infrastructure.

Project Number. EP003351
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1.3 Environmental Impact Assessment

In accordance with the regulatory requirements promulgated by Kuwait's principal
environmental regulatory authority, the Kuwait Environment Public Autharity (K-EPA),
and international ‘best practice’, Det Norske Veritas (DNV) conducted a full
independent Environmental Impact Assessment (EIA) process for the proposed CFP
during FEED in 2008. An Initial EIA was completed by Fluor (the CFP Project
Management Consultant contractor) in August 2007, EIA is a process underiaken for
certain types of major projects which are judged likely to have potentially significant
environmental effects. It assesses the environmental consequences of a proposed
development in advance, with emphasis on the prevention of unacceptable impacts.
The output of the EIA process was an Environmental Impact Statement (EIS), which
was prepared by DNV on behalf of Fluor.

The project is currently under the FEED Update Phase which provides changes to
the FEED Phase engineering design intended to meet the new marketing
requirements of the Project. Thus, the EIS submitted and presented to K-EPA in
2008 needs to be updated to reflect the new scope of the facilities as per Feed
Update Phase requirements. This EIS is an update of the original EIS (June 2008)
which encompasses the FEED Update Phase scope of facilities.

The EIS was prepared in accordance with the Siate of Kuwait Regulations
Implemented under Law No. 21 of 1995 as Amended by Law No. 16 of 1996. The
EIS also fulfiled KNPC's regulatory and internal procedural (EIA Study procedure
SHE-ESHU-03-1407) requirements, as well as the statutory requirements of K-EPA.

The EIS sets out DNV's 3"-party assessment of the potential environmental effects
during the construction and subsequent operation of the CFP, and also provides a
framework for a decommissioning, closure, clean-up and reinstatement plan.

This EIS is supported by an Environmental Baseline Study (EBS) conducted in
2007/8 by DNV in conjunction with two Kuwaiti technical providers, Kuwait Institute

for Scientific Research (KISR) and Wataniya Environmental Services (WES). The
EBS provides an existing environmental ‘baseline’ of the CFP site and its
surroundings allowing DNV to assess any potential impacts posed by the project.
WES also assisted with the development of part of this EIS. Public consultation was
not within the scope of the CFP EIA.

1.4  Key Objeclives
The key objectives of this EIA process include:
» Establishing and reviewing the existing environmental conditions
pertaining to the CFP site and surrounding area;

» |dentifying and assessing the potential environmental impacts of the
proposed CFP development which might arise during construction and
operation, and providing a framework for a CFP decommissioning plan;

= Assessing KNPC planned measures to mitigate any adverse
environmental impacts;
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* Assessing the provision of measuring, monitoring and sampling and
associated capabilities to ensure that the CFP operales a robust system
of environmental management and controls;

= Making additional recommendations, as appropriate, on what further
measures could be taken to address such impacts, such that
environmental impacts are reduced, managed and considered acceptable.

1.5  Principal Environmental Impacts

The potential environmental impacts associated with the CFP include both short-term
environmental impacts, which will generally result from various construction activities,
and potential longer-term environmental impacts associated with operation of the
CFP facilities. Both types of environmental impacts are examined within the body of

this report.

KNPC intends that the CFP will incorporate the optimum level of Best Available
Control Technologies (BACT) and associated environmental mitigation measures
deemed necessary, so as to meet or exceed all relevant K-EPA emissions criteria. In
paricular, BACT will be incorporated to address the following:

» air emissions abatement;

« ‘waslewaler collection, treatment, reuse and disposal;

* solid waste management, minimization and disposal;

+ noise control and abatement;

« odour abatement

» protection of Kuwait's coastal and marine environment; and

= environmental monitoring.
1.6 Environmental Impact Statement (EIS): Structure

This EIS is a comprehensive and detailed document which describes the potential
environmental impacts, associated with the CFP's construction and operation, and
takes into consideration the baseline environmental conditions (via the EBS) at the
project site. It also describes the key facilities for the CFP, including the principal
emissions and discharge points, plus the management and control systems, which
will be implemented to mitigate any adverse environmental impacts. This EIS also
provides a framework for the decommissioning of the CFP.

In summary, the EIS is set out for maximum clarity according to the following
structure:

» Non-Technical Summary: an outline of the CFP, the EIA process, the EIS,
and findings;

» Description of the CFP: including both its construction, design, principal
processes and associated facilities;

e Environmenial Measures incorporated in the CFP Design: a summary of
all the appropriate BACT and environmental mitigation measures deemed
necessary, so as to meet or exceed all relevant K-EPA emissions criteria;
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+ Assessment of Project Alternatives: it is a requirement of the EIA process
to consider altermnatives and their respective environmental impacts /
benefits, including the 'no development’ aption;

s Environmental Baseline Study: in support of the EIA process, the EBS
provides a baseline of the existing environment at the site and
surrounding area in order to assess any potential impacts;

s Impact Assessment Methodology: applying DNV's EIA ‘impact matrix'
methodology to the CFP, to assess potentially significant environmental
impacts during construction and operation;

o Noise: including environmental noise predictions, and reduction
measures, for the CFP;

e Air Quality during Construction: focusing on air quality and associated air
pollutant emissions from the CFP during its construction;

* Air Quality during Operation: focusing on ambient air quality and
associated air pollutant emissions from the CFP once operational.

« Waste: focusing on solid waste generated during the CFP's construction
and operations, and setting out the Solid Waste Management Plan;

» Chemical Hazards Management: covers the use and management of
potentially hazardous materials;

» \Wastewater: including process [/ industrial, sanitary wastewater and
stormwater generation, an evaluation of wastewater minimization / reuse /
treatment and recycling, and assessment of final discharges;

» Preliminary Traffic Impact Assessment: describes the effects of vehicles
related to CFP construction and operation on traffic in the surrounding
area. It should be noted that the figures and data used in this Chapler are
from the FEED Phase. A comprehensive Traffic Impact Assessment to
address the design requirements and scope of facilities for FEED Update
will be undertaken during the EPC/Detailed Design Phase of the CFP.

» Miscellaneous Issues: covering socio-economic issues, landscape &
visual impacts, groundwater contamination and contaminated land issues;

» Emergency Response Plan: setting out KNPC's Major Incident Procedure
Plan (MIPP) which will be similarly adopted as the Emergency Response
Plan for the CFP;

* Decommissioning and Closure Management Plan Framework: providing
the structure for developing a decommissioning, closure, clean-up and
reinstatement plan for the CFP site;

s Environmental Management System: KNPC's company-wide EMS, which
will be implemented for the CFP facilities;

+ Recommendations.

In support, Appendix | (WOC Storage Tank Data) is attached.

Project Number: EP003351

Chapter 1/ Page 4 of 4 MANAGING RISK ELad



KNPC Clean Fuels Project 2020 Feed Updale Phase
EISRev2 — DNV ENERGY

2.0 Description of Clean Fuels Project

2.1  General Description of Clean Fuels Project

CFP will provide a major upgrade and expansion of both the MAA and MAB
refineries. Accompanying this expansion, KNPC will retire a number of existing
inefficient operating units at MAA, MAB and SHU.

A refinery is an organized co-ordinated arrangement of manufacturing processes,
which are designed to provide physical and chemical changes of petroleum crude to
convert it into useful products. The finished products for CFP include:

Table 2.1 Finished Products of CFP

Local Market Mogas MAA

Local Market Gas Qil (10 ppm Sulfur) MAA

Export Mogas MAA
Petrochemical Naphtha MAA & MAB
Local Market ATK MAA

Local Market DPK MAh
Export ATK MAA & MAB
Export DPK MAB

Export JP 5 MAB

Export Gas OIl (10 ppm Sulfur) MAA & MAB
Fuel Oil Bunker 380 MAA & MAB
Fuel Oil Bunker 180 MAA & MAB
PIC Aramatic Plant Naphtha MAB

Gas Oil MEW (500 ppm Sulfur) MAA

Gas Oil Bunker (10 ppm Sulfur) MAA & MAB
Petrochemical Coke i MAA & MAB
Sulfur MAA & MAB

The CFP will provide major upgrades to the MAA and MAB refineries and integration
of the KNPC Refining System into one merchant Refining Complex with Full
Conversion operation with highest Light Ends Products Yields and minimum Fuel Qil
production.

The CFP will integrate new and existing process units along with storage,
infrastructure, oil movement and shipping leading to the integrated operating
capability of MAA and MAB with optimum utilization of existing infrastructure. A
variety of new utilities and offsite facilities will be provided. SHU will continue to
operate as a tank farm, product storage and export shipping facility, while its old and
less environmentally friendly processing units will be retired.

Project Number: EP003351
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2.2 Key Environmental Issues Typically Associated with Refineries

Refineries are very large and complex sites that manage large amounts of raw
materials and products; they are also demanding consumers of energy and water. In
their storage and refining processes, refineries generate emissions to the
atmosphere, effluents to water bodies, noise and solid waste, all of which may resuit
in impact to the environment. Typical refinery emissions to the environment include:

* Air emissions: Air emissions are often the most important environmental
issue for oil refineries. Oxides of carbon (CO), nitrogen (NOx) and
sulphur (SOx), pariculates and volatile organic carbons (VOCs) are the
main air pollutants generated.

= Wastewater: Water is used extensively in a refinery as process water
and for cooling purposes. Its use often contaminates the water with oil
products. The main water contaminants are hydrocarbons, sulphides,
ammonia, Biochemical Oxygen Demand (BOD), Chemical Oxygen
Demand (COD), phencl, suspended solids and some metals.

=  Waste: In the context of the large amount of raw material they process,
refineries do not typically generate substantial quantities of waste,
Wastes generated by refineries are dominated by sludges, non-specific
refinery waste (domestic, demolition, elc.), and spent chemicals such as
acids, amines and catalysts.

s Noise: Moise from equipment is another typical emission to the
environment. Although not generally a problem, noise levels during
construction and operation can be high, but controllable.

Minimizing Impacts

The following methods are usually the most effective methods to minimize the key
environmental impacts from refinery operations:

* Reduce sulphur oxides (50x) emissions: typically generated via
combustion of fuels (containing sulphur compounds), amine treating, sour
water strippers, 1ail gas treating units and flares. High efficiency sulphur
recovery units significantly reduce the sulphur content of fuels, thus
minimizing SOx emissions.

¢ Reduce nitrogen oxides (NOx) emissions: typically a key environmental
issue, particularly from specific processes and activities, notably from
energy generation (e.g. furnaces and boilers). Choosing low NOx burners
as well as selecting gaseous fuels over liquid fuels with higher nitrogen
content are important steps in minimizing the NOx emissions.

* [ncrease refinery energy efficiency: the principal benefit of improved
energy efficiency is a reduction in the emissions of all air pollutants.
Techniques to increase energy efficiency within refineries include

Project Number: EP003351
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increasing the energy efficiency of the various processes/aclivities and
enhancing energy integration throughout the refinery.

e Reduce VOC emissions: VOC emissions from refineries come from
fugitive sources such as storage tanks, transfer / loading / unloading
operations and equipment components. Use of floating roof tanks for
volatile products, nitrogen blanketing for equipment, provision of
mechanical seals and implementation of a Leak Detection and Repair
(LDAR) program are recognized as very effective methods to minimize
VOC emissions.

s Reduce water contamination: Because refineries are extensive
consumers of water, they can also generate large quantities of
contaminated wastewater. Recycling and reuse of water (such as for utility
use and irrigation) reduces water consumption requirements. Wastewater
treating facilities are imperative to site operations before discharge.

2.3 CFP Process Description and Key Environmental Emissions

KNPC is currently finalizing the FEED Update stage for the CFP, which will decrease
the cumulative capacity of the three refineries from 936 KBPD to 800 KBPD. This is
expected to reduce impact on the environment in surrounding areas.

There will be twenty new process units, four revamped process units, twenty new
Utilities & Offsite (U&O) units and nine revamped U&O units currently planned at the
MAA refinery. Similarly, there will be nineteen new process units, two revamped
process units, nineteen new U&O units and six revamped U&O units at the MAB
refinery, To balance this, all processing facilities and most utility support units
(including utility boilers) at the SHU Refinery will be decommissioned in parallel.
Additionally, a Crude Distillation Unit (CDU-3) and Merox Unit (Unit 94) at MAA, as
well as a Crude Unit (Unit 01), RCD Unibon Unit (Unit 02) and Hydrogen Unit (Unit
03) at MAB will be retired.

The CFP is being designed, engineered and constructed to assure safety,
environmental compliance, reliability, efficient manpower utilization, operability and

maintainability.

Figure 2.A, Figure 2.B and Figure 2.C show the preliminary site layout of the CFP
within the three refineries. The CFP process flow diagrams for the refineries are
illustrated in Figure 2.D and Figure 2.E.
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Figure 2.A: MAA Refinery Site Plan (preliminary)
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. Figure 2.8: MAB Refinery Site Plan (preliminary)
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Figure 2.C: SHU Refinery Site Plan (praliminary)
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Figure 2.D: MAA Refinery Overall Block Flow Diagram (preliminary)
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Figure 2.E: MAB Refinery Overall Block Flow Diagram (preliminary)
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A brief description of CFP process units is given below. At the end of each unit
description, the typical key environmental issues related to each process unit are
highlighted.

MNote that noise sources (pumps, compressors, forced draft fans, etc.) are typically
located throughout a plant and are not highlighted individually in this Chapter, but are
considered in detail in Chapter 7. Similarly, fugitive emissions take place from many
units and only the key emitters (e.g. large storage tanks) are highlighted here. These
volatile emissions are considered in detail in Chapter 9,

2.3.1 MAA Refinery

Twenty new process units are planned for the MAA refinery:

1 Tail Gas Treating Unit (i.e. SCOT Unit) TGT, Unit 99
2 |somerisation Unit ISOM, Unit 107
3 LPG Treating Unit LPG TU 125
4 Delayed Coker Unit - Naphtha Hydrotreating Unit DCU-NHTU, Unit 135
5 Delayed Coker Unit DCU, Unit 136
6 Deisopentanizer DIP, Unit 137
7 |sopentane |C5 Merox Unit IC5 Unit 138
8 Atmospheric Residue Desulphurization ARDS, Unit 141
9 Gas Oil Desulfurization Unit GOD, Unit 144
10 Deiscbutanizer DIB, Unit 146
11 Hydrogen Production Unit HPU, Unit 148
12 Hydrogen Sulfide Removal HSR, Unit 150
13 Sulphur Recovery Unit SRU, Unit 151
14 Sulphur Recovery Unit SRU, Unit 152
15 Hydrogen Sulfide Removal HSR, Unit 153
16 Sour Water Treatment Unit SWT, Unit 156
17 Vacuum Rerun Unit VRU, Unit 183
18 Fluid Catalytic Cracking — Naphtha Hydrotreater FCC-NHTU, Unit 186
18 FCC Sour Water Treating FCC-SWT, Unit 195
20 Heavy Oil Cogling HOC, Unit 283
Four revamped process units are planned for the MAA refinery:
1 CCR1&2 Unit 25/26
2 Alkylation Alky, Unit 46
3 Macuum Rerun VR, Unit 83
4 Fluid Catalytic Cracker Unit FCU, Unit 86

Two process units are planned for retirement at the MAA, refinery:

1 Crude Distillation Unit CDU-3, Unit 03
2  Merox Unit Unit 94

Project Number: EP003351
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Twenty new U&O Units are planned for the MAA refinery:

A number of existing MAA Units will also have tie-in with the CFP, or minor
equipment modifications. However, these will not have any significant environmental
impact.

2.3.1.1  New MAA Refinery Process Units

Tail Gas Treating Unit (TGT, Unit 99)

A new Shell Claus Offgas Treating (i.e. SCOT) Unit will be provided to reduce the
sulphur content of waste gas streams generated by two existing sulphur recovery
units (Unit 91 and Unit 92) before these streams are routed to an existing tail gas
incinerator. The new SCOT Unit will not generate new air emissions, wastewater
effluents or solid waste, but rather, will significantly reduce the concentration of
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sulphur compounds routed to the existing tail gas incinerator, and thus reduce SO,
emissions,

Isomerisation Unit (ISOM, Unit 107)

A new C5/C6E Isomerization Unit 107 will process light naphtha from existing CCR
Unit 25/26 NHT Section, and will produce isomerate product for the gasoline pool. In
the current acperation, the light naphtha feed streams are routed to Petrochemical
Naphtha (PCN). In the CFP scope, these streams will be routed to the ISOM unit.
The new ISOM will be designed to treat 30,000 BPSD of light naphtha and produce
isomerate. Key environmental emissions include atmospheric emissions from two
fired heaters, and spent caustic waste.

LPG Treating (Unit 125)

The LPG Treating Unit will treat the LPG liquid product from the existing CCRs.
Treatment in this unit will reduce the olefins in the LPG liquid product to avoid
plugging issues with the gas plant. The design capacity of the LPG Treating Unit is
based on the combined LPG production from CCR Unit 25/26 and will be 2,264
BPSD.

Delayed Coker Unit - Naphtha Hydrotreating Unit (DCU-NHTU, Unit 135)

The DCU-NHTU (Unit 135) will be located on the same plot as the DCU Unit 136 and
will be integrated with the DCU. The Hydrotreater will process the unstabilized full
range naphtha (FRN) stream coming from the Wet Gas Compressor 2™ Stage After-
Cooler Surge Drum to meet the Petrochemical Naphtha (PCN) specifications.

Any sour water streams generated by the DCU-NHTU will be integrated with that
from the DCU Unit 136 and routed to the Sour Water Treatment Unit (SWT, Unit 156)
in the CFP block.

Key environmental emissions from the DCU-NHTU will include:
= Atmospheric emissions from the single gas-fired heater.
« Sour wastewater, which will integrate with that from the DCU Unit 136 and
be routed to the SWT (Unit 156) in the CFP block.
» Solid waste (i.e. spent catalyst).

Delayed Coker Unit (DCU, Unit 136)

Delayed Coking is a process by which heavier crude oil fractions are themmally
decomposed under conditions of elevated temperature and pressure to produce a
mixture of lighter oils. These lighter cils can then be processed further to produce
more valuable products and petroleum coke that can be used either as a fuel or in
other applications such as the manufacturing of steel or aluminum.

Project Number: EP003351
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The DCU will have Chemical Injection Systems for anti-foam, polysulfides and
antioxidants.

Key environmental emissions from the DCU will include:

s Atmospheric emissions from two gas-fired heaters.

¢ Particulate emissions and hydrocarbon emissions, which will be released
in a batch type process during the removal of coke from the four coke
drums (MNote: hydrocarbon vapors will be condensed and the liquid
pumped to the slop oil system).

e Sour wastewater which will be routed to the new Sour Water Treatment
Unit (Unit 156) or Sour Water Stripper.

+ Wastewater generated during coke culting operations which will be
recycled back to the coke cutling water tank within the unit where a
hydroclone is used to separate coke fines from cutting water.

Deisopentanizer (DIP, Unit 137)

The DIP Unit will treat the Kuwait MNatural Gasoline (KNG) stream produced by the
MAA Refinery Gas Plant Trains to produce both normal-Pentane (n-Pentane) and
Isopentane (IC5).

The DIP Unit relief systems will be routed to the existing Gas Plant HP Flare System.
Key environmental emissions from the DIP will include sour water streams, which will
be routed to the closest Sour Water Treatment Unit within the MAA Refinery.

There Is a fired reboiler heater in this unit which will produce atmospheric emissions.
Isopentane IC5 Merox Unit (IC5, Unit 138)

The IC5 Merox Unit is needed to meet the Sulphur content requirements for the
Isopentane product from the DIP Unit (Unit 137). The IC5 Merox unit will remove
mercaptans sulphur from the Isopentane product to meet the 2020 Sulphur
Specification of 10 ppmw before it is sent to Mogas blending. The new Unit 138 will
be a single 100% capacity unit and will include sulphur extraction and caustic
regeneration sections. There is no fired equipment in Unit 138. Disulfide separator
vent gas will be routed to the DIP Reboiler Heater.

Key environmental emissions from the IC5 Merox Unit will include:
» Steam Condensate, which will be sent to the Wastewater Treatment Unit
(Unit 163) via the ODS drain system.
s Spent Caustic, which is handled by the Spent Caustic Disposal System.
* Approximately 250 cubic feet of sand (non-hazardous solid waste from
disulfide filter) every five years, which requires landfill disposal.

Atmospheric Residue Desulphurization (ARDS, Unit 141)
CFP will provide a new ARDS Unit at the MAA Refinery, which will be capable of

processing 100% Atmospheric Residuum (AR) from the existing crude distillation
units and existing Eocene Unit. The process removes sulphur from the hydrocarbon
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feed stream by treating the feed with hydrogen gas over a noble metal alloy catalyst
on a fixed bed reactor.

The primary product of the ARDS Unit is a hydrotreated LSAR with 0.5 wt% sulphur.
Other major products are diesel, stabilized naphtha and sour Liquefied Petroleum
Gas (LPG).

Key environmental emissions from the ARDS Unit will include:
s Atmospheric emissions from the reactor feed furnace and fractionation
feed furnace.
s  Sour water which will be sent to a new SWT Unit (Unit 158).
* Solid waste stream (i.e. spent catalyst).

Gas Oil Desulfurisation Unit (GOD, Unit 144)

MAA has two exisling GOD Units, GOD-44 (processing heavier diesel stocks) and
NGOD-58 (processing predominately straight-run light diesel). GOD-44 cannot meet
the CFP processing objectives and will therefore be idled upon completion of CFP.
The Mew Gas Oil Desulphurization Unit (GOD-144) will be capable of producing Ultra
Low Sulfur Diesel fuel for export. GOD-144 will process diesel from ARDS-
41/42/81/82, ARDS-141, Delayed Coker Unit (DCU) 136, and light diesel from CDU 4
and 5. Heavy diesel from CDU-4 and 5 will be processed in the Hydrocracker (HCR-
84). The design capacity of GOD-144 will be 45,000 BPSD.

The primary product of GOD-144 will be Ultra Low Sulfur Diesel (ULSD). The unit
also produces Wild Slops (un-stabilized naphtha and kerosene) as a secondary
product.

Key environmental emissions from the revamped GOD Unit will include:
« Atmospheric emissions from the reactor charge heater.
s Sour water.
= Solid waste (i.e. various spent catalysts including Nickel-Molybdenum and
Cobalt-Molybdenum).

Deisobutanizer (DIB, Unit 146)

The existing DIB at MAA cannot produce the required amount of make-up Isobutane
because it cannot handle the necessary feed rate of Field Butane. The current Field
Butane feed to the DIB is 2,400 BPSD, but 6,450 BPSD is needed to produce the
required amount of make-up Isobutane, and thus a new DIBE unit will be installed to
operate in parallel with the current DIB unit. The new DIE will be sized to handle
6,800 BPSD.

The main purpose for providing a full-sized DIB is to allow flexibility to operate the
Alky Unit when the existing DIB is down for maintenance, or to provide additional
Isobutane as required.

Key environmental emissions from the DIB will include:

s Liquid Blow Down routed to storage
= Dily Water Sewer routed to storage (wet slops)

Project Number: EP003351
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Hydrogen Production Unit (HPU, Unit 148)

The total hydrogen requirement for the new hydroprocessing units is provided from
the new HPU, which will provide up to 60 MMSCFD of hydrogen product. The HPU
will produce hydrogen from the treatment and compression of high pressure fuel gas
and ARDS tail gas. A common feed gas compression/ H;S scrubbing unit will be
provided upstream of the new HPU. The new HPU will utilize steam reforming to
generate hydrogen.

The only fired equipment item within the new HPU will be the Reforming Furnace. A
variety of catalysts will be required.

Key environmental emissions from the HPU will include:
* Atmospheric emissions from the Reforming Fumace.
« Solid waste (i.e. spent catalysis).
o Liguids collected in the HPU flare knockout drum, which will be routed to
the MAA Refinery Wet Slop Qil Header.

Hydrogen Sulfide Removal (HSR, Unit 150)

H.S is stripped out of Rich Amine (circulating solvent that removes H;S from refinery
gas and product streams) in the HSR and is sent as a concentrated acid gas stream
(Lean Amine} to the Sulphur Recovery Unit and Tail Gas Treating Unit. Absorbers in
the MAA Refinery will use an aqueous solution containing Methyl-Diethanol Amine
(MDEA) to remove H;S from refinery gas and product streams.

There will be two new HSR Units at the CFP: HSR 150 and HSR 153 (see next page
for HSR 153). HSR 150 will have two (2) 60% capacity trains with a design capacity
of 250 standard m*/hour of rich Amine.

Acid gas will be stripped out of the amine solution using kettle reboilers with low
pressure steam. The H;S overhead stream is piped to the SRU (Units 151/152).
The Amine Regenerator Overhead System will require a water purge to the Sour
Water Stripper (Unit 156).

Key environmental emissions from the HSR will include:
* Qily water (ODS will be provided to collect any oily water generated
during steam out of vessels and other equipment during shutdown).
= Solid waste (i.e. spent activated carbon and filter cartridges).

Sulphur Recovery Units (SRUs, Units 151 & 152)

H:S will be recovered and sent to the new SRUs where it will be converted into
elemental Sulphur and exported as a refinery byproduct. Two identical SRUs will be
provided. The new SRUs will be designed to process acid gas streams from the new
HSR, ARU, SWS and SWT Units. The SRUs will recover at least 99,9 weight percent
sulphur from the acid gas feed streams, incinerate the ammenia, and oxidize the
residual sulphur to sulphur dioxide before venting it to the atmasphere.
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Each SRU train will have a Tail Gas Incinerator, including waste heat recovery for
steam optimization and utilization within the unit and for steam export. A dedicated
incinerator stack will also be provided for each train.

Key environmental emissions from the SRU will include:
s« Atmospheric emissions, primarily SO; from the Tail Gas Incinerator within
each SRU.
s Solid waste (i.e. spent catalyst, ceramic balls, and filter cartridges)

Hydrogen Sulfide Removal (HSR, Unit 153)

MAA has two existing HSR Units which run at near capacity to support the existing
refinery H.S removal requirements. There is no spare capacity to support new units
installed as part of the CFP so two new HSR Units will be provided: HSR 150 and
HSR 153.

HSR 153 will service new users in the existing block and will utilize DIPA for
compatibility with the existing refinery. It will strip the absorbed H;S from the rich
amine stream from GOD 144, regenerating the amine prior to recirculation. The
stripped H.S is sent as a concentrated acid gas stream to the Sulfur Recovery Unit
where it is converted to elemental sulfur to be disposed of as a refinery byproduct.
The stripped rich amine is returned as lean amine to the amine absorber in GOD-
144,

HSR 153 will have sufficient capacity to process GOD 144 LP sour offgas in addition
to 5 MMSCFD of sour gas from the existing refinery.

Key environmental emissions from the HSR will include:
« Qily water (ODS will be provided to collect any oily water generated
during steam out of vessels and other equipment during shutdown).
= Solid waste (i.e. spent activated carbon and filter cariridges).

Sour Water Treatment (SWT, Unit 156)

Sour water containing appreciable concentrations of Hydrogen Sulfide (H,S) and
Ammonia (NHs) is produced from several units. The sour water will be steam stripped
in the new SWT to suitable levels of H;S and NH; for additional treatment in the CFP
Wastewater Treating Unit (Unit 163).

The SWT will be designed to separate gas, light hydrocarbons, and oil emulsions
from the sour water feed before steam stripping to remove the bulk of the H;S and
NH; {maximum 20 ppmw and 50 ppmw, respectively). A Caustic Injection System is
provided to introduce caustic (NaOH) solution into the Stripper Column as required.

Sour water may also contain phenols, cyanides, chlorides and carbon dioxide. The
treated sour water from the Stripper Column will be routed into two headers. One
header is for refinery reuse and the other for discharge to the Wastewater Trealing

(WWT) Unit.
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Key environmental emissions from the SWT will include:
e Treated sour water, which is sent to the WWT Unit for additional
treatment.
» The H:S and NH; rich acid gas from the Stripper Column, which will be
sent to the SRUs (Units 151/152) where H;S is converted to elemental
sulphur.

Vacuum Rerun Unit (VRU, Unit 183)

The VR Unit will have a capacity to process approximately 50,000 BPSD of Low
Sulphur Atmospheric Residuum (LSAR) from the ARDS units to yield a variety of
products, including DFO, VGO, TGO and VR.

The only fired equipment item within the new VR Unit is the Vacuum Charge Heater.

Key environmental emissions from the VR Unit will include:
»  Atmospheric emissions from the gas-fired Vacuum Charge Heater.
. Off-gas from the Ejector System will be routed through an MDEA scrubber
prior to being disposed of by burning in the Vacuum Charge Heater.
. Sour water collected in the condensate drums and routed to the SWS
Unit.
. Slop oil, which will be collected in the condensate drums.

Fluid Catalytic Cracking — Naphtha Hydrotreater Unit (FCC NHTU, Unit 186)

The new FCC-NHTU will process high sulphur light naphtha (LN) and high sulphur
heavy naphtha (HN) streams from the revamped FCC (Unit 86) to produce low
sulphur light and heavy naphtha streams with a maximum sulphur content of 10
ppmw. These product streams will then be used as blending components of the
gasoline pool. The FCC-NHTU will consist of two major sections: Selective
Hydrogenation (SH) Unit and Splitter, and Hydrodesulphurization (HDS).

Key environmental emissions from the FCC NHTU will include:
. Atlmospheric emissions from two HDS Reactor Heaters.
. Sour water which will be piped to the existing Sour Water Stripper Unit.
® Solid waste (i.e. spent catalysts generated in both the SH and HDS
sections of this unit).

FCC Sour Water Treating Unit (SWT, Unit 195)

A new sour water treatment unit (SWT, Unit 195) will be installed to meet the higher
sour water rate based on the revamp of some existing units and the addition of new
processing units. It will be designed for 125% of the normal sour water flow rate from
FCC Unit 86. The capacity of this unit is 202.5 gpm.

The proposed location of this unit is north of FCC-NHT Unit 186. The existing SWT
Unit 95, which is used to treat Unit 86 phenolic sour water, will be made available to
process non-phenolic sour water from both the RMP & FUP blocks of process units.
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Flexibility will be provided to divert some non-phenaclic sour water to SWT Unit 195
via a flow control valve, during times of excess non-phenolic sour water generation.

Key environmental emissions from the SWT will include:
+ Stripped Sour water which will be sent to the WWT plant
 (Gaseous discharges (Nitrogen and traces of H.S) from the sour water
storage lank

Heavy Oil Cooling Unit (HOC, Unit 283)

HOC Unit 283 will use a tempered diesel recirculation system to cool heavy oil
products from the new Vacuum Rerun Unit 183 to an acceptable operating
temperature before transfer to storage. In addition, this system will include the
capability to cool hot LSAR from the new ARDS Unit 141 before being routed to
storage in the event that Unit 183 is shut down.

Apart from slops, there are no major environmental emissions from the HOC Unit.
2.3.1.2 Revamped MAA Refinery Process Units

CCR 1&2 (NHT, Units 25 & 26)

Existing Units 25 & 26 are two identical units that each consist of two major sections:
Naphtha Hydrotreater (MHT) and Continuous Catalytic Reformer (CCR).
Hydrotreated naphtha is separated into light naphtha and heavy naphtha in a splitter
column located in each of the NHTs. The heavy naphtha product from NHT is fed to
CCR, as per the existing configuration. The light naphtha product will be rerouted as
feed to the new Isomerisation unit 107,

These units have atmospheric emissions from the two existing charge heaters and
generate solid waste in the form of spent catalyst. However, the revamp work will not
result in any additional emissions impacts.

Alkylation {Alky, Unit 46)

CFP will revamp (i.e. increase capacity of) the existing Alkylation Unit to handle a
revised composition and higher feed rate of Methyl Tertiary Butyl Ether (MTBE) C4
Raffinate stream. This revamp will increase Alkylate production required for Mogas
blending. A new Deisobutanizer (DIB) Column will be added to increase overall DIB
capacity.

CFP will increase capacity of the LPG plants to handle the C4/C, streams from the
new and revamped units. Therefore, the amount of Isobutane used as feed to this
unit has to be increased in order to meet the required Alkylate specification. The
Alkylate produced will be sent to the Mogas pool as an imporiant blending stock
which can improve the octane and reduce the consumption of imported MTEE.

Key environmental emissions from the revamped Alky Unit will include:

« Spent acid
= Spent caustic
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Vacuum Rerun Unit (VRU, Unit 83).

The existing VRU is an open arts unit that was constructed in 1986 with a design
capacity of 77,000 BPSD. The feed for this unit is Low Sulphur Atmospheric Residue
(LSAR) with a maximum Sulphur content of 0.7%.

In the pre-revamp operation, the main products of Unit 83 are VGO and VR. The
components of VGO are drawn off separately from the column and are only mixed
after the heat of the HVGO product has been utilized to preheat the feed to the
column. The vacuum residue product that is recovered from the bottom of Unit 83 is
used for the production of low sulphur fuel oil.

Unit 83 includes one existing gas fired charge heater (H-83-001). The revamp work
will not add any new fired equipment nor will it change the existing fired equipment.
There will be no impact to the amount or type of effluents generated including
atmospheric emissions as a result of the revamp aclivities. No solid wasle is
generated by this unit. Ejector condensate (i.e. sour water) is routed to the Sour
Water Stripper and ejector slop oil (i.e. dry slops) is processed by the Dry Slops
System.

Fluid Catalytic Cracking Unit (FCC Unit 86)

The existing FCC Unit at the MAA Refinery was initially designed in 1984 for a feed
rate of 30,000 BPSD of hydrotreated VGO. The unit was revamped in 1997 to
increase capacity to 40,000 BPSD. However, parts of the recommended scope on
the unit revamp for the reactor, spent calalyst stripper, and feed distributor system
were not implemented.

The revamp scope consists of the following work:

Upgrade of regenerator system to cold wall design,

Replacement of the feed distribution system with UOP Optimix device,
Installation of new fluffing air rings and compressor,

Upgrade of reactor cyclones,

Upgrade of the spent catalyst stripper to state of the art technology,

Any additional equipment upgrades identified during scoping study by UOP.

The revamped design will allow the FCC Unit to handle 42,500 BPSD of a heavier
feed blend containing VGO and TGO (Trim Gas 0Oil), CGO and Unconverted Oil
(UCO) from various new and existing process units.

A new electrostatic precipitator (ESP) will be installed to reduce particulate emissions
from the existing FCC Unit (Unit 86) at MAA under a separate project, which will
result in environmental improvement.

Key environmental emissions from the revamped FCC Unit will include:
s Atmospheric emissions from the existing fired heater.
» Suspended particulates (dust particles) emitted from the FCCU to
atmosphere.
» Solid waste (i.e. spent calalyst).
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2.3.1.3 Retired MAA Refinery Process Units

Crude Distillation Unit (CDU Unit 03)

The CDU Is the first important processing step in a refinery. In this unit, crude oil is
heated to elevated temperatures and then it is distilled and various fractions are
separated according to their boiling ranges. MAA KEC crude that is currently
processed by Unit 03 will be routed to the remaining CDUs (CDU Unit 40 and CDU
Unit 80). The retirement of this unit will result in a decrease in atmospheric
emissions.

Merox Unit 94

The Merox Unit reduces the sulphur content of kerosene feed from CDUs and is
currently treating refinery gasoline product. It does not have any fired equipment or
solid waste. Once Unit 94 has been retired, the gascline product will be treated in
the new FCC-NHTU Unit 186. The retirement of this unit will result in a decrease in
noise.

2.3.1.4 New MAA Refinery Utility & Offsite Units

Many of these facilities will have minimal environmental impact, as they are not
process units, and other than the Steam System, do not have continuously operating
fired equipment. Impact during their construction is dealt with in relevant chapters.
Below, focus is given to those facilities with potential for impacting the environment.

It is noted that material containing Polychlorinated Biphenyls (PCBs) will not be used
in equipment provided by the CFP.

Steam System (Unit 129)

The Steam System will be designed to produce steam and boiler feed water (BFW)
to support continuous operation of the new CFP refinery units. The steam is used for
driving steam turbines, as a process reactant in the production of Hydrogen, and for
heating.

Key environmental emissions from the Steam System will include:
» Qily water, which will be routed via gravity drains to the Accidentally Qil
Contaminated (AOC) sewer for appropriate treatment and/or disposal.
» Atmospheric emissions from three Utility Steam Boilers.
= Boiler Blowdown.

Hydrocarbon Flare System (HFS, Unit 162)
The Hydrocarbon Flare System (HFS) represents one of the key safety systems in

the CFP. It serves as the final line of protection against catastrophic failure resulting
from overpressure of equipment and interconnecting piping. The purpose of the HFS
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is to provide the means for the safe relief and combustion of potentially explosive
and/or toxic fluids. These gases and liquids, which are present as feeds, products, or
intermediate streams within the refinery processes, must be flared under unplanned
upset conditions.

Mew CFP flares will all be elevated flares.

A single Flare Gas Recovery Unit (FGRU) will be provided. Functionally, a single
FGRU will take suction from the flare header at a point located between the Main KO
Drum and Water Seal Pot. The FGRU is designed to recover the combined
purge/vent flow from each flare header.

Additionally, under typical refinery operations, gases may be vented or liquids blown
down to the flare to maintain a required process operating pressure. It is also
common practice to start-up or shutdown a process unit by temporarily venting
hydrocarbon gases to the flare until the unit can be properly lined out (start-up) or de-
pressured and purged (shutdown). However, for the CFP, refinery operations will
implement suitable sequencing of unit startups and shutdown to minimize
simultaneous planned flaring from different process units,

The key environmental emissions from the Hydrocarbon Flare System will include:
» Gaseous Emissions — S0,, CO, NO; and Hydrocarbons
» Wet slops

Wastewater Treatment System (WWT, Unit 163)

A new WWT plant will be provided to collect, convey and treat wastewater from the
MAA CFP block according to the K-EPA requirements prior to any discharge.
Process wastewater streams from the CFP units as well as fire fighting water and
rainwater runoff from paved process areas are the main streams treated in the WWT
Unit.

The new CFP facilities will incorporate state of the art design to complement
upgrades to the exisling MAB effluent treatment facility under a separate project
(KNPC Effluent Trealment Facility Revamp project). The CFP design will
incorporate best environmental engineering practices such as 'Best Available Control
Technology' (BACT) to avoid, prevent or mitigate the discharge of harmful emissions
so as to meet (or exceed) applicable K-EPA environmental standards.

The main wastewater streams treated in the WWT units are process wastewater
streams from the CFP units, such as surplus Stripped Sour Water (SSW), Cooling
Tower (CT) blowdown, boiler blowdown, as well as fire fighting water and storm
water runoff from paved process areas. Storm water runoff from areas and roadways
outside paved process areas is collected in an oil catcher and pumped to the Gulf,

The effluent streams generated and collected from the new CFP process unils are
segregated at the source and collected in one of following seven drainage systems.
Effluents segregated and collected in these drainage systems receive different
treatment, depending on the source, type and level of contamination.

° Accidentally Oil Contaminated (AQC)
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. Qily Drips System (ODS)

. Chemical Collection and Drainage System

Dry Slops System

Outside Battery Limits (OSBL) and Roadway Storm Water Drainage System
Sanitary and Gray Water Collection

Sludge Collection and Treatment

& & w

The key environmental emission from the WWT System will be the treated
wastewater discharge to the Gulf.

Fire Water Systems (Unit 166)
The firewater system facilities include the following major unit components:

Firewater Tanks, pumps and drivers.

Biocide Injection Systems.

Ring-Main System.

Hydrants, Monitors, Post-Indicating Valves, Hose Reels.
Foam Extinguishing and Storage Systems.

Water Spray Systems.

Sprinkler Systems.

® & & & & & @

Freshwater is supplied for initial make-up of the firewater tanks. Treated effluent
water (utility water) from the waste water treatment plant will be used for normal
make-up of firewater tank level.

Thera are no major environmental emissions from the Fire Water Systems, except in
an emergency (contaminated firewater) or when fire water pump drivers (diesel
engines) are periodically tested.

Acid Gas Flare (Unit 167)

The new elevated Acid Flare System represents one of the key safety systems in the
CFP. It serves as the final line of protection against catastrophic failure resulting from
overpressure of equipment and interconnecting piping. The purpose of the Acid Flare
System is to provide the means for the safe relief and combustion of potentially
explosive and/or toxic fluids containing H,S. These gases and liquids, which are
present as feed products, or intermediate streams within the refinery processes, must
be flared under unplanned upset conditions.

Additionally, under typical refinery operations, gases may be vented or liquids blown
down to the Acid flare to maintain a required process operating pressure. It is also
common praclice to start-up or shutdown a process unit by temporarily venting gases
to the Acid Gas Flare until the unit can be properly lined out (start-up) or de-
pressured and purged (shutdown). However, for the CFP, refinery operations will
implement suitable sequencing of unit startups and shutdown to minimize
simultaneous planned flaring from different process units.

Key environmental emissions from the Acid Gas Flare will include:
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» Gaseous Emissions: 50;, CO, Hydrocarbon, NO;.
« Sour water from the flare KO drum pumps.

Nitrogen/Air Systems (Unit 171)

The MNitrogen/Air Systems must supply sufficient compressed air to meet the
demands of Instrument Air and Plant Air.

Key environmental emissions from the Nitrogen/Air systems will include:
» Water and oily water from air compressors and air dryer package.
» Solid waste (i.e. spent Desiccant Activated Alumina from air dryer packages).

Fuel Gas System (FGS, Unit 174)

Refinery Fuel Gas for the CFP units is supplied primarily by the Coker. When the
Coker is down, imported fuel gas will be the primary makeup source.

The main objectives of the FGS are to:
« Remove H:S from imported fuel gas and ARDS Fractionator off gas with
Fuel Gas Scrubber.
= Collect fuel gas from the refinery off gas and treated imported fuel gas,
and distribute to various fired heaters and steam generators throughout
the MAA facilities.

Key environmental emissions from the FGS will include:
= Qil drips.
= Solid waste (i.e. cartridges from Amine Sump Filter).

Cooling Water System (CWS, Unit 175)

The objective of the Cooling Water System is to maintain the cocling water circulation
rate and temperature in order to remove heat from the process and utility units in the
new CFP Units at the MAA Refinery.

The Cooling Water System is a closed circuit water system. The major equipment
consists of a cooling tower and cooling water pumps. The cooling water is pumped
from the cooling tower basin to various process and utility units to remove the heat
loads from the units. The hot returning cooling water then enters the cooling tower
where the heat is dissipated to the atmosphere.

A small stream of cooling water is directed to blow-down to control the concentration
of dissolved solids in the circulating cooling water. Desalinated water is used as
make up to the cooling tower basin to replenish the water losses primarily due to
evaporation and blow-down. Fresh water is used as back up to the desalinated
water. Chemical feed systems are provided to condition the cooling water quality for
proper operation.

Key environmental emissions from the Cooling Water System will include:
= Blowdown from cooling water pumps.
» Backwash from side stream filter.
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Coke Handling Unit (Unit 187)

A new Coke Handling Unit (Unit 187) in the MAA plant will be provided to transport
the coke from the new Delayed Coker Unit (Unit 138) to the existing Coke Storage
Building (BD-72-101). In the event of a downstream upset or if the existing Coke
Storage Building is full, the Coke Handling Unit can divert the coke to a new
Emergency Coke Storage Building which is part of Unit 187.

The new Coke Handling Unit begins at the first coke conveyor inside the new
Delayed Coker Unit and extends to the existing Coke Storage Building, BD-72-101,
physically tied-in at the existing conveyor BT-72-101. Unit 187 consists of a covered
belt conveyance system, ventilation system, deluge system, spray water system,
dust collection system, and coke emergency storage and reclaim system.

Key environmental emissions from the Coke Handling Unit will include:

= Dust - To minimize the amount of dust during the transfer of coke, each
conveyor transfer chute has a water spray system to suppress the air
born dust. The sprayers are switched on automatically when the belts are
loaded. Flow rates for each sprayer can be manually adjusted by the
operator to meet dust suppression needs. There are also ventilation
systems consisting of two inlet air filters and two fans; one fan is operating
while the other is on standby. The fans are designed to oplimize the air
flow for the proper ventilation and displace sufficient volumetric flow to
maintain a negative pressure inside the galleries. The negative pressure
will prevent any dust emissions from exiting the galleries and transfer
towers and entering the surrounding environment.

* Contaminated Water (l.e. water containing coke fines) - Drainage sumps
are provided for each transfer tower. These sumps collect the dirty water
drains from the coke while being transported or stored and from the spray
water system at each tower. The dirty water collected in the sumps is
pumped back to the DCU for use as coke cutting water.

2.3.1.5 Revamped MAA Refinery Utilities and Offsite Units

Many of these facilities will have minimal environmental impact, as they are not
process units. Impact during their construction is dealt with in relevant chapters.
Below, focus is given to those facilities with potential for impacting the environment
during operation.

Refinery Tank Farm (pre-refinery Modernization Project RMP, Unit 22)
The tankage facilities will include the following:

Intermediate product storage.
Product blending.

Pumping.

Finished product storage.
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# Product transfer and ship loading.
» [nter-Refinery Transfer (IRT).

Finished and intermediate products are transferred from the processing units to the
storage facilities. From storage, intermediate products are pumped to other
processing units for finishing or sent to product blenders. Finished products are
pumped to the New Oil Pier for ship loading, sent to the local market, or transferred
to MAB or SHU. Tankage provides continuous feed capacity to processing units and
storage of products/intermediates during unit shutdowns.

Existing storage facilities and pumps will be re-aligned to the operating philosophy for
the CFP.

Key environmental impacts will include VOC emissions from the slorage, filling and
emptying of hydrocarbon tankage.

CCR-1&2 Flare (Units 25/26)

The existing Units 25 & 26 are two identical units each consisting of two major
sections: Maphtha Hydrotreater (NHT) and Continuous Catalytic Reformer (CCR).
Hydrotreated naphtha is separated into light naphtha and heavy naphtha in a splitter
column located in each of the NHTs. The heavy naphtha product from NHT is fed to
CCR, as per the existing configuration. A study done in 2008, confirms that the
existing major equipment are suitable for the revamp operating conditions and for
providing feed definition for the downstream C5/C6 Isom unit.  Existing Flare Units
25/26 will be revamped to serve the Units.

Key environmental impacts from the flares will include almospheric emissions.
Eocene Topping Unit Flare (Unit 39)

The purpose of the revamped elevated Flare Unit 39 is to provide the means for the
safe relief and combustion of potentially explosive and/or toxic fluids - it represents
one of the key safety systems in the KNPC Clean Fuels Project 2020 (CFP-2020).
Additionally, under typical refinery operation, gases may be vented or liquids blown
down to the flare system to maintain a required process operating pressure or liquid
level.

The flare is designed to receive the relief loads from the Eocene Topping Unit 38, the
Bitumen Plant Unit 12 and the new Storage Facilities Unit 61. For design purposes, a
liquid rate equivalent to 5 wit% of the gas stream is assumed for sizing the knock-out
drum and pump.

Key environmental impacts will include atmospheric emissions.
Flare (Unit 62)
Elevated Flare Unit 62 is to be revamped under the CFP. Key environmental

emissions from the flare will include almospheric emissions during emergency relief,
Emissions are expected to be minimal during normal refinery operations.
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2.3.2 MAB Refinery

Nineteen new process units are planned for the MAB refinery:

Two revamped process units are planned for the MAB refinery:
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9 Hydrocarbon Flare _ Unit 149

10 Interconnecting Pipeways (Existing Refinery) Unit 150

11 Incoming HV Power Supply Unit 152

12 Fire Water Systems Unit 154

13 Waslewater Treatment System UInit 156

14 Integrated Control & Safety System (ICSS)/ Enterprise Integration & Unit 159
Communication Systems (EICS)

15 Buildings Unit 165
16 Site Prep/Roads/Paving/Fencing/Temp Facilities & Electrical Unit 166
17  Underground Piping Uinit 179
18 DHT Flare Unit 249
18 HCR Flare Unit 314

Six revamped U&O Units are planned for MAB refinery:

1 Utilities and Offsites Unit 06
2  Interconnecting Pipeways Unit 48
3 Tank Farm Unit 50
4  Product Pumping & Blending Unit 51
5 Pre-RMP Tank Farm Unit. 52
6 Inter Refinery Transfer Lines Unit 53

A number of existing MAB Units will also have tie-in with the CFP, or minor
equipment modifications. However, these will not have any significant environmental
impact.

2.3.21 New MAB Refinery Process Units

Crude Distillation Unit (CDU, Unit 111)

The new CDU will have a capacity to process 264,000 BPSD of KEC feed, while the
remaining 190,000 BPSD of KEC is fed to the existing CDU (Unit 11, which will be
revamped under this project). The new CDU will have two main sections: the Crude
Tower Section and the Naphtha Stabilizer Section.

Unit 111 produces medium and low pressure off-gases, LPG, Naphtha, Kerosene,
Light and Heavy Diesel, and Atmospheric Residue. The Naphtha is a finished
product, while all the other streams undergo further processing.

Key environmental emissions from the CDU will include:
= Almospheric emissions from the two crude heaters.
=« Sour waste water which will be routed to the SWS Unit for treatment.
« Desalter Effluent Water, which will be routed to WWT (Unit 156).

Atmospheric Residue Desulphurization (ARDS, Unit 112 & Unit 212)
CFP will provide two new ARDS Units at the MAB Refinery, which will be designed to

process 100% High Sulphur Atmospheric Residuum (HSAR) from the new CDU (Unit
111). The process removes sulphur from the hydrocarbon feed stream by treating the
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feed with hydrogen gas over a noble metal alloy catalyst of a fixed bed reactor. Unit
112 will consist of two identical trains. Unit 212 will have a single train. The primary
product of the ARDS Units is a hydrotreated LSAR with 0.5 wi% sulphur. Other
major products are diesel, stabilized naphtha and sour Liquefied Petroleum Gas
(LPG).

This process and associated emissions are further described in the process unit in
MAA (ARDS, Unit 141).

Key environmental emissions from each ARDS Unit will include:
* Atmospheric emissions from the reactor feed furnace(s) and fractionation
feed furnace.
= Sour water sent to centralized Sour Water Treating (SWT) unit
s Solid waste stream (i.e. spent catalyst).

Heavy Qil Cooling (HOC, Unit 113)
Apart from slops, there are no major environmental emissions from the HOC Unit.
Hydrocracker (HCR, Unit 114)

A new HCR Unit will be provided to convert VGO, TGO, and CGO to lighter products.
It will produce sour LPG light naphtha, heavy naphtha, kerosene, diesel (when
operating in Distillate mode), and a small amount of unconverted oil (UCQO).
Kerosene is the primary intended product.

Key environmental emissions will include:
» Atmospheric emissions from three gas fired heaters.
+ Solid waste (i.e. spent catalyst)
s Sour water will be sent to the new Sour Water Stripping Unit (Unit 126).

Kerosene Hydrotreater (KHT, Unit 115)

The new KHT will be fuel-gas fired and will produce Dual Purpose Kerosene (DPK).
The unit will be designed to process a flow of straight run (SR) kerosene and coker
kerosene. The MAB Refinery currently has an existing 100 ppmw Sulphur Kerosene
Hydrotreater (KHTU-15). The specification for hydrotreated kerosene from the new
KHT will be a maximum of 7 ppmw sulphur as required for blending into the Ultra
Low Sulphur Diesel (ULSD) pool.

The new KHT will consist of two sections: a Reactor Seclion and a Product Stripper
Seclion. The KHT feedstock will be reacted over a catalyst bed in a Hydrogen-rich
environment at elevated temperature. The process reduces the Sulphur content and
improves the smoke point as required to meet ATF specifications.

Key environmental emissions from the CDU will include:
* Almospheric emissions from one gas fired charge heater.
o  Sour water, which will be sent for treatment to the new SWS (Unit 126).
* Solid waste (i.e. spent catalyst).
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Diesel Hydrotreater (DHT, Unit 116 & Unit 216)

As part of the CFP-2020, two new DHT Units (Unit 116 and Unit 216) will be installed
capable of processing 73 KBPSD and producing Ultra Low Sulfur Diesel (ULSD) fuel
for export. Unit 116 will be retained within the new CFP Refinery Block whereas Unit
216 will be located within the existing MAB Refinery area to allow for the continued
production of ULSD during CFP shutdowns.

Both Units will be designed to process an identical feed slate consisting of light
straight (SR) diesel, ARDS diesel and coker diesel to satisfy ULSD Product Quality
Specifications while also meeting a minimum catalyst run length of 30 months. All
unit feedstocks are derived from 100% KEC. Unit-216 will be provided with a
dedicated amine regeneration unit to minimize impact to the existing refinery
facilities.

Key environmental emissions from each DHT will include:
+ Atmospheric emissions from gas fired charge heater.
+ Sour wastewater, which will be sent for treatment to a SWS,
+ Solid waste (i.e. spent catalyst).

Naphtha Hydrotreater (NHT, Unit 117)

A new NHT will be provided to produce hydrotreated/desulphurized full range
Naphtha. The new NHT will be directly coupled to a new downstream CCR.

The quality of the hydrotreated naphtha product from the new NHT contains a
maximum sulphur level of <0.5 ppmw, a maximum nitrogen level of <0.5 ppmw, and
have a bromine index < 100 (nil olefins).

The NHT feedstock will be reacled over a calalyst bed in a Hydrogen-rich
environment at elevated temperature. The process will de-sulphurize the heavy
MNaphtha to meet CFP specifications.

Key environmental emissions from the NHT will include:
= Almospheric emission from one gas fired charge heater.
s Sour wastewater, which will be sent for treatment to the new SWS.
« Solid waste (i.e. spent catalyst).

Hydrogen Plant (H2 Plant, Unit 118)

CFP will include a new H2 Plant to provide the Hydrogen required for the new
hydroprocessing units in the refinery. The new Hydrogen Plant will consist of three
Hydrogen Production Trains.

The new H2 Plant will utilize steam reforming to generate Hydrogen. The Reformer
Furnace will normally be fired using H2 Plant PSA tail gas. This fuel will be
supplemented by refinery fuel gas when necessary,

Key environmental emissions from the H2 Plant will include:
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s Qily water generated during steam-out of vessels and other equipment
during shutdown which will be collected by an Qil Drip Sewer (ODS).
Atmospheric emissions from three tubular reformer furnaces.

Solid waste (i.e. spent catalyst)

Hydrogen Recovery (HR, Unit 119)

The Cold Low Pressure Separator (CLPS) off-gas streams from the ARDS (Units 112
and 212) and HCR (Unit 114) contain sufficient Hydrogen to justify recovery through
Hydrogen Recovery. The recycle gas purges from the KHT, DHT and HCR will also
be fed to HR for Hydrogen recovery.

The new HR will have two main sections: the Amine System and the PSA Unit. The
Amine System will be composed of two absorbers; the first one removes Ammonia
from the feed gas using wash water, and the second removes H;5 from the feed gas
using Amine solution (45% MDEA)

Key environmental emissions from the HR Unit will include:
= Sour water from water wash knock-out.
» Solid waste (i.e. sieve packing).

Sulphur Recovery Unit (SRU, Unit 123)

H.S will be recovered and sent to the new SRU where it will be converted into
elemental Sulphur and exported as a refinery byproduct. Unit 123 will be designed to
process acid gas streams from the new Amine Regeneration Units and the new Sour
Water Stripper Units. It will recover at least 99.9 weight percent sulphur from the acid
gas feed streams, incinerate the ammonia, and oxidize the residual sulphur to
sulphur dioxide before venting it to the atmosphere.

Unit 123 will be comprised of three 450 MT/day trains. The three plants will be
designed as 3-35% units. Normally all three plants will be in operation. Each train
will have a Tail Gas Incinerator, including waste heat recovery for steam optimization
and utilization within the unit and for steam export. A dedicated incinerator stack will
also be provided for each train.

Key environmental emissions from the SRU will include:
* Atmospheric emissions, primarily SO, from the Tail Gas Incinerator within
each SRU.
» Solid wasle (i.e. spent catalyst, ceramic balls, and filter cartridges)

Amine Regeneration Unit (ARU, Unit 125)

A new ARU will be provided to strip HeS from the amine solution. The ARU will
consist of two 70% trains, each with a design capacity of 1100 m*/hour. These trains
will receive rich amine and supply lean amine to the new Amine
Absorbers/Contactors. The H;S that is stripped out will be sent as a concentrated
acid gas stream to the SRU.
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The ARU design will include provision for injecting corrosion inhibitor into the Amine
System,

Key environmental emissions from the ARU will include:
» Liquid hydrocarbons (i.e. wet slops from Flare KO Drum).
= Solid waste (i.e. mechanical filter cartridges and spent activated carbon
filters).
= H2S acid gas stream (lo SRU)

Sour Water Stripper (SWS, Unit 126)

Sour water containing appreciable concentrations of HxS and NH; is produced from
several units. The sour water is steam siripped to suitable levels of H;S and NH; for
additional treatment in the WWT Unit (Unit 156). A significant volume of stripped
water will be reused in the CDU and ARDS Units, with smaller volumes required by
the KHT, DHT and NHT.

The SWS will consist of two plants, each with a design capacity of 300 m*/hour.
Each plant provides 75% of the needed flow rate and both plants will normally be
operated simultaneously.

The SWS will be designed to separate non-aqueous gas, light hydrocarbons, and oil
emulsions from the sour water feed before steam stripping to remove the bulk of the
H:S and NH.. Sour water may also contain phenols, cyanides, and carbon dioxide.

Key environmental emissions from the SWS will include:
s Oily water drains: collected liquid hydrocarbons in the Sour Water Feed
Drum will be separated and pumped to the Hydrocarbon Flare KO Drum.
+ Stripped sour water to wastewater treatment (WWT Unit 156).

Continuous Catalytic Reformer (CCR, Unit 127)

A new CCR will be provided and coupled with the new NHT (Unit 117) to process a
flow rate of up to 18,000 BPSD of hydrotreated Full Range Maphtha (FRN) from the
NHT. The CCR will include a Maphtha Splitter Section followed by a Reformer
Section.

Products from the CCR include Reformate, Light Maphtha, LPG and Net Gas
Byproducts. The byproducts include Debutanizer overhead gas, which will be sent to
the Fuel Gas System and spent Caustic from catalyst regeneration, which will be
sent to the Water Treatment Unit for neutralization.

Hydrogen required for start-up of the new CCR will be sourced from the new HPU
(Unit 118), new HRU (Unit 119), and the new membrane unit, which treats the
Hydrogen-rich ARDS purge stream.

Key environmental emissions from the CCR will include:
e Atmospheric emission from five gas fired heaters (two stacks).
s Solid waste (i.e. spent CCR catalyst).
» Spent caustic (to WWT plant)
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Hydrogen Production Unit Feed Treating & Compression (HPU, Unit 128-01)

CFP will include a new HPU Feed Treating & Compression Unit to treat / remove
H-5, as well as CO; and NH; from the feed gas stream in an Amine Absorber,

Key environmental emissions from the HPU Feed Treating and Compression will
include sour water, which will be sent for treatment to the new SWS (Unit 126).

Hydrogen Compression (HC, Unit 128-02)

CFP will include a new HC Unit to provide the Hydrogen required for the new
hydroprocessing units in the refinery. The total Hydrogen product will be
compressed in the new, cenfralized HC facility to supply the requirements of the
hydrotreating units. The major components of the new HC will include multi-stage
reciprocaling Hydrogen Compressors, various suction drums and discharge coolers.

Key environmental emissions from the HC may include generation of intermittent
liquid wastewater stream consisting of hydrocarbons with sour water, from the
suction drums.

Saturates Gas Plant (SGP, Unit 129)

The new SGP will process the off-gas streams produced in the new CDU and the
planned New Refinery Project hydroprocessing units; the sour LPG produced in the
new ARDS, the new Hydrocracker, and the new CDU; as well as sweet LPG
produced by the new CCR. The SGP will have a capacity to process 35 MMSCFD of
off-gas and 12,000 BPSD of LPG.

The SGP will produce treated refinery off-gas (100 ppmv H;S maximum; 50 ppmv
per design basis) and an LPG-rich stream (less than 20 ppmw H.S).

Lean Amine solution will be used in two separate Amine Scrubbers: a Refinery Off-
gas Amine Scrubber and an LPG Amine Contactor. These will remove HyS from the
refinery off-gas and the sour LPG liquid.

Key environmental emissions from the SGP will include:
s Water Wash Coalescer - supplier to recommend disposal options during
EPC.
s Rich Amine Filter

Vacuum Rerun Unit (VRU, Unit 213)

The VR Unit will process Low Sulphur Atmospheric Residuum (LSAR) from the
ARDS units to yield a variety of products, including DFO, VGO, TGO and VR.

The only fired equipment item within the new VR Unit will be the Vacuum Charge
Heater., Off-gas from the Ejector System will be rouled through an MDEA scrubber
prior to being disposed of by burning in the Vacuum Charge Heater.

Key environmental emissions from the VR Unit will include:
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. Atmospheric emissions from the gas-fired Vacuum Charge Heater.
. Sour water collected in the condensate drums and routed to SWS Unit.
. Slop oil, which will be collected in the condensate drums.

Hydrocracker Unit (HCR, Unit 214)

The main objective of the HCR Unit 214, a 50,000 BPSD Unit, is to convert heavy
vacuum gas oil (VGQ), trim gas oil (TGQ), and heavy SR diesel to lighter products
meeting specifications of LPG, naphtha, kerosene and diesel. Unconverted Oil
(UCO) will also be produced as by-product or as lube oil base stock (LOBS). The
feed to the unit can be supplied directly from the upstream Vacuum Rerun (VRU),
Crude Distillation (CDU), and Delayed Coker (DCU) units for maximum hot feed
available, and supplemented with cold feed from storage.

Unit 214 shall consist of two stages, with a common fractionation system, to separate
the products. Each stage is provided with independent feed/effluent heat exchanges,
feed heaters, product separators, and a gas recycle system. The unit shall be able to
operate with the first or second stage online, while the other stage is down,

Key environmental emissions will include:
e Atmospheric emissions from three gas fired heaters.
s Solid waste (i.e. spent catalyst)
s Sour water will be sent to the new Sour Water Stripping Unit {Unit 126).

Diesel Hydrotreating Unit (DHT, Unit 216)

See details for Unit 116 above.

2.3.22 Revamped MAB Refinery Process Units

Crude Distillation Unit (CDU, Unit 11)

For CFP, the existing CDU (Unit 11) will continue to process Kuwait Export Crude
(KEC) in parallel with the new CDU (Unit 111). The capacity of the existing CDU will
remain at 190,000 BPSD, however the unit will be upgraded to produce a heavier
diesel cut and improve the reliability and safety of the unit.

Heater firing for the CDU Charge Heater will be 100% fuel gas with back-up from the
fuel oil system. CFP will provide the following modifications and enhancements:
s New Heavy Diesel Side Stripper,
Spare Flashed Crude Pump,
Crude Tower Modifications,
Kerosene Product Water Cooler Modifications,
ATM Residue / Flashed Crude Exchanger Modifications, and
New Temperature Control Station.
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The revamp works will not change or impact emissions. Key environmental
emissions from the revamped CDU will remain as:

+ Atmospheric emissions from heater

= Sour water which will be routed to the SWS

* Desalter effluent which is routed to the WWT

* Dry and wet slops which are collected and routed to storage

Vacuum Unit (VU, Unit 13)

The existing VU consists of two trains originally designed to process Low-Sulphur
Atmospheric Residue (LSAR). The products from the VU are Light Vacuum Gas Qil
(LVGO), Heavy Vacuum Gas Oil (HVGO), and Vacuum Residue (VR).

The CFP revamp will decrease the throughput of each of the two existing trains in
order to maximize the overall gas oil product yield.

kKey environmental emissions from the revamped VRU will not change with the
revamp. The revamp work will not impact the two existing gas fired heaters. There is
no solid waste generated by this unit. Sour water is collected in the condensate
drums and routed to the SWS.

2.3.2.3 Retired MAB Refinery Process Units

Retirement of some MAB refinery process units will result in enviranmental benefit,
as the following will cease:

* Atmospheric emissions from the crude heaters and furnace.

+ Solid waste (i.e. spent catalysts).

* Liquids collected in the HPU flare knockout drum.

2.3.24 New MAB Refinery Utility and Offsite Units

Nineteen new U&O Units are planned for the MAB refinery. Many of these facilities
will have minimal environmental impact, as many are not process units. Impact
during their construction is dealt with in relevant chapters. Below, focus is given to
those facilities with potential for impacting the environment during operation.

Steam System (Unit 131)
The Steam System will be designed to produce steam and Boiler Feed Water (BFW)
to support continuous operation of the new CFP refinery units. The steam is used for

driving steam turbines, as a process reactant in the production of Hydrogen, and for
heating.

Key environmental emissions from the Steam System will include:
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s  Qily water, which will be routed via gravity drains to the Accidentally Oil
Contaminated (AOC) sewer for appropriate treatment and/or disposal.
Atmospheric emissions from six Ulility Steam Boilers.

Boiler Blowdown.

Cooling Water System (Unit 132)

The objective of the Cooling Water System is to maintain the cooling water circulation
rate and temperature in order to remove heat from the process and utility units in the
new CFP Units at the MAB Refinery.

The Cooling Water System is a closed circuit water system. The major equipment
consists of a cooling tower and cooling water pumps. The cooling water is pumped
from the cooling tower basin to various process and utility units to remove the heat
loads from the units. The hot returning cooling water then enters the cooling tower
where the heat is dissipated to the atmosphere.

A small stream of cooling water is directed to blow-down to control the concentration
of dissolved solids in the circulating cooling water. Desalinated water is used as
make up to the cooling tower basin to replenish the water losses primarily due to
evaporation and blow-down. Fresh water is used as back up lo the desalinated
water. Chemical feed systems are provided to condition the cooling water quality for
proper operation.

Key environmental emissions from the Cooling Water Systerm will include:
= Blowdown from cooling water pumps.
« Backwash from side stream filter.

Fuel Gas System (Unit 133)

Refinery Fuel Gas for the CFP units is supplied primarily by the Coker. When the
Coker is down, imported fuel gas will be the primary makeup source.

The main objectives of the FGS are to:
=« Remove H;S from imported fuel gas and ARDS Fractionator off gas with
Fuel Gas Scrubber,
+ Collect fuel gas from refinery off gas and treated imported fuel gas, and
distribute to various fired heaters and steam generators throughout MAB.

Key environmental emissions from the FGS will include:
» Ol drips.
= Solid waste (i.e. cartridges from Amine Sump Filter).

Nitrogen/Air Systems (Unit 134)
The Nitrogen/Air Systems must supply sufficient compressed air to meet the

demands of Instrument Air and Plant Air.

Key environmental emissions from the Nitrogen/Air systems will include:
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s Water and oily water from air compressors and air dryer package.
» Solid wasle (i.e. spent Desiccant Activated Alumina from air dryer

packages).
Unit 137 Water Systems

There are a number of new water systems onsite, such as desalinated water, potable
water, fresh water, demineralised water and cooling water. These new systems will
have a number of environmental issues associated with them such as:

= Noise from pumps etc

» Waste generaled(e.g. resins)

» Resource use

Acid Gas Flare (Unit 146)

The Acid Gas Flare Unit 146 is a new elevated flare and represents one of the key
safety systems in the CFP. It serves as the final line of protection against
catastrophic failure resulting from overpressure of equipment and interconnecting
piping. The purpose of the Acid Gas Flare is to provide the means for the safe relief
and combustion of potentially explosive and/or toxic fluids containing H2S. These
gases and liquids, which are present as feeds, products, or intermediate streams
within the refinery processes, must be flared under unplanned upset conditions.

Additionally, under typical refinery operations, gases may be vented or liquids blown
down to the Acid Gas Flare to maintain a required process operating pressure. It is
also common practice to start-up or shutdown a process unit by temporarily venting
gases to the Acid Gas Flare until the unit can be properly lined out (start-up) or de-
pressured and purged (shutdown). However, for the CFP, refinery operations will
implement suitable sequencing of unit starups and shutdown to minimize
simultaneous planned flaring from different process units.

Key environmental emissions from the Acid Gas Flare will include:
» Gaseous emissions: 50;, CO, Hydracarbon, NO.
= Sour water from the flare KO drum pumps.

Hydrocarbon Flare System (HFS, Unit 149)

The Hydrocarbon Flare System (HFS) represents one of the key safety systems in
the CFP. It serves as the final line of protection against catastrophic failure resulting
from overpressure of equipment and interconnecting piping. The purpose of the HFS
is to provide the means for the safe relief and combustion of potentially explosive
and/or toxic fluids. These gases and liquids, which are present as feeds, products, or
intermediate streams within the refinery processes, must be flared under unplanned
upset conditions.

All CFP flares are elevated flares. The new hydrocarbon flare system for MAB
includes a High Pressure HP Flare and a Low Pressure LP Flare.

A single Flare Gas Recovery Unit (FGRU) will be provided. Functionally, a single
FGRU will take suction from the flare header at a point located between the Main KO
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Drum and Water Seal Pot. The FGRU is designed to recover the combined
purge/vent flow from each flare header.

Additionally, under typical refinery operations, gases may be vented or liquids blown
down to the flare to maintain a required process operaling pressure. It is also
common practice to start-up or shutdown a process unit by temporarily venting
hydrocarbon gases to the flare until the unit can be properly lined out (start-up) or de-
pressured and purged (shutdown). However, for the CFP, refinery operations will
implement suitable sequencing of unit startups and shutdown to minimize
simultaneous planned flaring from different process units.

Key environmental emissions from the Hydrocarbon Flare System will include:
 Gaseous emissions — S0;, CO, NO; and Hydrocarbons
e Wet slops

Fire Water Systems (Unit 154)
The firewater system facilities include the following major unit components:

Firewater Tanks, pumps and drivers.

Biocide Injection Systems.

Ring-Main System.

Hydrants, Monitors, Post-Indicating Valves, Hose Reels.
Foam Extinguishing and Storage Systems.

Water Spray Systems.

Sprinkler Systems.
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Freshwater is supplied for initial make-up of the firewater tanks. Treated effluent
water (utility water) from the waste water treatment plant will be used for normal
make-up of firewater tank level.

There are no major environmental emissions from the Fire Water Systems, except in
an emergency or when fire water pump drivers (two diesel engines) are periodically
tested.

Wastewater Treatment System (WWT, Unit 156)

A new WWT System will be provided to collect, convey and treat wastewater from
the MAB CFP block according to the K-EPA requirements prior to any discharge.
Process wastewater streams from the CFP units as well as fire fighting water and
rainwater runoff from paved process areas are the main streams treated in the WWT
Unit.

The new CFP facilities will incorporate state of the art design to complement
upgrades to the existing MAB effluent treatment facility under a separate project
(KNPC Effluent Treatment Facility Revamp project). The CFP design will
incorporate best environmental engineering practices such as 'Best Available Control
Technology' (BACT) to avoid, prevent or mitigate the discharge of harmful emissions
so as to meet (or exceed) applicable K-EPA environmental standards.
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The main wastewater streams treated in the WWT units are process wastewater
streams from the CFP units, such as surplus Stripped Sour Water (SSW), Cooling
Tower (CT) blowdown, boiler blowdown, as well as fire fighting water and storm
water runoff from paved process areas. Storm water runoff from areas and roadways
outside paved process areas is collected in an oil catcher and pumped to the Gulf.

The effluent streams generated and collected from the new CFP process units are
segregated at the source and collected in one of following seven drainage systems.
Effluents segregated and collected in these drainage systems receive different
treatment, depending on the source, type and level of contamination.

Accidentally Oil Contaminated (AOC) drainage system

Qil Drips System (ODS) Drainage and Biological Treatment System
Chemical Collection and Drainage System (DCH)

Dry Slops System (DS)

Outside Battery Limit (OSBL) and Roadway Rainwater Drainage System
Sanitary and Grey Water Collection System

Sludge Collection and Treatment System

® @ & 8 @® ° @&

Qily solids from the oil separatars in the CFP ODS System will be routed to the oily
sludge centrifuges for dewatering, and the resulting dewatered cake will be
incinerated in a fluidized bed incinerator. This incinerator will be designed with
adequate capacity to also incinerate ocily sludge streams from the rest of the MAB
Refinery, MAA Refinery and open market.

Key environmental emissions from the WWT System will be:
* Treated wastewater discharge
+ |[ncinerator ash (disposed to landfill).
» Atmospheric discharges from sludge incinerator stack

DHT Flare (Unit 249) & HCR Flares (Unit 314)

New elevated flare units will also be provided at Units 249 and 314 (High Pressure
and Low Pressure).

They will serve as the final line of protection against catastrophic failure resulting
from overpressure of equipment and interconnecting piping. Under normal operating
conditions, emissions from the flares are not significant, consisting only combustion
products from pilot gas and purge gas.

Miscellaneous New Uitlities & Offsite Units
MNew Utility and Offsite Units are also provided at Units 136, 148, 150, 159, 165 and

166, although they do not have significant environmental aspects associated with
them.
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2.3.25 Revamped MAB Refinery Utilities & Offsite Units

Many of these facilities will have minimal environmental impact, as they are not
process units. Impact during their construction is dealt with in relevant chapters.
Below, focus is given to those facilities with potential for impacting the environment
during aperation.

Tank Farm (Unit 50)

The existing Tank Farm at the MAB Refinery receives, stores, blends and transfers
feed, intermediate, product and finished product streams from source units and
sends them to the process units, ship loading facilities or to pipelines. For CFP,
existing tankage will be reallocated to meet distribution requirements.

Key environmental impacts will include VOC emissions from the storage, filling and
emptying of hydrocarbon tankage.

Pre-RMP Tank Farm (Unit 52)

There are three types of residual stocks held in dedicated storage for the refinery.
They include Sour Atmospheric Residual (SAR), Low Sulphur Atmospheric Residue
(LSAR) and Low Sulphur Fuel Qil (LSFQ). Dedicated storage tanks and piping are
maintained for each of the three commaodities although residual storage tanks can be
used interchangeably depending on the current mode of refinery operation.

Key environmental emissions from the Pre-RMP Tank Farm will include VOC
emissions.
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2.3.3 SHU Refinery

The process units planned for retirement at SHU are:

In addition, the utility steam boilers at SHU will be decommissioned. Although the
retirement of these SHU facilities are not part of the CFP scope, their
decommissioning will be conducted in parallel with the commissioning of the CFP
facilities. The retirements of these units will significantly improve environmental
conditions in the area surrounding the SHU refinery, because they are some of
KNPC's oldest and least efficient operating facilities.
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2.4  CFP Construction

The CFP will have ten EPC contractors: three EPC Contractors at MAA, five EPC
Contractors at MAB, one EPC Contractor for SHU and one EPC buildings Contractor
(responsible for both MAA and MAB).

There will be three other major contracts: a high voltage contract and two early works
contractors (one in MAA and one in MAB). The buildings and high voltage
contractors will have activity in both MAA & MAB.

The overall construction window for the CFP is 45 months with the preparatory works
being 10 months long and the effective construction duration being 35 months.

2.4.1 Preparatory works

The initial preparatory works at the CFP will invalve the following:

Demolition of buildings

Removal of existing utilities

Clearing/grubbing

Cut and fill

Installation of major underground headers in the E-W pipe rack corridors
Installation of main permanent roads

Installation of construction roads

Installation of gates and fencing

Installation of site support buildings (guardhouses, visitor centre, central
medical facility, site office at MAB, etc).
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At the same time, a full range of temporary utilities will need to be provided
throughout the construction phase — i.e. power, water, sanitation, telecoms etc. such
as:

= Consfruction power supply: It is estimated that 6.25MW will be required at
MAA for construction purposes. 11.8 MW will be required at MAB, and 6
MW will be required at SHU.

» CFFP site lighting: Area lighting will be installed at the construction
entrances.

s Water supply: Site temporary water will be provided to the EPC
contractors via a water tie-in point. EPC's will be responsible for routing
the water to their networks.

s Sanitary system: Specific details on the collection of sanitary waste were
not available at the time of writing of this EIA, however each EPC
Contractor is responsible to adhere to Project and Regulatory
Requirements.

s Temporary site drainage: to ensure efficient construction, the CFP site will
need to be effectively drained. Conceptually, the EPC contractor will
contain storm water on site using existing drainage channels/ditches.
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Water Quality will be monitored by the EPC Contractor and, if it meets K-
EPA water quality standards, it will be discharged via existing storm water
discharge outlets at MAA or MAB. If the water quality does not meet K-
EPA standards, it will be treated, by the EPC contractor, prior to
discharge. There will be no new discharge outlels provided during
construction. Existing refinery wastewater treatment facilities will not be
used for treatment of construction drainage.

The site will be rough graded and sloped to allow the controlled runoff of surface
water. Engineering has optimized the site elevation to balance the cut and fill
requirements and thus the current estimated excess material is minimal. It is
estimated that there with be 129,106 m? of stripped topsoil at MAA and 259,028 m® at
MAB. The net, after balancing cut and fill, will be -6,500 m?® of cut at MAA (shortage)
and 67,000 m? of cut at MAB (surplus).

2.4.2 Construction

Impacts during construction are discussed in the various chapters in this report. The
construction lay down areas are shown in Figure 13B in Chapter 13.

The following two figures 2.F and 2.G provide:

» a provisional master schedule for the CFP construction which demonstrates
how the various CFP construction activities, from contracts being awarded to
commissioning and start-up, fit together

= Two curves showing planned progress and manpower from June 2010 to May
2015.
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ure 2.F: Provisional Master Construction Schedule
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Figure 2.G: Total MAA, MAB & SHU Direct Progress and Manpower
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3.0 Environmental Measures Incorporated within CFP Design

The CFP is a project that involves maodifications at KNPC's three existing refineries
and is not in grass rool locations. There will thus be a dual approach to the
environmental design philosophy of the CFP as it is not always possible to treat both
new and revamped facilities in the same way with respect to environmental
management. Existing facilities undergoing revamp are already being managed in
accordance with their design and existing KNPC HSE Practices and Procedures.
New facilities will be subject to current state of the art practices in environmental
design which will be at least as stringent and protective as the practices now in place
for the facilities being revamped. All three of the refineries have been certified to the
1SO 14001 Environmental Management System (EMS) and thus the facilities will be
designed and operated in accordance with the EMS of these refineries.

KMNPC's objective is that the CFP will incorporate appropriate Best Available Control
Technologies (BACT) and environmental mitigation measures deemed necessary, so
as to meet or exceed all relevant K-EPA requlatory criteria. The CFP has been
designed to mitigate environmental impact, and numerous ‘environmental best
practice measures' /| BACT have been incorporated. These are discussed within the
relevant parts of this EIS but are summarized below for ease of reference. |t should
be noted that for each chapter of this report, after assessment of impacts has been
conducted, additional recommendations are presented, as appropriate, to further
mitigate impacts,

3.1 Air Emissions Abatement

CFP will have both point and fugitive sources of air contaminants emitting to the
atmosphere. The point sources are primarily combustion equipment items consisting
of process heatersffurnaces/boilers, incineration systems and flare systems. The
fugitive emission sources include storage tanks, equipment components, sulfur
handling operations, coke handling operations and wastewater treatment facilities.

Principal environmental measures regarding point source emissions at the CFP will
include:

o BACT to limit Oxides of Nitrogen (MOx) emissions: all boilers, heater and
furnaces of 100 MMBtu heat capacity or greater will be equipped with Low
MNOx Burners (LNB) to reduce NOx emissions.

e BACT for Oxides of Sulphur (SOx) emissions: burning of treated refinery fuel
gas (not more than 100 ppm H.S), LPG or low sulfur fuel oil (less than 1.0
weight % sulfur). The Tail Gas Treating Units (TGTUs) will ensure that the
S0; emissions from the incinerator stack do not exceed 250ppm. SO,
emissions will be controlled by incorporation of technigues including
feedstock hydrodesulphurization.

» A new TGTU (Unit 99) to substantially reduce existing sulphur dioxide
emissions from the MAA refinery.

o BACT for stack height: minimum stack height of 61 metres for discharge of air
contaminants from equipment located within process units and having a fired
duty of 100 MMBtu/hr or greater. Minimum stack height of 65 metres for
utility steam boilers. For natural draft heaters, the maximum stack gas
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velocity will be 7.6 meters per second and for balanced draft heaters it will be
15.0 meters per second.

BACT for venting: vents to the atmosphere that may contain hydrocarbons
will be flared to remove the hydrocarbon portion to the extent practical.

MNew hydrocarbon flare systems incorporating flare gas recovery to minimize
flaring activities.

A new Electrostatic Precipitator (ESP) to reduce the suspended catalyst
particles in the flue gas from the regenerator of the existing FCCU (Unit 86) at
MAA,

Principal environmental measures to control fugitive emissions from the CFP facilities
will include:

A Leak Detection and Repair Programme (LDAR) will be in place during

operation of the facilities.

BACT for H.S emissions: all sour water streams will be treated to ensure

compliance with applicable K-EPA discharge criteria. All process vents having

hazardous concentrations of sour gas will be routed to either a recovery

system or a control device. Ambient H;S monitors will be placed in those

areas of the CFP having the greatest potential for H,S fugitive emissions.

BACT for Suspended Particulate Matter (SPM) emissions: the coke handling

systems will be designed to minimize and control suspended particulate

emissions. The coke handling system will be enclosed and the air extraction

vents will be fillered.

BACT for VOC emissions: the following techniques will be included:

o Relief valves routed to flare

o Open-ended valves equipped with cap, plug, blind flange or second valve

o Pumps incorporating double mechanical seals

o Reciprocating compressors designed with cylinder packing case venting

to flare system

Centrifugal compressors provided with dry gas seals and nitrogen buffer

gas venting to flare system

o Closed process drains and effluent sumps. Vents to atmosphere will be
via an appropriate control device

o Unless otherwise specified or directed by K-EPA regulation, Shell DEP or
KNPC Procedure, US EPA'S Petroleum Refinery Wastewater Systems
Rule (40 CFR 60, Subpart QQQ) will be used as a design guideline for
controlling VOC emissions from wastewater treatment systems, which will
be enclosed where equipment is in contact with hydrocarbons or odorous
compounds, where feasible.

o Liquid sample points will be designed to minimize hydrocarbon or product
loss to the drainage system.

o Closed loop sampling will be used wherever practical to minimize operator
exposure and minimize emissions during sample purging.

Controlling storage tank emissions via measures including: double seals or

vapor recovery systems and pole wipers for floating roof tanks.

o
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3.2 Wastewater Treatment / Reuse / Disposal

CFP will require large volumes of water for cooling, boiler feedwater (BFW) make-up,
process water, potable water, sanitation and other refinery services. KNPC's
planned approach is to reduce the CFP’s water demand requirements by wastewater
recycling and reuse to the extent possible.

Minimization of wastewater generation at the source and by reuse, as well as
segregation, collection and treatment of similar wastewater streams are the main
principles used in the design of the cost effective and environmentally friendly
wastewater treatment system. The new Wastewater Trealment systems will collect,
convey and treat wastewater according to the K-EPA requirements prior to any
discharge.

There will be two new Wastewater Treatment (WWT) Systems provided as part of
the CFP:

s New Wastewater Treatment System at MAB — Unit 156

e MNew Wastewater Treatment System at MAA — Unit 163.

These new CFP facilities will incorporate state of the art design to complement
upgrades to the existing MAB effluent treatment facility under a separate project
(KNPC Effluent Treatment Facility Revamp project). The CFP design will
incorporate best environmental engineering practices such as BACT to avoid,
prevent or mitigate the release of all harmful discharges so as to meet (or exceed)
applicable K-EPA environmental standards.

3.3 Hazardous Materials Management

Principal environmental measures regarding the management of Hazardous
Materials at the CFP include:

s Collecting and maintaining MSDS forms for all hazardous materials intended
for use during operation of the CFP,

= Appropriate labelling of hazardous material storage containers.

s Secondary containment for all new storage tanks in hazardous materials
service.

s A system for leak detection will be in place serving the new hydrocarbon and
hazardous materials storage tanks whose contents are liquid at ambient
conditions.

= Fenced off designated hazardous material storage areas with spill
containment systems and limited controlled access.

» Surface impoundments in the Wastewater Treatment System used to hold or
store hazardous materials will incorporate appropriate secondary containment
and leak detection systems.
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3.4

Solid Waste Management

Principal environmental measures regarding solid waste generation at the CFP will
include:

35

Minimizing waste generation through optimizing operations, ensuring
reclamation, recycling, and recovery of precious metals from spent catalysts.

Analyzing, categorizing and segregalting solid wastes.

A Waste Transport Manifest requirement for all waste transported offsite for
treatment or disposal. All landfill sites used will be designed and licensed to
accept the specific hazardous and non-hazardous type wasles.

Designated areas for temporary storage of all solid waste generated with
waste being stored in appropriate containers.

Installation of equipment for the handling, treatment and minimization of
industrial sludge generation.

Handling of spent catalysts as hazardous waste unless analyzed to be non-
hazardous in accordance with K-EPA criteria.

Moise Control and Abatement

Principal environmental measures regarding noise abatement for the CFP facilities
include:

Using mufflers/silencers on process vents and steam generation system
vents, where feasible.

Providing high noise sources with sound-reducing enclosures, acoustical
insulation, silencers or other engineering methods to minimize noise where
necessary.

Applying noise limits in indoor areas.
Optimization of high velocity fluid flow in process piping.

Designing systems with flow velocity no greater than 100 times (in feet per
second) the square root of the specific volume of the fluid (cubic feet per
pound), where appropriate.

Use of soft bends and longer pipe length between valves to minimize
turbulence at pipe bends and in between valves, where appropriate.

An absolute work area noise limil of 115 dB(A) and a work area noise
limit'equipment noise limit of 85 dB(A).

The use of permanent warning signs at boundaries of noise restricted areas
to indicate mandatory use of hearing protection.
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3.6 Odour Abatement

KNPC has embarked upon an Odour Management System with a mission to be
“Odour free” in all its operations. Principal environmental measures regarding odour
abatement at the CFP include:

Double mechanical seals for hydrocarbon pumps

Closed loop sampling systems

Flare gas recovery unit

Appropriate sequencing during unit startups to minimize flaring

Vapor recovery systems or floating roofs with double seal, pole wipers and

fittings

+ |Installing carbon canisters for odour mitigation from tank vents of fixed roof
storage tanks, and from drain vents of some oily wastewater vents.

» Provision of procedures for proper regeneration and passivation to reduce

odour during catalyst dumping

Routing water seal on flare drums to a sour water system via wet slop tanks

Provision of 1ISO tanks for chemical unloading

Providing floating skimmers at lagoons

Ensuring adequale sparing of equipment such as pumps to avoid overflow of

sumps.

3.7 Environmental Stewardship

The principal environmental stewardship measures for the CFP facilities include:
= Ensuring compliance with applicable international treaties / protocols

» Avoiding the use of ozone-depleting substances where practical, and
prohibiting asbestos containing materials (ACMs) and the use of equipment
containing polychlorinated biphenyls (PCBs).

» Operating the CFP with energy efficiency measures to minimize emissions of
Green House Gases (GHGs); for example, CO..

« Ensuring no chromium-based corrosion inhibitors are used for cooling water
treatment

« EMS certification to 1IS014001 as soon as possible following start-up.

3.8  Monitoring

Principal environmental monitoring measures covering air, water, groundwater and
noise, include:

 Implementation of a fully automated Environmental Information Management
System (EIMS), the 100% browser-based Essential Suite™ EHS and Crisis
Management system. Essential Suite™ facilitates the use of EHS and crisis
management data in support of regulatory reporting and performance
monitoring, as well as demonstrating how KNPC is exercising its corporate
social responsibility. Essential Suite™ is also a core component of KNPC's
project action plan to address its long-term sustainability.
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Installing groundwater monitering wells at both up-gradient and down-gradient
locations around process units where oil or other hazardous materials are
handled/stored.

Continuous and intermittent monitoring for various air emission sources
(providing readouts in the control room) including:

o Area/Ambient monitoring
o Flare system monitoring

o Continuous emission monitoring (Continuous Emissions Monitoring
System - CEMS - installed for new dual-fired or oil-fired combustion
sources). CEMS will continuously measure NOx, SOx and Oxygen.

Monitoring of wastewater effluent flow and quality from the wastewater
treatment system.

An automatic composite sampling package to collect liquid effluent samples
prior to discharge.

Effluent monitoring at the point of discharge from the Wastewaler Treatment
Systems.

Periodic noise monitoring from process and utility areas to ensure that K-EPA
criteria is met for both the workplace and at the fence line.
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4.0 Environmental Comparison of Project Alternatives

It is a requirement of the EIA process to consider alternative site locations when
assessing a proposed development. CFP will be constructed at the existing
KNPC refineries and not in grass root locations, therefore, evaluating specific
alternative site “locations” is not possible. This chapter will instead examine
alternatives to the project itself.

The project alternatives currently available are:

1) Do not construct and operate new petroleum refining and support facilities
(i.e. no project)

2) Construct and operate new petroleum refining and support facilities in a
location outside the existing MAA and MAB refineries

3) Construct and operate new petroleum refining and support facilities within
the available space at the existing MAA and MAB refineries

4.1 Alternative 1

As previously described, CFP will expand and upgrade the MAA and MAB
refineries by increasing their capacities and increasing conversion of LSFO to
higher end products through Bottom of Barrel (BOB) processing ulilizing ARDS /
Coker / HC technologies. The project is intended to provide the industrial and
private sectors of Kuwait and export customers with cleaner buming fuels than
those currently available in Kuwait. If the project is not constructed, KNPC will be
unable to meet the future market demands for cleaner burning fuels both in Kuwait
and abroad and improvements in air quality throughout the region (such as lower
ambient SOz concentrations) will not progress.

This alternative is considered unacceptable for the following reasons:

s CFP has the key objective of providing low sulphur fuels that will meet the
specifications and demands mandated for their continued use in Kuwait in
the Year 2020, by the Year 2015. Currently, sulphur dioxide
concentrations exceed K-EPA ambient air quality criteria in various
locations and regions throughout Kuwait. The availability of low sulphur
fuels from CFP will substantially reduce the impacts of sulphur dioxide
pollution on public health and the ecology of Kuwait. The production of
low sulphur diesel fuels will permit the installation and use of catalytic
converters on diesel-powered equipment and vehicles to reduce NOx and
CO emissions.

= A significant number of existing petroleum refining units currently being
operated by KNPC at MAA, MAB and SHU are inefficient and
outdated/obsolete by current industry standards. CFP will optimize
conversion capacity by upgrading and modernizing many existing facilities
to state-of-the-art design, while retiring obsolete units. MNew refining units
will be provided that fully comply with applicable K-EPA environmental
criteria. The project will further allow KNPC to remain competitive within
the industry by developing refining operations into an export oriented

Project Number: EP003351

h 4/ Page 1 of
Chiste i # MANAGING RISk 50



KNPC Clean Fuels Project 2020 FEED Update Phase

EIS Rev 2 DNV ENERGY

integrated merchant refining complex to meet diversified market
requirements.

= |[f the project were not implemented, the following environmental upgrades
would nol be available:
o a new Tail Gas Treating Unit (Unit 99) to substantially reduce existing
sulphur dioxide emissions from the MAA refinery;

o a new oily sludge incinerator at MAB that will process and reduce the
volume of solid waste from both MAA and MABE;

o a new electrostatic precipitator to reduce particulate emissions from
the existing MAA FCCU (Unit 86).

42  Alternative 2

The adoption of Alternative 2, constructing and operating new petroleum refining and
support facilities in a location outside the existing MAA and MAB refineries, will:

» Increase costs and jeopardize the project's economic viability. New land
acquisitions will be required for both onshore and offshore facilities,
Connectivity (i.e. pipelines, cables etc) with existing refining and suppaort
units at MAA and MAB will be over longer distances and may be
impractical resulting in the need to construct and operate additional units
(such as storage, blending shipping facilities).

+ Require local infrastructure, which depending upon the selected location
may include, but is not limited to roads, marine port facilities, and
available support services for construction contractors and KNPC
operating personnel.

* Increase environmental impacts to previously undeveloped areas or areas
without a strong, existing industrial base. Impacts would be generated by
the need to construct and operate additional infrastructure and support
units such as storage, blending and shipping facilities. Impacts may
include both terrestrial and marine ecological communities and
destruction of habitat. When considering alternative locations for the
project, consideration must be given to geology, seismic risk, coastal
characteristics and available space among other criteria. Marine port
facilities are the only available option in Kuwail for loading and unloading
sulphur and for export of petroleum products, regardless of whether the
refining facilities are located inland or along the coastline.

4.3  Alternative 3

CFP will not only provide Kuwait and export customers with cleaner burning fuels, but
will also enhance the safety and environmental performance of the MAA and MAB
refineries through modemization and incorporation of current best environmental
practices.

Existing air quality for the Shuaiba Industrial Area is currently of concern and
poliutant levels at times are known to exceed K-EPA air quality criteria. CFP will
employ best environmental practices, including BACT, to control emissions. There
will be some additional load placed on the environment due to the construction of
new units and expansions of existing facilities at the MAA and MAB refineries,
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However, much of this load on the region is expected to be offset to a significant
extent by the retirement of all process units at the SHU refinery as well as by the
retirement of some process units at MAA and MAB.

Hence, the overall environmental impact of the new and modified CFP facilities is
expected to be acceptable to K-EPA.

Alternative 3 is the selected alternative for CFP. Ulilizing existing space within the
MAA and MAB refineries for construction and operation of new petroleum refining
units has clear cut advantages over Alternative 2 that include:

* Minimizing project costs and economic viability. Adequate space is
available within the MAA and MAB refineries for construction of the
planned CFP facilities. There is no requirement for new land acquisitions.
Distances for connections (pipelines, cables etc.) between new and
existing units including existing tankage is minimized. Costs are also
minimized by the ability of the project to utilize existing infrastructure as
well as storage, blending and shipping facilities.

+ Taking advaniage of existing local infrastructure including but not limited
to roads, port facilities (no new port facilities are required for this
alternative), and available support services for construction contractors
and KNPC operating personnel.

» Minimizing environmental impacts by constructing and operating the
project within an area that is designated for industrial development. Since
infrastructure as well as storage, blending and shipping facilities are
available to be utilized for CFP; the need for similar new facilities and their
associated environmental impacts is minimized or eliminated. Existing
waste treatment and disposal facilities are located within relatively close
proximity of MAA and MAB minimizing the distance over which such
wastes need to be handled and transported.

Alternative 3 is selected because it is economically viable, will improve regional air
quality by providing low sulphur fuels, and will upgrade current refining capabilities,
thus enhancing KNPC's competitive standing within the industry.

MANAGING RISK

Project Number: EP0D3351
Chapter 4 / Page 3 of 3 m



KNPC Clean Fuels Project 2020 FEED Update Phase
EIS Rev 2 DNV ENERGY

5.0 Environmental Baseline Study

In support of the EIA process, DNV was commissioned by Fluor to conduct an
Environmental Baseline Study (EBS). The EBS work at the CFP site was conducted
in accordance with the requirements and standards for the State of Kuwait
promulgated as Regulations Implemented under Law No. 21 of 1995 as Amended by
Law No. 16 of 1996.

The EBS was conducted during 2007 for the purpose of providing a baseline of the
existing environment in order to properly assess any potential impacts posed by this
project.

As an independent foundation operating worldwide, DNV is committed to involving
local specialists to ensure that they will benefit from any developments in their own
country and to draw on their experience of local environments and conditions. As a
result, a large part of the EBS work was subcontracted out to two local technical
specialists, Kuwait Institute for Scientific Research (KISR) and Wataniya
Environmental Services (WES). This, along with the execution plan, was agreed
upon with KNPC prior to the commencement of the EBS.

DNV, KISR and WES conducted the following specialized studies as part of the

background investigation for the EBS, which were then used to develop the EIS:
s Soil Characteristics

Ambient Air Quality

Noise

Land Use

Demography and Socioeconomic Aspects

Geology and Seismology

Surface Water, Groundwater and Water Use

Terrestrial and Aquatic Ecology

Meteorology

The majority of the EBS work was carried out between March and August 2007, and
all EBS reporis are supported by suitable and accurale maps and graphics wherever
possible.

The full KNPC CFP EBS report is provided in a separate reporl. Additional
information from a separate KNPC groundwater study is summarised in Chapter 14.

A summary of the key issues identified in the EBS are highlighted below:

» The project sites for the CFP are in developed zones, and the major CFP
upgrades and expansions occur within the existing refineries’ industrial site
boundaries. The immediate surrounding areas are a mix of industrial,
residential and open land.

¢ Thirty-nine soil samples were collected around the perimeter and near the
centre of the sludy area, and analysed. Results generally indicate no
contamination problems, although minor TPH contamination was identified at
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MAA and MAB; hydrocarbon levels were higher at SHU, where TPH
contamination was identified at sampling location 539.

e KNPC groundwater study (2009) indicates thal groundwaier onsile is
contaminated in some areas with parameters such as TPH, phenol and
coliforms.

s KNPC HSE air monitoring data was analysed in conjunction with the air
monitoring data collected by the EBS Sludy Team, and resulls indicate the
following:

o Results often exceed K-EPA / Ministry of Oil air quality criteria for NO,,
NMHC and suspended particulate matter (SPM).

o Fewer violations were also observed for SO;, O; and PM1o (compared
with SPM, NO; and NMHC).

o There are very infrequent exceedences of the K-EPA/MO criteria for
NH; and H:S at some locations.

« Twenly noise sampling sites were located at various points throughout the
study area. All locations meet daytime K-EPA noise criteria, although some of
the locations exceed night time criteria (depending on which K-EPA criteria is
used in the comparison).

« A review of existing KNPC HSE Noise Monitoring Data showed that some
measurements onsite exceeded 85 dB (A), the permissible exposure limit. In
areas where limits were exceeded, however, special measures are
implemented to ensure proper hearing protection of personnal,

» There is no significant seismic activity currently reported in the area.

* The topography of the study area is flat and sandy with the soils having high
porosity and permeability.

= The sites show a negligible existence and distribution of natural drainage
systems and there are no important natural reserves/natural sensitive areas
in the vicinity,

+ The coaslline is sandy and muddy and has been allered by man in the study
area. Sea waler quality is reported to be relatively poor owing to the many
industrial activities in the area.

+ There is no suitable habilat to encourage a wide diversity of flora and fauna in
the area.

* Kuwait has two main seasons, summer and winter. The seasonal
temperatures vary widely, with summer temperatures often reach above 45°C
during July and August, while temperatures during winter can drop to below
3°C during the night. The rainy season extends from October to May. The
long term average annual rainfall for the whole country was approximately
176 mm, but in recent years rainfall has decreased to an average of between
106 - 134 mm/year. Dust and sandstorms are common throughout the year.
The wind generally blows from the northwest.
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6.0 Environmental Assessment Methodology

This section outlines DNV's Malrix for Assessment of Non-Quantifiable Impacts
methodology, which is applied across the sections of this EIA that are not quantifiable.
Where impacts are quantifiable, results of assessment are, in general, simply compared
against relevant numerical criteria to establish significance.

DNV's Matrix for Assessment of Non-Quantifiable Impacts methodology meets World Bank
requirements, and has been successfully applied to similar types of projects in various parts
of the world including the KNPC New Refinery Project. This approach avoids the EIA
becoming an over-documented report, and produces deliverables which distinguish the
important aspects and are easier to understand.

Environmental aspects that cannot be quantified are described and subjected to a technical
evaluation of the type of effect, its scope, and its consequences, and the environmental
significance is then simply illustrated.

The main objective of the ‘Matrix for Assessment of Non-Quantifiable Impacts’, is to
distinguish those critical impacts from those that are less important. This is done by
considering the effect of an impact in the area in which it is occcurring (i.e. its 'value' or
‘sensitivity’), and combining it with the ‘scope of the effect’, to arrive at the ‘total impact'.

The assessment methodology applies DNV's EIA matrix together with Impact Assessment
Forms (see Figure 6A overleaf) to summarise the scale of an environmental impact. In
outline, the methodology is as follows:

Step | Procedure

1 General description of the area (situation and characteristics):

Evaluation of the value / sensitivity:

Step 1 Is calegorising the area being assessed in terms of 'valug' or “sensitivity'. This is, so far as
possible, based on official data or statements: e.g. ‘this area is of relative low importance to national
fisheries compared with other areas,” etc and information compiled in the Environmental Baseline Study
{EBS).

2 Description of the extent of effect:

Evaluation of extent:

The extent of effect from the planned activity should be based on sclentific documentation, or, if not
available, based on expert and objective evaluation (based on knowledge/axperience of the type of
projects/activilies and similar environments, and technology).

The scale of this effect is then evalualed objectively, ranging from very negative to very positive.

3 Establishing total Impact per ‘category’ (e.g. Environment)
By combining Steps 1 and 2 in the impacl malrix (see Figure BA overleaf), the total impacl can ba
identified. This gives a relatively narrow area indicaling the magnitude of the impact.

Total fenvironmental) impact:
Combining the outputs from Steps 1 and 2, provides a graphical view of the total impact:
This ranges from a very large negative impact to a very positive impact.
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The same magnitude of effect may then result in a different impact depending on the value
or sensitivity of the impacted environmental component. This is considered a sound basis
for assessing and presenting the environmental impacts associated with the CFP. Each
impact is then assessed and documented according to the above system. The results of this
exercise are extracted and presented in this EIS reporl, enabling focus on the most
important impacts.

The process also ensures transparency, because it is simple to go backwards and identify
why the impact was assessed as it was, and to study the premises and assumptions on
which its assessment was based. It also gives the flexibility to change one factor, if new
information arrives, and so provides a simple clear methodology to assess any updated
impacts.

Figure 6A Impact Assessment Form

impact Assessment Form
Category: [e5 ENVIRONMENT or SOCIETY]
Conssquence evaluation for:  [ssue &g wastewater management during NRF operations]
1. General description of the orea (situation and characieristics)
Diescrption of the basis for evaluating value of Sensiivity of an area WWhat are ihe Tacis, lerature

sources or statements this is based upon?, Indicate further factors considered more important than other
amving al this conclusion

Evaluation of the value:

Small Meadium Large

X =i
2. Description of the extent of effect 3. Total (environmental) impact
Diescrption of the scientific information and daa thal the assessment | Combine 1) and 2) in 1he impact
is basedon Descrbe further how il is inlerpreled in tha contesd matrix. The total impact is then
Describe what has been given highest prionty, and why? identilied and stated here
Document why the assessment conclude on the extent of effect E g Small MNegaltre Impad’

Evaluation of extent:

Very neg. Medium neg Littlefne  Maedium pos.  Very pos
1 I I
L] L) 1

e X

Value or senatvity

Very lorge pontive fmpact
Large positive im pact
Moderate pontive wmpact
Emall positive impact

Inmgmficantne impact

Boole of ellvel

Sm all ne gative impact

Moderate negative impact

Large ne gative im pact

Very Inrge negaiive mpact

18
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7.0 Noise
il Introduction
7.1.1 General Approach

A noise impact assessment study for CFP has been carried out as part of the EIA.
The main purpose of this study is to evaluate the potential community noise impact
due to the noise emissions from the activities associated with the CFP. Toward this,
predictive computational modelling is used lo quantitatively estimate the sound
pressure level (SPL) at various discrete receptors located near the ground level,
especially including the sensitive noise receptors identified in the Environmental
Baseline Study EBS.

Considering that CFP facilities are located at three geographically distinct sites, viz.,
Mina Al-Ahmadi (MAA), Mina Al-Abdullah (MAB) and Shuaiba (SHU), separate
modelling runs were performed for each site. Similarly, since the noise emission
sources are distinctly different for each phase of the project, separate modelling runs
were performed for the Construction Phase and the Operations Phase at each site.

The background values (existing noise levels) were added to the predicted SPL
values and the net values were compared with regulatory standards for community
noise levels issued by K-EPA,

7.1.2 Model Description

Predictor Type 7810 Ver 6.20 software developed by Briel & Kjeer is used for noise
modelling in this study. Predictor is one of the most efficient multi-purpose Windows-
based software packages available for calculating environmental noise. Predictor
complies with the European Union's (EU) Environmental Noise Directive
(2002/49/EC) and is in accordance with Guidelines on Revised Interim Computation
Metheds (2003/613/EC) and the European Commission's Assessment of Exposure
to MNoise Working Group's Good Practice. Among the various algorithms available,
the modelling algorithm conforming to the international standard I1SO 9613 is used in
this study, including the following:

= 1SO 9613-1 Acoustics - Attenuation of sound during propagation outdoors. Part 1:
Calculation of the absorption of sound by the atmosphere

s 150 9613-2 Acoustics - Attenuation of sound during propagation outdoors. Part 2:
General method of calculation

« VDI 2571 Schallabstrahlung von industriebauten: German method used to
calculate the directivity of point sources for noise emitting facades and roofs

» Commission Recommendation 6 August 2003: 2003/613/EC "Guidelines on the
revised interim computation methods for industrial noise, aircraft noise and
railway noise, and related emission data"

The following inputs to the model are required:

= MNoise Sources: Moise sources can be either point sources or line sources. Line
sources are basically a series of point sources. For each point source, the
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required input data include its identification, location coordinates, height above
the ground level, directivity of noise, sound power level (SWL,) in 1 octave or 1/3
octave in the units of dB(A), working hours and any user defined attenuation.

+ Noise Receptors: The receiver points can be input as individual discrete points or
grid points. For each point the required input data include its identification,
location coordinates and height above the ground level.

« Barriers: Barriers are basically the screens and walls that exist between a source
point and a receptor point. They are graphically entered into the model as a
polyline. For each barrier, the required input data include ils identification, end
point location coordinates, height above the ground level, surface reflection factor
(0 for no reflection to 1 for total reflection) and profile correction (ISO method
recommends zero correction) .

# Buildings: Buildings are modelled as polygons with uniform height, and
graphically entered into the model. They can be linked to one or more sources.
For each building, the required input data include its identification, end paint
location coordinates, height above the ground level, surface reflection factor (0 for
no reflection to 1 for total reflection) and profile correction (ISO method
recommends zero correction) .

» Terrain Features: The terrain can be uniformly flat or undulating. For undulating
terrain, the terrain height with reference to the mean sea level at each receptor
point can be input numerically or using a digitised contour map.

= Topographical Features: The topography can be simple ground region (with
specified ground absorption factor ranging from 0 for soft surface to 1 for hard
surface), housing region (for heavily urbanised areas), industrial site (for industrial
areas) or foliage region (for very dense plantations).

* Meteorological Parameters: Ambient air temperature, relative humidity and
barometric pressure. These parameters are used for calculating noise attenuation
by the air absorption. Wind speed, wind direction and atmospheric stability are
not considered in the 1SO method.

» Time Averaging: The hourly SPL values can be time averaged for up to four user
specified periods (day, night, evening, other) and day-night (24 hour) average.

For each combination of a source point and a receptor point, the model calculates
the SPL value at the receptor point using the following equation as per 1SO method,
as shown below.
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SPLr = SWLu = Ct = cm = DC

- Agiv = Aatm 'Agr - Abar - Apd

SPL, = Sound pressure level at a
receptor
SWL, = Sound power level at a
peint source
C, = Active time corfection

C_ = Meteoralogical correction

D, = Directivity correction

Ay, = Alenuation due lo geometng
divergence

A = Atlenuation due 1o atmosphans
absorplion

A, = Attenuation due to ground albsorption
A= Attenuation due to bamiers

A, = Attenuation due to buidings

The model uses subroutines to calculate the various attenuations and corrections.
The altenuation levels for each source-receiver combination can be viewed to
evaluate the quality of the calculations and as a help to determine how to reduce
noise levels. The model calculates the overall SPL value for a given receptor point
by logarithmically adding the individual SPL values for each contributing source.

7.1.3 Impact Assessment Criteria

K-EPA community noise standards are used for the purpose of community noise
impact assessmenl. If the predicted noise levels are within the applicable limits, then
it is assumed that there would be no adverse impact on the community. K-EFA
community noise standards are summarised in the following table:
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Table 7.1: K-EPA Community Noise Standards
Maximum Permissible Time Weighted
Main Noise Level (L) in
Area Sotics! DayTime | Evening
Cause of 3 Night Time-
Classification Community - dB(A) dB(A) gﬂEIN
MNoise (Tam- (2Zpm-
2pm) 10pm) (10pm-d4am)
Industrial
Ideal Residential activity 50 45 45
Area (Villa Areas ——
and Suburbs raiic
) movement 55 65 50
Industrial
3 55 50 45
Urban Residential activity
Areas Traffic
movement 62 3
Urban Residential Industrial
Areas (with some activity o il 50
commercial Traff
aclivities and c 85 85 B0
Industrial
Industrial activity i s o
Commercial Areas Traffic
movement 70 65 60

Notes: There are no specifications for the time period of 4am-7am. The community receplors near
the CFP sites fall under the classification of ‘Urban Residential Areas (with some commercial
activities and workshops) ',
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7.2  Site Description
7.21 MAA Refinery Site

As shown in the plot plan (Figure 2A) MAA Refinery Site is about 2750m by 3600m in
area. However, most new plant facilities proposed to be installed as part of CFP will
be located within a smaller area of around 750m by 1100m (referred to as the CFP
Block) within the southwest quadrant of MAA Refinery Site.

As part of CFP, some existing plant equipment in MAA Refinery will be revamped.
The revamp equipment are well scattered over the remaining MAA Refinery Site.

Adjacent to and toward east of the CFP Block, three new projects are being
developed. These are the Fourth Gas Train Project (FGTP) and the Ethane Recovery
Plant (ERP) and proposed area for the 5" Train. These three projects are not
included in the scope of this study, since there are being designed and engineered
by third parties and detailed information on these projects is not available.

The environmental features of the MAA Refinery Site and the surrounding areas
have been discussed in the Environmental Baseline Study. From community noise
viewpoint, the significant receptors are the large urban settlements located in
Fahaheel area, about 150m distance from the Tank Farm boundary and about a
1600m distance from the CFP Block toward the north. There are no other settlements
in the vicinity toward east, south or west directions of MAA Refinery Site.

7.2.2 MAB Refinery Site

As shown in the plot plan (Figure 2C), MAB Refinery Site is about 3000m by 3500m
in area. However, the new plant facilities proposed to be installed as part of CFP will
be located within a smaller area of around 1250m by 1500m (referred to as the CFP
Block within the south / southeast quadrant of MAB Refinery Site).

As part of CFP, some existing plant equipment in the MAB Refinery will be
revamped. The revamp equipment are scattered over the northeast and northwest
quadrants of the MAB Refinery Site.

The environmental features of MAB Refinery Site and surrounding areas have been
discussed in the Environmental Baseline Study. From a community noise viewpoint,
the significant receptors are a few villas located along the coastline about 500m
distance from MAB Refinery New Plant Site toward the (south) east. There are no
other settlements in the vicinity toward the north, west or south directions of the MAB
Refinery Site.

7.2.3 Shuiaba Refinery Site

As shown in the plot plan (Figure 2E), Shuaiba Refinery Site is about 2900m by
B50m in area. No new process plant facilities are proposed to be installed as part of
CFP at Shuaiba Refinery Site. The existing process facilities will be decommissioned
while some offsites facilities such as the tank farm will be integrated with operations
at MAA and MAB.

The environmental features of Shuaiba Refinery Site and the surrounding areas have
been discussed in the Environmental Baseline Study. From a community noise
viewpoint, there are no human settlements located in the vicinity of Shuaiba Refinery
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Site in any direction. The areas surrounding Shuaiba Refinery are designated as
industrial areas.

7.2.4 Construction Footprint

The construction activities at the MAA CFP Block (about 750m by 1100m) and MAB
CFP Block (about 1250m by 1500m) do not cover the entire site area at any given
time due to the staggering of the construction activities. With regard to the early
construction activities (Site Preparation and Earthworks), the maximum worked over
area at any given time will be two adjacent sections each of about 200m by 250m
area. Therefore all the early construction activities at any give time will be
concentrated within approximately one quarter of the total area of each CFP Block.
As discussed later in Seclion 7.4.1.2, the Site Preparation and Earthworks phase
represents the worst case of the overall Construction Phase with regard to the
environmental noise impact. No pile driving is envisaged for the foundation work
needed for the CFP.

7.3  Background Noise Levels

As part of Environmental Baseline Study for CFP noise monitoring was conducted in
2007 at twenty offsite locations around MAA and MAB sites. The noise monitoring
was primarily intended to determine the background noise levels existing prior to the
construction and operation of CFP facilities. The noise monitoring sites were located
primarily around the perimeter of the planned MAA and MAB Refinery expansion
sites, and some were located within 100m of residential areas in the vicinity. In
addition, two noise monitoring sites were located outside the MAA and MAB Refinery
sites. No noise moniloring sites were located around SHU Refinery Site because
noise levels there will be reduced as a result of CFP operations due to the
decommissioning of all existing process plant facilities. The locations where the noise
was monitored are shown in Figure 7A (offsite), Figure 7B (MAA) and Figure 7C (for
MAB).

The details of the background noise monitoring locations and the resulls are
summarised in the following table. The noise measuremenis are presented as time
weighted SPL (L,q) for both day time and night time.

Table 7.2: Background Noise Levels'

| UTM Coordinates Leq in dB(A)
L D - Location Description Glm:ll'-ﬁ.:utlun
Northing (m) | Easting (m) Day | Night
i i Residential
(MAA) Mear Busy Road 3212868 | 813,703 (affected by 55 52
traffic)
N2 Mear Main-gate, Car y
(MAA) Park & Flare 3,212,058 812,229 Industrial 62 61
!MN:A} Near Flare/Road 3,212,334 812,152 Industrial 66

' Reference: ERS Report (2007)
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UTM Coordinates Leq in dB(A)
LoGh'®" | Location Description caﬁ&um
Northing (m) | Easting (m) Day | Night
{Mﬂ:h} gﬂ“ﬂﬁ;‘:’gfi’g";{:ﬁ'“ 3,211,616 812,180 Industrial s2 | s5
{h',:fm :’;" F'“’;Ig?:'g;“;};‘ 3,212,551 812,135 Industrial 69
NE Close to Major Highway Residential
(Offsite) & Mosque (Continuous 3,213,975 810,919 (affected by 51 51
Traffic Moisa) traffic)
Mear Busy Road (Traffic ffiea it
N7 | Signal & Highway), 3,213,126 812,204 aftatad by 60 | 57
(MAA) | Workshops & Working Gkl ¥ ( affi ¥
Machinery i) |
{M"fn} Lo Fosi Gpposiie to 3,213,102 814,437 Residential 53
[ 1]
(M) | Near Road 3,211,040 812,369 Industrial 53 | 55
Residential
N10 Mear Busy Road
. . 3,213,642 813,600 affected 54 | s3
{Offsite) | (Working Machinery) ( traffic) by
N11 Mear KNPC Units
(MAB) (Background MNoisa fram 3,206,897 818,294 Residential 50
Birds)
N12 .
{MM] Mear Road 3,206,588 816,142 Industrial 53 55
[:;g] fg;;ﬂ:&fm" 0 3,207,235 818,120 Residential -
{m‘é} Near KNPC Units 3,206,510 818,504 Residential 45
“11;] L"JL‘?L?;;"EN"‘E’E‘L?L-‘.S 3,206,234 816,499 Industrial 57 | 56
N1g | Near Villas (Birds &
(MAB) | Knocking Sounds in the 3,206,010 818,763 Residential 46 | 49
Background)
m’:;;} L“:;’ﬁ;ﬁ;“&ij&“g“ 3,207,385 815,234 Industrial 54 | 56
Mear Busy Road and
;ﬂlﬁ; ;‘:ﬂlg::;;"';";'fm 3,207,872 814,821 Industrial 54 | 58
Background)
i::;-g:l mﬁ;’grﬂy ::g;f’“““ 3,208,726 814,067 Industrial 57 | s8
m’:ﬁg} E‘:H’t;'“'“ Working KNPC | 4506 043 817,190 Industrial 44 | a9
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Of the above locations, the residential locations are N1, N6, N7, N8, N10, N11, N13,
N14 and N16. All these locations fall under the category of "urban residential areas
with some commercial activities and workshops”. Out of these locations, N1, NG, N7
and N10 are also affected by noise from road traffic, and at these locations the
maximum permissible limits for community noise are 65 dB(A) for the day time and
60 dB(A) for the night time. For the residential locations N8, N11, N13, N14 and N16,
where road traffic is not significant, the maximum permissible limits for community
noise are 60 dB(A) for the day time and 50 dB(A) for the night time. The remaining
locations (N2, N3, N4, N5, N9, N12, N15, N17, N18, N19 and N20) are industrial
locations, where the permissible limit for community noise is 70 dB(A) for the day
time and 65 dB(A) for the night time.

As seen from the table above, while the day time noise levels at all locations are
currently well within the relevant maximum permissible limits, the night time noise
levels at two industrial locations (N3 & N5) — due to flare noise, and three residential
locations (N8, N11 & N13) have either reached or exceeded the relevant maximum
permissible limits. The locations where the baseline (current) noise levels exceed the
permissible limits are highlighted in red in the table above and can be identified in
Figures 7A, 7B and 7C below.

Project Number: EP003351

Chapter 7 / Page 8 of 58 MANAGING RISk CI00



KNPC Clean Fuels Project 2020 FEED Updale Phase
EIS Rev 2 DNV ENERGY

Figure 7A: Soil, Noise & Air sampling sites Offsite
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Soil, Noise & Air sampling sites at MAA
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Figure 7C: Soil, Noise & Air sampling sites at MAB
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7.4  Significant Noise Sources & Source Noise Levels

7.4.1 General
7.4.1.1 Construction Activities

The Construction Phase of CFP uses fewer noise generation sources (construction
machinery and equipment) compared to the Operations Phase. The nature and the
type of construction will be similar at both the MAA and MAB Refinery Sites. The
Construction Phase consists of three distinct sub-phases: Site Preparation and
Earthworks; Erection of Plant Equipment and Buildings; and Commissioning and
Testing of Equipment.

From a noise impact viewpoint, the early Construction Phase, viz., Site Preparalion
and Earthworks Phase is the most significant due to the use of relatively high noise
generating construction machinery and equipment. Therefore, the Site Preparation
and Earthworks Phase represents the worst case of environmental noise impact of
the construction use phase at both the MAA and MAB Refinery Sites.

The significant noise generating sources present during the Site Preparation and
Earthworks Phase include bull dozers, dump trucks, wheel loaders, excavators,
graders, roller compactors, asphalt machines and rollers. Intermittent and transient
noise sources are not considered as significant sources of community noise, since
their contribution to L., values (time weighted average) will be negligible.

7.4.1.2 Operations Activities

Almost all plant equipment generale noise of varying degrees, with SWL ranging
from as low as 40 dB(A) to as high as 130 dB(A). At both MAA and MAB sites, there
are several hundred such sources of noise generation. For the purpose of noise
impact prediction, it is necessary to idenlﬂ'g those sources that are significant. Since
SWL is represented on a logarithmic scale”, when there are sources with high SWL,
the sources with low SWL can be disregarded without causing any noticeable error in
the overall impact prediction. In this study, only those sources with 60 dB(A) or higher
SWL are considered in noise impact modelling.

The significant noise sources include turbines, compressors, pumps, motors, fans,
blowers, coolers, heaters, furnaces, boilers, heat exchangers, ejectors, crushers,
collectors, separators, conveyors, flares and high flow pipelines.

Intermittent and transient noise sources like pressure safety valves and emergency
diesel generators are not included.

There are currently numerous noise sources (i.e. existing plant equipment items)
located at the MAA, MAB and SHU Refinery Sites. The net noise impact from these
sources (as well as any existing external sources) is reflected in the current baseline
noise levels (also known as the background noise levels). Therefore, it is not
necessary to include the existing noise sources in any of these sites (MAA, MAB and
SHU) in the current noise impact prediction modelling study.

? Sound power level, SWL Is proportional to log [sound power]
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Only the new sources (i.e. the new CFP plant equipment items) that will be installed
at these sites are considered in this study. As noted in Sections 7.2.1 and 7.2.2, the
new sources are mostly located within the CFP Blocks at MAA and MAB refineries.

It is also noted in Sections 7.2.1 and 7.2.2 that the CFP scope also involves the
replacement or revamping some existing plant equipment in both the MAA and MAB
refineries. Such equipment is well dispersed within MAA and MAB sites. In all
likelihood, the source noise level of equipment being revamped or replaced will be
either lower or similar to that of the existing equipment. Therefore it is expected that
the net impact on environmental noise from replacement or revamping of existing
equipment at MAA and MAB sites will be more or less neutral. As a result, the noise
sources from replacement/revamping aclivity are not included in this modelling study.

With reference to the SHU Refinery Site, as noted in Section 7.2.3, KNPC plans o
decommission all of the existing processing facilities. Therefore, many major sources
of noise generation will be removed, resulting in a significant reduction in the
environmental noise in the vicinity of Shuaiba site. As a result, SHU is excluded from
the scope of work in this modelling study.

7.4.1.3 Decommissioning Activities

It is recognised that the decommissioning of the existing facilities in the SHU Refinery
can generate some noise due to the associated civil and mechanical work. However,
decommissioning of facilities at SHU is not part of the CFP scope and will need to be
addressed in a separate EIA study for KNPC.

7.4.2 Source Noise Levels al MAA Refinery Site
7.4.2.1 Construction Phase

As discussed earlier in Section 7.4.1.1, the early Construction Phase activities (i.e.
Site Preparation and Earthworks) are considered for the worst case noise impact
during the Construction Phase. The significant noise generating sources present
during the early Construction Phase have also been identified in Section 7.4.1.1. The
estimated SWL value for each of these sources is shown in the following table, along
with other details.

Table 7.3: Characterisation of Significant Noise Sources in CFP Block at
MAA Refinery Site: Construction Phase

Name of NT,:: d ::ﬁ‘:;:ﬂ H-Lg;t:: of SWhim
gqu:l‘l.mnn tmﬂf: ol Individual Emission EE:[;H =
Sources) Units (m) Source (m) ource
Bulldozer 5 75 1 prems
KN (as clusztzm of 5) (for tjlﬁglm} 1 103
Wheel Loader 4 75 1 104
Excavator 5 76 1 100
Grader 3 75 1 108
Roller Compactor 5 75 1 104
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Nama of Hu;.ln:; 2 mﬂ H‘:g;‘m of SWLyots
n S8
Conatryetion (incivteon Individual Emission o JaBh) -
Goaieiitn 5o ) Units (m) Source (m) hisc
Asphalt Machine
At 1 None 1 104

Nedo: [a]. Emission height with reference lo the site ground loval at the lowes! elevalion.

All the sources are assumed to be continuous noise emission sources with 360°
directivity. It is also assumed that SWL of any source does not show any variance
with time, either diurnal or seasonal.

7.4.2.2 Operations Phase

Based on the discussion presented in Section 7.4.1, only those equipment items
located within the CFP Block with SWL above 60 dB(A) are considered as significant
noise sources in the model input. Each new unil within the MAA CFP Block consists
of a number of equipment items with varying SWL values. Using the preliminary
technical information (provided by Fluor, the FEED contractor) for each major
individual equipment item, the SWL value is estimated based on the equipment type
and its electrical power rating, as well as using DNV's noise data bank. DNV's
internal noise data bank for typical plant equipment is based on DNV's experience
from real onsite monitoring at various industrial locations combined with empirical
correlations.

After estimating the SWL values for each piece of major equipment within each unit,
the total SWL value (SWLyw) for the unit is calculated by logarithmic addition of the
individual SWL values. Thus, each unit is modelled as a single virtual point source
with its SWL value egual to the logarithmic total. The location coordinates of this
virtual point source correspond to the actual location coordinates of the real point
source with the highest individual SWL value in that unit.

This simplification is made in order to conserve the runstream time (due to the
presence of several hundred individual point sources in each site) and due to
dynamic memory limitations of the model. Trial runs showed that this simplification
does not lead to any noticeable error with regard to the SPL values at receptors
outside the fence line.

Pipelines with high fluid velocity (>3m/s) are considered as significant noise sources
and hence included in the model. These are modelled as line sources. The
calculated SWLyw value for each unit in the MAA CFP Block is shown in the
following table.

Project Number: EP003351
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Table 7.4: Characterisation of Significant Noise Sources in CFP Block in MAA Refinery
Site: Operations Phase'®

Number of | Helght™ of
Name of Unit Sourca (D | Sionificant | Noise SWL{;_.-HIMB
Process Unit {rm)
Isomerisation Unit U-107 12 13.5 111.6
LPG Treatment Unit U-125 135 114.1
Steam Systam u-129 331 108.6
Naphtha Hydrotreater U-135 Jo.2 103.3
Delayed Coker Unit U-138 19 30.2 113.7
Deisopentanizer U137 18 135 108.4
ICS Merox Unit U-138 8 12.5 104.2
Atmospheric Residue Desulfurization Unit U-141 25 30.2 112.7
Gas Oil Desulphurisation Unit U-144 24 135 1148
Deisobutanizer U-146 19 135 109.8
Hydrogen Production Unit U-148 13 3.2 112.4
Hydrogen Sulphide Removal Unit U-150 + 3z 104.6
Sulphur Recovery Unit U-151 10 331 1101
Sulphur Recovery Unit U-152 10 331 1101
Hydrogen Sulphide Removal Unit u-153 6 17.8 105.8
Sour Water Treatment U-156 3 331 94.5
Interconnecling Pipeways U-160 Line source variable TB.0
Interconnecting Pipeways U181 Line source variable 78.0
27.6 88.5"!
Hydrocarbon Flare U-162 4 134.1 145,09
Wasle Water Treating U-163 17 27.6 1126
Fire Fighling Facililies U-166 - 34.8 110.0
1
Acid Gas Flare u-167 3 13:1;_13 1?5‘$
Nitrogen / Air Systems U-171 331 103.0
Fuel Gas Systems U-174 331 20.5
Cooling Water System U175 348 107.7
Water Systems (1% partition) U-176 13 3z 97.7
Water Systems (2™ partition) U-176 1 34.8 77.0
Vacuum Rerun Unit U-183 13 276 108.5
P4 Coit G Koptong U-186 : 31 1078
Coke Handling u-187 7 286 114.1
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FCC Sour Water Trealing U-195 8 331 97.5

Cooling Water System U-275 2 321 103.1

Heavy Oll Cooling U-283 3 26.6 103.3
Notes:

[a] Some exisling units will ba refired; the subsequent bonefil via a reduction of nolse has nol been considerad in
this assessment..

[b]. Noise emizsion height with referance (o the site ground level at the lowest elavalion,
fc]. At normal plant aperation with minimal continuous Raring.
[d]. At plant upsel condition with maximum laring al the design raling.

All the sources are continuous noise emission sources with 360° directivity. It is
assumed that SWL of any source does not show any variance with time, either
diurnal or seasonal. For flares, under normal plant operation, there will be minimal
flaring and the SWL will be relatively low.

7.4.3 Source Noise Levels at MAB Refinery Site
7.4.3.1 Construction Phase

The significant noise sources for the MAB construction activities, their relative
locations, and their SWL values are identical to those presented in Section 7.4.2.1 for
the CFP Block in MAA site. However, since the scope of work at the MAB site is
much larger than that at MAA site, it is conservatively assumed that the number of
equipment items present at MAB site is double that at the MAA site.

The estimated SWL value for each of these sources is shown in the following table,

along with other details.

Table 7.5: Characterisation of Significant Noise Sources in CFP Block in
MAB Refinery Site: Construction Phase

Number of 5l
Name of Units IEF.I cing Hﬂ,ﬂt‘ of SWLiota
Clnainiction findiidust Individual Emission [dB{A)] -
[:]
quipm Soxitces) Units (m) Source (m) Each Source
Bulldozer 10 75 1 109
50 100
Durtipse Tk (as clusters of 5) (for clusters) L L
Wheel Loader 8 75 1 104
Excavator 10 75 1 109
Grader 8 75 1 109
Roller Compacior 10 75 1 104
Asphalt
Machines & 2 100 i 104
Roller

Note: fal. Emission heigh! with reference fo the sife ground level al the lowest elevation
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7.4.3.2 Operations Phase

Each new unit within the CFP Block in MAB consists of a number of equipment items
with varying SWL values. As discussed in Section 7.4.2.2, each unit is modelled as a
single virtual point source. The calculated SWLw value for each unit in the MAB
CFP Block is shown in the following table.

Table 7.6: Characterisation of Significant Noise Sources in CFP Block in MAB Refinery
Site: Operations Phase

Mumber Hoight™
Name of Process Unit Soure i of Nojea. m
[saas (m)

Crude Distillation Unit u-111 19 222 1143
Atmospheric Residue Desulfurization Unit u-112 22 222 118.3
Heavy Oil Cooling U-113 3 222 106.6
Hydrocracker u-114 16 22.2 115.2
Kerosene Hydrolreater U-115 T 222 1123
Diesel Hydrotreater U-116 8 222 115.1
Naphtha Hydrotreater U-117 5 19.0 106.9
Hydrogen Production Plant uU-118 12 17.0 1143
Hydrogen Recovery Unit u-119 4 16.0 103.4
Sulfur Recovery Unit U-123 ] 138 112.0
Amine Regeneration Unit uU-125 4 139 109.9
Sour Water Stripping Units U-126 4 124 108.1
Continuous Catalytic Reformer u-127 13 20.0 112.7
‘é:::‘p:a;:gf Feed Treatment & U-12801 3 17.0 107.3
Train 2 - Hydrogen Compression U-128/2 5] 17.0 1159
Saturated Gas Plant u-129 3 109 106.8
Steam Syslems U-131 1" 20.0 112.0
Cooling Water Systems u-132 T 278 109.1
Fuel System uU-133 1 16.0 77.0
Air [ Nitrogen Syslems U-134 1 185 108.0
Water Systems u-137 18 16.0 103.3

134 as™
Acid Gas Flare U-146 2 1324 138,04
Interconnecting Pipeway U-148 Line source Variable T8.0
HC Flare and Flare Recovery System™ U-148 3 ?‘f.;?:u.a 1ﬁ;
Interconnecting Pipeway U150 Line Source Wariable TB.0

Project Number: EP003351
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MNumber
Height™
Significant
Source of Nolsa SWLicua
: Sources i
Mame of Process Unit D n Emission [dB(A)]
Unit {m)
Fire Water System L1-154 1 16.0 110.0
Waste Water Treating U156 17 2.9 114.1
Atmospheric Residue Desulfurization Unit u-212 15 23.2 116.3
Vacuum Unit U-213 1 18.0 108.5
Hydrocracker Unit U-214 21 232 116.1
Diesel Hydrotreater u-2186 24 24.3 116.5
13.9 101.0
Diesel Hydrotreater Flare L-249 2 0.4 1400
107.7 140.0"
Hydrocracker Flare U-314 2 1237 140.0"
Nofes: [a] Noise emission height with reference fo the site ground level. [b] The HC Flare and Flare Recovery

Syslem consisis of a Mare recovery undl (U-149/a) and iwo HC fares (U-14%0/c) with each HC flare consisting of
Iwo stacks of same height. [c] Al narmal plant operalion with minimal continuous faring. [d] Al plant upset
condition with maximum faring &l the design rating.
All the sources are continuous noise emission sources with 360° directivity. It is
assumed that the SWL of any source does not show any variance with time, either
diurnal or seasonal. For flares, under normal plant operation, there will be minimal
flaring and the SWL will be relatively low.

7.4.4 Source Noise Levels at SHU Refinery Site

As discussed in Seclion 7.4.1, noise impact modelling is not considered necessary at
the SHU Refinery site. Noise levels at SHU will decrease because the process units
{and some utility units) within that refinery will be decommissioned. This is regarded
as a positive impact for CFP.

7.5 Model Set Up

7.5.1 Model Options and Assumptions

The description of the noise model used in this study and the input requirements are
presented in Section 7.1.2. The model options used and the assumption made in
this study are described in the following table.

Table 7.7: Model Options and Assumptions

Parameter Option Used

Moise Sources « All sources, except pipelines are considered as point
sources. Pipelines with high fluid velocity are
considered to be high noise generating sources and,
therefore, included in the model. These are modelled as
line sources.

* The source location coordinates are determined from

8
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Parameter Option Used

the plot plans and the source heights are determined
from the equipment specification datasheets.

« SWL values are entered using 1 octave option for the
frequency bands 62.5, 125, 250, 500, 1000, 2000, 4000
and BOOOHz", In the absence of any vendor information,
the SWL values are estimated based on the equipment
specifications (equipment type and alectrical power
rating) and using DNV's noise data bank.

+ Considering that there are several hundred pieces of
equipment with some noise generation, only the
equipment with SWL above 60 dB(A) are considered as
significant nolse source. This assumption does not lead
to any noticeable error, since SPL is added on a
logarithmic scale. For instance, the net SPL from a 60
dB source and an 80 dB source is 80.04 dB.

« Each Process Unil is modelled as a single virtual paint
source, The tolal SWL of the virtual source is calculaled
by logarithmic addition of the various individual point
sources (up to over 20 for each Unit). This simplification
is made to conserve the runstream time and due o
dynamic memary limitations.

« For each source, the directivity is assumed to be 360°.

Similarly, the working (operaling) period is assumed to
be 24 hours. Both are conservative assumplions,

representing the worst case,

User Defined Attenuation + User defined attenuation takes inlo consideration the
reduction in source noise level achieved by providing
acoustic enclosures and barriers around high noise
generaling sources,

= In this modelling study, the user defined attenuation is
taken as zero (worst case) for all sources except for the
following sources as detalled below.

» For flares at both MAA and MAB sites, 15 dB(A)
attenuation is assumed. In compliance with the KNPC
noise specifications, the flares are designad in such a
way that SPL outside the enclosure will not exceed 115
dB(A).

MNoise Receptors + Uniform rectangular grid of 50m spacing is used for the
receptor points.

= Additional discrete receplors at locations, where
background noise levels are available from the
Environmental Baseline Study, are also used.

= All receplors are placed al 1.8m above the local ground
level, representing the average hearing height of human
receptor,

Barriers = Mo barriers are used, since none are present at the
project sites. This in any case is a conservalive
assumption.

Buildings . ﬁ;ﬂngs details are input into the model based on the
ans.

* _All buildings are assumed to have totally reflective

! As per IS0 9613 method, the frequency band 31Hz s nol entered.

d
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Parameter Option Used

surfaces (no absorption) as well as vertical surfaces (no
profile correction). This is a conservative assumption.

Terrain « Terrain is assumed to be flat, as recommended in the
IS0 method.

= [tis recognised that there is about 10-20m drop in the
elevalion across the plant site for each refinery.
However there are no valleys and peaks that act as
sound barriers.

Topography = The topography is assumed to be a simple ground
region with hard surface (zero ground absorption). This
is a reasonable assumption as well as being
conservalive

Meteorological Conditions « Based on two years of meteorological dala recorded at
the project site, the worst case metearological
parameters are used for calculating noise attenuation
by the air absorption.

+ As noted earlier, wind speed, wind direction and
atmospheric stability are not considered in ISO method.

Time Averaging « Since none of the input parameters has any time
dependence, there is no need for selecting different
lime averaging penods.

Time-of-the-day Compensation * As a standard default, the model output returmns Len
valua, which is a time weighted average value of SPL in
which a penalty of +5 dB and +10 dB is applied for the
evening and night hours respectively,

s This option is not used in this study because such
penailies are already applied in the K-EPA's ambient
noise standards {refer Table 7.1). Consequently, the
model output returns the "uncompensated’ SPL values,

7.5.2 Modelling Scenarios

Considering that the noise sources are different for the Construction Phase and the
Operations Phase, for each site (MAA and MAB), separate model runs were
performed. Within the Operations Phase, two different scenarios were considered —
normal operation and plant upset condition. The difference is that the flaring will be at
the design rating under plant upset condition, while flaring will be minimal under
normal plant operation.

The following scenarios were considered for noise modelling:
Scenario MAA 1: Operations Phase {Normal Plant Operation) — MAA Site
Scenario MAA 2: Operations Phase (Plant Upset Condition) — MAA Site
Scenario MAA 3: Construction Phase — MAA Site
Scenario MAB 4: Operations Phase (Normal Plant Operation) — MAB Site
Scenario MAB 5: Operations Phase (Plant Upset Condition) — MAB Site
Scenario MAB 6: Construction Phase — MAB Site

Project Number; EP003351
BNV
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7.5.3 Layout of Noise Sources and Buildings

Using the plot plans for the MAA and MAB sites, the virtual point noise sources and
the buildings between the sources and the receptors were entered into the Predictor
model. The screen shots taken from the model software after entering the above
input data for both the sites for the Operations and Construction Phases are shown in
Figures 7D through 7G. It should be noted that the sources and buildings, and their
locations for the Operations Phase remain the same under normal operation and
upsel condition.

38
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Figure 7D: Screen Shot Showing Layout of Noise Sources in MAA CFP Block — Construction Phase
(Mote: The construction foolprint progresses from one end to the other within the CFP)
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Figure 7E: Screen Shot Showing Layout of Noise Sources and Buildings in MAA CFP Block — Operations Phase
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Figure TF: Screen Shot Showing Layout of Noise Sources in MAB CFP Block — Construction Phase
(Mote: The construction footprint progresses from one end to the other within the CFP Block.)
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Figure 7G: Screen Shot Showing Layout of Noise Sources and Buildings for MAB CFP Block — Operations Phase
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7.6 Model Set Up

7.6.1 General

For each of the scenarios listed in Section 7.5.2, noise modelling was performed as
discussed in Section 7.5.1. The results are presented graphically as noise contours,
which are overlain on the plot plans. Additionally, the results are also shown in
tables, including a few selected receptors. The selected receptors include the fence
line points and residential sites (where background noise levels were monitored as
part of environmental baseline monitoring).

Also as discussed in Table 7.7, Ly, values are not used; hence no penallies are
applied for the evening and night hours.

7.6.2 MAA Refinery Site

The predicted noise contours for Scenarios MAA 1 (Operations Phase - Normal Plant
Operation), MAA 2 (Operations Phase - Plant Upset Condition) and MAA 3
(Construction Phase) are shown in the following figures. It shall be noted that the
noise values shown are for any time of the day, expressed as SPL in dB(A) and do
not include the background neise levels. The effect of the background noise levels on
the predicted values is discussed later in Section 7.7.1.
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Figure TH: Predicted Noise Levels for Construction Phase (Site Preparation & Earthworks) - within MAA CFP Block
{Note: Background noise levels are nof included. Site Preparalion & Earhworks slage represents the worst case with respect lo noise generation during the Construction Phase)

.
R D P L LR R R R I R R R R R,
s

T

:1 5. 45 dBIA)
.E 45 - 50 dAA)
1] 50- 60 aBA)
: n.?nﬂm'
il 70. 85 aBiA)
] resama)

18
Project Number: EP003351 B
Chapter 7 / Page 27 of 58 MANAGING RISK [E000



KNPC Clean Fuels Project 2020 FEED Update Phase
EIS Rev 2 DNV ENERGY

Figure 7l: Predicted Noise Levels for Construction Phase (Site Preparation & Earthworks) — Within MAA Refinery Site
{Note: Background noise levels are nof included. Site Preparation & Earthworks siage represents the wors! case with respec! (o noise generation during the Construction Phase)
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Figure 7J: Predicted Noise Levels for Construction Phase (Site Preparation & Earthworks) — Within MAA Area

{Note: Background noise levels are not included.  Site Preparalion & Earthworks stage represents the wors! case with respect fo noise generalion during the Construction Phasa)
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Figure 7K: Predicted Noise Levels for Operations Phase (Normal Plant Operation) - within MAA CFP Block
(Note: Background noise levels are nof included. Under narmal plant oparation, flaring is af the minimal and flare noise [s af the lowest, )
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Figure 7L: Predicted Noise Levels for Operations Phase (Normal Plant Operation) - within MAA Refinery Site
({Nole: Background noise levels are nol included, Under normal plant aperation, flaring is al the minimal and flare notse is al the lowest )
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Figure 7M: Predicted Noise Levels for Operations Phase (Normal Plant Operation) - within MAA Area
(Nate: Background noise levels are nol included. Undler plan! upsel condition, Naring is af the maximum af design raling and flare nalse is af the highest )
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Figure 7N: Predicted Noise Levels for Operations Phase (Plant Upset Condition) — within MAA CFP Block
(Note: Background noise levels are nof included. Under plan! upsel condition, fRaring is af the maximum af design rating and flare naise is al the highest.)
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Figure 70: Predicted Noise Levels for Operations Phase (Plant Upset Condition) — within MAA Refinery Site
{Nols: Background noise levels are nol included. Under plani upsel condition, laring is at the maximum al design raling and flare noise is al the highes.)
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Figure 7P: Predicted Noise Levels for Operations Phase (Plant Upset Condition) - within MAA Area

{MNote; Background noise levels are nol included, Under plant upset condition, Raring is af the maximum at dasign rafing and flare noise is af the highest. )
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Based on the noise contours presented in Figure 7H through to Figure 7P, the
maximum distances from the MAA CFP Block to various noise contour levels are
identified and summarised in the following table.

Table 7.8: Noise Impact Prediction for MAA CFP

Maximum Distance from Fence Line of MAA CFP Block
)
Predictad E“"i“ Level Construction Phase Operations Phase Operations Phase
(Leq) (Site Preparation and (Normal Plant (Plant Upset
Earthworks) Operation) Condition)
70 dB(A) 0Om Om Om
56 m 70m
65 dB(A 0
(&) [West] o [South]
187 m 440 m
A
80 dB1A) West] i [South]
513 m 230m 930 m
55 dB(A
(A) [West] [South] [South]
1080 m 865 m 1690 m
A
i [West] [South] [South]
2068 m 1780 m 2910 m
45 dB(A
(A) [West] [South] [South]

[#] Mot including the existing background noise levels.

As seen from the above table, the most stringent community noise level of 45 dB(A)
for night time L., in the ideal residential area will be reached at a maximum distance
of 2910 m from the fence line of MAA CFP Block under the worsl scenario
(Operations Phase — Plant Upset Condition).

The predicted noise levels at selected receptors where background noise levels were
monitored as part of baseline study are summarised in the following table (excluding
baseline conditions)

Table 7.9: Predicted MNoise Levels at Selected Receptors in MAA Area

Predicted L., in dB(A)
Location | Location Description Area G;t:mruntlon Op;;;:t;:m Oparations
ID Classification e e Phase (Plant
Preparation (Normal Upset
and Flant Condition)
Earthworks) | Operation)
N1 Residential
MNear Busy Road (affected by 44 5 48.7 523
(MAN) traffic)
M2 Mear Main-gate, Car )
:ﬂm Near Flare/Road Industrial 45.9 471 52.9
M4 Mear Busy Road ! Flare 2
(MAA) | Sound in Background Industrial 58.0 51.5 50.9

Project Number: EP003351
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Predicted Layin dB(A)
Location | Location Description Area C;ﬁsw-;ﬁi;n Operations 5 i
1D Classification ase | Phase thm"'['P' et
Preparation {Normal Upset
anc Plant Condition)
Earthworks) | Operation)
NS Mear Flare (Continuous
(MAA) | & Strong Flare Sound) Industrial 42.1 45.8 53.5
Close to Major o T
. Residential
M6 Highway & Mosque
(Offsite) | (Continuous Traffic iﬂﬂlm by 40.2 38.8 43.3
Moise)
Mear Busy Road (Traffic Residential
N7 Signal & Highway), anenya
(MAA) Workshops & Working {&ﬂm by 41.6 429 45.8
Machinery
i‘;‘;‘m, Lamp Post Opposite o | Residential 419 46.5 50.4
m r
(MAA) Mear Road Industrial B63.5 55.4 2.0
N10 Near Busy Road Resideritial
(Offsite) | (Working Machinery) ‘“*{?;‘,?,3} by 419 439 48.0

Maote: The results presented for the Construclion Phase represent the case where the construction foatprint within tha
CFP Block is localed closest to the sensitive community receplors,

7.6.3 MAB Refinery Site

The predicted noise contours for Scenarios MAB 1 (Operations Phase - Normal Plant
Operation), MAB 2 (Operations Phase - Plant Upset Condition) and MAB 3
(Construction Phase) are shown in the following figures. It should be noted that the
noise values shown are for any time of the day, expressed as SPL in dB(A) and do
not include the background noise levels. The effect of the background noise levels on
the predicted values is discussed later in Section 7.7.1.
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Predicted Noise Levels for Construction Phase (Site Preparation & Earthworks) — within MAB CFP Block

(Nofe: Background noise levels ane nol included. Site Praparation & Earttrworks slage represents the worst case
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Figure 7R: Predicted Noise Levels for Construction Phase (Site Preparation & Earthworks) — within MAB Refinery Site
{Nate: Background noise levels are nol included, SHe Preparation & Earthworks stage represents the wors! case with resped! o noise generation during the Construchion Phase.)
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Figure 75: Predicted Noise Levels for Construction Phase (Site Preparation & Earthworks) — within MAB Area
{Nofe: Background noise levals are nof included.  Site Preparation & Earifrworks sfage reprasents the worst case with respect to noise generalion during the Construction Phass.)
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Figure 7T: Predicted Noise Levels for Operations Phase (Normal Plant Operation) — within MAB CFP Block
(Note: Background noise levels are not included. Under narmal plant operation, Maring is af the minimal and ffare noise is af the lowest)
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Figure 7U: Predicted Noise Levels for Operations Phase (Normal Plant Operation) — within MAB Refinery Site
(Note: Background noise leveis are nof included. Under narmal plant operation, flaring is at the minimal and ffare nolse is af the lowest)
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Figure 7V: Predicted Noise Levels for Operations Phase (Normal Plant Operation) - within MAB Area
{Note: Background noise levels are nol included. Under normal plani operation, Mlaring is at the minimal and flare nolse is at the lowest.)
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Figure 7W: Predicted Noise Levels for Operations Phase (Plant Upset Condition) — within MAB CFP Block
(Wate: Background noise levels are nof included. Under plant upsel condition, faring is af the maximum at design rafing and fane noise is af the highest. )
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Figure TX: Predicted Noise Levels for Operations Phase (Plant Upset Condition) = within MAB Refinery Site
{Note: Background noise levels are not included. Under plant upsel condition, flaring is at the maximum al design rating and flare noise is at the highest.)
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Figure TY: Predicted Noise Levels for Operations Phase (Plant Upset Condition) — within MAB Area
(Nate: Background noige levels are nol included. Under plant upsel condition, flaring is af the maximum at design rating and flare noise is af the highest.)
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Based on the contour maps shown in Figure 7Q, 7R, 75, the maximum distances
from the fence line of CFP Block in MAB to various noise contour levels are identified
as summarised in the following table.

Table 7.10: Noise Impact Prediction for MAB CFP

Maximum Distance from Fence Line of CFP Block in MAB
1%
Predicted Noise Level™ | o struction Phase | Operations Phase |  Operations Phase
(Leq) {Site Preparation and {Normal Plant (Plant Upset
Earthworks) Operation) Condition)
42m
70 dB(A 0 0
(A) 4 A [South]
Om 345m
65 dB(A 0

(A) [East] " [South]
30m 680 m

A
60 dB(A) [East) 0om [South]
380m 480 m 1215 m

55 dB(A
(A) [East] [West] [South]
950 m 1200 m 2080 m

A
SN [East) [South West] [East]
1980 m 2460 m 3500 m

45 dB(A
(A [East] [Sauth West] [Souith]

[H] Not including the existing background noise levels.

As seen from the above table, the most stringent community noise level of 45 dB(A)
for night time L, in the ideal residential area will be reached at a maximum distance
of 3500 m from the fence line of CFP Block under the worst scenario (Plant Upset
Condition).

The predicted noise levels at selected receptors where background noise levels were
monitored as part of baseline study are summarised in the following table (excluding
baseline conditions).

Table 7.11: Predicted Noise Levels at Selected Receptors in MAB Area

Predicted L., in dB(A)
Construction | Operations
Location | | ;. ation Description SreA Phase (Site | Phase | Operations
1D Classification Phase (Plant
Praparation (Normal Upset
and Plant Condition)
Earthworks) Operation)
N11 Wear KNPC Units
(Background Noise from | Residential 60.0 60.9 68.8
(MAB)
Birds)
N1z Near Road Industrial 48.9 61.9 65.0
(MAB) : £ i
W13 Mear KNPC Units ¥
(MAB) (Construction Waork) Residential 55.4 55.5 67.1
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Predicted L,qin dB(A)
Construction | Operations
Location | | . ation Description sy Phase (Site | Phase | Operations
1D Classification Phasa (Plant
Preparation |  (Normal Upset
ahol Plant Condition)
Earthworks) | Operation)
{NF-::BJ Near KNPC Units Residential 585 55.5 66.5
N15 Mear Busy Road and )
(MAB) Working KNPC Units Industrial 49.9 56.7 70.0
N16 Mear Villas (Birds &
(MAB) Knocking Sounds in the Residential 51.9 50.9 62.9
Background)
M7 Mear Busy Road (Garage :
(MAB) and Working Crane) Industrial 39.7 49.6 53.6
Mear Busy Road and
M18 Working KNPC Units v
(MAB) (Aeroplane Flying in the Industrial 35.8 43.6 48.7
Background)
N19 Mear Busy Road (Cranes "
(MAB) Working Nearside) Industrial 3r.a 423 455
MN20 Far from Working KNPC "
(MAB) Units Industrial 52.5 54.5 7.4

Nate: The resulls presented for the Construction Phase represent the case where the construction foatprint within the
CFP Block is located closest lo the communily receptors,

7.6.4 SHU Refinery Site

As discussed in Sections 7.4.1 and 7.4.4, noise modelling was not performed for the
SHU Refinery Site, since following construction of the CFP facilities, the existing
noise levels in this location will be reduced. The impact is, therefore positive
(beneficial).

7.7  Noise Impact Evaluation

7.7.1 Predicted Impact from CFP Construction & Operation

The noise levels predicted through modelling for all of the scenarios considered in
this study (refer Sections 7.6.2 and 7.6.3) do not include the existing background
noise levels. Data on existing background noise levels are available at 20 selected
locations of community interest (refer to Table 7.2). In order to determine the impact
of community noise due to the noise generated from CFP construction and operation,
the background noise levels are superposed on the predicted noise levels, and
overall noise levels are determined and as discussed in the following sections.

Construction Phase

The predicted community noise impact for the Construction Phase is presented in the
following table. It is to be noted that, there will normally be no night time impacts
during the Construction Phase since the considered construction activities (Site

Project Number: EP003351

Chapter 7 / Page 48 of 58 MANAGING RISK B0




KNPC Clean Fuels Project 2020 FEED Updale Phase

EIS Rev 2

DNV ENERGY

Preparation and Earthworks Phase) will not be performed during the night time
expect under exceptional situations.

Table 7.12: Predicted Community Noise Impact at MAA and MAB Areas - Construction

Phase
Worst Case L., in dB{A)
Maximum
Current
Permissible Predicted Future
Predicted
Location Area Noiss Levats in Background Nolse Lovel
1D Classification | "o s\ e EpA Noise Level Lavel (Overall)
D
@2y} " pay | Night | Day | Night
Residential
N1 Day: 65 No
(MAA) (affected by Night: 60 44.5 55 52 55.4 change
traffic)

N2 Day: 70 No
(MAA) Industrial Night: 65 46.3 62 61 62.1 change
N3 . Day: 70 Mo

(MAA) Industrial Night: 65 459 66 - 66.0 "

M4 i Day: 70 Mo
(MAA) Industrial Night: 65 58 52 55 59.0 change
N5 ; Day: 70 No
(MAA) Industrial Night: 65 421 69 - 69.0 hang

Residential
MNB Day: 65 No
(Offsite) (affected by Night: 60 40.2 1 5 51.3 change
traffic)
Residential
N7 Day: 65 No
(MAA) (affected by Night: 60 41.6 60 &7 601 chang
traffic)

N8 Day: 60 Mo
(MAA) Residential Night: 50 41.9 53 - 533 change
Na . Day: 70 Mo
(MAA) Industrial Night: 65 63.5 53 55 6349 change

Residential
MN10 Day: 65 Mo
(Offsite) l:af:z:tmnd by Night: 60 41.9 54 53 54.3 change
c)

M11 & Day: 60 Mo
(MAB) | Residential Night: 50 60 - change
MN12 Day: 70 Mo
(MAB) Industrial Night: 65 48.9 54.4 change
M13 . Day: 60 Mo

(MAB) Residential Night: 50 55.4 £5 58.2 4

N4 Day: 60 Ne
(MAB) Residential Night: 50 58.5 45 45 58.7 ha
N15 Day: 70 No
(MAB) Industrial Night: 65 49.9 57 56 57.8 o
N16 = Day: 60 Me
(MAB) Rasidential Night: 50 51.9 46 49 529 change
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Worst Case Ly in dB(A)
Maximum
Current
Location Araa Permissible | pradicted | packgrouna | Predicted Futur
D cl Noise Levelsin | yoign | aval Noise Level
assification dB K-EPA oise Level Overall
(A) (K- due to CFP (Measurad) ( )
Standards) (Day)
Day | Night | Day Night
MN17 Day: 70 Mo
(MAB) Industrial Night: 65 38.7 54 56 54.2 change
M18 . Day: 70 Mo
(MAB) Industrial Night: 65 3s5.8 54 58 54.1 change
N19 Day: 70 Mo
(MAB) Industrial Night: 65 ara 57 58 57.0 change
N20 4 Day: 70 Mo
(MAB) Industrial Night: 65 52.5 44 49 53.1 change

Note: The values exceeding the refevant K-EPA communily novse standards (refer Table 7.1,) are highlighted in
orange for the baseline noisa levels and in red for the pradicled fulure noise levels,

The above results are graphically presented in the following figure.

Figure 7Za: Predicted Community Noise Impact at MAA and MAB Areas - Construction
Phase

[ Industrinal / Eummurﬁhl_ﬂuul: ééln:-i;ru-:ticn Phase
70,0
B65.0
=
& 800
-
£ B850
g 500
45.0 1
wlu_ A ¥ L
| R T L I T B
O Current - Day Time @ Fuure - Day Tima
| B Current - Night Time o Fubre - Night Time
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Urban Residential Areas Affected by Road Traffic:

5 8
& e

Leq in dB(A)
]
)

As seen from the above table, the current (baseline) noise levels have already
reached or exceeded the relevant K-EPA standards during the night time at two
industrial receptors (N3 and N5) and at three residential receptors (N8, N11 and
N13), although no exceedence is observed during the day time at any receptor,

With regard to the future noise levels, a minor exceedence of the relevant K-EPA
standard is predicted during the day time for N11 (60.4 dB(A)). Moreover, daytime
noise levels do increase at sensitive residential receptors N4, N9, N11, N14, N16 and
N20 as a result of CFP construction, but do not exceed the K-EPA relevant standard.

The night time noise levels remain unaffected during the Construction Phase since
the considered type of construction activities will not be carried out during the night
time, except under exceptional situations.

Project Number: EP003351 ) ij&
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Operations Phase (Normal Plant Operation)

The predicted community impact for the Operations Phase under normal plant
operation is presented in the following table. Under normal operation, the flaring will
be minimal and consequently the noise generated from the flares will also be
minimal.

Table 7.13: Predicted Community Noise Impact in MAA & MAB Areas
Operations Phase (Normal Plant Operation)

Leg In dB(A)
Maximum = Chrrent
Permissible redicted Pradicted
Loemon gl Noise Lovels in | Noise Level | Background | g o Nojge
cation | “ypia) (K-EPA | dueto CFP (Measured) | Leve! (Overall)
Standards) (Day or
Night) Day | Night | Day | Night
Residential
M1 Day: 65
(MAA) {aﬁlf;::lﬁal; by Night: 60 46.7 85 52 £5.6 531
M2 : Day: 70
(MAA) Industrial Night: 65 30.3 62 61 62.3 61.4
N3 : Day: 70
(MAA) Industrial Night: 65 471 66
M4 ; Day: 70
(MAA) Industrial Night: 65 51.5 52
NS i Day: 70
(MAA) Industrial Night: 65 45.8 69
Residential
MG Day: 65
(Offsite) {“'I‘:f:,;;’}"" Night: 60 38.8 el
Residential
N7 Day: 65
(MAA) {aﬂ&nlﬂ!}hrr Night: 60 42.9 60
MNE g Day: 60
(MAA) Residential Night: 50 46.5 53
MNa Day: 70
(MAA) Industrial Night: 65 55.4 53
Residential
N10 Day: 65
(Offsite) [ﬂﬁm by Night: 60 439 34 53 54.4 53.5
M11 Day: 60
o | e | 2@ e | w |« [N
MN12 Day: 70
(MAB) Industrial Night: 65 61.9 a3 55 62.4 62.7
M13 Day: 60
(MAB) Residential Night: 50 35.5 55 58.3
MN14 Day: 60
(MAB) Residential Night: 50 95.5 45 45 55.9
N15 . Day: 70
(MAB) Industrial Night: 65 26.7 a7 56 50.9 59.4

Project Number: EP003351
Chapter 7 / Page 52 of 58

MANAGING RISk EINY



KNPC Clean Fuels Project 2020 FEED Update Phase

EIS Rev 2 DNV ENERGY
Leqin dB(A)
Maximum
Parmissible Pradicted A ran Predicted
Lm:lanﬁun I:I mﬂlon Noise Levels in | Noise Level B‘“:fxl"'“d Future Noise
et dB{A) (K-EPA | dueto CFP (Measured) Leval (Overall)
Night) Day | Night | Day | Night
MN16 , Day: 60
(MAB) Residential Night: 50 50.9 46 49 52.1
MN17 ; Day: 70
(MAB) Industrial Night: 65 49.8 54 56 55.3 56.9
M18 : Day: 70
(MAB) Industrial Night: 65 436 54 58 544 | 582
MN19 ’ Day: 70
(MAB) Industrial Night: 65 423 57 58 571 | 58.1
N20 . Day: 70
(MAB) Industrial Night: 65 54.5 44 49 54.89 556

Maote: The values exceeding the relevant K-EPA community notse siandards (refer Table 7.1) are highlighted in
orange for the baseline noise levels and in red for the predicted fufure noise levels.

Figure 7Zb: Predicted Community Noise Impact at MAA and MAB Areas — Operation

Industrial | Commuercial A_.r“::_l:.'rp-lrutlunl Phase

70.0

65.0

60.0

550

Leq in dB(A)

50.0
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Urban Residential Areas: Operations Phase

As noted earlier, the current (baseline) noise levels already reach or exceed relevant
K-EPA standards during the night time at two industrial receptors (N3 & N5) and at
three residential receptors (N8, N11 and N13), although no exceedence is observed
during the daytime at any receptor.

With regard to the future noise levels, as seen from the above figure, minor
exceedence of the relevant K-EPA standard is predicted during the day time at N11
(61.2 dB(A)) under normal plant operation. Moreover daytime noise levels do
increase at some key sensitive residential receptors, N9, N11, N12, N14, N16 and
MN20 as a result of CFP operation.

For the night time noise however, minor to significant exceedences are predicted at
five residential receptors (N8, N11, N13, N14 and N18) and two industrial receptors
(N3 and N5).

The following points are noteworthy:

b8
Project Mumber: EP003351 N
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= At all the receptors where exceedence is predicted, the predicted night time noise
levels are more or less the same as the predicted day time noise levels. (This is
due to the fact that the baseline noise levels are more or less the same during the
day and night at these receptors. This implies that community noise levels at
these receptors are strongly influenced by the nearby industrial sources which
hardly show any diurnal variation.)

« All receptors except N8 are located within 1000 m distance from the respective
CFP site fence®, while N8 which is about 1900 m away.

« Of all receptors where exceedence of criteria is predicted, at four receptors (N11,
N13, N14 and N16) the exceedence is noticeable, that is the increase is more
than 3 dB(A)°.

= At the two industrial receptors where night time exceedence is predicted (N3 and
M5), the current (baseline) night time noise levels have already exceeded the
applicable community noise standard [65 dB(A}], apparently due to the noise from
existing sources. The incremental rise due to the new noise sources is marginal.

Operations Phase {Plant Upset Condition)

The predicted noise levels without considering the baseline levels have been
presented in Table 7.9 (for receptors N1 to N10) and in Table 7.11 (for receptors N11
to N20) for the Operations Phase under plant upset conditions. Under the plant upset
operation, it is assumed that flaring will be at the maximum design flow rate resulting
in the maximum SWL at source, while all other major plant equipment (the significant
noise sources) would continue to operate as usual. Under such conditions, the
predicted noise levels increase significantly (with reference to the normal plant
operation) at receptors close to the flares — a maximum of 8.6 dB({A) at N2 receptor
for MAA site and a maximum of 16.2 dB(A) at N20 receptor for MAB site.

However, this rise will not make any significant impact on the future noise level when
the baseline noise levels are superposed, for the following reasons:

 The assumption that all process units continue to operate as usual during
emergency flaring is overly conservative. During the power fallure (which leads to
emergency flaring), most of the process units will be shutdown and there is trade
off between more flare noise and less process noise. Therefore in reality, there
may not be any net rise in the noise levels at the receptors during emergency
flaring.

» Emergency flaring occurs for only a short duration (an hour or less) for each
occurrence, which will be followed by a period of several hours of virtually no
noise from the process units and the flares. Since the community noise level is
time-weighted over a period of 7 hours (7am to 2pm) for the day time and 6 hours
{(10pm to 4am) for the night time, any change in the time-weighted noise level at
any receptor in reality would be negligibly small.

* For locations M1 to N1D, the referred distance is with respect to the fence line of the CFP Block in MAA. Far
locations N11 to N20, the refarred distance is with respect to the fence line of the CFP Block in MAB.

* Study's have shown that a change of less than 3 dB(A) in noise leve! is hardly noticed by most people, while a
change of 8 dB{A) and above is quite obvious. A change of 10 dB{A} is considered significant.
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7.7.2 Cumulative Impact from Concurrent External Projects

The cumulative impacts on the community noise from projects that are being
developed concurrently are discussed in this section. With regard to the MAA
Refinery Site, as discussed in Section 7.2.1, adjacent to and east of the CFP Block,
three new projects FGTP, ERP and the proposed are for the 58" Train are being
developed. No new projects were identified for consideration during the time of this
writing at the MAB Refinery Site,

Since these projects are being designed and engineered by third parties, detailed
information on these projects is not available. Consequently, based on limited
information provided by KNPC, the following observations are made:

= The construction periods (particularly the civil works phase) of FGTP and ERP
projects are nol expected to coincide with that of the CFP. Therefore, no
additional impact on community noise will occur.

» The noise contours for FGTP and ERP projects during the normal Operations
Phase are not available. However, considering that these project sites are located
farther from the community receptors when compared to the CFP Block of the
MAA Refinery Site, it is likely that their impact will be marginal (<3 dB(A)).

7.8  Conclusions and Recommendations

7.8.1 Conclusions

Predicated on the results obtained from noise modelling based 1S0 9613 method, the
fallowing conclusions are made with regard to the impact on community noise of CFP
construction and operation at MAA and MAB sites:

(a) The contribution to community noise from CFP activities at both MAA and MAB is
higher for the Construction Phase compared to the Operations Phase. The
impact from construction activities is more at MAB than at MAA due to larger
construction scope and footprint at MAB.

(b) The noise contour for 70 dB{A), which corresponds to maximum permissible day
time community noise level in ‘Industrial /| Commercial Areas’ will remain within
the fence lines of CFP Block at both sites (MAA and MAB) and for both phases
{construction and operations - not considering upset conditions).

(c) The noise contour for 60 dB{A), which corresponds to maximum permissible day
time community noise level in 'Urban Residential Areas with Some Commercial
Activities and Waorkshops, will remain within 680m distance from the fence lines
of CFP Blocks at both sites and for both phases, when background noise is
disregarded.

(d) The noise contour for 50 dB(A), which corresponds to maximum permissible day
time community noise level in 'ldeal Residential Areas’, will remain within 1610m
distance from the fence lines of CFP Blocks at both sites and for both phases,
when background noise is disregarded.

Out of the twenty receptors where the current (baseline) noise levels were measured,
the night time levels have either reached or exceeded the relevant K-EPA standards
at two industrial receptors (N3 and N5) and at three residential receptors (N8, N11
and N13). However, no exceedence is observed during the day time at any receptor.
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When the current background noise levels are superposed on the predicted noise
levels from the CFP construction and operation, the following conclusions are made:

(e} One case with minor exceedence with respect to the relevant K-EPA standard is
predicted at N11 during the daytime. Moreover, there are noticeable noise
increases al sensitive residential receivers N4, N9, N11, N12 N14, N16 and N20
and N20 during both CFP construction and operation during daytime.

(f) For the Construction Phase, night time noise levels will not be affected, since
construction activities are not performed during the night hours except under very
exceptional situations.

(g) For the Operations Phase, the night time noise levels are expected to exceed the
relevant K-EPA standards at five residential receptors (N8, N11, N13, N14 and
N16) and two industrial receptors (N3 and N5) as illustrated in the figure below.

Exceedence Lu::nﬁnns

-~
[=]

& & 8 & 8 B

Leq in dB(A)

M3 NS ) i) W11 MN13 M14 N1g |
i B K-EPA Limit - Night Tima W Current - Night Time I Future - Night Time

Ll

(h) Of all receptors where exceedence of night time criteria is expected, at four
receptors (N11, N13, N14 and N16) the exceedence is noticeable, that is the
increase is more than 3 dB(A)

(i) At the 2 industrial receptors where night time exceedence is predicted (N3 & N5),
the current night time background noise levels have already exceeded the
applicable community noise standard [65 dB(A)] due to noise from existing
sources (flares). The incremental rise due to the new CFP noise sources is
marginal, and not deemed significant because there are no noise sensitive
receivers at this area.

(i) All receptors except N8 are located within 1000 m distance from the respective
site fence®. Receptor N8 which is about 1900m away from the respective site
fence, and at this receptor the current noise level has already reached the
maximum limit.

* For locations N1 to N10, the refered distance is with respect to the fence ling of the CFP Site in MAA. For locations
N11 to N20, the referred distance is with respect to the fence line of the CFP Site in MAB.
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7.8.2 Recommendations
Based on the above, the following recommendations are made:

(a) Construction activities generating significant noise levels should not be carried
out during the night time except under very exceptional situations. Otherwise,
night time community noise levels may significantly breach the relevant K-EPA
standards at residential locations close to the CFP sites.

(b) In order to fully comply with K-EPA community noise standards, additional noise
attenuation using acoustic enclosures should be considered for significant noise
emitting sources located close to the fence lines, particularly for CFP works
near the eastern part of the CFP at MAB refinery.

(c) The process units where additional attenuation should be considered are U-123,
U-125, U-129, U-146, U-149 and U-156. All these units are located in MAB CFP
Block and they are close to the residential receptors N11, N13, N14 and N16 on
the east side of the site. The additional attenuation required would be about 5
dB(A).

{d) Moise monitoring will be necessary during both construction and operation to
ensure no significant impact upon receptors.

Observations:

(a) In the absence of vendor specifications for the SWL values for the equipment
items, conservative values based on past experience were used in this study.
Consequently, the predicted impacts are likely to be higher than actual
Therefore, noise modelling should be repeated after detailed equipment
specifications are provided by the vendors in order to evaluate the need for
further noise attenuation as indicated above.

(b) The results obtained from this study should not be used for the demarcation of
noise hazard areas within the fence lines (workplace areas). In this study the
numerous noise sources (i.e. equipment items) located within each individual
unit at the CFP Block Sites are approximated to a single virtual point source,
The consequence of this approximation is that the total area where SPL
exceeds 85 dB(A)’ is over-estimated. This approximation will however cause
little error with regard to the community noise prediction.

" This Is K-EPA's maximum permissible limit within workplace without ear protection.

Project Number: EP003351

Chapter 7 / Page 58 of 58 MANAGING Risk 01



KNPC Clean Fuels Project 2020 FEED Update Phase
EIS Rev 2 DNV ENERGY

8.0  Air Quality During Construction

8.1 Introduction

The most significant air contaminant potentially emitted during the construction phase
of the CFP is dust (i.e. particulate matter). The US Environmental Protection Agency
(EPA) describes dust as follows:

‘Significant atmospheric dust arises from the mechanical disturbance of granular
material exposed lo the air. Dust generaled from these open sources is lermed
“fugitive” because it is not discharged to the atmosphere in a confined flow stream.
Common sources of fugitive dust include unpaved roads...aggregate storage piles,
and heavy construction operations.

For the above sources of fugitive dusl, the dust-generation process is caused by two
basic physical phenomena:
e pulverization and abrasion of surface materials by application of mechanical
force through implements (wheefs, blades, efc.)
» entrainment of dust particles by the action of turbulent air currents, such as
wind erasion of an exposed surface by wind speeds over 19 km/h’,

There will also be other air contaminants emitted during the construction phase of the
CFP from activities such as cutting, welding, grinding and sand/shot blasting. The
impacts of these are likely to be significantly less in comparison to dust, but they
should still be considered.

This section provides an overview discussion of the potential issues associated with
air pollutants released during the construction phase, with main focus on dust. It
provides common sources of dust released typical to construction projects such as
the CFP and details typical mitigation methods. This Chapter commits the CFP EPC
contractors to develop Air Quality Management Plans during Construction.

8.2 Health Risks

Dust is a general name for minute solid particles with diameters less than 500
micrometers. The principal pollutant of interest in dust is PM10, particulale matter
(PM) with no greater than 10 micrometers in aerodynamic diameter (umA).
Particulate Matter is a health risk, especially when small PM - e.g. PM10 - is inhaled.

Many studies have been conducted on the health risks of PM10. Larger particles are
generally filtered in the nose and throat and do not cause problems, but particulate
matter smaller than about 10 micrometres, can settle in the bronchi and lungs and
cause health problems such as the exacerbation of chronic respiratory diseases e.g.
asthma and bronchitis. If the dust is contaminated - e.g. dust released from
demolition or the clean-up of contaminated land - the risk is significantly greater and
can include lung cancer and cardiovascular issues,

However, the EBS suggests that any dust released from activities related to the CFP
during its construction is generally not contaminated, apart from in isolated areas
(these areas are addressed in Chapter 14).
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8.3 Regulation in Kuwait

K-EPA'S Dust Pollution Division performs the following tasks:

Manitoring and studying the daily and monthly rates of dust fall.
Continuously monitoring air pollution and the different volatile organics in the
residential, industrial and commercial areas, and other areas.
Defining the sources of air pollutants, and assessing quantities.
Suggesting control methodologies for each source of dust and volatile
organics.

« Formulating necessary recommendations and regulations to protect humans
from exposure to dangers of dust fall and suspended particulates.

« Preparing standard criteria & guidelines for air quality, and so specifying rates
of emission from the different sources.

+ Preparing monthly & annual reports about sources & rates of air pollution
from dust & volatile particies.

« Preparing suggestions & plans in order to develop technology used in
monitoring & measuring, as well as controlling, the air pollution of dust and
volatile organic particles.

8.4 Sources and Control / Mitigation

There are several potential sources of fugitive dust releases during the construction
phase of the CFP. They include the following:

« paved, and unpaved roads;

= cement mixing & batching;

* heavy construction operations,

= aggregate handling and storage piles.

Each of these sources is considered in the table below, with examples of control
measures being provided. 'Best Available Control Techniques' (BACT) for specific
sources cannot be provided at this stage of the project as control techniques will
depend on the exact characteristics, extent and nature of the dust source. BACT will
however, be used in the Air Quality Management Plan for managing specific sources
of dust.

The CFP EPC contractors will each develop an Air Quality Management Plan using
basic ‘source - pathway — target' (i.e. receptor) methodology prior to and during the
construction phase. This plan will be in accordance with any applicable K-EPA
criteria and approved by KNPC.

Reducing the potential for dust to arise at source - i.e. preventative controls - should
be employed as the most effective control and monitoring of dust at the site boundary
and offsite should be an integral part of the plan.

The Air Quality Management Plan should also include control of other sources of air
pollution during construction, including the use of the large numbers of Diesel
Generator (DG) sets employed for welding, which have potential for creating low
level air pollution.
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Table 8.1 - Potential Sources of Air Pollutants and Various Control Techniques
Source Control
Paved roads Particulate emissions occur whenever vehicles travel over a paved surface such as a | Control techniques for paved roads attempt either to prevent material from being
road or parking area, They are due to: deposited onto the surface (preventive contrals) in the first place, or the removal
= direct emissions from vehicles in the form of exhaust emissions, from the road of any material that has been deposited (mitigation).
= brake wear and tyre wear emissions, and
= the re-suspension of loose malterial on the road surface. +  Preventative: Covering loads in trucks, and paving of access areas
o unpaved areas or construction sites,
In general terms, re-suspended particulate emissions originate from, and result in the
depletion of, loose material present on the surface. © Mitigation: Vacuum cleaning / sweeping, water-flushing, and
broom-sweeping and under-chassis and wheel washing. The
Surface loading of material is replenished by spillage of material and material carried aciual control efficiencies by any of these techniques vary.
from unpaved roads which could also be an issue on surrounding public roads.
Unpaved The force of the wheels of vehicles travelling on unpaved roads causes pulvenisalion | A variety of options exist to control emissions from unpaved roads. These
roads of surface material, Particles are lifted and dropped from the rolling wheels, and the | options fall into the following three groupings:
road surface s exposed 1o strong air currents. The turbulent wake behind the vehicle
continues to act on the road surface after the vehicle has passed. = vehicle restrictions that limit the speed, weight or number of vehicles on
the road;
The main factor in the amount of particles released is particle size & moisture + surface improvements by measures such as (a) paving or (b) adding
content. In arid regions such as the CFP site, moisture content of the underlying gravel or slag to a dirt road;
road surface is likely to be very low. Therefore the risk of significant dust release = surface trealments such as watering or treatment with chemical dust
from unpaved roads is likely to be high. suppressants.
Heavy Heavy construction is a source of dust emissions that may have substantial | Each phase of construction can be broken down into specific stages which have
Construction temporary impact on local air quality. Building and road construction are two | a differing pntard:al for dust generation and associated control measures:
Operations examples of construction activities with high emissions potential. Demolition / debris remaval
II Site preparation

Emissions during the construction of a project such as the CFP can be associated
with:

*  land-clearing,

* drilling,

° _ ground excavation,

i, General Construction (earth moving)
Control methods can be made suitable for each stage — for example:

= Phase | - a combination of paved roads, and wel / chemical
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Source Control
*  cut and fill operations (i.e. earth moving), and suppression could be used;
*  the construction of a particular facility itself.
= Phase Il - as above bul with the stockpiles covered with larpaulins /
Dust emissions can vary substantially from day to day, depending on the level of wind reduction techniques to reduce wind blown dust (see below). In
activity, specific operations, and prevailing meteorological conditions. The temparary addition, the boundary fence could be designed to reduce windflow over
nature of construction differentiates it from other fugitive dust sources as o the site and thus reduce the potential for wind-blown dust.
estimation and control of emissions.
During construction activities, water used as a dust suppressant will be applied,
Construction consists of a series of different operations, each with its own duration | as necessary, in the construction area during grading, excavation, and earth-
and potential for dust generation. However, in general, the quantity of dust emissions | moving activities to conirol or reduce fugitive dust emissions. Application of
from construction operations is proportional lo the area of land being worked and to | water significantly reduces emissions,
the level of construction activity.
Aggregate Construction activities on site are likely 1o use aggregates stored in outdoor storage | Watering and the use of chemical welting agents are the principal means for
handling and piles. Storage piles are usually left uncovered, partially because of the need for | control of aggregate storage pile emissions. However, in regions with high
storage piles frequent material transfer into or out of storage. evaporation, construction site enclosure or covering of inactive piles to reduce
wind erosion can also reduce emissions,
Dust emissions can occur at several points in the storage cycle, such as:
= material loading onto the pile, Watering / chemical wetting agents are useful mainly to reduce emissions from
« disturbances by strong wind currents, and vehicle traffic in the storage pile area. The use of water on the storage piles
« loading trucks from the pile, themsedves typically has only a very temporary effect on tolal emissions.
i emissions from ale storage operations varies according to | A much more effective technique, is to apply chemical agenis (such as
wvzlu:n'ity nfda;gmr;gm passing lhr:;ﬁhﬁa snﬁ mp:‘ai = surfactants) that permit more extensive wetling. Continuous chemical treating of
material loaded onto plles, coupled with watering or treatment of roadways can
Emissions also depend on three storage pile condition parameters: reduce total particulate emissions from aggregale storage operations by up lo
= age of the pile, 90%.
=  moisture content, and
» proporiion of aggregate fines.
Cutting,
welding, General construction activities such as cutting, welding, blasting and grinding will | The control of this low level air pollution will be covered in the contractor Air
grinding & have the potential to create low level air pollution from diesel generators. This | Quality Management Plan. Control measures will include keeping diesel
h'““'!ﬂ pollution will likely be negligible in comparison lo the dust pollution on site. generator usage to a minimum,
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8.5  Air Quality Management Plan / Risk Assessment

The potential impact of construction dust and other air pollution upon the surrounding
environment was assessed using the matrix approach of DNV's impact assessment
methodology (as discussed in Chapter 6). Figure 8A below displays the impact
assessment and concludes that, provided a solid Air Quality Management Plan is
developed by the EPC contractor and implemented, impacts from construction dust
will be managed at a moderate negative impact. The Air Quality Management Plan
will typically apply the sort of mitigation methods discussed for the various dust
sources likely to occur. The Air Quality Management Plan will also include the
control of other sources of air pollution during construction.

Figure 8A: Impact Matrix for Air Quality during Construction

Category: Environment
Consequence evaluation for:  Air Quality During Construction

1. General description of the area (situation and characteristics)

Note: This section describes the sensitivily of the area in gquestion. Following a review of existing
information regarding the site's sensitivity, a sensitivity rating or value is given.

There are some residential communities potentially downwind of the CFP site. There will also be a
large construction workforce who will be susceptible to construction dust impacts. As the workforce
shall be provided with protective equipment, the sensitivity is deemed Medium.

Low Medium High
o X |

2. Description of the extent of effect 3. Total impact on
environment

Evaluation of extent:
“Moderate negative
There is high potential for very negalive effects as a resull of construction impact”

dust if it is not managed in a strict and structured manner. This EIA
commits EPC contractors to produce a solid Air Quality Management Plan b Bemiitniny
based on the key elements set out in this chapter. Provided these are
implemented, it is considerad that the extent of construction dust effect will
be managed at a medium negative effect.

e |

-

‘u’ar:_.r neg. Medium neg. Il.ittfefnu F:.I'Iadium pos. Very pos.

I X | | |

Hadw of Filwl
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8.6 Conclusions

Based on available information, it is believed that dust released from activities related
to the CFP during its construction will not be contaminated. Naturally occurring dust
storms occur periodically and are expecled to pose a greater threat to the health and
safety of the workforce and local residents.

Most sources of dust which may be generated during the construction phase can
readily be addressed by standard control measures. These control measures need
to be strictly implemented for the impacts to be managed to a satisfactory level.

A strong Air Quality Management Plan, key elements of which have been set out
above, will need to be implemented by the EPC contractors during the construction
phase of the CFP in order to limit impacts to "medium negative impact”. This plan will
also need to cover other ambient air pollution sources during construction such as
cutting, welding, grinding and blasting and control measures for these sources will be
laid out in the Plan.

8.7 Recommendations

Provided the following recommendations are adopted, impacts upon air quality during
construction can be managed satisfactorily.

It is recommended that:

* A rigorous Air Quality Management Plan be provided by the EPC
contractors and be put into action.

« The Air Quality Management Plan should include some early commitment
to provide temporary construction roads as soon as practicable to
minimise dust releases.

= The EPC contractors ensure that appropriate mitigation measures are
applied, both by themselves and their sub-contractors.

= The EPC contractors conduct ongoing monitoring for generation of dust
across the CFP site throughout the construction phase.

e The EPC contractors ensure that appropriate mitigation measures are
applied, both by themselves and their sub-contractors, for other sources
of air pollution during construction such as welding, cutting, grinding and
blasting.

¢ An experienced independent environmental professional should visit the
site at least twice a week to ensure that these measures (and all other
environmental management measures recommended in this EIS report)
are being applied by EPC contractors.

Project Number: EP003351 R
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9.0 Air Quality During Operation

9.1 Introduction

The operation of the CFP Project will “remove” significant quantities of air contaminants from
the atmosphere primarily owing to the decommissioning of SHU Refinery, as well as generate
air contaminant emissions to atmosphere from the new facilities at MAA and MAB refineries.
The focus in this Chapter is on air quality and associated air emissions during CFP Operations
Phase only. The key objective of this Chapter is to evaluate the overall effect that this project
has on the air quality, and whether the resulting concentrations of various pollutants meet K-
EPA [ Ministry of Oil (MOQ) criteria.

All the conclusions drawn in this Chapter assume that SHU is decommissioned at the same
time as CFP new facilities are commissioned,

For construction-related air quality impacts, refer to Chapter 8 of this report.
The structure of this chapter includes:

+ Discussion of baseline ambient air quality at the CFP site and its adjacent vicinity,
both now and in the future (Section 9.2).

e Process releases during operations are discussed - point source, fugitive,
emergency emissions, upset condition emissions and maintenance scenarios
(Section 9.3).

s Discussion and information concerning the atmospheric dispersion modelling
conducted by DNV, together with analysis of the results, and comparison against K-
EPA / MOO criteria (Section 9.4)
Analysis of VOC fugitive emissions (Section 9.4.6.7).
Discussion on monitoring and sampling, which will be crucial in ensuring that the
CFP's operations are conducted in compliance with K-EPA / MOO criteria (Section
9.5).

+ Conclusions (Section 9.7).

Following start-up of the CFP's operations, point source emissions will primarily be generated
by combustion-related equipment such as process heaters / furnaces / boilers, incineration
systems, and flare systems (during emergency). In addition, the decommissioned point
sources (primarily at the SHU refinery) will also impact the resulting air quality, both within the
CFP's boundaries as well as the adjacent area of the site. The approach in this report is to
combine the 'negative’ effect of the new sources with the beneficial effect (in terms of air
quality) of the decommissioned sources to obtain a representative estimate of the future air
quality in the area after the completion of the CFP Project.

Fugitive emission sources will mainly include storage tanks, equipment components (such as
valves, pumps, flanges, drains and compressors), port loading operations, sulphur-handling
operations and wastewater treatment facilities.

The CFP incorporates good engineering practices, '‘Best Available Control Technology' (BACT)
and Environmental Management System (EMS) mechanisms that minimize or eliminate (where
practical) atmospheric emissions, in compliance with K-EPA, and MQOO air quality criteria (see
Table 9.1, below):
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Table 9.1: K-EPA air pollutant emissions standards from fixed sources
Source Pollutant Maximum allowed emissions
1. Industrial installations (all):
1.1: All sources of emission Suspended Smut (Le. soot) must not exceed max. 20%
particulales
Asbesios No emissions allowed
1.2: Product piles Suspended Smut (i.e. soot) must not exceed max. 20%
particulatas
1.3 Chimneys Suspended 115 mg/m?
particulates
Opacity Must not exceed max. 20%
2. Combustion facilities:
Boilers and fumnaces operaled by mine Suspended 43 nglloule
fuel: thermal capacity >30MW (100 MBTU | pariculales
'hir) St 512 nglJoule
NOx 86 ng/Joule (for natural gas buming faciiies)
NOx 130 ngfJoube (for oil buming facilities)
Opacity Must not exceed max. 20%
3. Ol refineries:
3.1 Buming systems or bollars used with Suspended 1 kgfonne of charcoal lo be bumt
FCCU particulalas
10, ] 9.8 kaftonne of charcoal to be burnt
co 500 ppm
Opacity 30% (except 6 minutes per hour)
3.2 Gas fuel buming operations H:S 230 mg/m? (dry)
3.3 Claus sulphur retrieval units (> 20 S0 250 ppm for oxidization, reduction and buming activities
tonnes / day capacity)
4, Liquid petroleum | organic volatile liquids storage tanks:
4.1 Petroleum fiquids tanks (1000 barral VOCs Liguid at steam pressure ranging betwean 78/570mm
capacity) Hg can be kept in tanks having floating or fixed cedlings
(with internal floating cover or steam recall sysiem).
Emissions rate must remain at 95% or its equivalence.
4.2 Tanks of volatile organic liquids, VOCs Tanks must be provided with recall systems and steam
including petroleum liquids tanks of = 1000 must be relieved, 5o that emission rate should be 95%
barrel capacity (where actual steam or its equivalence.
pressure is between 38-570 mm Hg), or of
500 barrels capacity (where steam
pressure is between 207-570 mm Hg),
4.3 Fuel tanks of more than 500 barrel VOCs Tanks must be provided with fixed ceilings having
capacity (and steam pressure > 570 mm fioating intemal caver, or it must be provided with
Hg). floating ceilings of close ventilation, Further, tanks must
be supplied with a system for relieving steam so that
emissions must be reduced by 85% minimum or
equivalence.
4-4 Fuel tanks >1000 barrel capacity (& VOCs Tanks must be provided with closed ventilation system

steam pressure <24 mm Hg), or 500 barrel
capacity (& steam pressure > 116 mm Hg).

lo relieve steam pressure, so thal emissions must be
reduced by 95% minimum.

Mote: Source Appendix No.20. K-EPA
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Stack helght will be based upon good engineering practices to ensure optimal dispersion of air
contaminants. For the majority of the new units installed as part of the CFP, a stack height of
61 m has been initially assumed, based on the data provided by Fluor and KNPC.

The CFP will provide fired equipment in MAB Units 111 (CDU), 112 (ARDS), 212 (ARDS) and
131 (Steam Generation) that will have dual fuel firing capability. In order to ensure compliance
with the relevant K-EPA point source emission rate criteria, the fired equipment in these units
will burn either fuel gas only or a mixture of fuel oil and fuel gas not to exceed more than 15%
fuel oil.

9.2 Baseline Ambient Air Quality

The baseline air quality data provided in this section is based on the following information
SOUrCes:

« KNPC HSE Ambient Air Monitoring Data for the period November 2005 to
Movember 2006 for a selection of monitoring points at various refinery site
boundaries (Section 5.2 of the Environmental Baseline Study for the KNPC CFP
2020, EBS Final Report, DNV MNo. 32317425 | Fluor Doc. No.
PE000CFP.000.10R.02, Rev3, 5" June 2008)

* KISR measurements from baseline studies (Section 5.3 of the EBS report for the
CFP Project)

As the air quality data have been presented, discussed and analysed in Section 5 (and
associated appendices) of the CFP Project EBS Report, as referenced above, this section
simply summarises the locations and ambient air quality data used for the purposes of the air
modelling, from both sets of data available. Any exceedances, against the K-EPA / Ministry of
Qil criteria, from these monitoring points are summarised at the end of this section.

The data for each monitoring point of interest will be combined with the predicted ADMS
ground level concentrations at each point, to obtain an estimate of the resulting air quality at
these siles after the CFP project is completed.

It should be noted that the existing background air quality does not currently meet the relevant
K-EPA | MOO air quality criteria (e.q. for SO, TSP, etc).

9.2.1 Existing KNPC HSE Ambient Air Monitoring Data

As detailed in Section 5.2 of the CFP Project EBS report (DNV No. 32317425 / Fluor Doc. No.
PB0O0O0OCFP.000.10R.02), two sets of ambient air quality data were collected by KNPC HSE
department at MAA, MAE and SHU refineries for monthly periods between Movember 2005
and November 2006. Monitoring took place for 24 hours a day, for a period of one month at ten
different locations (see Table 5.1 from the CFP EBS Report). The locations of these monitoring
points are indicated in Figures 9.1 to 9.3, for MAA, MAB and SHU refineries.

The KNPC HSE data monitoring locations are both onsite (locations A, B, E, G, |, J) and at the
refinery boundary (C, D, F. H). The locations at the refinery boundary are required to meet K-
EPA [ MOQ air quality criteria, hence the data provided for these four monitoring points have
been averaged (for the total number of months for which data have been provided for each
point) and converted to annual and 99.7%ile 1-hour average concentrations for the pollutants
of interest, namely NO,, SO,, CO, H.S and TSP (see Table 9.2). It was assumed that the
monthly averages could be directly compared to the annual average criteria, whereas the daily
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average measurements for each location have been converted to equivalent 1-hour average
concentrations using the factors (1.11 for this case) provided in the Workbook of Atmospheric
Dispersion Estimates, D. Bruce Turner, 2" Edition, 1994.

The resulting concentrations for these monitoring points have then been compared against the
K-EPA | MOO criteria (Table 9.16) for each pollutant examined. The results from this
comparison, along with the average concentrations at each monitoring point of interest, are
presented and discussed in Section 9.2.3.

Figure 9.1: KNPC Ambient Air Monitoring Point Locations at MAA Refinery
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Figure 9.2: KNPC Ambient Air Monitoring Point Locations at MAB Refinery
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Figure 9.3: KNPC Ambient Air Monitoring Point Locations at SHU Refinery
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9,2.2 Environmental Baseline Results 2007

As described in the Environmental Baseline Study (EBS) reporl (DNV No. 32317425 / Fluor
Doc. No. PEO0O0CFP.000.10R.02 - Chapter 5 and associated appendices), ambient air quality
monitoring was also conducted at 45 monitoring sites (A1 to A45) within the CFP Project study
area, extending to some distance outward from the site. Air sampling locations for the baseline
survey covered a number of locations at each refinery (MAA, MAB and SHU), the adjacent
coaslal area, the nearby residential and industrial areas, as well as locations upwind and
downwind of the refinery sites.

As Section 5.3 of the CFP Project EBS report covers the analysis and interpretation of the
collected air monitoring data, this section simply summarises the selected data to be used for
comparison against the applicable criteria. The locations of these menitoring points are
indicated in Figure 9.4.

The data for all 45 monitoring points are used for the purposes of this study, and are compared
to the applicable criteria in order to summarise any exceedances. The Diffusive Passive
Sampler (DPS) data (for a sampling period of one month) for each point have been assumed

EPOD3351
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to correspond to the annual average concentrations, whereas these monthly average
measurements for each location have been converted to equivalent 1-hour average
concentrations (99.7%ile) using the factors (1.25 for this case) provided in the Workbook of
Atmospheric Dispersion Estimates, D. Bruce Turner, 2 Edition, 1994. This approach was
followed for NO;, SO; and H;5.

For the case of TSP, the results from the continuous air sampler were used. A daily averaging
period was used when collecting the TSP samples at each location. The same method for
converling these to results that can be compared against applicable, hourly-averaged, criteria
has been used as for the existing KNPC HSE ambient air quality data (see Section 9.2.1 of this
report). It is noted here that the annual average concentration value used for TSP is the actual
data collected by the continuous air sample, making the comparison slightly conservative.
Monitoring for TSP was only conducted for locations inside the three refineries.

The resulting concentrations for these monitoring points have been compared against the K-
EPA |/ MOO criteria (Table 9.16) for each pollulant examined. The results from this
comparison, along with the average concentrations at each monitoring point of interest, are
presented in Section 9.2.3.
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Figure 9.4: Ambient Air Quality Monitoring Point Locations (orange)
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9.2.3 Ambient Air Quality Data against Criteria

This section summarises the results of the ambient air quality data, also highlighting any
exceedances against the applicable criteria from K-EPA / MOO.

Firstly, the ambient air quality concentrations of interest, i.e. annual (long term) and 99.7%ile 1-
hour (short term) average, for each monitoring point location are presented, followed by
identification of areas of exceedance of criteria for any of the pollutants of interest.

These baseline concentrations of interest for each pollutant will later be combined with the
ADMS modelling results at these particular monitoring point locations, in order to provide an
indication of the air quality after the CFP project has been completed.

Table 9.2 summarises the baseline concentrations of interest for each pollutant at the
monitoring points locations, whereas Table 9.3 indicates exceedances against the various
poliutant criteria outlined in Table 9.16, by evaluating the ratio of the concentration at each
monitoring point against the relevant criterion (exceedances highlighted in red, with the
locations of the monitoring points indicated in Figures 9.1 to 9.4).

Table 9.2: Concentrations of pollutants at KNPC HSE & KISR Monitoring Points

Annual | 99.7%ile 1-hour Average
Averaging Period SR

Noz | so2 | Hes [ co* [ Tsp [ No2 | so2 | Has | co [ TsP

Monitoring Location [~ ims | ngim® | pgimt [ pgim | pgim' | pgim* | pgim' | poim' | pgim' | pgim’
Al 20 | 1325 B : 570 | 250 | 406 | 75 | NA | e327
AZ 13 38 5 . 280 | 163 | 475 | 63 | NA | 3108
A3 13 18 58 - 180 | 163 | 225 | 73 | NA | 1998
Ad 65 | 255 | 48 : NA | 81 | 319 6 NA | NA
A5 155 | 19 5.7 2 NA | 194 | 238 | 74 | NA | NA
AB 212 | 325 | &7 s 200 | 265 | 406 | 71 | Nma | 3219
AT 15 [ 20 55 2 nA | 144 | 375 | 69 | N | NA
AB 151 | 98 84 : 215 | 189 | 1225 | 105 | Na | 2387
A 145 | 40 8 : 175 | 18125 | 50 10 | NA | 1943
A10 165 | 21 44 . wA | 206 | 263 | 55 | Na | NA
Al 14 23 5.2 . wA | 175 | 288 | 85 | NA | NA
A12 195 [ 22 58 : NA | 244 | 275 | 73 | NA | NA
A13 13 40 43 : 195 | 163 | 500 | 54 | NA | 2165
Ald 245 | 95 9.8 : 1010 | 306 | 1188 | 123 | NA | 11214
A15 155 | 13 5.9 : NA | 194 | 163 | 74 | NA | NA
A16 148 | 23 8.9 : 30 | 185 | 288 | 86 | Na | 4329
A7 101 | 24 43 - NA | 126 | 300 | 54 | NAa | NA
A18 85 21 57 : NA | 106 | 263 | 71 | NA | NA
A19 155 | 119 | 81 : 190 | 194 | 1488 | 104 [ Nm [ 2108
A20 158 | 40 6.9 - 165 | 198 | 500 | 86 | NA | 1832
A2 19 85 74 720 | 238 | 1063 | 03 | nm | 7992
AZ2 105 | 325 | 61 NA | 131 | 408 | 78 | NA | N
AZ3 20 85 | 107 430 | 250 | 1063 | 134 | NA | 4173
AZ4 20 82 69 330 | 250 | 1025 | 86 | NA | 3663
A25 98 30 58 MIA 12.3 arh 73 MIA N/A
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Annual | 99.7%ile 1-hour Average

Averaging Period B
NO2 502 H2S co* TSP NO2 S02 H2s co TSP
Monitoring Location |~ ims | g’ | pgm’ | pgn' | pgim | pgim’ | paim’ | pgim' | pgimi | pgimd
A28 11.5 43 74 - NIA 144 538 83 NIA MIA
AZ7 15 325 6.8 - 1103 18.8 406 85 NIA 12243
AZE 10.2 23 0 - MNIA 128 28.8 0.0 NIA NIA
A28 14.2 40 6.3 - 286 178 50.0 79 WA N5
A30 16.5 68 6.5 - 480 206 85.0 8.1 NIA 5106
Adl 15 36 6.8 - MNIA 188 45.0 86 NIA NIA
A32 10.5 32 7.2 - NIA 13.1 40.0 80 NIA NI&
A3 12 421 7.8 - 215 15.0 526 88 NIA 238.7
A3 5.8 10 14.5 - N/A 7.3 12.5 18.1 MiA /&
A35 10.5 29 87 - NIA 131 36.3 108 NIA Mi&
Ad6 10 35 6.7 - N/A 125 438 B4 NIA NIA
AT 18 95 99 - 700 238 118.8 124 NIA 7770
Adl 16 110 0.6 - 205 200 1375 120 NIA 2276
A9 17 421 T3 - 720 213 5286 g1 NIA 7992
AdD 15.2 16 57 - 605 18.0 20.0 (A NIA 6716
Adl 16 a3 6.7 - NA 200 48.8 84 NIA NI&
Ad2 10 365 6.6 - 845 12.5 45.6 8.3 NIA 1104.5
Ad3 13.5 45 6.1 - 220 16.8 56.3 1.6 NIA 244.2
Add 12 a7 7.6 - NIA 15.0 46.3 95 NI& NI&
A4S 16 36.5 7.6 - NIA 20.0 45.6 9.4 N/A NIA
KNPC C 156.6 3.0 16.0 - 10463 | 287.7 | 2632 | 1328 | 58255 | 35564
KNPC D 452 | 483 | 247 | - | 3168 | 743 | 1274 | 573 | NA | 13863
KNPC F 68.0 21.2 5.4 - 5264 | 184.0 | 1833 205 | 20441 | 2024.2
KNPC H 53.1 299 ar . 2015 827 86.2 13.0 NIA 588.5

* Long term (i.e. annual) concentrations are not applicable for Carbon Monoxide.

Table 9.3: Exceedances of Criteria for Ambient Air Quality

99.7%ile
Annual 89.7%ile 1-hour Average 1-hour
Average
Averaging Period Ratio
Ratio against Residential & Industrial Criteria (only Residential for 502) ﬁ:,ﬁ:ﬂ
Criteria
Monitoring Location | NO2 | S02 | H2S | CO"| TSP NO2 | 502 | H2S | CO TSP 502
Al 0.30 041 | 075 - 011 | 008 | 019 | NA 0.05
A2 0.19 048 | 083 - 007 | 011 | 016 | NA 0.98 0.06
Ad 0.19 0.23 | 073 007 | 005 | 018 | NA 0.63 0.03
Ad 0.10 032 | 080 004 | 007 | 015 | WA NI 0.04
A5 023 | 024 | 011 - 009 | 005 | 018 | MA NiA 0.03
AB 0.32 041 | O - 012 | 008 | 018 | NA 0.05
AT 0.17 0.38 | 069 - NIA 006 | 008 | 0.7 | NA A 0.05
AB 0.23 - 008 | 028 | 026 | NA 0.75 0.16
Ad 0.22 0.50 - 008 | 011 | 025 | NA 0.61 0.06
Al0 0.25 0.26 | 055 - N/A 009 | 006 | 0.14 | NA W& 0.03
A1l 0.21 029 | D65 - A 008 | 006 | 0.16 | NA NI& 0.04
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99.7%ile
Annual 89.7%ile 1-hour Average 1-hour
Average
Averaging Perlod Ratio
ainst
Ratio against Residential & Industrial Criteria (only Residential for SO2) h::u:tri.ll.
Criteria
Monitoring Location | NO2 | 502 | H2S | CO* | TSP NO2 | 802 | H2s | CO TSP s02
At2 029 [ 028 | 073 | - N/A D11 | 006 | 018 | NA MIA 0.04
A1l 019 [ 050 | 054 007 | 041 | 013 | WA 0.68 0.06
Al4 0.37 014 | 027 | 031 [ NA 0.15
Al5 023 [ 016 | 0.74 N/A 009 | 004 | 018 [ NA 0.02
A16 022 | 029 | 0.86 008 | 006 | 0.22 | NA 0.04
A1T 015 [ 030 | 054 NiA 008 | 007 | 013 | NA NiA 0.04
AlB 013 | 026 | 0.7 0.05 | 0.06 | 018 | WA & 0.03
A1S 023 009 | 034 | 025 | NA 0.56 0.19
AZ0 0.24 008 | 011 | 022 | NA
A1 0.28 011 | 024 | 023 [ NA
A22 0.16 006 | 009 | 0.19 [ NA
A23 0.30 011 | 024 | 033 | NA
A4 0.30 011 | 023 | 022 | NA
A25 015 | 038 | 073 NIA 005 | 0.08 | 0.18 | NA
AZ6 017 | 054 | 0.83 NiA 0.06 [ 0.2 | 023 | NA
AZ1 022 | 041 | 085 008 | 009 | 0.21 | NA
A28 015 | 0.29 | 000 NiA& 0.06 | 0.06 | 0.00 | NA
A28 021 050 | 079 008 | 011 | 020 | NA
A30 025 | 085 | 081 0.00 | 018 | 0.20 | NA
A3 022 | 045 | 086 N/A 008 | 010 | 0.22 | NA .
A32 016 | 0.40 | 090 NIA 006 | 009 | 0.23 | NA N/A 0.05
A33 0.18 007 | 012 | 025 | NA 0.75 0.07
A 0.08 003 | 0.03 | 045 | NA NIA 0.02
A35 0.16 006 | 008 | 0.27 | NA NiA 0.05
A36 0.15 006 | 010 | 0.21 | WA
A37 0.28 011 | 027 | D31 | NA
A38 0.24 009 | 031 | 030 | NA
A38 025 | 053 009 | 012 | 023 | NA
Adl 023 | 020 | 0.1 008 | 005 | 018 | NA
Ad1 024 | 049 | 084 008 | 011 ) 021 [ NA
A42 015 [ 046 | 083 006 | 010 | 021 [ NA .
A43 020 | 056 | 0.76 008 | 013 | 019 | NA 0.77 0.07
Add 018 | 046 | 085 D07 | D10 | 024 | NA /A 0.06
Ad45 024 | 046 | 054 NIA 009 | 010 | 023 | NA
KNPC C 039 0.58 0.17
KNPCD 067 | 0.60 033 | 0.28 N/A
KNPC F 0.26 | 067 082 | 041 | 0.74 | 0.08
KNPCH 0789 | 037 | 046 - 041 | 018 | 032 | NA

Mote: The red highlighted cells indicate exceedance against K-EPA / MOO criteria.
* Long term (i.e. annual) concentrations are not applicable for CO.

EPO03351

Chapter 8 / Page 11 of 106

MANAGING Risk [0



KMPC Clean Fuels Project 2020 - FEED Updale Phase
EIS Rev 2 DNV ENERGY

9.3 Process Releases During Operation & Their Control
9.3.1 Point Source Emissions

Point source emissions generated by the CFP as by-products of combustion, will include NO,,
S0;, CO, H.S, suspended particulate matter (SPM), and unburned hydrocarbons (UHC), plus
significant volumes of CO, (a greenhouse gas). In addition to the new point sources, several
units from the three refineries (most of them located at SHU) will be decommissioned as part of
the project. The removal of these emissions will help to improve the air quality in the area.

A summary list of air emission point sources is provided in Table 9.4 for the new sources
installed as part of the CFP, whereas Table 9.5 summarises the sources that are to be
decommissioned. Note these lists only include new (or revamped) and decommissioned
sources that result in air pollutant emissions. Flare emission sources are not included in the
new CFP sources summary table, as these will only be used intermittently (i.e. during
emergencies which are discussed in Section 9.3.4).

Table 9.4: List of CFP New Fired Equipment air emission sources

Mo. of No. of
Refinery Source Name | Description i athcks

Linit 135 DCU-NHTU 1 1
Unit 136 DCU* 2 1

Unit 183 VRU 1 1

Linit 137 DIP 1 1

Unit 186 FCC-NHTU HDS 2 2
Unit 141 ARDS 2 2
MAA Unit 148 HPU 1 1
Unit 129 Steam Bailers 3 3
Unit 151 MAA - SRUs 1 1
Unit 152 MAA - SRUSs 1 1
Unit 187 - Coke Handling 19 19
Unit 25/26 NHT 2 2

Unit 107 lsomerization 2 2
Unit 144 - GOD 1 1
MAB Unit 123 MAB - SRUs 3 )
Unit 213 1 1

Unit 117 NHT 1 1
Unit111 CDU® 2 1

Unit 118 NHT TB / H2 RF 2 2
Unit 115 KHT 1 1

Uinit 116 DHT 1 1

Unit 112 ARDS 3 3

Uinit 212 ARDS 2 2

Unit 114 HC i 3

Unil 127 CCR* 4 1

Unit 127 CCR Stabilizer 1 1
Unit 156 WWT 1 1

Unit 11 COU 1 1

Unit 131 Steam Boilers 6 6
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No. of No. of
Refinery Source Name | Description Sty tach
Unit 214 Hydrocracker 3 1
Unit 216- DHT 1 1
Uinit 118 — H2 Plant 1 1

* For Unit 136 (2 heaters), Unil 111 (2 heaters), Unil 127 (4 reacior feed lumace), Unit 214 | 3 HC heater) the emissions are
combined.

{List does not include diesel angine drivers Tor emergency generalors and firewatler pumps which are used only intermittently)

Table 9.5: List of CFP Air Emission Sources for Planned Decommissioned Units
Refinery Source Name / Description R OL |

stacks
Unit 02 - Hydrogen manufacturing
Unit 06 - Crude & Vacuum
Unit 07 - Hat Gl
Unit 08 - Isomax
Unit 09 - Naphtha Fractionation
Unit 11 - Kero Unifiner
Unit 12 - Digsel Unifiner
SHU Unit 13 - Heavy Diesal Unifiner
Unit 63 - Hol Oil Vacuum
Unit 68 - Isocracker
Unit 62 - Hydrogen manufacturing
Unit 20 - Bailers
Unit 05 - Catalytic Reformer
Linit 10 - Naphtha Unifiner
Unit 04 and Unit 74 SRUs:
Unit 01-Crude
MAB Unit 02-RCD Unibon
Uit 03-Hydrogen Plant
Unit 88 TGTU™
MAA ESP on Unit 8681
Unit03-COU#3
1. Tail gas from these units (which are not decommissioned) is routed to TGTU 75 before discharge fo atmosphere as a common stream after
freaiment.
2. Unit 99 is not a “decommissioned” unit, but a new poliution control unit (SCOT Uné) that will be commissioned fo improve emissions from
the existing MAA SRU. As such, it will be an improverment to the air quality, and consequently has been grouped together with the
‘Decommissioned” Units.
3. Similarly, Unit 86 ESP is a new pollufion control facility which will improve particulate emissions from the existing plant, and as such has
also been grouped with the *Decommissioned” Units.

_._._._.L_.._..M...._......._..._._._....._.a

| [ | 0 [ I ey | | | | [ | | o [ o = |

Control of point source emissions such as these can be accomplished by various methods
including pre-combustion techniques, combustion techniques and post-combustion technigques.
Pre-combustion control techniques entail the careful selection and treatment of fuel which,
based on the type and composition of crude oil from which it is derived, may contain significant
amounts of sulphur / sulphur compounds and / or nitrogen; these in turn give rise to SO, and
NO, emissions during combustion.

The CFP will also incorporate combustion techniques to minimise the generation of air
emissions, including management practices to ensure efficient operation of equipment as well
as engineered emission control systems. Process heaters, furnaces and boilers will be
equipped with low NOx burners ('LNBs').
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In keeping with KNPC's commitment to environmental stewardship, a substantial financial
investment is being made in providing reliable and highly efficient facilities to recover sulphur
from process streams while ensuring SO; emissions are minimized. As part of the CFP project
three new SRU units are provided, two at MAA (Units 151 and 152 - two trains) and one at the
MAB (Unit 123 — three trains) refinery. The SRU unit at SHU Refinery is to be decommissioned
(Unit 74 — two trains).

The Sulphur Recovery Unit/Tail Gas Treating Units will be comprised of four parallel plants,
each comprising:

+ One Claus section

+« One SCOT section

« One degassing section

+ One incineration section

The SCOT tail gas (or Claus tail gas in case the SCOT section is bypassed) and the vent gas
from the sulphur storage contain residual H;S and other sulphur compounds which are
thermally incinerated to convert the H:S and sulphur compounds into S0O.. NOx formation from
the burner is reduced by limiting the primary air flow rate to 80% of the amount required for
stoichiometric combustion of the fuel gas. Vent gas from the incinerator stack is expected to
contain < 10ppmv H:S and < 250 ppmv SO; on a dry and zero excess oxygen basis.

Units 151 and 152 at MAA are identical, and each consists of a single train. Normally, both
units will be in operation. At MAB, Unit 123 consists of three identical trains, which will all
normally be in operation.

Suspended particulate matter (SPM) emissions are primarily a result of construction activities
(see Chapter 8). The Electrostatic Precipitator (ESP) currently being installed on Unit 86
(FCCU) at MAA has been accounted for the purposes of this study.

9.3.2 Fugitive Emissions

Fugitive emissions generated by the CFP during its operations will potentially arise from
valves, flanges, pumps as well as from pressure-relief valves during abnormal andfor
emergency situations. Fugitive emissions at the CFP may include suspended particulate
matter (SPM), hydrogen sulphide (H;S) and VOCs, as follows:

Fugitive SPM.

The new Coke Handling Unit at MAA (Unit 187) will incorporate covered conveyor systems to
minimize the potential generation of wind blown particulate matter as well as particulate control
systems at each of the nineteen transfer towers.

Fugitive H»S:
» Potentially released from both ISBL and OSBL areas of the CFP where sour-gas or sour
liguids are handled, processed or stored.

o Low-leak seals will be provided for equipment components in sour-gas or sour-liquid
service as appropriate, and will be monitored on a regular basis as part of the CFP's overall
Leak Detection and Repair (LDAR) programme,
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Ambient H.S monitors will be sited in those areas with the greatest potential for H.S fugitive
emissions; should H,;S concentrations exceed the established alert threshold level, an
alarm in the local control room will notify operators of a leak and need to immediately
initiate appropriate response and repair actions.

Fugitive VOCs:

-

Potentially released from both ISBL and OSBL areas of the CFP where equipment is in
hydrocarbon service, including process and treatment units and storage tanks. VOC
emissions will be minimized through efficient design, application of engineering controls
and EMS procedures.

Control technigues will include: relief valves routed to flare, open-ended valves equipped
with cap, plug, blind flange or second valve, pumps incorporating double mechanical seals,
reciprocating compressors designed with cylinder packing case venting to flare system,
centrifugal compressors provided with dry gas seals and nitrogen buffer gas-venting to flare
syslem, and closed process drains and effluent sumps.

Regarding the CFP's new Wastewaler Treatment Unit (Unit 163 at MAA and Unit 156 at MAB),
treatment systems in contact with hydrocarbons or odorous compounds will be enclosed where
feasible. In addition:

CFP Wastewater plant equipment components in VOC service including valves / pumps /
flanges etc will be incorporated in the existing refineries’ Leak Detection and Repair
(LDAR) Programme, requiring the identification of affected components and regular
inspections of those components. An equipment leak definition of 10,000 ppmv VOC will be
used as a guideline;

Monitoring frequency will be monthly on a rotation basis for the wastewater treatment
facilities, storage tank areas and process units / work environment area. A protocol will be
developed for responding and making repairs to leaking components.

Liquid sample points will be designed to minimize hydrocarbon or product loss to the
drainage system, and closed-loop sampling will be used wherever possible to minimize
operator exposure and emissions during sample purging.

Storage tanks in VOC service will meet all applicable K-EPA / MOO air emissions criteria:

Regulatory control requirements include: use of primary seals, secondary seals (external
floating roof tanks) for various compounds subject to specified vapour pressure and
storage tank design criteria;

Pole wipers will be provided for floating roof tanks, and automatic bleeder vents (vacuum
breaker vents) will be kept closed at all times except when the roof is being floated off or
landed on the roof leg supports;

All gauging and sampling devices will be kept vapour tight except when those activities are
in progress.

The CFP facilities will be incorporated within the existing MAA and MAB refineries EMS.
The EMS will be updated to include a protocol and schedule for inspection of seals on
floating roof storage tanks (VOC emissions from storage tanks are typically estimated using
the latest version of U.S5. EPA's TANKS programme, which is based upon AP-42 emission
factors).

CFP will not modify or increase the number of loading arms currently in use at refinery port
facilities. Therefore, VOC emissions resulting from transfer operations at the port have not
been included in this analysis.

cposse
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It is noted that the CFP will not implement any new HSE programmes. The new CFP facilities
will be incorporated in into existing refineries programmes in arder to ensure they are properly
monitored, inspected and maintained to minimise potential environmental impacts.

9.3.3 Hazardous and Deleterious Air Pollutants

Kuwait is a signatory to the Montreal Protocol and its subsequent amendments for the
protection of stratospheric ozone. As such, the CFP will seek to avoid the use of ozone-
depleting substances (ODSs) such as chlorofluorccarbons (CFCs) and halons, wherever
acceptable (i.e. environmentally-friendly) substitutes are available.

Preference will be given to chemicals which are regarded as acceptable substitutes to those
chemicals that have the greatest deleterious impact on stratospheric ozone. Some acceptable
substitutes for the most deleterious chemicals - e.g. HCFC-22 as a substitute for R-502
(already phased out of production) in industrial process refrigeration systems — are also
scheduled for phase-out in 2020. Engineering design will take into account all ODSs that are to
be phased out during the CFP's operating life.

Mo asbestos products will be used in either the construction or operation of the CFP, nor will
chromium-based corrosion inhibitors be used for cooling water treatment.

9.3.4 Emergency Emissions

Flares

The Flare system for CFP serves as the final line of protection against catastrophic failure
resulting from overpressure of equipment and interconnecting piping. Its’ purpose is to provide
the means for the safe relief and combustion of potentially explosive and/or toxic fluids. These
fluids, which are present as feeds, products, or intermediate streams within the refinery
processes, must be flared under unplanned upset conditions. These streams will be collected
through a closed system and directed to the flares after phase separation via ‘knock-out' (KO)
drums.

Additionally, under typical refinery operation, gases may be venled or liquids blown down to
the flare to maintain a required process operating pressure. It is also common practice to start-
up or shutdown a process unit by temporarily venting hydrocarbon gases to the flare until the
unit can be properly lined out (start-up) or de-pressured and purged (shutdown). However, for
the CFP, refinery operations will implement suitable sequencing of unit start-ups and
shutdowns to minimize simultaneous planned flaring from different process units.

A Flare Gas Recovery Unit (FGRU) will be installed in the future to permit the recovery of
gases which would normally be flared, and then return them back to the processing units.

The CFP's Relief and Flare System will meet all KNPC design guidelines for smokeless flame
operation, noise limits, radiation limits, and dispersion levels as well as the applicable K-EPA /
MOOQO criteria. Flaring will be reduced by selecting relief valves and control valves designed to
keep internal leaks to a minimum.

CFP will include both a hydrocarbon flare system and an Acid Gas Flare (AGF) System at
each of MAA and MAB refineries. All new flares at the two refineries will be elevated.
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In addition to the new CFP flare systems, some of the existing flare systems at MAA refinery
will have tie-ins with relief valves in CFP process units, hence adding to the existing flare load.
These reliefs have also been considered when assessing the air quality both within and
beyond the fence-line of the refineries.

The flare systems considered in the scope of this study are summarised in Table 9.6. The
scenarios considered are discussed in more detail in Section 9.4.

Key environmental emissions from the flares will constitute significant atmospheric emissions
during emergency relief. However, emissions are expected to be minimal during normal
refinery operations.

Table 9.6 — Flares Emission Modelling Scenarios

Refinery Flare System /| New or Existing Description | Notes

Unit 167 Acid Gas — New Mew acid gas flare systam at MAA.

Unit 162 Hydrocarbon - New New hydrocarbon flare system al MAA.

Unil 25726 CCR 18 2~ Existing | Fevamped flare system for catalyfic

MAA cracking unit at MAA.
Unit 39 Eacene - Existing mﬂ"w Eocene flare system al
Unit 62 Acid Gas - Existing Revamped 404 gas. Mo eyiton o
Unit 146 Acid Gas - New New acid gas flare system at MAB.
= New high pressure hydrocarbon flare
Unit 149 HP Hydrocarbon — New & atMAB.
i 2 MNew low pressure hydrocarbon flare
Unit 148 LP Hydrocarbon — New sysism al MAB.
i Unit 249 DHT - New ﬂ:ﬂwﬂﬂﬁ?ﬂﬂm for diesel hydrotreater
Unit 314 HP HCR - New New J:Hh mmmﬁm system for
Unit 314 LP HCR - New Nmfdwmhw nr:i»nw&amﬂ:u system for

Sulphur Recovery and Handling System

In keeping with KNPC's commitment to environmental stewardship, a substantial financial
investment is being made in providing reliable and highly efficient (99.9+%) facilities to recover
sulphur from process streams while ensuring SO, emissions are minimized. As part of the CFP
project three new SRU units are provided, two at MAA (Units 151 and 152 - two trains) and
one at the MAB (Unit 123 — three trains) refinery. Additionally, the SRU unit (Unit 74 — two
trains) at SHU Refinery will be decommissioned.

The SRUITGTU design provides a very high degree of reliability. However, there are two
emergency case scenarios for each of the units at MAA and MAB, both rare and of short
duration which if were to occur, would result in significantly higher than normal emissions of
S0; and/or H:5:

1. SRU operating SCOT sections are bypassed (SRUs "Case 2")
2. SRU operating when SCOT sections are bypassed, and the incinerator is not operating
(SRUs “Case 3")
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Four (4) cases have been considered / modelled in total, as it has been assumed that

emergency events will not occur simultaneously at the two refineries (MAA and MAB):

= For SRUs Case 2 at MAA, one of the two trains at MAA (Units 151 and 152) is modelled
under emergency conditions.

+ For SRU Case 2 at MAB, one of the three trains at MAB (Unit 123) is modelled assuming
under emergency conditions.

= Similarly, for SRUs Case 3 at MAA, only one of the two trains at MAA (Units 151 and 152) is
modelled under emergency conditions.

» For SRU Case 3 at MAB one of the three trains at MAB (Unit 123) is modelled under
emergency conditions.

As mentioned above, this is to account for the fact that it is highly unlikely that more than one
SCOT unit at either refinery will be bypassed at the same time.

The scenarios are outlined in Table 9.13. It is also noted here that it is unlikely that the
incinerator will ever be out of service during its operational life.

These scenarios are nol lypical of normal refinery operations. However, they have been
evaluated through an air dispersion modelling analysis as an emergency release case(s) for
which the results are presented in Section 9.4.6.3.

9.3.5 Maintenance /Shutdown Scenarios

Two maintenance events (at the RMP and CFP block) are anticipated to occur once every four
to five years at MAA, and expected to last for up to 30 days. This would result in higher than
normal emissions of SO, from Unit 107 and Unit 137, as the fired heaters would only be
operated on sour fuel gas, because sweet refinery fuel would not be available during the
shutdown, During these maintenance events other units will also be shutdown, and this is
incorporated in the air dispersion modelling. It is not expected that shutdowns of the CFP and
RMP blocks will occur simultaneously.

Table 9.7 — Maintenance /Shutdown Emissions Modelling Scenarios

Maintenance Scenario aisnt Aol i 2
MAA New Running on sour {us gas Linil 107
MAA New Shutdown Unit 144
Maintenance 1 MAA Existing Shutdown KD Uinit
RMP Block Shutdown MAA Existing Shuldown ARDS 1
MAR Existing Ehutdown ARDS?
MAA Existing Shutdown HP-4
MAA Existing Shutdown WPz |
MAA Exisfing Shutdown SRITGT
MAA New Running on sour fuel gas Linit 137
MAA New Shaitdown Unit 128
Maintenance 2 Eﬂ :m :m Un!l 135
CFP Block Shutdown o huldown Linit 136
MASA Mew Shutdown Linit 141
MAA New Shutdown Unit 148
MAA New Shuldown Unit 151
MAA New Shutdown Linit 152
MAA New Shutdown Unit 183
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Table 9.7 outlines the two maintenance cases. Both cases are modelled with "Normal
Emissions” and combined with the Decommissioned Units. The results are presented in
Section 9.4.6.8.

94 Modelling
9.4.1 Atmospheric Dispersion Modelling

As part of identifying and assessing the major sources of emissions to air from the CFP
Project, including both major continuous emission sources such as those from boilers, heaters,
furnaces, flares and incinerators, and fugitive emissions {e.g. VOCs), DNV has subjected the
most significant ones to air quality modelling and assessment, using the Atmospheric
Dispersion Modelling Software / Version 4.1 ('ADMS 4'). The ADMS software was presented to
K-EPA during the previous FEED Phase EIS. K-EPA has approved the ADMS software for
conducting the study.

The dispersion model ADMS 4 is currently used in many countries worldwide, with users
including:

o over 130 individual company licence holders in the UK
« regulatory authorities, including the UK's Health and Safety Executive (HSE)

= the Environment Agency in England and Wales and the Scottish Environmental
Protection Agency (SEPA)

* the Environment and Heritage Service in Northern Ireland
* government organisations including the Food Standards Agency (UK)
= users in other European countries, Asia, Australia and the Middle East.

ADMS 4 can be used to assess the effect of emissions from a wide range of industrial /
process types such as power plant, boilers, heaters, furnaces, flares and incinerators, and a
number of industrial source types:

Point source: e.g. emissions from a stack or vent;

Area source: e.g. evaporative emissions from a tank;

Volume source: e.q. fugitive emissions;

« Jet (directional releases): e.g. emissions from a ruptured pipe.

& @

The maximum number of sources that can be modelled in ADMS 4 is 300, depending on the
source type, and it is typically applied to major continuous emissions (e.g. NO;, SO; etc). The
model uses relevant input parameters such as local meteorological data, terrain, significant
buildings and ground cover, in order to assess ground level concentrations of pollutants both
on and off-site for the relevant averaging periods (e.g. 1 hour average, annual average etc) as
specified by K-EPA air quality standards.
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All the monitoring point locations discussed in Section 9.2 (KNPC C, D, F and H, A1 to A45)
have been included as specific points of interest in the various ADMS models examined, in
order to estimate the ground level concentrations after the completion of the CFP project.

9.4.2 Modelling Approach

There are two alternative approaches in examining the effects of the CFP and
decommissioning of SHU on the overall air quality in the area:

(1) Model all KNPC air pollutant emission sources that will exist in the future, post-CFP (i.e.
model new/revamped CFP sources in addition to the existing refinery emission sources
(but excluding any existing refinery sources that will be decommissioned as part of the
CFP project).

(2) Model only the new CFP emission sources (i.e. new/revamped sources) plus additionally,
negatively model the existing sources that will be decommissioned as part of the CFP
project. This data can then be combined with the current baseline air quality from the
monitoring data that KNPC HSE provided for the CFP EBS development.

Approach (2) has been followed to estimate the effects of the CFP on the overall quality, as it
has the significant advantage that modelling results can be combined with the extensive EBS
baseline air quality monitoring data available to provide adequate representation of the future
ambient air quality (resulting from all sources, both KNPC and non-KNPC) in the surrounding
environment post-CFP, This can then be compared against relevant K-EPA / MOO air criteria.

9.4.3 Modelling Scenarios & Source Data
Based on information available at this stage, the following scenarios have been modelled:

+» The “Base Case" Scenario: This combines the negative environmental impact of the
‘Mormal’ emissions from the new CFP Units/Sources at MAA and MAB refineries with the
positive contribution to the environment as a result of decommissioning events at the 3
refineries. The decommissioning at each of the three refineries, with the vast majority of
these located at the SHU Refinery, is treated as an improvement to air quality.

« The “Maximum Emission" Scenario: This combines the negative environmental impact of
the 'Maximum" emissions from the new CFP Unils/Sources at MAA and MAB refineries
with the positive contribution to the environment as a result of decommissioning events at
the 3 refineries. The decommissioning at each of the three refineries, with the vast majority
of these located at the SHU Refinery, is treated as an improvement to air quality. Note that
for some units, Normal and Maximum emissions are the same, but in general emissions
are significantly less for the Normal scenario.

» Emergency Flare Scenarios — Various emergency flare scenarios have been considered,
which are discussed in Section 9.3.4, and summarised in Table 9.11 and Table 9.12. The
emergency flare scenario results for each flare are not combined with either the "Normal
Emission” or the Decommissioned scenarios, as these pollutant emissions will be negligible
in comparison to the flare emissions. With the exception of the Total Power Failure (TPF)
case, each flare scenario is modelled individually. The TPF case is modelled assuming all
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emergency flaring occurs simultaneously at both MAA and MAB refineries, for all relevant
flares.

An exit velocity of 40 m/s has been assumed for the purposes of each flare scenario
considered (consistent with applicable guidelines for flare modelling). Based on this
assumption, an effective diameter for the flare point source was estimated for input to
ADMS. Complete combustion of the flare destruction stream (with 20% excess air) has
been assumed. Since the hot plume emission begins at the top of the flame, the height
corresponding to the flame height / length has been estimated based on ADMS guidelines
(i.e. the flame height / length is a function of the heat release rate and effective diameter,
i.e. the flame diameter, and the density, heat capacity and temperature of ambient air). The
flame height is then added to the flare stack height, resulting to the effective release height
required as an input to ADMS.

» Emergency SRU Scenarios - The SRUs upset conditions considered are outlined below
(see also Section 9.3.4):

1. SRU operating while SCOT sections are bypassed (SRUs "Case 2")
2. SRU operating while SCOT sections are bypassed, and the tail gas incinerator is not
operating (SRUs “Case 3")

These scenarios are combined with the “Normal Emission” Scenario. The emergency
case results are not combined with the decommissioned scenario results, as the effect of
them on the predicted concentrations will be minimal.

= VOC Fugitive Emissions from storage tanks in hydrocarbon service (see Section 9.4.6.7).

« Two Maintenance Event scenarios are considered as oullined below (see Sectlion
9.4.6.8) and are modelled with "Normal Emissions™ and combined with “Decommissioned
Units" emissions.

1. RMP Block shutdown resulting in Unit 107 (two fired heaters) receiving sour gas
fuel. This would result in increased S02 emissions but the fired equipment in RMP
block will not emit any SOz during this period, hence it will offset the emissions from
Unit 107.

2. CFP block shutdown resulting in Unit 137 (one fired heater) receiving sour gas fuel.
This would result in increased S0z emissions but the fired equipment in CFP block
will not emit any SO2 during this pericd, hence it will offset the emissions from Unit
137.

The parameters NOx, SO;, CO have been modelled for the Decommissioned, Normal and
Maximum scenarios, as these are the key parameters of concemn to K-EPA and the Kuwait
Ministry of Oil. Additionally, Total Suspended Parlicles (TSP) have been modelled for the
Decommissioned and Normal scenarios, with H:S modelled only for the new CFP sources at
MAA and MAB refineries (i.e. Normal and Maximum Emission Scenarios).

Buildings have not been taken into account during modelling, because the main building
structures are at a significant distance from the stacks/chimneys, which are also significantly
higher than the buildings. Consequently the effect of buildings upon dispersion is considered
minimal.
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The source data are summarised in Table 9.8 to Table 9.14, for the Normal, Maximum and
Decommissioned emission scenarios, Flare and SRUs emergency and upset scenarios and
the two maintenance scenarios respectively.

Additionally Table 8.15 compares the emissions of different pollutants (MO, and SO) for the
new CFP sources for MNormal operating conditions against the equivalent emissions
decommissioned at Shuiaba. It is clear that overall almospheric emissions of pollutants will
decrease.

The storage tanks modelled for fugitive emissions are discussed in Seclions 9.3.2 and 9.4.6.7,
and summarised in Appendix I.

Figure 9.5 and Figure 9.6 illustrate the location of the ADMS poinl source inpul emission
sources for the Decommissioned and MNew CFP-Sources of the Clean Fuels Project
respectively, The red line in these figures represents the site boundary for all three (MAA,
MAB, and SHU) refineries. Figure 9.7 illustrates the location of the flares considered for
emergency flaring events,
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Figure 9.5: Location of ADMS Input Point Sources for Decommissioned Units
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Figure 9.7: Location of ADMS Input Point Sources for Flare Systems Considered
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Table 9.8: Point Emission Sources and Emission Levels (Normal Case for New Sources)
Unit (Tag No.) NOx s02 co H2S TSP Height Exit Exit Exit
Refinery Name ols g/s gis o's s abovegl | Velocity | Temp. | Diameter
{m) {mis) °C) {m)
MAA Unit 135 DCU-NHTU 135-F-0101 0.06 0.0 0.11 . 61 76 a 05
Unit 136 DCU? 136-F-0201A/8 451 0.28 27 - 61 47 150 a3
Unit 137 DIP Reboiler Heater 137-F-0101 265 0.17 1.59 - 61 6.8 182 23
Unit 141 ARDS 141-F-0201 0.94 0.13 057 - 85 74 150 15
141-F-0401 1.11 0.17 0.67 - 85 74 150 15
Unit 148 HPU 148-F-0301 351 0.03 468 - 81 10.3 154 28
Unit 129 Steam Boilers' 129-F-0201A 5.40 0.30 3.4 - 65 53 293 41
129-F-02018 5.40 0.30 3 - 85 53 293 41
120-F-0201C 5.40 0.30 3.24 - 65 5.3 293 41
Unit 151/152 TGTU 151-F-0132 0.76 0.67 0.03 0.06 61 14 270 14
Unit 151/152 TGTU 152-F-0132 0.76 0.67 0.03 0.06 61 14 270 14
Unit 183 VRU 183-F-0101 253 0.16 152 > 81 57 204 21
Unit 186 FCC-NHTU HDS 186-F-0201 0.10 0.02 017 65 6.3 363 1.0
186-F-0202 0.13 0.02 0.22 - 85 63 3n2 1.1
Unit 25/26 NHT Charge H25-101 0.18 0.03 0.31 1 316 32 316 13
Heater (revamp existing)* H26-101 0.18 0.03 0.31 . 316 32 316 13
Unit 107 Isomerization 107-F-0101 037 0.06 0.61 . 61 42 293 18
107-F-0102 459 0.20 276 . 61 43 188 35
Unit 144 GOD 144-F-0101 0.24 0.04 0.40 61 7.0 320 12
MAB | Unit 111 Crude Distillation -
2 Hesalters? 111-F-0101AB 6.87 0.43 4.12 - 61 4.4 177 45
Unit 112 ARDS Reactor
Feed Fumace Train 1 112-F-0101 1.19 0.16 0.71 . 85 76 150 15
Unit 112 ARDS Reactor
Feed Fumace Train 2 112-F-0201 1.19 0.16 0.71 85 76 150 15
Unit 112 ARDS Atmospheric
Fractionator Feed Fumace 112-F-0401 2.28 0.31 1.39 65 74 150 22
Unit 212 ARDS Reactor — 2120101 — 119 — 016 — 0.71 55 8 — 150 — 15 —
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Unit (Tag No.) NOx 502 co H2S TSP | Height | Exit Exit Exit
Refinery Name g's 9's g's gis g's above gl | Velocity | Temp. | Diameter
{m) {mis) °C) {m)
Feed Fumace
Unit 212 ARDS Atmospheric
Frachonator Feed Fumace 212-F-0401 1.14 047 0.69 - - ] 7.3 150 1.6
Unit 114 Hydrocracker 1st
Stage Gas Heater 114-F-0101 0.27 0.05 045 - - 61 5.1 159 16
Uinit 114 Hydrocracker 2nd
Stage Gas Heater 114-F-0102 0.37 0.08 0.61 - - B1 5.2 159 17
Unit 114 Hydrocracker
Product Fractionator Feed
Fumace 114-F0103 447 0.28 263 - - 61 10.1 159 410
Unit 115 KHT Reactor Feed
Fumace 115-F0101 0.08 0.02 0.14 - - 61 76 413 1.3
Unit 116 DHT Reactor Feed
Fumace 116-F-0101 049 0.09 0.83 - - 61 10 216 1.8
Unit 117 NHT Reactor Feed
Fumace 17-F0101 0.03 0.m 0.05 - - 61 16 397 0.5
Unit 118 H2 Plant Tubular
Reformer Fumnace (Train 1) 118-F-0101 10.08 1.19 11.41 - - 61 8.7 155 5.0
Unit 118 H2 Plani Tubular
Raformer Fumace (Train 2) 118-F0201 10.08 1.18 11.41 - - 61 a7 165 5.0
Unit 123 SRU-TGTU Tall
Gas Incinerator 123-F0132 1.67 147 0.14 0.25 - 61 15" 270 1T
Unit 123 SRU-TGTU Tail
Gas Incinerator 123-F-0232 167 147 0.14 0.25 . 61 15" 210 17
Unit 123 SRU-TGTU Tail
Gas Incinerator® 123-F-0332 167 147 0.14 0.25 - 61 15" 270 1.7
Unit 127 CCR Reaclor Feed | 127-F-0101, 0102,
Fumace * 0103, 0104 1.14 0.20 1.92 - - 61 10.8 1693 28
Uinit 127 CCR Stabllizer
Raboiler 127-F0105 0.10 0.02 0.16 - - 61 10.5 283 0.4
Unit213 VRU Vacuum __ 213F-0101 __ 187 _ 012 _ 118 _ - — oy B BT R SN PR e
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Unit (Tag No.) NOx 502 co H2§ TSP Height Exit Exit Exit
Refinery Name ols s gs g/s a/s abovegl | Velocity | Temp. | Diameter
{m) (mis) (°C) (m)
Charge Heater
Unit 11 CDU Fired Heater H11101
fexisting) 4 4.86 030 | 29 70 13.0 185 25
Unit 131 Steam System
Uity Boiler 131-F-0201A 280 0.18 168 65 53 175 22
131-F-0201B 280 0.18 1.68 @5 53 175 22
131-F-0201C 280 0.18 1,68 65 53 175 22
131-F-0201D 280 0.18 168 85 53 175 22
131-F-0201E 280 0.18 1,68 2 E 65 53 175 22
131-F-0201F 2,80 0.18 1.68 - - (i) 53 175 22
Unit 156 WWT Oily Shudge
Incineralor 156-A-0209-F01 0.08 0.01 0.08 - = 20 6.8 950 0.9
Unit 214 Hydrocracker - 3 214-F-
Heaters Combined ? 0101/0102/0103 458 0.36 3.44 . i &1 43 136 37
Unit 216 DHT Reactor Feed
Fumace 216-F-0101 0.58 0.10 1.00 = L &1 6.9 177 1.6
Unit 118 H2 Plant Tubular
Reformer Fumace (Train 3) 118-F-0301 10.09 1.19 11.41 . . 81 10.2 155 49
MAA Varied
from 3 o
Unit 187 - Coke Handling 189 point sources 0.06 0.01 0.11 - i 17 2 16 50
Emission Total 123.9 15.7 949 0.9 0.0 NIA MiA NIA NIA

* Denotes Normal Temperature and Pressure Conditions (NTP: 0°C and 1.013 bara)

Motes: 1. For the normal operating case all boilers are assumed to bum gaseous fuel,
2. The emissions for Unit 136 (MAA) & Unit 111 {at MAB) comespond to the combined emissions from two stacks.
3. The emissions from Unit 156 (at MAB) cormespond 1o the flua gas after ireatment and are based on two shifts per day.
4, The emissions from Unil 11 are dual fired (gas & liquid), for normal emissions it is assumed o bumn gaseous fuel.
5, For unit 25/26 and Unit 11 which are existing revamped units, 20% of the emissions provided are modalled as part of the CFP as this is the incremental increase.
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Table 9.9: Point Emission Sources and Emission Levels (Maximum Case for New Sources)

Unit(TagNo) | NOx | S02 ) H2s TSP | Height | Exit Exit Exit
Refinery Name o's g/s gls gls gs | abovegl | Velocity | Temp. | Diameter
(m) (mls) {°C} (m)
MAA Unit 135 DCU-NHTU 135-F-0101 01| 00000t | o4 ; = 1 9.1 321 05
Unit 136 DCU? 136-F-0201A/8 54 03 32 3 : 81 50 180 33
Unit 137 DIP Reboller Heater | 137-F-0101 32 02 19 : ; B1 82 218 23
Unit 141 ARDS 141-F-0201 13 02 08 3 : 65 74 150 15
141-F-0401 14 02 08 ? : 85 74 150 15
Unit 148 HPU 148-F-0301 95 0.04 57 ; : B1 103 154 28
Unit 129 Steam Bolers' 129-F-0201A 77 0.48 464 s i 85 78 293 a1
129-F-02018 77 0.48 464 5 : 85 76 203 41
128-F-0201C 71 048 | 484 . . 85 76 203 41
Unit 151/152 TGTU 151-F-0132 12 a2 0.03 0.06 s 61 14 270 14
Unit 151/152 TGTU 152.F-0132 12 32 0.03 0.06 : 1 1 27 14
Uit 183 VRU 183.F-0101 30 02 18 : : 1 68 204 | 21
Unit 186 FCC-NHTU HDS 186-F-0201 01 0.03 02 5 : 85 83 33 10
186-F-0202 02 0.03 03 : . 85 63 an 11
Unit 25/26 NHT Charge
Heater (revamp existing) * H25-101 02 : 03 : s 316 13 329 13
H26-101 02 : 03 5 - 3156 13 328 13
Unit 107 Isomerization 107-F-0101 04 04 07 : : 1 51 203 18
107-F-0102 55 03 33 - 2 1 5.1 188 35
Unit 144 GOD 144-F-0101 03 01 05 : : 81 82 329 12
MAB Linit 111 Crude Distillation -
e srseoms || 119 13 45 : 09 1 53 177 45
Unit 112 ARDS Reactor
Feed Fumace Train 1 112.£0101 b ol i { : @ 38 s 19
Unit 112 ARDS Reactor
Skl Siaea 15 02 09 : 85 78 150 15
Unit 112 ARDS
i Feotruen. | 1126001 a7 34 18 03 65 74 150 22
EP003351 i,;f}
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Unit (Tag No.) NOx 502 co H2s TSP | Height | Exit Exit Exit
Refinery Name s ois gis ols s | abovegl | Velocty | Temp. | Diameter
Unit 212 ARDS Reaclor (m) (mis) [°c) (m)
Feed Fumace 22-F-0101 15 0.2 09 . 65 756 150 15
Unit 212 ARDS Atmospheric
Fractionator Feed Fumace | 212-F-0401 i 10 08 : 02 | & 4 150 16
Unit 114 Hydrocracker 1st
Stage Gas Heater 114-F-0101 03 01 05 : 61 5.1 159 16
Unit 114 Hydrocracker 2nd
Stage Gas Heater 114-F-0102 04 0.4 07 - 61 52 159 17
Unit 114 Hydrocracker
Product Fractionator Feed 114-F-0103 54 03 32 . : 61 10.1 159 40
Fumace
Unit 115 KHT Reactor Feed
e Sy 0.1 0,03 02 2 L 81 76 413 13
Unit 116 DHT Reactor Feed
Fumace 16-£-0101 1 s 14 : 61 15 216 18
Unit 117 NHT Reactor Feed 3
i SRR 003 | oocooot | 01 61 76 307 05
Unit 118 H2 Plant Tubular
Reformer Fumnace (Train 1) 118-F-0101 121 14 137 . 81 116 155 50
Unit 118 H2 Plant Tubular ;
Relomer Fumace (Train2) | 118-F-0201 e i 137 61 e | 15 50
Unit 123 SRU-TGTU Tail -
it AR 24 7.08 22 122 61 15 270 17
Unit 123 SRU-TGTU Tail =
S s _—— 24 7.08 22 122 61 15 270 17
Unit 123 SRUTGTU Tal E
L e 24 7.08 22 122 61 15 270 17
Unit 127 CCR Reactor Feed | 127-F-0101, 0102,
Eiihacas 05, 0104 14 02 23 - 81 108 103 26
Unit 127 CCR Stabilizer
e Svr ok 01 0.03 02 ! ! 61 105 283 09
EP003351
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Unit (Tag No.) NOx 502 co H2s TSP Height Exit Exit Exit
Refinery Name g's o's o's gis o's abovegl | Velocity | Temp. | Diameter
{m) {mis) (°C) {m)
Unit 213 VRU Vacuum . .
Charge Heater 13-F-011 24 01 14 61 5.7 204 2.2
Unit 11 CDU Fired Heater HAT-101 40
(existing) * 18.7 59.9 20 - 3 70 16.2 164.4 25
Unit 131 Steam System
Uty Boik 131-F-0201A 40 4 17 i 03 65 76 293 26
131-F-02018 40 41 17 - 03 65 78 293 26
131-F-0201C 40 4.1 1.7 - 0.3 85 76 203 26
131-F-0201D 40 4.1 1.7 - 03 85 76 293 26
131-F-0201E 40 4.1 1.7 = 03 65 76 293 26
131-F-0201F 40 4.1 1.7 - 0.3 65 76 283 26
Unit 156 WWT Oily Sludge
: 156-A-0209-F01 0.1 - 0.4 . - 20 76 850 09
Unit 214 Hydrocracker - 3 214-F-
Healers Combined 2 0101101020103 56 04 41 . - 61 51 136 37
Unit 116 DHT Reactor Feed
Fu 1B-E.0101 20 0.1 1.2 - - 61 B.2 177 16
Unit 118 H2 Plant Tubular
R Fu (Train 3) 11850301 121 14 137 . - B1 122 155 49
MAA 0.003122 | Varied
Unit 187 - Coke Handling 19 point sources - . . - from 317 2 16 50
Emission Total 182.4 11241 118.4 0.5 1.2 NIA NIA NIA N/A

*Denotes Nommal Temperature and Pressure Conditions (NTP: 0°C and 1.013 bara)

Note: The SRU releases for the maximum case (Unit 151/152 & Unit 123} are based on SRU emergency case 1 for 50; emissions.
Notes:
1,  For the maximum operating case, (he fired duly for the Unit 129 bollers (at MAA) Is increased by 20% (from the normal operating case).

2. For the boilers at Unit 131 (al MAB Fired equipment has dual fuel capabilily. For contingency/maximum case il is assumed that equipment Bem is fired B5% on fuel gas and 15% on fued oil. This
ratio is intended to ensure compliance with applicable Kuwait EPA point source emission limits.

The emissians for Unit 111, Unit 127, Unit 214 (at MAB) and Unit 136 (at MAA) commespond o the combined emissions from two stacks.

For Unit 25/26 and Unit 11 which are existing revamped units, 20% of the emissions provided are modelled as part of the CFP as this is the incremental increase.

E
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Table 9.10: Point Emission Sources and Emission Levels (Decommissioned Sources)
nl.lrﬂn‘ } NOx 502 co TSP Height Exit Exit Exit
Refi Name ag above gl | Velocity | Temp. | Diameter
ik gls ols gis o's (m) (mls) (°C) (m)
SHU Hydrogen manufacturing H-02-01N 7.55 3.66 0.11 5221 8.87 427 366
H-02-015 7.2 an 0 5221 8.87 427 3,66
H-02-51N 1.21 415 0 s52.21 B.87 427 3.66
H-02-518 10.3 im 0 52.21 887 427 3.66
Crude & Vacuum H-06-01N 205 0.3 0 40.54 116 465 1.45
H-06-015 0.8 218 0 40.54 116 485 145
H-06-02N 158 1.2 0.154 4054 11.6 465 145
H-06-025 08 1.22 0 40.54 116 465 1.45
H-08-03N 323 1.68 0 45.03 7.94 425 227
H-06-035 351 0.93 0 45.03 7.94 425 27
H-06-04 1.62 0.06 0 26,00 8.3 525 1.1
Hot Oil H-07-01A 1.281 0.038 0 - 2743 1" 698 13
H-07-02AN 153 0.131 0.114 28.96 103 f52 1.78
H-OT-02A5 1.74 0.07 0.03 28.96 10.3 52 1.75
H-07-01B 1.03 0.04 0.017 2743 10.9 604 13
H-07-02BN 1.06 0.061 0 28.95 9.6 593 1.75
H-07-028S 1.3 0.122 0 - 28.96 9.6 523 1.75
lsomax H-08-01 0.482 0.03 0 - 35.36 9.6 737 1.22
H-08-02 5.02 0.265 0 - 40.30 10.8 54 244
Naphtha Fractionation H-09-01 448 0.942 0 40.39 11 688 244
Kero Unifiner H-11-02 208 0.05 0.044 3292 8.27 567 1.62
H-11-03 1.19 0.038 0.065 - 30.48 9.6 603 1.37
H-11-04 257 0.07 0 - 3383 12 733 1.68
H-11-05 212 0.162 0 35.05 10 733 1.88
H-11-06 1.02 0.038 0 3138 .29 558 1.37
Diesel Unifiner H-12-01 148 0.194 0.022 30.48 B 629 1.88
EP003351 i &;
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z Ungo NOx s02 co TSP Height Exit Exit Exit

Refi Name ag No.) abovegl | Velocity | Temp. | Diameter
i g's gis gis u's (m) (mis) (°C) (m)
H-1204 0907 0.093 0 27.89 76 624 14
Heavy Diesel Unifiner H-13-01 1.35 0.156 0 30.48 12.7 624 1.22
H-13-03 0.874 0.087 0 30.48 8.6 504 1.37
Hot Ol Vacuum H-63-01 0381 37.84 52 86.45 5.84 233 1.75
Isocracker H-68-02W 094 0.0372 0.05 49.07 588 2 175
H-68-02E 1.08 00372 | 0085 49.07 5.88 32 1.75
Hydrogen manufacturing | H-52-01aN | 1544 6.1 0 5221 8.87 427 3.66
H-6201aS | 17.73 4.88 0 5221 8.67 427 3.66
Boilers B-20-01A 11.02 94 0 18.29 16.18 407.4 297
B-20-01B 15.7 13.52 0 18.29 16.18 407.4 297
B-20-01C 17.36 2027 0 18.20 16.18 4074 297
8-20-01D 1717 2262 1672 18.29 16.18 407.4 297
Catalytic Reformer H-05-01W 6.04 0 0 24.60 1467 | 81571 3.05
H-05-01M 151 0 0 24,69 1467 | 81571 152
H-05-01E 31 0.1002 0 24.60 1467 | 81571 1.83
Naphtha Unifiner H-10-01 1,53 0.1043 0 30.78 11 749.04 152
Diesel Unifiner H-12-02 143 0.2421 0 30.48 6 627 1.98
H-12-03 0814 | 0.1547 0 . 28.5 8 626.82 1.37

Isocracker H-68-01W 094 0.0372 0.05 . 33.83 552 468.48 152 |
H-B8-01E 1.08 00372 | 0.085 - 33.83 552 488.48 152
MAA MAA-CDU # 3 H-03-070 2922 0.142 0 - 62.48 742 261 3.05
MAB MAB-Crude H-01-101 1.012 0.611 0.0713 . v} 853 483 1.53
H-01-102 0.993 0.652 1.59 . 21 8.53 483 1,53
H-01-104 1.452 0326 | 00713 - 21 8.53 483 1.53
H-01-105 0382 0326 | 00713 - 21 8.53 483 153
H-01-106 1.051 1.386 0321 . 21 8.53 483 153
H-01-107 1.146 0652 | 0.1783 - 2 8.53 483 153
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Unit NOx S02 co T5P Height Exit Exit Exit
Refinery Name (Tag No.) above gl | Veloclty | Temp. | Diameter
g's g's ols gs (m) (mis) (°c) (m)
H-01-108 1.051 1.306 0.1605 2 8.53 483 153
H-01-108 1.718 0163 0 21 8.53 483 1.53
H-01-110 1.528 0.937 0 2 8.53 483 1.53
MAB-RCD Unibon H-02-101A 0.264 0.01 0.009 20 0.95 5N 2.29
H-02-1018 0.259 0 0.0045 20 0.95 511 229
H-02-102 0.317 0.01 0.0086 - 20 0.81 511 229
MAB-Hydrogen Plant H-03-101 1.317 0.132 0.2455 434 213 288 275
SHU Unit 74 SHU H-74-001 247 118 4.3 61 7.04° 270 14
H-74-002 2.38 70.35 41.25 61 .04 27 14
MAA Unit 99 MAA 57-83-001 ] 1734 0 - 61 7.55" 270 17
ESP an Unit 86 ST-86-301 0 1] 0 191 73.15 8.0 285 244
Emission Total 210.7 510.1 759 19.1 NIA NIA NIA NIA
* Denoles Normal Temperature and Pressure Conditions (NTP: 0°C and 1.013 bara)
EP003351 ii
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Table 9.11: Flare Emissions during Emergency

Effective
Emergency Scenario/Goveming NOx 502 Height above Effective | ExitVelocity | =" Exit
Refinery / Flare Tag No. Fieh ground (m) Height {m) {metres/sec) Tg. Diameter
gls g/s (m)
MAA Unit 162 | 162-A-0101 Case 2 015 2061 108 118 40 1000 1.06
MAA Unit 167 | 167-A-0101 Case 2 S 8163 91 108 40 1000 2.04
MAA Unit 25/26 - Case 2 ¥ 420 144 260.2 40 1000 218
Case 1 : 522 B7.1 108.7 40 1000 5.34
Case 2 . 433 67.1 771 40 1000 0.85
W ot 39 SIeA Case 4 . 1.25 67.1 1103 40 1000 551
Case 5 49 44 67.1 69.6 40 1000 0.22
MAB Unit 146 | 146-A-0101A Case 2 : 28247 36.6 54.1 40 1000 3.84
MAB Unit 149 Case 2 0.15 1237 61 69.3 40 1000 0.85
HP HC 149-A-01124 A ' i
MAB Unit 149
LPHC 148001024 Case 2 14 1774 64 1417 40 1000 1.74
MAB Unit249 | 249-A0101 Case 2 146 10293 77 162.7 40 1000 14.08
MAB Unit 314
WP HOR AT Case 3 3.31 439 85 1312 40 1000 6.7
Notes:

1. Each emergency flare case is modelled separately,

2. Each flare emergency case is modelled without taking into account the contribution from new or decommissioned sources, as their contribution will be negligible compared to the aclual flare emission.
3. All iares have been modelled as single slacks.

4, The emergency flare scenario numbering and data are based on information provided by Fluor,

5. The CFP project scope includes the flare for MAB Unit 314 (LP HCR flare), but as it does not have any hydrogen sulphide in its feed it has not been considered for air quality purposes.
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Table 9.12: Total Power Failure Flare Emissions
ScenariolGoverni NOx 502 t Ext | exn | Efective
Refinery [Flare | TagNo, | Emeraency Scenas ng Height above ground (m) | | EfSte | yeioqity | Temp, |  EX!
ght (m) Diameter
(metres/sec) | (°C)
o's os {m)
MAAUNL162 | 162.A.0101 Case 1 TPF 563 985 108 2162 10 1000 | 164
MAAUNit167 | 167-A-0101 Case 1 —TPF : 628 o %9 40 1000 | 089
MAA Unit 25126 , Case 1-TPF s 219 144 24,9 10 1000 |_16.57
MAA Unit 39 ST-39-001 Case 3-TPF - 523 67.1 108.7 40 1000 |_515
MAAUNI62 | ST-62201N Case 1-TPF 910|210 110 1402 10 1000 |_457
MABUNR146 | 146-A-0101A Case 1-TPF : 2112 3.6 i 10 1000 | 164
MAB Unit 149 HP HC_| 143-A-0112A Case 1~ TPF 20849 Bl 1674 40 1000 | 1863
MABUNI243 | 249.A.0101 Case 1 —TPF 49 412 i 1107 40 1000 | 4.06
WAB Unit 314 HP FICR | 314-A-0112A Case 1 - TPF - 14754 85 277 40 1000 | 2341
Notes:

1. The Total Power Failure (TPF) scenario incorporales all the emergency flaring events from each refinery (ie. all TPF cases are modelled together at both MAA and MAB).

2 The TPF case is modelled without taking into account the contribution from new or decommissioned sources, as their contribution will be negligible compared to the actual flare emission.

3. All flares have been modelled as single stacks, with the exception of MAA Unit 25/26, where two identical flare stacks have been assumed. Note that parameters indicated in the table are per stack.

4. The emergency flaring data are based on information provided by Fluor.
5. The CFP project scope includes the flare for MAB Unit 314 (LP HCR flare), but as it does not have any hydrogen sulphide In its feed it has not been considered for air quality purposes (for the Tatal Power

Failure Case).
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* Denotes Normal Temperature and Pressure Conditions (NTP: 0=C and 1.013 bara)

** Denotes for Case 3. temperature change from 270°C to 150°C due to shuldown of TGTU,

Mote

1. The results for each SRU upset scenario are combined with the nommal emission case scenario for the CFP sources, but not the decommissioned modelling

SCEnano

2. Data is based on Rev D data provided by Fluor.
3. Modelling scenarios assume that only one SCOT (Case 2) or one SCOT and one TGTU (Case 3) at either refinery is out of operation al any given point in time (i.e.
for other units normal emission data have bean used).

DNV ENERGY
Table 98.13: SRU Emissions during Upset conditions
Unit NOx 502 H2§ Height |  Exit Exit Exit
Refinery Name {Tag No.) g's s o's above | Velocity | Temp. | Diameter
Upset Condition glim) | (mis) | c) | (m)
Upset 1 MAA Unit 161 MAA 151-A-0131 116 204.72 0.1 61 14" 270 14
(SRU Case 2) 162-A-0131 0.78 0.68 0.06 i1 14* 270 14
MAB Unit 123 MAB 123-A-0131 2.36 4817 0.25 61 15" 270 1.7
123-A-0231 167 1472 0.25 61 18" 270 1.7
123-A-0331 167 1472 0.25 81 15° 270 17
Upset 2 MAA Unit 151 MAA 151-A-0131 0.03 B0.56 86.39 i1 14 | 150" 14
(SRU Case 3) 152-A-0131 0.78 0.68 0.06 &1 14 150 14
MAB Unit 123 MAB 123-A-0131 0.0 178.67 190.92 61 15 | 150% 1.7
123-A-0231 167 1472 0.25 i1 15 | 180" 1.7
123-A-0331 1.67 1.472 025 61 15° 150" 1.7

EP003351

Chapter 9 / Page 37 of 106

08

MANAGING RISk [00]



KNPC Clean Fuels Project 2020 - FEED Update Phase
EIS Rev 2 DNV ENERGY

Table 9.14 -Maintenance/Shutdown Emissions Scenario at MAA

Maintenance Unit 502
i Refinery Status Mame (Tag No.) o
Maintenance 1 : Unit 107 107-F-D101 1.2117
MR Rynaing 107-F-0102 57222
MAA CFP Shutdown Unit 144 144-F-0101 0.04
MAA Existing | Shutdown KD Unit H-40-001 0.3801
MAA Existing | Shutdown H-43-001 0.0194
Shutdown MAA Existing | Shutdown 41-H-002 0.0410
MAA Existing | Shutdown 41-H-003 0.0175
MAA Existing | Shutdown ARDS2 42-H001 0.000
MAA Existing | Shutdown 42-H001 0.0410
MAA Existing | Shutdown HP-1 H-48-001 0.0857
MAA Existing | Shutdown HP-2 H-49-001 0.0957
MAA Existing | Shutdown SRITGT ST-54-001 48
Maintenance 2 MAA CFP Running Unit 137 137-F-0101 3.3055
MAA CFP Shutdown 129-F-0201A 03
MAA CFP Shutdown Unit 129 120-F-0201B 0.3
m CFP Shutdown 128-F-0201C 0.3
CFP Shutdown Unit 135 135F-0101 0.01
CFP Block MAA CFP Shutdown 136-F-
Shutdown Unit 136 0201A/BIC 0.28
MAA CFP Shutdown Unit 141 141-F-0201 0.13
MAA CFP Shutdown 141-F-0301 0.17
MAA CFP Shutdown Unit 148 148-F-0301 0.03
MAA CFP Shutdown Unit 151 151-F-0132 0.67
MAA CFP Shutdown Unit 152 162-F-0132 067
MAA CFP Shuldown Unit 183 183-F-0101 0.16

MNote: The units with a shutdown status have been modelled as decommissioned unils.
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Table 9.15 - Comparison of Total Pollutant Emissions from New CFP Sources (Normal Case)

_against Decommissioned Sources

Total Pollutant Emission
(a/s)
Case [ Sources
NOx s02
New CFP Sources (Normal Casa) 1239 15.7
Decommissioned Sources 210.7 5104
Total Reduction Post CFP (g/s) 86.8 494 4

Total emissions from decommissioned units are far greater than the overall emissions for
the new CFP units, particularly for SO: These differences are primarily due to the
decommissioned boilers, as well as improvements at Unit 99 TGTU (due to new pollution
control SCOT Unit that will be commissioned to improve S0z emissions from existing MAA

SRU).

Owerall, it is clear that air quality in the area should generally improve as a result of the CFP

project.

EP003351
Chapter 9/ Page 39 of 106



KNPC Clean Fuels Project 2020 — FEED Update Phase
EIS Rev 2 DNV ENERGY

9.4.4 Meteorological Data

Meteorological data provided by KISR/KNPC (as hourly sequential data), for a period
of two years (2005 and 20086), from a measuring station located in the Umm Al
Haiman area (south of the MAB refinery) has been used in the modelling. Sequential
meteorological data from 2005 have been used to conduct the air modelling (more
complete data-set than 20086).

These data were imported into ADMS 4 to produce the wind rose displayed in the

figure below. The wind rose shows the predominant directions from which the wind
blows. It can be seen that the wind typically blows from the North-West.

Figure 9.8: Wind Rose
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94.5 K-EPA and Kuwait Ministry of Oil Criteria

The criteria used in the assessment are presented in Appendix C of the CFP Project
EBS Report (DNV No. 32317425 / Fluor Doc. No. PG0O00CFP.000.10R.02), while
Table 9.16 summarises the key parameters under investigation in this study, i.e. the
long term and short term industrial and residential criteria for NO,, SO,, H:S, CO and
TSP. It is noted here that the results were compared against the most stringent
criteria from the K-EPA and Ministry of Oil criteria.

Table 9.16: Maximum Permitted Ground Level Concentrations for Pollutants Based on

K-EPA | MOO Criteria
On-Site | On-site
Industrial ST | Industrial Residential ST Occ Exp | Oce Exp
(98.7%ile 1- LT (99, T%ile 1-hour R“[AH::::EIJ £y Short Long
Pollutant | hour average) | (Annual) average) Term' Term !
pgim? pgim? pgim? pgim? ppm ppm
NOz 225 67 225 67 5 (3345) -
80; 7825 80 444 80 5° (13000} | 2 *(5000)
15 10"
H:S 40 8 40 B {20720) (14000)
co 34000 - 34000 E g 3
TSP iy 75 .y [

1 Numbers in brackets are the equivalent pg/m* concenirations.

* Occupational healih levels are based on KNPC HSE Exposure standards for short term (15-minutes) and long
term (8-hour) exposure (SHE-TS0H-04-4301).Limits are the identical to K-EPA Appendix No. 3(1).

** Mo limit is provided by KNPC HSE; hence the applicable short term exposure limit (15-minutes) from ACGIH
{American Conference of Industrial Hygienists) has been used for the purposes of this study.

# The short term industrial and residential limits for the 1-hour average concentration averages have been
converied from daily averaged concentrations.

9.4.6 Modelling Results

The primary objective for this part of the study is to examine the impact of the CFP
Project on the air quality in the area. The sources that are to be decommissioned as
part of the project will have a "negative” effect on the ambient air quality (i.e. air
quality will improve), whereas the new units added will have a “positive” effect. The
results of the “Decommissioned Emission” Scenario are combined with the “Normal
Emission” / "Maximum Emission” Scenarios. The estimated, combined ADMS ground
level concentrations for the various pollutants at the monitoring point locations are
combined with the ambient baseline data concentrations (see Section 9.2.3), and
then compared to the relevant criteria (refer to Table 9.18).

Details of the scenarios run, and the results of the “Decommissioned Emission”,
"Mormal Emission” and "Maximum Emission” Scenarios are presented below.

9.4.6.1 Combined "Normal Emission” + "Decommissioned Emission” Scenario

This will be the “Base Case" after the completion of the project, and reflects the
overall project normal operating conditions for the refineries after the CFP is
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operating and SHU process units,along with other process units at MAA and MAB
(refer to Table 9.5), are decommissioned. It has been modelled as follows:

« Mew "Mormal Emission” model (sources from Table 9.8) combined with the
"“Decommissioned Emission” model (sources from Table 9.10) to produce the
ground level concentration contours for the various pollutants

 The combined, predicted ADMS concentrations at the monitoring point locations
are combined with the baseline air quality data, in order to obtain an estimated of
the future air quality in the area, and then compared against the relevant K-EPA /
MOO criteria.

The long term (annual average) and short term (99.7%ile 1-hour average) resulls
dispersion contours are presented in the figures that follow for NO,, SO., H;S and
TSP. All results are presented in pg/m’. The contour plots do not include the
background concentration data. For the NO, case, contours are presented for the
*Decommissioned Emission” and "Normal Emission” Scenarios, as well as the
combined plot. For the other pollutants only the combined plots are provided for
simplicity. It is noted here that the NO; concentrations are assumed to correspond to
10% of the overall NO, concentration.
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Figure 9.9: NO, Annual Average Data ("Decommissioned Case")
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Note: The contours represent improvement in the air quality.
All results are presented in pg/m®.
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Figure 9.10: NO, Annual Average Data (“NMew Normal Case")
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Note: The contours represent deterioration in the air quality.
All results are presented in ug/m®,
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Figure 9.11: NO, Annual Average Data (Combined - “Base Case")
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Note: The contours show both improvement and deterioration in the air quality.
All results are presented in pg/m®.
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Figure 9.12: S0; Annual Average Data (Combined - “Base Case")

T

Nnta:z The contours show improvement in the air quality. All results are presented in
pg/m=.
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Figure 9.13: TSP Annual Average Data (Combined - "Base Case")
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Note: Under normal operating conditions all fired CFP equipment will use gaseous
fuel which is not a significant source of particulate emissions. The new coke handling
facility at MAA (Unit 187) has the potential for significant particulate emissions but it
will be tightly controlled, hence there will only be an overall improvement in the TSP
levels which is reflected in the above figure, as the model also incorporates the
installation of an ESP within the FCCU at MAA,.

All results are presented in pg/m®.
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Figure 9.14: H,S Annua!l Avurugnlﬂah tColmhlned - "Base Case")
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Note: HzS plot only includes the new sources installed as part of the CFP Project, as no data was available on H:5

improvements from the Decommissioned Plant.

MNote: The contours represent deterioration in the air quality. All results are presented

in ug/m®.
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Note: The contours show baoth improvement and deterioration in the air quality.
All results are presented in ng/m’.
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Figure 8.16: S0; 89.7%ile 1-hour Average (Combined - “Base Case")

o R

=T

TI;I-"f
(=Y

8000-1— : bt : ' '
b
’ 4 +-E‘-' 5
2 T B i 1

Metres

-6000-

-8000-

-10000-

-12000-

T 1
4000  -2000 o
Metres

] | ] ]
-12000 -10000 -BOOO  -BOOO

.50
i -100
of -200
_ -300
. 650
i -900
o s
2000 4000

Note: The contours show improvement in the air quality. All results are presented in
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Flgurla 9.17: TSP 99.7%ile 1-hour Average tFomhian - “Base Case")
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Note: Under normal operating conditions all fired CFP equipment will use gaseous
fuel which is not a significant source of particulate emissions. The new coke handling
facility at MAA (Unit 187) has the potential for significant particulate emissions but it
will be tightly controlled, hence there will only be an overall improvement in the TSP
levels which is reflected in the above figure, as the model also incorporates the
installation of an ESP at the FCCU unit at MAA.

All results are presented in ug/m®.
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Figure IB.TB: H:S_!'B.T%Iluﬁ -hour Average {Clﬁmhlnnd # “Base t‘.:'.asu‘*j
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Note: H:S plot only includes the new sources installed as part of the CFP Project, as no data was available on H:S
improvements from the Decommissioned Plant.

Note: The contours represent deterioration in the air quality. All resulls are presented
in pg/m®.
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From the results presented in the above figures, it can be seen that air quality is
significantly improved especially at SHU and areas in its immediate vicinity for all the
pollutants considered. This excludes H.S as no data were available for emissions
from sources that are to be decommissioned.

As mentioned previously, the contour results presented do not include the
background concentration data for the various monitoring point locations. In order to
make a comprehensive comparison against the relevant criteria of the resulting air
quality in the area after the CFP project has been completed, the predicted ADMS
concentrations at these localions are combined with the background concentrations
presented in Table 9.2. The resulting concentrations at each location are then
compared against the K-EPA / MOO criteria, in order to identify the areas where
exceedances are observed. Furthermore, the resulting concentrations were
compared to the actual background data concentrations at each location in order to
identify the overall impact of the CFP project on the air quality (i.e. whether the air
quality has generally improved or not at these specific points).

Table 9.17 summarises the various pollutant concentrations at all the monitoring
point locations. Mote that the NO, concentrations correspond to 10% of the predicted
ADMS NO, concentrations.

Table 9.17: Pollutant Concentrations at Monitoring Points for “Base Case" Post-CFP,
including existing Baseline Data.

Monitoring Annual Average (ug/m?) 99.7%ille 1-hour average (ug/m?)
Point NO2 S02 | Hs | CO* TSP NO2 | S02 H25 co TSP
Al 198 206 60 [ NA 5694 228 0.0 78 0.0 621.0
A2 130 328 50 [ NA 2786 17.0 0.0 6.4 0.0 2940
Al 129 1.1 58 | NA 179.6 12.9 0.0 T3 0.0 1938
A4 151 1.2 57 | NA 604.8 16.4 0.0 7.2 0.0 669.2
AS 155 14.4 57 | NA NIA 18.1 0.0 72 0.0 NIA
AB 1.2 215 57 | NA 2804 250 0.0 72 0.0 N6
AT 11.5 2856 5.5 MIA MIA 14.6 3.3 6.9 0.0 MiA
Al 14.7 804 B4 | NA 2143 a7 0.0 10.6 0.0 2332
Al 146 351 B0 | NA 174.0 177 0.0 10.2 0.0 184.1
A0 16.5 19.5 44 | NA NIA 10.6 0.0 56 0.0 NiA
Al 14.0 2.1 52 | N NIA 16.7 1.2 6.6 0.0 NIA
A12 19.5 19.8 58 | NA MNIA 234 0.0 73 0.0 MIA
A13 13.0 M8 43 | NA 193.8 16.5 0.0 55 0.0 2000
A4 151 16.0 98 | NA 1009.7 0.0 0.0 124 0.0 1118.5
A15 15.5 11.5 59 | NA NIA 18.2 0.0 74 0.0 Ni&
Al6 148 149 69 | NA 3596 176 00 8.7 0.0 4277
AT 101 235 43 | NA MNIA 127 | 20 54 0.0 NIA
AlB 85 20.3 8.7 MIA NIA 10.8 19 7.2 0.0 MIA
A19 0.0 0.0 B1 | NA 189.8 0.0 0.0 10.2 0.0 209.2
AZ0 16.1 54 69 | NA 164.5 18.9 00 88 0.0 177.0
A 19.0 80.2 T4 | NA 7199 249 | 689 10.2 00 7982
AZ2 104 307 6.1 | NA NIA 109 0o [ 0.0 MI&
A23 19.7 787 | 107 | NA 4209 24.1 57.3 14.1 0.0 476.2
A4 205 784 70 | NA 3209 269 | 764 84 0.0 3654
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Menitoring Annual Average (ug/m’ 99.7%ile 1-hour average (ug/m’)
Point NOZ | SO2 | H2s | CO*| TSP NOZ | SO2 | Hs | €O TSP
A25 98 287 | 58 | NA NA 119 | 244 | 73 0.0 NA
A2 1.7 4.2 T4 | NA NIA 14.8 364 9.6 0.0 /A
AZT 157 | 32 | 68 | NA | 11029 | 29 | 168 | 90 00 | 12223
A28 102 | 225 | 00 | NA NA 130 | 237 | 00 0.0 NIA

A28 14.5 36.7 63 | NA 2859 17.6 0.0 84 0.0 37
A30 17.0 66.2 B8 | NIA | 45938 220 | 637 8.8 0.0 500.8
AN 15.0 34.2 6.9 | NA NIA 18.8 274 88 0.0 NIA

A32 10.5 30.6 7.2 | NA N/A 11.8 | 104 8.1 0.0 NIA
A33 127 404 8.0 | NA 2149 16.8 | 225 | 107 0.0 2381
A4 58 8.2 145 | NA N/A 58 0.0 182 0.0 N/A
Ad5 10.6 .7 8.7 | NA NIA 13.8 191 11.1 0.0 NIA
A6 84 137 6.7 | NA NIA 10.8 15.3 B4 0.0 NIA
A37 154 4.7 88 | NA 699.7 0.0 0.0 125 0.0 174.7
Ad8 131 85.0 06 | NA 204.8 0.0 0.0 121 0.0 226.5
A3 16.7 374 73 | NA 7188 1wy 0.0 8.3 0.0 798.7
AdQ 15.6 331 67 | NiA N/A 14.2 0.0 8.5 0.0 N/A
AN ] 3.2 66 | NA 9948 i8 0.0 8.3 0.0 1101.7
A42 131 363 | 61 | NA 2187 6.8 0.0 [H 0.0 2420
A43 11.5 282 76 | NIA N/A 10 00 06 0.0 N/A
Add 16.0 35.3 75 | NA WA 18.4 15.7 94 0.0 /A
A45 85 244 48 | NiA NiA 6.5 20 6.0 0.0 NIA

KNPC C 1441 0.0 160 | NA | 10461 | 2196 | 0.0 | 1329 | 56566 | 35585.0
KNPC D 414 253 | 247 | NA 366 231 0.0 574 0 13853
KNPCF 89.0 129 54 | NA 5258 1816 | 827 | 285 | 29336 | 20110
KNPC H 535 271 37 | NA 2014 942 | 380 | 135 0 580.2

Notes:

1. CO concentrations do not include background data (only for KNPC C and F),

2. A conceniration of 0 indicates that the predicted cumulative concentration is negative.

* Long term {i.e. annual) concentrations are not applicable for CO.

The above predicled concentrations at each monitoring point, after the completion of
the CFP project, were compared against the applicable criteria. Table 9.18, lllustrates
the ratios of the predicted concentration (including existing baseling) against the
relevant criterion, with exceedances highlighted in red font. Furthermore, for the
monitoring points where exceedances are observed, the way the pollutant
concentration has changed, compared to the background data information, after
completion of the CFP is also indicated (*v" Indicates improvement in air quality,
%" deterioration in air quality, and "-" no change in air quality).

Finally, in order to summarise the overall contribution of the CFP project, the
background concentrations at each monitoring point (see Table 9.2) were compared
to the predicted concentrations after the CFP completion (the “Base Case"). Table
9.19 summarises the changes in the wvarious pollutant concentrations at each
monitoring point.
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Table 9.18: Exceedances of Criteria for Ambient Air Quality for "Base Case" Post-CFP,

including existing Baseline Data.

99.7%ile
Annual 99.7%lle 1-hour Average 1-hour
Average
Averaging Period Ratio
Ratio against Residential & Industrial Criteria (only Residential for S02) h?fsnh::l
Criterla
Manitoring Location | NO2 NO2 | S02 | H28* | CO TSP 502

Al 0.3 0.1 00 | 02

A2 02 0.1 00 | 02

A3 02 0.1 00 | 02

Ad 02 0.1 00| p2

AS 0.2 0.1 00 | 02

AB 0.3 01 | 00 | 02

AT 02 0.1 00| 02

AB 0.2 00 | 00 | 03

Af 0.2 0.1 00| 03

A10 02 01 | 00| 01

A1 0.2 0.1 00 | 02

A12 0.3 01 | 00] o2

A13 0.2 0.1 00 | 041

A4 0.2 00 | 00 ] 03

Al5 0.2 0.1 00 | 02

A6 02 0.1 00 | 02

A7 02 [ . 0.1 00 | 01

A8 01 03 0.7 NIA 00 | 0O | 02

Al 0.0 0.0 1.0 00 | 00 | 03

A20 02 04 09 0.1 00 | 02

A% 03 048 0.1 D2 | 03

A2? 0.2 04 08 N/A 00 | 00| 02

A23 03 0.1 01 04

AM 03 08 0.1 02 | b2

A5 0.1 04 07 NiA 0.1 01 | 02

A28 02 0.5 08 NIA 0.1 01 | 02

A2T 02 04 04 0.1 00 | 02

A28 0.2 03 0.0 N/A 0.1 01| 00

A9 02 05 0.8 01 | 00| 02

A30 03 08 0.8 049 |04 ] 02 :

A3 02 04 0.8 N/A 04 01| 02 NiA 0.0

A32 02 01 00 | 02 NIA 0.0

A33 02 01 01 ] 03 08 0.0

A34 0.1 00 | 00| 05 NiA 0.0

A35 02 01 | 00| 03 NIA 0.0

Adg 0.1 00 | 00| 02 {0 NiA 0.0

AT 02 D0 | 00| 03 |0 H 0.0

A38 0.2 00 | 00| 03 |0 0.7 0.0
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99.7%ile
Annual 99.7%lle 1-hour Average 1-hour
Average
Averaging Period Ratio
Ratio against Residential & Industrial Criteria (only Residential for S02) n:ﬂm
Criteria
Monitoring Location | NO2 | S02 | H2s* [CO* | TSP | NO2 [SO2 [ H2s* [ CO[ TSP S02
A39 02 | 05 | 08 | - 01 | 00| 02 |00 0.0
A4D 02 | 04 | 08 | - 01 |00 02 |00 0.0
A4l 01 04 | 08 | - | nA | 00 |00/ 02 [00] NA 0.0
A42 02 | 08 |0 | - 00 | 00| 02 |00 0.0
Ad43 02 | 04 i - 00 |00 ]| 02 [00] 08 0.0
Add 02 04 09 - 0.1 00| 02 |00 NIA 0.0
AAS 01 0.3 0.6 - 0.0 00 | 02 J MA 0.0
KNPC C 0.0 g
KNPCD | 06 | 03 d
KNPC F 02 0.7 -
KNPC H 08 0.3 0.5 -

Note: All negative ratios have been rounded to 0.
Key: Red highlighted cells indicate exceedance against K-EPA / MOO criteria.
+': Pollutant Concentration reduced after CFP Project Completion.
#: Pollutani Concentration increased after CFP Project Completion.
- : Pollutant Concentration not changed after CFP Project Completion,
MR Mot Applicable
* Long term (i.e. annual) concentrations are not applicable for CO.
# No hydrogen sulphide emission data were available for decommissioned units, hence determination
whether resulting H25 concentrations have got worse or befter cannot be made.

Table 9.19: Changes in Monitoring Point Concentrations (“Base Case") Post-CFP,
including existing Baseline Data.

Monitoring | Annual Average Concentrations 99.7%ile 1-hour average Concentrations
Point
NO2 502 H25 co TSP NO2 s02 H28 co TSP
A1 v v v v " " NIA el
A2 1 v v ® v ® NIA v
A3 o s F ¥ v ; MiA ¥
Ad v v . Ni& v v X NIA ®
A5 v v NIA v v b NIA "
AB v v v v ¥ ® WA v
AT v v NIA % v % NIA NIA
Al v v v v v ® MI& v
A9 x v = v v v * MNIA v
A10 v v NIA v v x NA | NA
ANl v v A y NIA v v ® NIA NIA
Al2 v v NIA v v = NIA NIA
A13 ® v v b ¥ b MIA ¥
Al4 ¥ v - ¥ v ¥ b4 MNIA v
A15 v v - NIA v v ® N/A NiA
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lhgl;rﬂhn Annual Average Concentrations 99.7%ile 1-hour average Concentrations
NOZ | sO2 H2S co TSP | NO2 502 H2s co TSP
AlB v oy E v v v x NIA v
ALT v v = - NIA * v ¥ NIA NIA
Al8 ¥ v - NIA = v £ NIA NIA
A19 - v v v v » N/A v
A20 ® v v o v * NA o
AZ1 * v - v * v * N/A v
AZ2 v v NIA v v ® WA MNia
AZ23 v v i v v o x WA v
A4 % o ¥ ¥ b ¥ x NiA ¥
AZ5 v v NIA v v x NIA N/A
A26 * o MNIA * ¥ * MNiA MNIA
AT % v v ® o ® NIA v
A28 v v NIA ® W * NIA NIA
AZ9 ® v 4 ¥ v ® NA v
A3 ® v v 5 v *® NIA v
A3l ¥ v ® NIA = v * NIA &
A32 v v . NIA v v x NIA NI
A33 * v , & v ® o % N/A v
A3 v v *® N/A v v % N/A NIA
A35 ® v * NiA b v % WA NIA
A36 o v ® MIA v W ® NIA NIA
AT v v x v v v X N/A v
AR v v ® v v v ® NIA v
A9 v v * v v v X N/A v
AdD v v * MIA v v b N/A NI
Ad1 v g P * MIA v v b NIA N/A
A42 v v x v v v x A v
Ad3 v v ® MIA v o ® MNIA NIA
Add v v *® a MI& s v » N/A NIA
A4S ¥ v ¥ N/A v ¥ ® NIA NIA
KNPCC v v * v v v b v v
KNPC D v v ® v o ¥ ® N/A v
KNPC F v v v v v X v 7
KNPCH x v : : v ® v x NIA o
Key: v ion reduced after CFP Project Completion
Concentration increased after CFP Project
® Completion
- Concentration not changed after CFP Project Completion
NA  Not Applicable

As shown in Table 9.18, there remains a number of exceedances of criteria for
various pollutants, after the completion of the CFP project (for normal operating
conditions). It is noted here that for the case of H,S, a direct conclusion cannot be
drawn, as for the purposes of modelling no information was available for H.S
emissions from the decommissioned sources. Only H;S emissions related to the new
sources were included in the model and as seen from their resulting dispersion
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contours (see Figure 9.14 and Figure 9.18) the overall effect to resulting air quality is
insignificant (< 0.5 pg/m® deterioration for short term concentrations outside the site
boundary).

There is an improvement to the TSP concentrations at all locations, despite the large
number of exceedances at most monitoring points. Despite the large improvement in
particulate emissions because of the installation of the electrostatic precipitator on
Unit 86 of MAA, the improvement on ground level concentrations is relatively small
because of the large height of the installation (> 70 m).

There are a few exceedances for both short and long term NO; and SO,
concentrations at various monitoring points, but an overall improvement of these is
observed, compared to the existing baseline concentrations. The most serious case
of exceedance for the aforementioned pollutants is observed at monitoring points
KNPC C, at SHU Refinery. It can be argued that the location of this point can be
considered onsite, rather than at the site boundary, given its proximity to the main
CFP Block.

As indicated in Table 9.19, in the vast majority of cases the CFP project resuiis in an
overall reduction to both the long and short term concentrations of NO;, S0, and
TSP at the various monitoring points considered in this study. Some long and short
term NO; concentrations are slightly increased after the completion of the CFP (e.g.
at monitoring locations A2, A9, A13,A20A21,A35KNPC H etc), but all of these
comply with the applicable K-EPA / MOO criteria.

As mentioned previously, a meaningful conclusion with regards to H.S
concentrations can not be made, as only details of new emissions have been made
available at this slage for this pollutant. No information on decommissioned H.S
emissions was included in the air modelling conducted. Based on the results, only
small increases in the long and short term concentrations of H;S have been
observed. The few observed exceedances are mainly due to the existing background
concentrations at these monitoring points. The most serious exceedances are
observed at monitoring points KNPC C and D, located at the boundary fence of SHU
Refinery.

In conclusion, CFP normal operations will result in improved air quality in most of the
study area. The concentrations of the various pollutants are reduced in the majority
of the monitoring points considered. Exceedances will still occur, although such
exceedances will be smaller than existing exceedances as a result of the CFP. In
general, it can be said that there will be significant improvements in the air quality for
all the monitoring point locations that currently exceed K-EPA / MOO air quality
criteria.

9.4.6.2 Combined "Maximum Emission” + "Decommissioned Emission” Scenario
The approach followed for this case is similar to the "Base Case”, and has been

modelled as follows:

e New Maximum Emissions model (sources from Table 9.9) combined with the
Decommissioned Emissions model (sources from Table 9.10) to produce the
ground level concentration contours for the various pollutants
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= The combined, predicted ADMS concentrations at the monitoring point locations
are combined with existing baseline air quality data, in order to eslimate the
future air quality in the area, and then compared against the relevant K-EPA /
MOQO criteria.

The results for the "maximum” case are presented in the form of tables summarising
the exceedances against the relevant K-EPA | MOO criteria, whilst also comparing
the predicted, combined concentrations to the actual background data at each
location, in order to identify the overall impact of the CFP project on the air quality,

Table 9.20 below summarises the various resulling pollutant concentrations at each

monitoring point for the *maximum” case.

Table 9.20: Pollutant Concentrations at Monitoring Points for “Maximum Case" Post-
CFP, including existing Baseline Data.

Manitoring Annual Average (ug/m?) 99.7%ile 1-hour average (ug/m®}
Polnt NO2 502 H2S co NO2 502 HZ2S co
Al 20.0 212 6.0 NIA 233 0.0 7.6 0.0
A2 131 333 5.0 N/A 179 6.5 6.5 84
A3 129 115 58 NIA 13.2 0.0 74 0.0
A4 151 11.6 57 NIA 16.6 0.0 73 0.0
AS 15.5 14.7 57 NiA 18.4 0.0 72 0.0
Ab 21.2 279 5T NIA 25.5 0.0 T3 4.6
AT 11.5 28.8 55 MIA 148 6.2 7.0 4.2
AR 14.8 814 B4 NIA 10.2 0.0 10.7 0.0
A9 147 36.0 B0 A 18.9 0.0 102 10.1
A10 165 19.6 44 NIA 198 0.0 5.6 1.7
A1l 14.0 21.3 52 NIA 17.0 0.0 6.6 a7
Al2 195 19.9 58 NIA 236 00 7.3 0.0
A13 131 35.2 4.3 NIA 173 0.0 5.6 9.5
Ald 152 16.7 98 NIA 0.0 0.0 126 0.0
A15 15.5 1.6 59 NIA 183 0.0 75 0.0
Ald 14.8 15.4 6.9 NIA 18.0 0.0 88 0.0
AlT 101 236 43 NIA 128 239 5.4 3.1
Al8 85 204 5.7 N/A 109 13.9 7.2 34
A19 0.0 0.0 B NIA 0.0 00 105 0.0
A20 16.3 364 69 A 207 0.0 8.8 210
A2 19.1 835 1.5 NIA 255 99.8 121 46.2
A22 10.5 3.0 6.1 MNIA 111 6.6 8.0 1.5
A23 19.8 813 10.8 /A 248 88.5 16.5 2.7
A24 206 840 7.1 NIA 215 106.8 123 449
AZS 938 29.2 58 NIA 12.0 28.4 7.5 37
A26 1.7 433 75 NIA 15.1 50.4 10.2 1649
AT 15.8 35.2 6.9 NIA 229 45.4 10.2 50.9
A28 10.2 2256 0.0 NIA 13.0 26.8 0.1 38
A29 14.6 41.2 6.4 NIA 17.9 25.5 93 382
A30 171 712 69 NIA 225 80.4 10.2 H5
A3 158.0 35.0 69 N/A 20.0 39.9 9.2 16.6
A32 10.5 309 72 WA 121 18.7 9.3 38
A3 12.8 452 8.1 NIA 173 44.9 12.3 31.8
EP003351
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Monitoring Annual Average (ugim?) 99.7%ile 1-hour average (ugim?)
Point NO2 502 HZS co* NO2 502 H25 co
A3 58 8.3 14.5 NIA 59 0.0 18.3 0.0
A35 106 28.7 B.8 NA 14.1 30.8 1.7 13.2
A36 10.0 Mo 6.7 N/A 14 21.6 8.6 1.5
AT 155 454 949 NIA& 0.0 0.0 127 0.0
A8 13.2 85.7 9.6 NiA 0.0 0.0 123 00
A39 16.8 38.5 73 NiA 18.2 0.0 0.8 36
Ad0 15.7 337 6.7 A 14.5 0.0 B.8 0.0
A1 08 336 6.6 NIA 83 20 85 0.0
A42 13.2 30 6.1 M 74 0.0 79 0.0
A43 11.6 288 7.6 NA 14 0.0 9.8 0.0
Add 16.0 35.5 7.5 NIA 185 19.8 95 0.0
A45 6.5 246 48 NiA 6.7 5.0 6.1 0.0
KNPC C 144.2 0.0 16.0 NA | 2188 0.0 133.1 5668.8
KNPC D 41.5 258 24.7 NIA 233 0.0 57.7 0.0
KNPC F 69.0 13.3 54 NIA 1821 B86.5 296 20437
KNPC H 53.5 311 38 NIA 94.3 6.6 145 47.2
Notes:

1. CO concenlrations do not include background data (only for KNPC C and F).
2. A concentration of 0 indicates that the predicted cumulative conceniration is negative.
* Long term (i.e. annual} concentrations are not applicable for CO.

Table 8.21 summarises the various pollutant concentrations at all the monitoring
point locations against the criteria, whereas Table 9.22 indicates the difference in the
concentrations of various pollutants at each monitoring case after the completion of
the CFP project (for the "maximum” case). Note that the NO; concentrations
correspond to 10% of the predicted ADMS NO, concentrations.

Table 9.21: Exceedances of Criteria for Ambient Air Quality for “Maximum Case" Post-
CFP, including existing Baseline Data.

99.7%Ile
Annual 99.7%ile 1-hour Average 1-hour
Average
Averaging Period Ratio
Ratio against Residential & Industrial Critera (only Residential for S02) | 292"t
Criteria
Monitoring Location |  NO2 S02 | H2s* | CO'| NO2 | SO2 | H28* | cO | s02
Al 0.3 0.3 TH 0.1 00 | 02 | 00 0.0
A2 0.2 0.4 06 | - 01 00 | 02 | 00 0.0
A3 0.2 0.1 | 2 0.1 00 | 02 | 00 0.0
A4 0.2 0.1 o7 | 0.1 00 [ 02 | 00 0.0
A5 0.2 02 07 | - 0.1 00 [ 02 | 00 0.0
AB 0.3 03 07 | - 0.1 00 | 02 | 00 0.0
AT 0.2 0.4 el S 0.1 00 | 02 [ 00 0.0
AB 02 H : 0.0 00 | 03 | 00 0.0
A9 02 0.5 - 0.1 00 [ 03 [ 00 0.0
EP003351
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99.7%ile

Annual 99.7%ile 1-hour Average 1-hour

AW

Averaging Period Ratio

Ratio against Residential & Industrial Criteria (only Residential for S02) I"‘I '""I. i

Criteria

Monitoring Location NO2 502 H2s* | cO° |  NO2 so2 | H2s* | co s02
A10 0.2 0.2 06 | - 0.1 00 | 01 | oo 0.0
A1l 02 03 07 01 00 | 02 | oo 0.0
A12 03 02 07 0.1 00 [ 02 | oo 0.0
A13 0.2 04 0.5 01 00 [ 01 | 00 0.0
Ald 02 oz | 00 | 00 | 03 | 00 | 00
A15 02 0.1 0.7 0.1 00 | 02 | oo 0.0
A6 0.2 0.2 09 01 00 [ 02 | oo 0.0
Al7 0.2 0.3 0.5 0.1 01 | 01 | 00 0.0
A18 0.1 0.3 0.7 0.0 00 | 02 | oo 0.0
A19 0.0 0.0 0.0 00 | 03 | oo 0.0
A20 0.2 05 01 00 | 02 | oo 0.0
A2 03 0.1 02 | 03 | oo 0.1
A22 0.2 00 00 | 02 | 00 0.0
AZ23 03 01 02 | 04 | oo 01
AM 03 0.1 02 | 03 | o0 0.1
A25 0.1 01 01 | 02 | 0o 0.0
AZ6 02 0.1 01 [ 03 | 00 0.1
A7 02 01 01 | 03 | oo 0.1
AZ8 02 01 01 | 00 | 00 0.0
A29 0.2 01 01 | 02 | 00 0.0
A30 03 0.1 02 | 03 | oo 0.0
A31 02 0.1 01 | 02 | oo 01
A32 0.2 0.1 00 | 02 | 0o 0.1
A33 02 0.1 01 | 03 | oo 0.0
A4 0.1 0.0 00 | 05 | 00 01
A35 0.2 0.1 01 | 03 | oo 0.0
A35 0.1 0.0 00 | 02 | 00 0.0
A37 0.2 0.0 00 | 03 | 00 0.0
A38 0.2 0.0 00 | 03 | 00 0.0
A39 0.3 05 09 0.1 00 | 02 | oo 0.0
A40 02 04 0.8 0.1 00 | 02 | 00 0.0
Ad1 0.1 04 08 0.0 00 | 02 | oo 0.0
A42 02 05 08 0.0 00 | 02 | 00 0.0
A43 0.2 04 0.0 00 | 02 | oo 0.0
Add 0.2 04 08 0.1 00 | 02 | 00 0.0
Ad5 0.1 03 06 0.0 00 | 02 | oo 0.0
KNPC C 0.0 [ 0.0 | 02 0.0
KNPC D | 06 | 03 0.1 0.0 0.0 0.0
KNPC F 02 07 08 02 | 07 | 01 0.1
KNPC H 08 04 05 04 01 | 04 | 00 0.1

Note: All negative values have been rounded to 0.
Key: Red highlighted cells indicale exceedance against K-EPA / MOO criteria.
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99.7%ile
Annual 99.7%ile 1-hour Average 1-hour

Average

Averaging Period Ratio

Ratio against Residential & Industrial Criteria (only Residential for S02) I:ﬁl "ﬂl ial

Monitoring Location | NO2 | S02 [ H2s* [co | No2 | so2 | H2s* [ co S02

+'; Pollutant Concentration reduced after CFP Project Completion.
* : Pollutan! Concentration increased after CFP Project Completion,
- : Pollutant Concentration not changed afier CFP Project Completion.
* Long term (1.e. annual) concentrations are not applicable for CO.
# No hydrogen sulphide emission data were available for the decommissioned units, hence a comparison cannot be made.

Table 9.22: Change in Monitoring Point Concentrations (“Maximum Case") Post-CFP,
including existing Baseline Data.

Annual Average Concentrations 99.7%ile 1-hour average Concantrations

Monitoring Point | NOZ 502 H2s co* NO2 502 H2S co
Al v v = = v v X NIA
A2 X v - - * v b NIA
A3 v v < v v % N/A
Ad v b - - v v * Ni&
A5 v v 5 - v v * NIA
Af v v 5 v v * NIA
AT b o - » v * NIA
AB v v = z v v * N/A
A9 x ¥ - - b v * MNIA
AlD v v = o v v ® NA
A1 v o = - v v pos NIA
Al2 v v v v * NA
A13 x v = * v » N/A
Ald v v = z v v b NiA
A15 v v = . v v * MNIA
AlB + v - 5 v v * NiA
Al7 + v ® v ® NIA
A18 L o s v e MNIA
Al8 i v £ v v b NIA
A20 X v - ® v ® NIA
A1 x v * ® v ® NA
A22 v v v v py NIA
AZ3 o v = v v ® Ni&
A24 * ® * ® x x NIA
A25 v v = v v * NIA
A26 ® b b * ¥ x NiA
AZT s = » s ® * NIA
AZ8 » v a ® v ® NIA
A29 * ® * * v ¥ M/A
A30 * * b * * b N/A
AY ¥ v - * v * NiA
A32 v v : v v ® NIA
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Annual Average Concentrations 99.7%ile 1-hour average Concentrations
Menitoring Point | NO2 S02 H25 co* NO2 502 H2s co
A33 * x ® = ® v * NIA
A3 v v L 2 v v * N/A
A35 ® v X x v X NiA
A3G v v - v v = NIA
AT v v 5 = v v X NIA
AR ¥ ¥ ¥ - v v ® MA
A30 v v v v ® MNA
A4D v v ¥ v b MIA
Ad1 "4 v > v v b4 MA
Ad2 v v : v v X NIA
A43 ¥ ¥ v v X NIA
Ad4 ¥ ¥ v v * NIA
A5 v v - v v * MIA
KNPC C v v - - v v " v
KNPC D ¥ v - ¥ v X NIA
KNPCF v v v v ® v
KNPC H » oy b E b v * MiA
Key: ¥"  Concentration reduced after CFP Project Completion
®x  Concentration increased after CFP Project Completion

- Concentration not changed after CFP Project Completion
* Long term (i.e. annual) concentrations are not applicable for CO.

As shown in Table 9.21, there are a number of exceedances of criteria for NO;, SO,
and H,S, after the completion of the CFP project (for maximum operating conditions).
It is noted here that for the case of H.S, as for the "Normal Emission”™ scenario, a
direct conclusion cannot be drawn, as for the purposes of modelling no information
was available for H:S emissions from the decommissioned sources, and as before,
H>5 impact due to new CFP sources is insignificant.

There are a few exceedances when compared to K-EPAf MOO criteria for both short
and long term NO; and SO, concentrations at various monitoring points, but an
overall improvement of these is observed, compared to what the concentrations were
prior to CFP completion. The exceplion to this is monitoring point A24, which is
located at the MAB adjacent coastal area, where a slight increase in the long term
sulphur dioxide concentration is observed (around 2 pg/m”). The largest exceedance
for NO; is observed at monitoring point KNPC C at SHU Refinery, but the
implementation of the CFP improves the current situation. Also, it can be argued that
the location of this point can be considered onsite, rather than at the site boundary,
given ils proximity to the main CFP Block.

As indicated in Table 9.22, in the majority of locations, the CFP project results in an
overall improvement for both the long and short term concentrations of NO; and SO,
at the various monitoring points as compared to baseline data. Some long and short
term NO, and SO, concentrations have increased after the completion of the CFP
(e.g. at monitoring locations A2, A7, A24 A26,A27,A29,A30,A33, and KNPC H etc),
but all of them comply with the applicable K-EPA [ MOO criteria. Note that the
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increase in concentration is observed at fewer monitoring point locations when
considering sulphur dioxide rather than nitrogen dioxide.

In general, there will be improvements in the air quality for many of the monitoring
point locations that currently exceed K-EPA / MOO air quality criteria.

9.4.6.3 SRU Upset Case Modelling

The following two SRU upset conditions have been modelled (note that typical SRU
emissions are included with the “Normal Emission” Scenario):

Upset 1: SCOT sections are bypassed. This scenario is not intended for
continuous sustained operation, and it results in high SO; emissions. Note that
the SCOT Unit is designed for 89%+ reliability.

Upset 2: SCOT sections are bypassed; incinerator is not in operation, and is cold
with no combustion air. As for the other SRU upset condition, this scenario is not
intended for continuous sustained operation, and it results in high H,S and SO,
emissions. Mote that the failure rate for a SRU/TGTU incinerator is low.

The emission data for the SRU upset scenarios are provided in Table 9.13.

Mormal Case (see Section 9.4.3 and Table 9.8) emissions have been modelled
together with each of the two upset conditions

Results from the modelling (short term concentrations only), shown below, are
compared only against applicable occupational exposure standards for relevant
pollutants, as upset conditions are short term emergency events. It is also noted that
to make a meaningful comparison with typical occupational exposure limits, which
are provided for 15-minute exposure and 8 hour exposure period (see Table 9.16),
the maximum predicted short term, 100%ile, 1-hour concentration (for the relevant
poliutant) anywhere within the CFP boundary and the adjacent area was converted to
the equivalent 15-minute and 8 hour average concentration using one of the factors
provided (1.07 and 0.95 respectively for this case) in the Workbook of Atmospheric
Dispersion Estimates, D. Bruce Turner, 2" Edition, 1994. The 99.7%ile results are
also provided for information.

SRU Upset 1

The ground level maximum concentrations for MAA and MAB predicted anywhere for
S0; are summarised in the table below. Mote that the decommissioned results have
not been taken into account, as they are negligible compared against these
emergency emissions.

Table 9.23: Maximum Ground Level Concentrations for SO; Anywhere

SOz pg/m?* ) 100 %ile 99.7%ile
1hr 1Sminavg | 8hravg 1hr 15 min avg Bhravg |
MAA 1250 1338 1187 726 1 a0
MAB 2230 2386 2119 1330 1423 1264

EPD03351 i é‘
Chapter 9 / Page 64 of 106

MANAGING RISK m



KNPC Clean Fuels Project 2020 — FEED Update Phase

ElS Rev 2

DNV ENERGY

The following table summarises the results as a comparison to the occcupational
exposure limits, as shown in Table 9.16.

Table 9.24: Maximum Ground Level Concentrations for SO; as Percentage of the

Criteria
50, 15min avg (ST) | 15minavg (ST) | Bhravg (LT) | Bhravg (LT)
(% against the 100" %ile 99,7 %ile 100 %ile 99,7 %ile
Limit)
MAA 10% 6% 24% 14%
MAB 18% 1% 42% 25%

It can be seen that SO, levels satisfy the occupational exposure limits for 15 minutes
OEL and 8 hour OEL, as this is a short term upset event, and concentrations of SO,

will be considerably within criteria.

S0, concentrations also satisfy emergency response criteria at the site boundary.

It is concluded that for SRU Upset Case 1, K-EPA |/ MOO criteria are satisfied. The
short term dispersion contours (for SO;) are presented in Figures 9-19 and 9-20.
Mote that the contours correspond to the 1-hour average concentrations, and do not
include decommissioned scenario emissions. All concentrations are given in pg/m®.
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Figure 9.19: S0; 100% percentile (SRU Upset Case 1- MAA)
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Figure 8.20: SO; 100% percentile (SRU Upset Case 1- MAB)
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RU Upset 2

The ground level maximum concentrations predicted anywhere for SO; and HzS are
summarised in Table 9.25 for MAA and MAB. Note that the decommissioned results
have not been taken into account, as they are negligible compared against these
emergency emissions.

Table 9.25: Maximum Ground Level Concentrations for H;S and SO, Anywhere

e 100 %ile 99.7% %ile
1hr 1Sminavg | 8Bhravg | 1hr | 15minavg | Bhravg |
MAA S0 624 666 593 an 397 352
H.S 668 715 635 384 422 374
MAB 50; 1150 1231 1093 704 753 669
H:S 1220 1305 1159 745 797 708

Ground Level Concentrations of SO, satisfy occupational exposure criteria on site, as
do H;S levels (H:S 1 hour occupational exposure criterion is approximately 20720

pg/m’).

Comparison against the occupational exposure criteria outlined in Table 9.16 is
provided in the table below:

Table 9.26: Maximum Ground Level Concentrations Anywhere for H,;S and SO, as

Percentage of the Criteria
% against 15 min avg (ST) | 15minavg (ST) | 8hravg (LT) | 8 hravg (LT)
the Limit 100 %ile 99,7 Yile 100 %ile 99.7 %ile
MAA S0, 5% 3% 12% 7%
H:S 3% 2% 5% 3%
MAB S0; 9% 6% 22% 13%
H;S 6% 4% B% 5%

It can be seen that SO, and H;S levels satisfy the occupational exposure limits, which
are the appropriate ones for comparison as this is a short term upset event and
concentrations of SO, and H;S will be considerably within relevant K-EPA / MOO
criteria.

502 and H2S concentrations also satisfy emergency response criteria at the site
boundary.

It is concluded that during an SRU Upset Case 2, impacis are managed satisfactorily.
The short term dispersion contours are presented in Figures 9-21 through 9-24 below
(100%ile) for both SO; and H;S. Note that the contours correspond to the 1-hour
average concentrations, and do not include decommissioned scenario emissions. All
concentrations are given in ug/m®.
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Figure 9.22: H,5 100% percentile (SRU Upset Case 2 - MAA)
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Figure 9.24: H;S 100% percentile (SRU Upset Case 2 - MAB)
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9.4.6.4 Emergency Flare Modelling

Significant flare emissions only take place during emergencies or upset conditions
(such as power failure or upset scenarios at specific units). Emissions from
emeargency flaring have been modelled for both the new MAA and MAB acid and
hydrocarbon gas flares, as well as the revamped flare systems at the MAA refinery.
The emission data for the various scenarios considered are summarised in Table
9.11 and Table 9.12.

The key assumptions for deriving the necessary emission parameters are outlined in
Section 9.4.3, and are briefly described below:

» Total combustion of the released stream (including 20% excess air)

= An exit velocity of 40 m/s (consistent with flare modelling guidelines)

» (Calculating the flame height, which is included in the effective release height

The emergency flaring scenarios do not include the normal emissions from sources
that will continue to operate during the emergency flaring event, or the
decommissioned units’ emissions. The pollutant contributions from these sources will
be negligible in comparison to the emissions from the emergency flaring event.

Results from the emergency flaring scenarios modelled are presented in Table 9.27
for the converted maximum 15-minute average short-term concentrations of SO., for
the 100™ and 99.7" percentile (see Section 9.4.6.3 regarding methodology used for
converting concentrations). The 100" percentile is the concentration that is compared
to the occupational exposure standards, whereas the 99.7" percentile concentrations
are provided for information only. Note that as for the SRU upset scenarios (see
Section 9.4.6.3), the reported concentrations (100% and 99.7%ile for information
only) are the factored (i.e. converting the 1-hour average to 15-minute average
concentrations) maximum estimated, and do not include any normal emission or the
decommissioned modelling results, as they are negligible in comparison.

Table 9.27 also includes the peak 100" percentile 1-hour average short-term
concentration of SO;.

MNO; modelling results are not indicated in the table, as they result in negligible
Ground Level Concentrations (GLC) in relation to the relevant criteria.
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Table 9.27; Maximum Concentrations for S0; Anywhere for Emergency Flaring Scenarios

Maximum Maximum GLC
GLC Concentration
Eepaicy Concentrati (Converted 15

Refinery | Flare Tag No. Pollutant | on(1-hour | minute averages)

Scenario/Governing Case average) (ugim?)
100%ile 100%ile | 99.T%ile

MAA Unit 162 162-A-0101 Case 2 S0z 1967 2105 1287

MAA Unit 167 167-A-0101 Case 2 S0 3675 3932 3485
MAA Unit 25/26 s Case 2 Sty 84 a9 8

Case 1 S0z 180 203 180

Case 2 S50: 870 am BES
MAA Unit 39 ST-39-001 o S0: 047 05 04
Case 5 30; 547 R85 204

MAB Unit 146 146-A-0101A Case 2 S0, 16727 17900 16326
MAB Unit 149 HP HC 149-A-01124 Case 2 50; 2680 2866 2205
MAB Unit 149 LP HC 149-A-01024 Case 2 S0, 163.6 175 159
MAB Unit 249 249-4-0101 Case 2 S0: 641 686 621
MAB Unit 314 HP 108.4 116 102

HCR 314-A-0112A Case 3 S0z
MAA and MAB TPF for all flares e 4805 5141 44495
(Table 9.12) TPF Combination 30:

These results are then compared to the relevant occupational exposure limits, as set
out in Table 9.16, lo assess whether the maximum ground level concentrations
(converted from 1-hour average to 15-minure average concentrations) estimated
comply with OEL criteria. Table 9.28 summarises the ratios of the estimated
concentration against the relevant occupational exposure limit. Exceedances are
highlighted in red.

Table 9.28: Maximum Ground Level Concentrations Anywhere for S0; against
Criteria (Flaring Scenarios)

Ratio of
Emergency Concentration
Refinery [ Flare Tag No. Scenario/Governing | Pollutant Against Criteria
Case
100%ile | 99.7%ile

MAA Unit 162 162-A-0101 Case 2 S0z 0.16 0.10
MAA Unit 167 167-A-0101 Case 2 S0z 0.30 027

MAA Unit 25/26 - Case 2 S0q 0.0007 | 0.0006
Case 1 S0 0.02 0.0
Case 2 80; 0.07 0.05

M Unit 39 S5T-39-001 Tt 50z 3 =
Casa 5 S0; 0.05 0.02
MAB Unit 146 146-A-0101A Casa 2 S0;

MAB Unit 149 HP HC 149-A-0112A Case 2 50; 0.22 0.17
MAB Unit 149 LP HC 149-A-01024 Casa 2 50 0.01 0.01
MAB Unit 249 248-A-0101 Case 2 S0y 0.05 0.05
MAB Unit 314 HP HCR 314-A-0112A Case 3 S0 0.01 0.01
MAA and MAB TPF for all flares (Table 9.12) TPF Combination S0q 0.40 0.35

Note: 1. The cells highlighted in red indicated exceedance against the applicable K-EPA / MOD criteria.
2 The ground level concentrations of MOz are not included in the table, as they result in < 5% of criterion.
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As shown in Table 9.28 the occupational exposure standards for SO; are exceeded
for the acid gas flare at MAB (Unit 146). Closer investigation of the resulls indicates
that the occupational exposure standard for sulphur dioxide is exceeded both within
and beyond the refinery boundary.

All other cases satlisfy the occupational exposure standard for SO, although
significant ground level concentrations are slill experienced off-site, beyond the
refineries boundary, particularly for the flares associated with Units 162 and 167 at
MAA refinery, Units 146 and 149 HP HC at MAB refinery, as well as the Total Power
Failure flaring case.

The ground level, offsite concentrations of sulphur dioxide are discussed in the
context of the ERPG-2 and AEGL-2 criteria in the section that follows.

9.4.6.5 Off-site Exposure

Despite the fact that the occupational exposure criteria for sulphur dioxide are
satisfied on-site (with the exception of the acid gas flare at MAB, Unit 146), some
consideration has to be given for the resulting ground level pollutant concentrations
beyond the fence-line of the refineries. This is particularly relevant for the residential
area South-East of MAB which is very near the fence line of the refinery.

There is a relative conservatism in the emergency flaring modelling, where the
scenarios have been modelled as continuous releases, when in fact they are
expected to last less than an hour, and will occur only during emergencies and very
infrequently (as per Fluor / KNPC information). The relevant K-EPA criteria for off-site
air quality are applicable to the 99.7%ile ground level sulphur dioxide concentration.
This allows for 26 exceedances per year, hence it can be said that since these
emergency flaring events are anticipated to occur less than once a year, the K-EPA
off-site air quality requirements are also satisfied.

On the other hand, it is important to acknowledge the fact thal concentrations beyond
the refinery fence-lines will exceed (paricularly for the flares associated with Units
162, 167, 146, 149 HP HC and the Total Power Failure Case based on the current
design flare load and stack height) the US AEGL-2 (Acute Exposure Guideline
Levels) criterion for sulphur dioxide,

The acid gas flare at MAB (Unit 146) will also exceed the US ERPG-2 (US
Emergency Response Planning Guidelines) criterion for sulphur dioxide.

These criteria, which in the absence of any guidelines / criteria from K-EPA /| MOO
are deemed to be the more appropriate ones to be used beyond the refinery fence-
line for this kind of emergency events, are briefly explained below:

« ERPG values intend to provide estimates of the concentrations at which most
people will begin to experience health effects if they are exposed to a toxic
chemical for one (1) hour. Note that sensitive members of the public such as old,
sick, or very young people are not covered by these guidelines and they may
experience adverse effects at concentrations below the ERPG values. The ERPG-
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2 value is the maximum airborne concentration below which it is believed that
nearly all individuals could be exposed for up to 1 hour without experiencing or
developing irreversible or other serious health effects or symptoms which could
impair an individual's ability to take protective action.

« The US Acute Exposure Guideline Levels (AEGL) have been developed primarily
to provide guidance in situations were there can be a rare, typically accidental
exposure to a particular chemical thal can involve the general public. AEGL-2 is
the airborne concentration of a substance above which il is predicted that the
general population, including susceptible individuals, could experience irreversible
or other serious, long-lasting adverse health effecls or an impaired ability to
escape.

The ERPG-2 and AEGL-2 criteria for sulphur dioxide are summarised in the table
below.

Table 9.29: ERPG-2 and AEGL-2 Criteria for Sulphur Dioxide

Pollutant ERPG-2 Criterion ppm (ug/m?) AEGL-2 Criterion ppm (pg/m?)
S0z 3 (7600) 0.75 (1800)

Assumes an ambient air temperature of 35°C

As a result the effects on population would be significant (if generally reversible) for
the worst flare emergency scenarios (Units 162, 167, 146, 149 HP HC and the Total
Power Failure Case), where the AEGL-2 criterion is exceeded.

Additional modelling was conducted for the emergency scenario involving the MAB
refinery flares associated with Units 146 and 149 HP HC, as well as MAA refinery
flares at Units 162 and 167. The total power failure case was also revised to account
for the change in stack heights for the aforementioned flare units. In addition to that,
the total power failure case considered an additional sensitivity with the stack height
of the flare associated with Unit 62, as it has the highest release rate of sulphur
dioxide (see Table 9.12).

The additional modelling (i.e. sensitivity cases) is discussed in the section that
follows.

9.4.6.6 Emergency Flare Sensitivily Modelling

The aim of the sensitivity analysis is to examine the effect of increasing the stack
height for the flaring events that currently exceed the AEGL-2 (and ERPG-2 for Unit
146) criterion for sulphur dioxide. Note that this refers to the peak 100" percentile 1-
hour average short-term concentration of SO,.

The following sensitivity cases were considered:

+ For MAA Unit 162 the flare stack height has been increased to 128 m (from 108
m).

» For MAA Unit 167 the flare stack height has been increased to 141 m (from 91 m).

» For MAB Unit 146 the flare stack height has been increased to 141 m (from 36.6
m). Mote that this flaring scenario currently exceeds the OEL standards on-site as
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well as off-site, and significantly exceeds both the ERPG-2 and AEGL-2 criteria for
S0; off-site.

« For MAB Unit 149 HP HC the flare stack height has been increased to 110 m
(from 61 m).

» The total power failure case was revised to account for the flare stack heights
mentioned above, and with the stack height for Unit 62 increased to 150 m, as
opposed to the current height of 110 m. The flare associated with Unit 62 has the
highest release rate of sulphur dioxide (see Table 9.12). (Note that the stack
height used for Unit 149 HP HC was 100 m).

Only the stack height (and hence the effective height) of the flare is changed for
these sensitivities, with the rest of the modelling parameters remaining the same (see
Table 9.11 and Table 9.12).

Results from the sensitivity analysis are presented in Table 9.30 for the maximum 1-
hour average short-term concentrations of SO; (i.e. 100" percentile). The 100"
percentile is the concentration that should be compared to the ERPG-2 and AEGL-2
standards. The reported concentrations do not include any normal emissions or the
decommissioned modelling results, as they are negligible in comparison.

Table 9.30: Maximum Concentration Levels for SO, Anywhere - Sensitivity
Analysis

Maximum GLC
Flare Stack Helght Emergency Concentration
Refinery | Flare Tag No. (m) Seenaio Pollutant (1-hr ge)
MAA Unit 162 162-A-0101 128 Case 2 50; 1907
MAA Unit 167 167-A-0101 141 Case 2 S0y 2640
MAB Unit 146 146-A-01014 M Case 2 101 4386
MAB Unit 148 HP HC | 148-A-01124 10 Case 2 S50 1425
As for base case,
with Unit 162 stack
Pria |
MAA and MAB flares ; '+ | TPF Combination S0, 3530
(Table 9.12) Unit 148 HP HC 100
: m, for Unit 146 al
141 m, and for Unit
B2 at 150 m.

The sensitivity analysis results indicate that:
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« The maximum ground level concentration of sulphur dioxide for all flare emission
scenarios, including the TPF case, now meet the OEL criterion.

« The maximum ground level concentration of sulphur dioxide for all flare emission
scenarios, including the TPF case, now meet the ERPG-2 criterion.

« Flare emissions Units 162 and 149 HP HC satisfy the stricter AEGL-2 criterion for
sulphur dioxide.

« For the new acid gas flares at MAA (Unit 167) and MAB (Unit 148), the AEGL-2
criterion for sulphur dioxide will be exceeded beyond the refineries fence-line,
even al the revised height 141 m,

= The revised combined TPF case, when accounting for the different stack heights
of flares at MAA and MAB, improves from the base case, with the resulting
sulphur dioxide ground level concentration still exceeding the AEGL-2 criterion.
Unit 62 is the main contributor of sulphur dioxide emissions to the TPF case.

The key outcome from the sensitivity analysis is that further work should be
conducted in order to investigate the peak ground level sulphur dioxide
concentrations from Units 146, 167 and 62 (associated with the TPF case only). The
peak concentration results for these units currently exceed the AEGL-2 criterion for
sulphur dioxide beyond the refineries boundary.

Detailed modelling of the emergency flare scenarios should be conducted during the
detailed design / EPC stages of the project, as these results are based only on
preliminary data available.

Additional sensitivity analysis was conducted on the emergency flaring scenarios that
currently exceed the AEGL-2 criterion for sulphur dioxide (i.e. Case 2 for MAB Unit
146 and MAA Unit 167, as well as the TPF case). The parameter investigated was
the emission rate of sulphur dioxide: Three (3) additional flaring preliminary sensitivity
cases were considered for the aforementiocned emergency cases, assuming that the
current SO, emission rates were halved, and all other modelling parameters remain
the same. Note that for the TPF case, only the S0, emission rate from the flare
associated with existing MAA Unit 62 was halved (Unit 62 contributes the highest
S0; emission rate to the TPF scenario), with the emission rates for all other flares
remaining as indicated in Table 9.12. The flare stack heights for TPF, MAB Unit 146
and MAA Unit 167 remain as indicated in Table 9.30.

The results indicate that with the emission rate of sulphur dioxide halved, the
resulting peak ground level concentrations will reduce proportionally. This would
result in MAA Unit 167 Case 2 and the TPF case meeting the AEGL-2 criterion. MAB
Unit 146 Case 2 would still not meet the AEGL-2 criterion. In order for this case to
meet the AEGL-2 criterion, the emission rate of sulphur dioxide should be reduced to
approximately 35-40% of its current value.
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9.4.6.7 VOC Fugitive Emissions

This section summarizes the modeling of VOC fugitive emissions from storage tanks
in hydrocarbon service (see Appendix 1), as part of the CFP project. A total of 250
tanks were modelled across all three refineries.

The breakdown of tanks from each refinery is as follows:
« 101 from MAA

= 83 from MAB

+ 66 from SHU

VOC fugitive emissions from the tanks were modelled using the TANKS program
(version 4.09). The program was designed by the U.S. Environmental Protection
Agency's (EPA) Office of Air Quality Planning (OAQPS) for use in estimating air
emissions from organic liquids in storage tanks. The OAQPS develops and maintains
emission estimating tools to support public (Federal, State and Local Agencies) and
private sector (industry) institutions in the estimation of air emissions. The underlying
theory behind the emissions estimating equations that form the basis of the tanks
software program were developed by the American Petroleumn Institute (API) and can
be found in AP-42 “Compilation of Air Pollutant Emission Factors, Volume 1:
Stationary Point and Area Sources” Section 7.1, Organic Liquid Storage Tanks.

The TANKS program generates an emission report based on user specified
information about each storage tank. The report generated can include monthly or
annual estimates for each chemical or mixture of chemicals stored in each tank. The
input required includes but is not limited to

s Tank type (structural type, dimensions, paint condition),

» Liguid contents (chemical composition) and the

* Geographical location of each tank (ambient temperature, solar insulation

factor, wind speed)

The program relies on a database that includes physical & chemical data on various
chemicals which include organic liquids, petroleum distillates & crude oils. The
database also contains meteorological information on over 175 US cities (Arizona
was used to represent Kuwait in this study).

The results of the VOC fugitive emissions on an annual basis are outlined and
discussed below, and are based on the total emissions from all tanks and the total
area occupied by the tanks within a specific location. The tanks were separated inlo
four (4) different areas of interest across the refineries. Figure 9.25 to Figure 9.27
show the locations of the relevant areas on the refinery plot plans.
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Figure 9.25: Tank Area 1 - MAA Refinery
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Figure 9.26: Tank Area 2 — MAB Refinery
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The key assumptions made for modeling purposes are summarised below:

= In the absence of detailed meteorological data for Kuwait in the TANKS program,
Arizona was used because of the high similarity in meteorological conditions with
Kuwait.

+ The tank volume used to estimate the amount of VOC emissions was evaluated
based on the aclual dimensions of each tank. This was necessary o ensure
consistency between the dimensions and volume of the tank.

= The chemical database in the TANKS program, though exhaustive, does not
contain data on every single chemical substance. In instances where the material
stored in the tanks was not available in the TANKS database, the material
modelled in TANKS was selected using the following assumptions;

o |If Relative Vapour Pressure (RVP) data was provided for the material,
a material with a similar RVP in TANKS was used

o If no RVP data was available, the material that most closely matched
the description was selected. For example “Jet kerosene” was used fo
model “Kerosene”

« Tank TK-34-342 at Shuaiba (SHU) refinery has been conservatively included as
a vertical fixed roof tank, with the turnover data provided (it is actually an external
floating roof tank but no turnover data were available).

« Tanks TK-52-109N/110N, TK-50-159 and TK-52-170/174, indicated as external
floating roof tanks in the supplied data, have not been included in the medeling,
because of the limited data available.

« Tanks 61-T-0103/0104 at MAA refinery have not been included in the modeling
as they are not atmospheric tanks (as per Fluor supplied information these tanks
are pressurised and only vent to atmosphere in case of fire).

The modelling results for the tank VOC fugitive emissions are divided over the
relevant tank areas to obtain the area emission rate, for input in ADMS. Table 9.31
summarises the total emissions per unit area based on the relative tank areas
defined above.

Table 9.31: Tank Grouping, Areas Covered, VOC Emission Rates & Concentrations

Total Total Estimated
Areal | o Of Tanks | Location E"";ﬂ;’“’ T"}:,f;“ E’“E:"..?ﬂf"
1 101 MAA 225 1,780,000 1.26E-05
2 83 MAB 73 1,185,000 6.166-06
3 3 SHU 43 690,700 5.236-06
F 35 SHU I 222,000 212605

Notes: 1. See Figures 9-26 to 9-28.

2. The tolal emission by tank area is based on yearly emissions report from TANKS

The above emission data were entered in ADMS in order to determined resulting
VOC ground level concentrations anywhere on facilities and the surrounding areas.
The height for all tank areas considered is estimated to be 60 ft (approximately 18m),
with the temperature of the release assumed to be 40°C. The default molecular
weight of around 29 is assumed for the releases (note that tank emissions will not be
pure VOC vapour).
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The four different tank areas identified have been entered in ADMS as area sources,
and are approximated as reclangles of the equivalent area. The areas are illustrated
in Figure 9.28.

Three models were considered in ADMS, namely:

= Specifying the exit velocity directly for each tank area identified, and assuming
values of 0.2 and 0.001 m/s (i.e. two separate cases). The latter exit velocity
value is referenced by the US EPA.

= Additionally, a conservative exit velocity of 0 m/s was considered, though the
actual exit velocity for these VOC emissions will be negligible. Hence the
dispersion of pollutants will be driven by the weather (rather than the initial effects
of the exit velocity).

It is also noted that statistical meteorological data were used to run the ADMS model.

Figure 9.28: Location of AMDS Area Sources for Tank VOC Model
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The ground level, maximum, 100%ile, 1-hour average and annual average VOC
concentrations predicted for the three ADMS runs considered anywhere within the
facilities and their surrounding areas are summarised in Table 9.32:

Table 9.32: Maximum Ground Level Concentrations of VOCs Anywhere

Model | Case Pollutant ST Concentration pgim? | LT Concentration pgim?
: : . (100* %ile)
Speuﬁn[cé En:f:}Valocrhr 67 20
Wﬁﬁ;ﬁ"{‘*"‘f“’ voc 6 35
Wmﬁ“n‘;?““ 632 19

K-EPA and MOQ criteria for non-methane hydrocarbons are as follows:

« 1/10 from specified rate in works environment (TLV's). This is considered to
be 10% of the occupational exposure limit, which would equate to 0.05ppm
for benzene (equivalent to 158 ug/m®)
0.24ppm for 3 hours 6-9am (equivalent to 780 ug/m?)
100ppb (1 hour average) (equivalent to 324 ug/m?)

Given the results from the modeling, it is clear that the highest estimated 100%ile, 1-
hour average VOC concenlration anywhere is significantly below (just over 40%) the
most stringent VOC criterion for non-methane hydrocarbons specified above (158

ug/m?).

Based on these results it can be concluded that VOC emissions from the tanks
associated with this project satisfy all the relevant K-EPA / MOO criteria.

Since fugitive emissions from hydrocarbon storage tanks are essentially averages
over long periods of time (e.g. annually, monthly) a comparison was made of the long
term VOC modeling results (i.e. annual) against relevant long term criteria. In the
absence of long term K-EPA VOC criteria, a comparison was made against incoming
EU long term human health criteria (annual, no exceedances allowed) for benzene
for 2010 of 5 pg/m®. Maximum concentrations exceed criteria, though it should be
noted that benzene constitutes a negligible part of the overall VOC emissions.

However, the USEPA IRIS Reference Concentration (RfC) of 30 ug/m®, which is the
concentration at which a lifetime's exposure is not expected to have an adverse
effect, is met by the KNPC refinery tank emissions (daily inhalation exposure). Note
that the RfC concentration is an estimate associated with large uncertainty.

Howewver, in addition to the emissions from storage tanks shown above, fugitive
emissions from process equipment (flanges, valves, pump seals etc) represent
another substantial source of VOC's emitted to the atmosphere from the refinery and
can frequently account for 50% of the total emissions from a refinery (IPPC
Reference Document on BAT for Mineral Oil and Gas Refineries, February 2003).
Therefore, the total VOC emissions estimated from the tanks may only represent
50% of the total emissions from the refinery, although fugitive emissions from
process plant will not necessarily take place in the same physical area as the tanks.
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KNPC have committed to a Leak Delection and Repair (LDAR) Programme, as well
as an Odour Management System (OMS) to minimize VOC emissions. These are
further discussed in subsequent sections of this EIS. The new CFP facilities will be
incorporated within the existing refineries LDAR Programme and OMS System.

9.4.6.8 RMP and CFP Block Maintenance Scenarios

The following two maintenance events scenarios for MAA have been modelled with
*Normal Emissions” and combined with emissions from the Decommissioned units:

Maintenance 1: Shutdown of RMP Block would result in only sour fuel gas to be
available to MAA Isomerization Unit 107 (two fired heaters). Consequently there
would be an increase in SO, emissions during operation of CFP 2020 facilities.
However, fired equipment within the RMP block will not operate, partially offsetting
the increased SO, emissions from Unit 107.

Maintenance 2: Shutdown of CFP Block would result in only sour fuel gas to be
available to MAA Deisopentanizer Unit 137 (one fired heater) that would result in
increased SO, emissions. Fired equipment within the CFP block will not operate
partially offsetting the increased SO, emissions from Unit 137.

Both these events are anticipated to last for up to 30 days, and occur once every four
to five years. During the maintenance period, the concentration of H;S in the fuel gas
being consumed by the fired equipment in either Unit 107 or Unit 137 (approximately
1500 mg/dry m® at normal conditions) will exceed K-EPA Appendix 20 criteria (230
mg/dry m®) However, the SO, emission rate will still be well below the applicable K-
EPA limit (512 ng/J). The potential impacts of the ‘above normal’ SO, emissions for
the two maintenance cases were evaluated by air dispersion modelling analysis in
consideration of the applicable K-EPA / MOO ambient air quality criteria. For air
dispersion modelling purposes, the emissions were assumed to be steady state. It is
unlikely that the two maintenance events will occur simultaneously,

The emission data for the maintenance scenario are provided in Table 9.14. Normal
case emission with decommissioned units emissions have been modelled together
with each of the maintenance scenarios.

It is noted here that NO; and H:S modelling results are not indicated in the tables as
their emissions are minimal during these maintenance scenarios.

Maintenance 1: Shutdown RMP Block

During the RMP block shutdown, the specific fired equipment that would be
shutdown is listed in Table 9.14 (i.e. one new unit and ten existing units in MAA). The
locations of the 10 existing units in MAA were approximated for ADMS input,

The long term (annual average) and short term (99.7%ile 1 hour average) SO,
ground level concentration contours results are presented in Figure 9.29 and
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Figure 9.30 respectively.

It can be seen that the resulting ground level concentration contour plots for sulphur
dioxide are very similar to the Normal Base Case contour plots. Hence it is expected
that post-CFP air guality would genarally improve in the area.

In conclusion, during RMP block maintenance, the resulling ambient SO,
concentrations would be within the K-EPA / MQO air quality criteria.

Figure 9.29: 302 Annual average (Combined - Base Case) — Maintenance 1
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Figure 9.30: SO, 99.7%ile 1-hour average (Combined — Base Case) -
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Maintenance 2: Shutdown of CFP Block
During the CFP block shutdown, the specific fired equipment items that would be
shutdown are listed in Table 9.14 (eleven new units in MAA.)

The long term (annual average) and short term (99.7%ile 1 hour average) SO,
ground level concentration contours resulls are presented in Figure 9.31 and Figure
9.32,

It can be seen that the resulting ground level concentration contour plots for sulphur
dioxide are very similar to the Normal Base Case contour plots. Hence it is expected
that post-CFP air quality would generally improve in the area.

In conclusion, during CFP block maintenance, the SO; concentrations currently are
within the K-EPA / MOO air quality criteria.

Figure 9.31: S0; Annual average (Combined — Base Case) — Maintenance 2

G000

4000~ 5 -
-10
2000 o lF
-20
0
-60
-2000- -
n -au
-4000- -100
-B00D- - -140
LH]
-160
-8000- \ -
; ;.‘J"':"\w\ i 170
~10000- CA -
k" . iy e
LT \""-.. . . 1]
'12ﬂm_ 2 .-. [CER TR ™
1 T T T T T ] 1 T
-12000 -10000 -8000 -6000 -4000 -2000 O 2000 4000
All concentrations are given in ug/m®,
EP003351 i &
Chapter 9 / Page 88 of 106 o

MANAGING Risk 100



KNPC Clean Fuals Project 2020 — FEED Update Phase
EIS Rev 2 DNV ENERGY

Figure 9.32: 50; 99.7%ile 1- hour Average (Combined - Base Casa) -
Maintenance 2
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9.5 Monitoring

The CFP's EMS will include a schedule for periodic monitoring (il.e., perfformance
testing) of emissions from large fired equipment sources such as steam-generating
boilers and process unit heaters. Stack sampling ports and fixed access platforms
will be provided for all affected sources. A sampling protocol will be developed, in
accordance with international methodologies, to include requirements for reporting
and record keeping.

In addition, KNPC will periodically monitor the efficacy of vapour control equipment
used to minimize loss of VOCs generated during loading operations at the port.

9.5.1 Continuous and Mon-Continuous Emissions Monitoring (CEMS and Non-
CEMS)

CFP 2020 will have both continuous and intermittent monitoring for the various air
emission sources. These monitoring systems shall include area monitoring, fence
line monitoring and in-stack monitaring of flue gases:

» Point Source Monitoring: stacks associated with large fired equipment
sources that require monitoring will be equipped with sampling ports
adequate to support stack gas performance testing.

= Flare System Monitoring: the flow rate for waste streams routed to each
flare system shall be continuously monitored, displayed and recorded in the
DCS control room.

= Continuous and Periodic Emission Monitoring: CEMS shall be installed
for new dual-fired or oil-fired combustion sources with firing rates greater than
100 MMBTU/hr (=30 MW) and steam generators. It shall continuously
measure and record NOx and SOx from each oil-fired heaterffurnace/boiler;
and Oxygen emissions for all furnace stacks where NOx and SOx are
continuously measured. The CFP requirements for periodic and continuous
emission monitoring shall be in accordance with KNPC’s Procedure on Air
Pollution Monitoring and Control,

= Area/Ambient Monitoring: CCTV Systems shall be used to monitor refinery
operations such as flue gas stacks and pilots on flare systems.
Thermocouples shall detect presence of a flare pilot flame. A Combustible
Gas Detection System shall be in place to collect and summarize information
regarding the ambient concentration of combustible gases such as
hydrocarbons and hydrogen. Transmitters and alarms shall also be installed
to detect flammable gas/vapours. A H.S Gas Detection System will be used
to monitor strategic areas where sour gas or sour liquids will be handled,
processed or stored and a NH; Gas Detection System will be used to monitor
strategic areas where ammonia may be present in either process or waste
streams being handled, processed or stored. Appropriate equipment for
monitoring the flow of process vent streams will be provided in the main
header of flare systems. The requirement for AAQM at the fence line shall be
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reviewed vis-a-vis exisling provisions and monitoring beyond the fence line
shall be assessed subject to conditions specified by K-EPA for environmental
approval of the project. A weather monitoring system shall continuously
measure, record and read out various meteorological elements.

The monitoring methods used for all of the above shall be as specified by K-EPA
otherwise they shall be in accordance with US EPA criteria. Data collection and
management systems shall be consistent with those currently implemented for
existing KNPC refineries.

9.5.2 Fugitive Emissions Management & LDAR

CFP will establish a programme for prevention, detection and control of fugitive
emissions. A description of this programme is outlined below.

VOC emissions come mainly from fugitive emissions. Fugitive emissions are one of
the largest sources of refinery hydrocarbon emissions. The aim in all refineries
should be to prevent or minimise the release of VOCs. Control of fugitive emissions
involve minimising leaks and spills through equipment changes, procedure changes
and improved monitoring, good housekeeping and maintenance practices.

The only real option for process component fugitive release is the implementation of
a permanent on — going Leak Detection and Repair (LDAR) programme. This
consists of using a portable VOC detecting instrument to detect leaks during regularly
scheduled inspections of valves, flanges and pump seals. Leaks are then repaired
immediately or as scheduled for repair as quickly as possible. An LDAR programme
could reduce fugitive emissions 40 to 60 percent, depending on the frequency of
inspections.

A typical LDAR programme contains following elements:

* Type of measurement (e.g. detection limit of 500 ppm for valves and flanges,
against the interface of the flange)

» Frequency (e.qg. twice a year)

= Type of components to be checked (e.g. pumps, control valves, heat exchangers,
connectors, flanges)

* Type of compound lines (e.g. exclude lines that contain liquids with a vapour
pressure above 13kPa)

+ \What leaks should be repaired and how fast the action should be taken

The principle of fugitive loss is well known and their minimising has been the subject
of much investigation and action, mainly led by operators subject to extremely tight
regulations. Some techniques to consider are:

« An essential first step of any programme is to establish a fugitive release inventory
for the refinery. This normally involves a combination of sampling, measurements,
environmental, monitoring, dispersion modelling and estimates based on emission
factors
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« |dentify all potential sources of VOC releases, by establishing population counts of
equipment components in line with up to date P& | drawings for processes. This
survey should cover gas, vapour and light liquid duties

& Quantifying of the VOC releases, initially as "baseline” estimates, and subsequently
to more refined levels.

= A strategy to reduce VOC emissions: efficient seals and valves, good maintenance
programmes, minimising number of flanged connections on pipelines and use of
high specification joining materials, use of canned pumps or double seals on
conventional pumps, use of end caps or plugs on open ended lines install
maintenance drain — out system to eliminate open discharges.

9.5.3 KNPC Odour Management System

Odour management is a sensitive and challenging issue. Odours are difficult to
measure and surrounding communities are sensitive receptors. As KNPC would like
to remain a "Good Neighbour”, a 5-year Odour Management System (OMS) has
been built into the KNPC EMS with a common approach across all its sites, and is
summarised in Figure 9.33. This is in line with the KNPC HSE standards. After 5
years, it will be managed as a regular activity.

Figure 9.33: Summary of KNPC OMS
' OMS Mission
To be “odour-free”

OMS Vision
Be a role model among peers in running our business “odour-free” by adopting the
 best strategies for odour elimination. '

Objectives:
1. Develop an OMS to eliminate odour from routine activities, eliminate
odour from non-routing activities and minimise odor during emergencies.
2. Develop and aclion plan for the implementation of OMS

The KNPC OMS, is a proactive system that ensures continual improvement and,
additionally:

* |mproves owverall environmental performance through fugitive emission
monitoring, control and elimination.

= Enhances KNPC's ability to demonstrate a responsible environmental attitude
which can dramatically improve its image thus foster a better relationship with
the company's stake holders.

= Provides early detection of emissions from various sources thus reducing
poliution incidents and associated expenses of recovery.

= Helps in early awareness of problems, which would offer the best
opportunities for an efficient resolution.

= Reduces loses, improving the overall profit.
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= |mproves working environment and enhances Health and Safety standards
resulting in an improved efficiency of the workforce.

= Creates a foundation for the next level of improvement.

= Demonstrates the organisations’ proactive approach towards pollution
prevention.

=  Provides an effective structure for handling environmental complaints from
the community as well as personnel working at KNPC.

= Exhibits a transparent image of the organisation by providing feedback to the
complainant on KNPC's response.

= Enhances the quality of life outside, as well as inside KNPC by minimising the
odour nuisance.

= Provides a structured approach for considering and addressing potential
odour sources early in the project.

A process flow diagram describing the KNPC OMS is shown in Figure 9.34, and is
briefly summarised in the section that follows.

Figure 9.34: Process Flow Diagram of KNPC OMS

| KNPC Odor Management System Process Flow Diagram
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Core Committee
This committee was formed to give direction to the Program and to provide
feedback to management. It is comprised of members from all KNPC sites.

Site Committee

This committee was formed to coordinate aclivities at each site. They perform
odour surveys to detect, identify and quantify odours, as well as locate their
source.

Leak Detection and Repair

This program is designed to routinely monitor equipment for leaks, and to fix any
equipment found leaking. The leak detection part of the Program will be carried
oul by a contractor using Optical IR cameras supplied by KNPC for identifying
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Hydrocarbon leaks. PID/FID meters will be used to measure the concentration at
the point of leak. The contractor will use hand-held gas analysers and check pre-
identified non-hydrocarbon components to identify non-hydrocarbon leaks. The
leaks will be repaired through existing KNPC work processes.

Complaint Recording and Tracking System

The purpose of this system is to receive, log, react to stop their occurrence and
track all environmental complaints (both internal and external) associated with all
KNPC activities. The source of these complaints will be identified and integrated
into the list of odour stressors.

Odour Control Measures

Proposed control measures were identified by the Site Committees in
consultation with Process, Operations and E&M represeniatives. The Core
Committee, in consultation with Chevron, selected the best common solutions.
The solutions were classified as:

*  Quick fixes (short term)

* Long term capital upgrades

*  Woaork process/Practice improvements, Procedural changes, LDA
954 Monitoring Methodologies

KNPC's procedures include the following main elements:
= air pollution control equipment will be maintained / operated to K-EPA / MOO

criteria;

= measurements will be gaseous samples (lab) analysis or by continuous
monitoring;

= monitoring the various parameters will be according to K-EPA [ MOO
requirements.

= responsibilites under the air monitaring procedures are also specified.

Monitoring methods will be as specified by K-EPA | MOO, otherwise they will be in
accordance with USEPA criteria per 40 CFR Part 50, 40 CFR Part 53 for ambient air
quality and 40 CFR Part 60 for stack emissions. Monitoring sampling system
equipment will be based on monitoring the following parameters:

¢ Oxygen: via paramagnetic sampling;

s CO and SOx: via infrared absorption;

e« NOx : via chemi-luminescence or UV fluorescence;

s S50x: via infrared absorption / UV fluorescence;

+ Hydrocarbons: via photo / flame ionization.

CO emissions are monitored indirectly by oxygen sensors provided for combustion
sources such as boilers and incinerators. Reporting and recordkeeping requirements
for the CFP will be consistent with those currently implemented at the three existing
KMNPC refineries.
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9.5.5 Communications, Calibration and Testing

CEMS sets out a number of communication requirements including: local data
acquisition system (DAS); hardcopy environmental reporting will not be acceptable.
DAS will be capable of handling data from multiple CEMS units (about 20),
appropriate alarms (specified) must be in place, plus the minimum features for
Integrated DAS.

All sampling and maonitoring equipment will be calibrated and validated, including
daily auto-validation (e.g. on high and low calibration gas) and manual calibration by
technician intervention. Both a 'Factory Acceptance Test' (FAT) procedure for testing
via contractors’ own instrumentation, and a ‘Site Acceptance Test (SAT) will be
undertaken after equipment is installed. Training for the KNPC engineering,
maintenance and HSE personnel will be provided at the manufacturer’s facilities as
necessary.

96 CO; Emissions from the CFP

9.6.1 Introduction

This section provides an estimate of the Carbon Dioxide (CO;) emissions that will
result from CFP, which are then compared against current KNPC refinery annual
CO; emissions to examine if CO; emissions will increase or decrease overall as a
result of the CFP.

CO; is a greenhouse gas, which contributes to the phenomena of global warming.
Although CO; has a low greenhouse warming potential relative to other greenhouse
gases (i.e. methane, nitrous oxide, hydrofluorocarbons), it is produced in far greater
quantities by refining operations.

The CO; calculations relate only to activities associated with combustion of fossil
fuels at the refineries and do not include:

* Process related emissions (assumed similar before and after CFP).

+ CO; emissions related to transport.

s CO; emissions from electricity consumption.

+ CO; emissions related to flaring (assumed similar before and after CFP).

As such, this study is indicative only and is not in accordance to EU emissions
trading scheme methodology.

This section also discusses KNPC's CO; reduction strategy document, KPC
Corporate HSE: Management of energy and resources (Document 18).

9.6.2 Approach

The approach was to calculate the amount of net CO, emissions post-CFP by:
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» Adding the 2007 CO; emissions associated with current refinery operations
(pre-CFP) to the CO; emissions due 1o new fired CFP process facilities;

= Subtracting the CO, emissions that will be associated with the fuel burning
process units at MAA, MAB and SHU that will be decommissioned.

The conclusions assume that SHU Refinery, as well as some process units at MAA
and MAB, are decommissioned in parallel with the commissioning of the new CFP
process units.

9.6.3 COz Emission Data

KNPC and Fluor provided the following CO; emission data (data not verified by

DNV):

Table 9.33: 2007 CO; Emissions for MAA, MAB and SHU

Refinery Tannes CO; lyr
WA 4,714,602
MAB 2,325,956
SHU* 2,408,984

*MNote SHU data was based on 11 months dala and pro rated for 12 months

Table 9.34: 2007 CO; Emissions for Decommissioned Units at MAA, MAB and SHU

Refinery Units retired Tonnes COz lyr

MAA CDU-03 216,624
H-44-001 35,089

CDU-01 167,448
MAB RCD U-03 37,032

H2 U-03 199,860
H-16-101 14,916

SHU All units 2.408,984

All units 3.080,953

Data was also provided for normal fired—duties of new CFP units at MAA and MAB
(see Table 9.35 and Table 9.36), which are then converted into CO. emissions using
appropriate factors, as described below.

9.6.4 Calculation of CO.; Emissions for New CFP Process Units

All CFP fired equipment will burn refinery fuel gas with the exception of two utility
steam boilers at MAB which will burn fuel oil. Normal fired—duties of these new CFP
units at MAA & MAB are provided in Table 9.35 and Table 9.36.

To calculate CO, emissions, the normal fired duty of the process units is multiplied by
an Emission Factor, which were sourced from:

» UK Department of Environment Food & Rural Affairs : Guidelines to Defra’s
greenhouse gas (GHG) conversion factors for company reporting June 2007
(www.defra.qov.uk)

» US Department of Energy: Units conversion, emissions factors, and other
reference data (Nov 2004).
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Table 9.35: List of New CFP 2020 Fired Equipment Air Emission Point Sources at MAA

(List does not include diesel engine drivers for emergency generators & fire water pumps, as they are only used intermittently)
MAA Refinery
Unit {1 Equipment Tag Fuel Fired Duty Normal Fired
Misibar Point Source Description Mismbiar Type Duty™
MMBtulhr (kW)
PROCESS UNITS
135 DCU-NHTU Fired Heater 135-F-0101 Gas 10.0 2929
136 DCU - 2 Coke Heaters (Common Stack) 136-F-0201A/B Gas 255.1 74743
137 Deisopentanizer - DIP Rebailer Heater 137-F-0101 Gas 177.9 52124
141 ARDS Reactor Feed Furnace 141-F-0201 Gas 55.0 16114
141 ARDS Fractionation Feed Furnace 141-F-0401 Gas 75.9 22238
148 HPU Reforming Furnace 148-F-0301 Gas 464.2 136000
151/152 | TGTU Tail Gas Incinerator 151-F-0132 Gas 22.4 6574
151/162 | TGTU Tail Gas Incinerator 152-F-0132 Gas 22.4 6574
183 VRU Vacuum Charge Healer 183-F-0101 Gas 170.0 49809
186 FCC-NHTU HDS Reactor Healer 186-F-0201 Gas 16.0 4673
186 FCC-NHTU HDS Reactor Heater 186-F-0202 Gas 205 5994
25126 MHT Charge Heater (revamp existing) H25-101 Gas 23.0 8491
25/26 NHT Charge Heater (revamp existing) H26-101 Gas 29.0 8491
U&O UNITS
129 Stearn Systemn Ultility Boiler (data is per boiler; total of 3) 129-F-0201A Gas 362 3 106152
129 Steam System Utility Boiler (data is per boiler; total of 3) 129-F-0201B Gas 162.3 106152
EPD03351 i&}
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(List does not include diesel engine drivers for emergency generators & fire water pumps, as they are only used intermittently)
MAA Refinery
Unit It Equipment Tag Fuel Fired Duty Normal Fired
Nombar Point Source Description’ Number Type Duty!"
MMBtu/hr (kW)
PROCESS UNITS
Steam System Utility Boiler (data is per
129 2 129-F-0201
boiler; total of 3) i Gas 362.3 106152
187 Coke Handling (Mo Fired Equipment) - - 0
NEW FEED UPDATE PROCESS UNITS 0
107 Isomerization 107-F-0101 Gas 57.8 16943
107 Isomerization 107-F-0102 Gas 250.7 76095
144 GOD 144-F-0101 Gas 38.0 11133
TOTAL 2789.8 817382
1] Conversion TkWYmmBTLU 0.003413
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Table 9.36: List of New CFP 2020 Fired Equipment Air Emission Point Sources at MAB
(List does not include diesel engine drivers for emergency generators & fire water pumps,as they are only used intermittently)
MAB Refinery
MNormal
Unit 1] Equipment Tag Fired Duty 1
PP Point Source Description' e Fuel Type Fired Duty'
MMBtu/hr (kW)
PROCESS UNITS
11 Crude Distillation - 2 Heaters (Common Stack) 111-F-0101AB Gas 467.6 137005
112 ARDS Reactor Feed Fumnace Train 1 112-F-0101 Gas 68.6 20099
112 ARDS Reactor Feed Furnace Train 2 112-F-0201 Gas 68.6 20099
112 ARDS Atmospheric Fractionator Feed Furmnace 112-F-0401 Gas 160.5 47026
212 ARDS Reaclor Fead Furmnace 212-F-0101 Gas 68.6 20099
212 ARDS Atmospheric Fractionator Feed Furnace 212-F-0401 Gas B0.3 23527
114 Hydrocracker 1st Stage Gas Healer 114-F-0101 Gas 51.3 15030
114 Hydrocracker 2nd Stage Gas Healer 114-F-0102 Gas 69.7 20421
114 Hydrocracker Product Fractionator Feed Furnace 114-F-0103 Gas 304.1 89100
115 KHT Reactor Feed Furnace 115-F-0101 Gas 16.4 4805
116 DHT Reactor Feed Furnace 116-F-0101 Gas 93.9 27521
117 NHT Reactor Feed Fumace 117-F-0101 Gas 6.1 1787
118 H2 Plant Tubular Reformer Furnace (Train 1) 118-F-0101 Gas 1335.0 391151
118 H2 Plant Tubular Reformer Furnace (Train 2) 118-F-0201 Gas 1335.0 391151
123 SRU-TGTU Tail Gas Incinerator 123-F-0132 Gas 48.9 14327
123 SRU-TGTU Tail Gas Incinerator 123-F-0232 Gas 48.9 14327
123 SRU-TGTU Tail Gas Incinerator 123-F-0332 Gas 48.9 14327
127-F-
127 CCR Reactor Feed Furnace (common stack) 0101/0102/0103/0104 Gas 218.1 63902
EP003351
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(List does not include diesel engine drivers for emergency generators & fire water pumps,as they are only used intermittently)
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MAB Refinery

MNormal
Unit %) Equipment Tag Fired Duty 1]

s Point Source Description el Fuel Type Fired Duty'

MMBtu/hr (kW)
PROCESS UNITS
127 CCR Stabilizer Reboiler 127-F-015 Gas 18.2 5332
213 VRU Vacuum Charge Heater 213-F-0101 _Gas 134.2 39320
Dual (Gas) 391.0 114562
1 F i H-11-101
CDU Fired Heater (existing) 10 Dual (Liquid) 0
US0 UNITS
131 Steam System Utility Boiler (data is per 131-F-0201A Dual (Gas) 190.9 55023
baoiler; total of 6) Dual (liquid) 0
131 Steam System Ulility Boiler 131-F-0201B Dual (Gas) 190.9 55823
131 Steam System Utility Boiler 131-F-0201C Dual (Gas) 190.9 55923
131 Steam System Utility Boiler 131-F-0201D Dual (Gas) 190.9 55923
131 Steam System Utility Boiler 131-F-0201E Dual (Gas) 190.9 55823
131 Steam System Utility Boiler 131-F-0201F Dual (Gas) 190.9 55923
156 WWT Oily Sludge Incinerator 156-4-0208-F01 Gas 8.9 2607
NEW FEED UPDATE PROCESS UNITS

214 Hydrocracker - 3 Heaters Combined (Common Stack) 214-F-0101/0102/0103 Gas 3242 940689
216 DHT Reactor Feed Furnace 216-F-0101 Gas 93.9 27521
118 H2 Plant Tubular Reformer Furnace (Train 3) 118-F-0301 Gas 1335.0 391151

TOTAL 7941.2 2326738

2 Conversion  1kW/mmBTLI/h 0.003413
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Using data from Table 9.35 and Table 9.36, Table 9.37 provides the calculated CO,
emissions for the new CFP project using UK Government guidelines.

Table 9.37: Conversion of CFP Fired Equipment Duty to CO, Emissions

Guidelines to Defra's GHG conversion factors for
company reporting

DEFR

Matural Gas | Fuel Qil

kgCO2/kWh

Gross CV_| GrossCV | =l
__ 0185| 0267] = 1.00E-03

tonnesCO2/kg COZh

KgCDZh_ Tonnes Co2 /h
Refinery
MAA fuel gas MMBtu/hr 2,790
kW 817,392 151,218 151
MAA : Total tonnes CO2/yr 1,324,645
mag | Refnen | vmstume 7,941 . _
el gas
kW 2,326,738 430,447 | 430
MAB: Total tonnes CO2/yr 3,770,654

Mote: When using data from supplied by US Department of Energy, emissions only vary by approximately 2%.
CV = Calorific Value

The following assumptions were made when estimating CO; emissions:

= When using reference data from DEFRA, the gross calorific value was used as advised
by guidelines.

= Emission factor data for refinery fuel gas (20 — 50% hydrogen) was calculated by
applying the natural gas emission factor multiplied by a factor of 1.07% (this is
equivalent to Exxon refining group factor for refinery fuel gas)

« CO; emissions were calculated based on plant running 24 hrs for 365 days per annum.

9.6.5 Conclusions

Table 9.38 summarises the post-CFP CO, emissions provided SHU Refinery is
decommissioned. It can be seen that there will be an estimated 18% increase in CO;
emissions as a result of commissioning the CFP, which is a negative impact, aithough the
decommissioned units at SHU, MAA & MAB offset approximately 60% of the new CFP
facilities CO. emissions.

EP003351
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Table 9.38: Summary of CO; Emissions Pre & Post-CFP
2007
Annual Annual CO2 emissions for the Annual CO2
coz Retired Units post CFP emissions from CFP Total annual CO2
emissions emissions post CFP
US Dept US Dept of
Defra | ifenergy | Do energy
MAA cou-03 18,052 216,624
4,714,602 | H-44-001 3,007 36,089 | 1,324,645 | 1,290,179
CDU-01 13,954 167,448
RCD U-02 3,086 37,032
770 672,544
MR | 2 S0mE00 H2 U-03 16,655 199,860 3. i e
H-16-101 1,243 14,9186
SHU | 2,408,984 | SHU 2,408,984
Total | 9,449,542 3,080,953 | 5,095,299 | 4,962,723 | 11,463,888 | 11,331,312
Increase in CO2 emissions 18% 17%

There will be opportunities for reducing CO, emissions as KNPC has outlined their energy
conservation strategy to help preserve non-renewable resources for future generations in the
KPC Corporate HSE: Management of Energy & Resources (Document 18).

KNPC has a policy in place to ensure all energy will be managed to best engineering
environmental principles and within regulatory requirements (including international
requirements) at all times. It commits to instilute a written energy efficiency programme
wherever energy is generated with clear objectives overseen by a competent person
managing this programme. To ensure the programme is effective, audits will be conducted
and adequate training of staff will be conducled. This will be part of the Environmental
Management System (EMS) 1SO14001.

EP(03351
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9.7 Conclusions

« Air quality in the vicinity of the existing KNPC refineries generally improves as a
result of the Clean Fuels Project:

« On commissioning the CFP, KNPC will decommission all significant air emission
point sources at the SHU Refinery (as well as some units at MAA and MAB
refineries), many of which have large emission rates. This will help reduce the
pollutants emitted to almosphere, hence improving the air quality in the area,
because the new CFP sources that will be commissioned will emit significantly less
than the decommissioned units.

e Overall, particularly for the "normal” CFP operating scenario, there will be
improvements in the air quality for the vast majority of the monitoring point locations
that currently do not meet criteria (i.e. where background data currently indicate that
criteria are exceeded).

s« This is mainly due to the fact that pollutant emission load from sources to be
decommissioned far exceed the emissions associated with new CFP sources. For
example, the total decommissioned source emissions for NO, and SO; are
approximately 211 g/s and 510 g/s, whereas for "normal” operation of the new CFP
sources, the corresponding total NO, and SO; emissions will be 124 g/s and 16 gfs
respectively. Hence the resulting significant improvement.

s After the completion of CFP, the majority of long and short term NO; and SO,
concentrations at the monitoring point locations are reduced for the “normal’
emissions case. The TSP concentrations improve at all the monitoring point
locations.

+ For the "maximum” emission case, the CFP project resuits in a general overall
improvement for both the long and short term concentrations of NO; and SO, at the
various monitoring points as compared to baseline data. It should be noted though
that in a number of monitoring point locations the long and short term NO, and SO,
concentrations have increased after the completion of the CFP, but all comply with
the applicable K-EPA [ MOOQ criteria.

» There is only one case where, whilst exceeding the K-EPA / MOO relevant criteria,
the pollutant concentration has been increased at a monitoring point (for the
*maximum” case). This relates to the long term SO; concentration at location A24
(coastal area adjacent to MAB refinery), where the actual increase to the
background long term concentration is around 2 pg/m®.

» The CFP will increase KNPC's CO, emissions as a result of commissioning the
CFP. Note that the decommissioned units at SHU, MAA & MAB offset approximately
60% of the new CFP facilities CO, emissions.

s CFP emissions during upset SRU emergency conditions (SRU Upset Scenarios 1 &
2) satisfy the relevant criteria.

« For the two maintenance scenarios (shutdown of RMP and CFP blocks), the
resulting ambient air quality SO, concenirations will generally improve air quality
compared against current conditions. However, it should be noted that during these
shutdown maintenance events, sweet fuel gas will not be available. Instead, fired
equipment in MAA Unit 107 and MAA Unit 137 will temporarily consume imported
fuel gas that exceeds the H.S limits specified in K-EPA Appendix 20 until
maintenance work to facilities within the RMP block (for increased SO, emissions
from Unit 107) and CFP block (for increased SO, emissions from Unit 137) is
completed.

EP003351
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» Fugitive emissions on site from the tank farms areas satisfy relevant K-EPA criteria,

after dispersion of the emissions is factored in. It should be noted that the total VOC
emissions from the tanks are estimated to only represent approximately 50% of the
total VOC emissions from the refineries, although other YOC fugitive emissions
(process plant emissions) will not necessarily take place in the same physical area
as the tanks.
It may also be appropriate to compare the long term VOC modeling results (i.e.
annual) against relevant criteria (such as EU criteria as there is no relevant K-EPA /
MOO criteria), because the fugitive emissions from tanks are essentially averages
over long periods of time (e.g. annually, monthly). The long term annual EU
criterion for benzene is Sug/m®, and this is exceeded by the KNPC emissions,
though it should be noted that:

» Benzene would only constitute a very small part of the overall VOC
emissions.

« The USEPA IRIS Reference Concentration (RfC) of 30 ug/m® (the
concentration at which a lifetime's exposure is expected to have no
adverse effect) is met by KNPC refinery emissions, although the RfC
concentration is an estimate with significant uncertainty.

e Although, air quality in the sludy area improves as a result of the CFP, air quality
criteria are still breached in some areas for some parameters.

» No conclusion can be drawn on the effect that the CFP has on the ambient H.S
concentrations, as no information was available for the decommissioned sources
contribution related to this pollutant. Only information for new H;S source emissions
were included in the modelling conducted, and the resulting impact of these H,S
emissions from the new CFP sources Is small (i.e. they do not significantly affect the
ambient air quality). Therefore, any decommissioned units which has significant
hydrogen sulphide emissions will improve the air quality in the refineries and the
surrounding area.

* Emergency Flare modelling: The initial results for the emergency flaring scenarios
indicate that the occupational exposure standards for SO; are exceeded, both within
and beyond the refinery boundary, for the new acid gas flare at MAB (Unit 146). All
other cases satisfy the occupational exposure standard for SO;.

Despite the fact that the occupational exposure criteria for sulphur dioxide are
salisfied (with the exception of the new acid gas flare at MAB, Unit 146), some
consideration has to be given for the resulting ground level pollutant concentrations
beyond the fence-line of the refineries.

In the absence of any guidelines or criteria from K-EPA/MOO for this type of
emergency event beyond the refinery fence-lines, the CFP compared maximum
ground level concentrations against more stringent US air quality criterion.

Maximum ground level sulphur dioxide concentrations beyond the refinery fence-
lines will exceed (for the flares associated with Units 162, 167, 146, 149 HP HC and
the Total Power Failure Case based on the current design flare load and slack
height) the US AEGL-2 (Acute Exposure Guideline Levels) criterion for sulphur
dioxide.

The acid gas flare at MAB (Unit 146) will also exceed the US ERPG-2 (US
Emergency Response Planning Guidelines) criterion for sulphur dioxide.

EP003351
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As a result, sensitivity analysis was conducted with increased flare heights. This
indicated that:

o The maximum ground level concentration of sulphur dioxide for all flare
emission scenarios, including the TPF case, now meet the OEL criterion.

o The maximum ground level concentration of sulphur dioxide for all flare
emission scenarios, including the TPF case, now meet the ERPG-2 criterion.

o Flare emissions Units 162 and 149 HP HC satisfy the stricter AEGL-2 criterion
for sulphur dioxide.

o For the acid gas flares at MAA (Unit 167) and MAB (Unit 146), the AEGL-2
criterion for sulphur dioxide will be exceeded beyond the refineries fence-line,
even at the revised height of 141 m.

o The revised combined TPF case, when accounting for the different stack
heights for the revised heights of flares at MAA and MAB, improves from the
base case, with the resulting sulphur dioxide ground level concentration still
exceeding the AEGL-2 criterion. Unit 62 is the main contributor of sulphur
dioxide emissions to the TPF case.

The key outcome from the sensitivity analysis is that further work should be
conducted in order to investigate the peak ground level sulphur dioxide
concentrations from Units 146, 167 and 62 (associated with the TPF case only).
The peak concentration results for these units currently exceed the AEGL-2 criterion
for sulphur dioxide beyond the refineries boundary.

Preliminary sensitivity analysis on the aforementioned flare units indicates that with
the emission rate of sulphur dioxide halved, the resulting peak ground level
concentrations will reduce proportionally. This would result in MAA Unit 167 Case 2
and the TPF case meeting the AEGL-2 criterion. MAB Unit 146 Case 2 would still
not meet the AEGL-2 criterion. In order for this case to meet the AEGL-2 criterion,
the emission rate of sulphur dioxide should be reduced to around 35-40% of its
current value.

Consequently, KNPC will implement design changes during the EPC phase to
reduce the relief loads for the flare systems which have the highest potential impact
on the receptors located outside the refinery boundaries.

MNote that the CFP flare systems have been modelled conservatively, as it has been
assumed that:

« Emissions will be steady-state, whereas in reality releases associated with
emergency flaring are anticipated to last for around 15 minutes to 1 hour.

» Based on operating experience from the KNPC refineries, it is unlikely that all
flares will be emitting under emergency at the same time at both the MAA and
MAB refineries (as modelled for the Total Power Failure scenario).

» lItis noted that the beach houses located to the south-east of MAB refinery may
not be occupied on a continuous, year-round basis.

EP003351
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98 Recommendations

It is recommended that:

+ KNPC implement design changes during the EPC phase in order to reduce the relief
loads to the flare systems, paricularly for the flare systems that have the highest
potential impact on sensitive receplors outside the refinery boundaries (Units 146, 167
and 62. Mote that Unit 62 is associated with the Total Power Failure case).

. More detailed air dispersion modelling of the emergency flare scenarios should then be
conducted during the detailed design / EPC stages of the project, to verify compliance
with applicable criteria.

+ Currently, the MIPP provides procedures for responding to gas release incidents. These
should be expanded to include details for major emergency flaring events, and
appropriate actions defined (e.g. waming residents).

» The CFP clearly improves air quality in the study area on a day-to-day basis, although
exceedences for some parameters are still observed. It is recommended that scope for
additional air quality improvements at the existing refineries be examined under KNPC's
ongoing commitment to continuously improve environmental performance.

« |t is important that a strict Leak Detection and Repair (LDAR) programme is implemented
and enforced onsite to control YOC emissions. The new CFP facilities will be
incorporated in the existing refineries LDAR programme.

s The Environmental Management System for the Clean Fuels Project should include a
continuous performance improvement process for evaluating and maintaining the efficacy
of emissions control equipment, and energy efficiency. The CFP facilities will be
incorporated in the exisling refineries’ EMS.

EP003351
DNV

Chapter 9/ Page 106 of 106 MANAGING RISK



KMPC Clean Fuels Project 2020 FEED Update Phasa
EIS Rev 2 DNV ENERGY

10.0 Waste
10.1 CFP Waste Management

The CFP will generate a variety of solid wastes that are both hazardous and non-hazardous.
All solid waste shall be termed either hazardous or non-hazardous in accordance with K-
EPA criteria depending on its nature and/or the presence of contaminants.

As defined by Article No. 19 of the K-EPA regulations, hazardous wastes are “any wastes
posing potential direct hazards to man or animal’s health or the environment in general,
resulting from industrial, commercial and agricultural activities and from the household
wastes, which are identifiable by any of the discipliners stated in Appendix No. 11-1 and
classified in Appendix No. 11-2 hereof and, thus, require carrying out the toxicity tests,
analyzing the waste fillrate to check the permissible limits stated in Appendix No. 11-3
hereof”. Hazardous wastes may generally include any solid, semi-solid, liquid or contained
gaseous waste, or combination of such wastes, which may because of its quantity,
concentration, physical or chemical characteristics, pose a hazard or potential hazard to
human health or the environment when improperly treated, stored, transported, disposed of
or otherwise managed. These wastes include chemical wastes identified as discarded
commercial chemical products, off-specification products/chemicals, container residues and
spill residues.”

Kuwait is a signatory to and has ratified the Basel Convention on the Control of
Transboundary Movemenlts of Hazardous Wastes. This Convention imposes a number of
obligations upon the signatory parties including appropriate measures to:

a. Ensure that the generation of hazardous wastes and other wastes within it are
reduced to a minimum, taking into account social, technological and economic
aspects;

b. Ensure the availability of adequate disposal facilities, for the environmentally sound
management of hazardous wastes and other wastes, that shall be located, to the
extent possible, within it, whatever the place of their disposal;

c. Ensure that persons involved in the management of hazardous wastes or other
wastes within it take such steps as are necessary to prevent pollution due to
hazardous wastes and other wastes arising from such management and, if such
pollution occurs, to minimize the consequences thereof for human health and the
environment,

K-EPA has adopted the definitions and characteristics for hazardous wastes developed
under this convention. As such, the classification of hazardous characteristics for wastes
generated by the CFP will be performed in accordance with the UN Class and Code as
provided per the Basel Convention (refer to K-EPA Appendix MNo. 11-1). These hazardous
characteristics are as follows:

Explosive Substances;

Flammable Liquids;

Flammable Solid Substances;

Substances or Wastes Liable to Spontaneous Combustion;

Substances or Wastes Emitting Inflammable Gases when Contacting Water;
Oxidizing Substances;

Organic Peroxides;

Poisonous Substances (acute);

" ® ® ® 8 ® ® @
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Infectious Substances;

Corrosive Substances;

Liberation of Toxic Gases in Contact with Air or Water;

Toxic (delayed or chronic);

Ecotoxic;

Substances, which are capable, by any means, after disposal, of yielding
another material, e.g. leachate, which possesses any of the characteristics
listed above.

@ & & & & @&

Among the categories of waste streams to be controlled under Annex lll of the Basel
Convention (K-EPA Appendix No. 11-2) which are expected to be generated by the CFP are:

= Category Y6 — Wastes from the production, formulation and use of organic solvents.

= Category Y9 — Waste oil / water, hydrocarbons / water mixtures, emulsions.

s Category Y11 — Waste tarry residues arising from refining, distillation and any
pyrolytic treatment.

= Category Y12 — Wastes resulting from the production, formulation and use of inks,
polish, colouring substances, paints lacquers and varnish.

» Category Y13 — Wastes resulting from the production, formulation and use of resins,
plasticizers, glues and adhesive substances.

Other categories of wastes include non-hazardous industrial waste, municipal waste and
inert waste,

» Non-hazardous industrial wastes include solid, liquid and semi-liquid wastes.

+« Municipal wastes include garbage, refuse, food waste, office wasle elc.

« Inert wastes are those wastes which are not biologically or chemically active in the
natural environment, such as glass, concrete, brick, broken clay etc.

10.2 Waste Management Procedures

The management of both non-hazardous and hazardous liquid or solid wastes on site will be
undertaken using the existing KNPC Procedure for Solid Waste Management (SHE-ENVP-
03-006). The procedure ensures that solid wastes generated from all KNPC siles are
managed in a systematic, controllable and accountable manner in order to reduce
associaled environmental risks to an acceptable level. The procedure also ensures
compliance with applicable K-EPA requirements as well as international regulations and
guidelines. The procedure involves the following:

10.2.1 Wasle Segregation

« Different types of wastes shall be sorted and segregated for effective wasle
management;

* Incompatible waste shall be managed so as to minimise cross-reaction or chemical
incompatibility. This prevents mixing of waste in a manner that will produce
dangerous or harmful effects e.g. oxidizing acids must be kept away from organic
acid and flammable and combustible materials’. A list of incompatible wastes is
found in Annexure 2D of KNPC's Waste Management Procedures.

Project Number: EP003351
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10.2.2 Screening and |dentification of Hazard Characteristics

s Waste shall be categorized by using a common list of wastes generated al KNPC
{Annexure 2E of SHE-ESHU-03-1406: Procedure for Solid Waste Management).
This shall be done by the Environmental Division in consultation with the Wasle
Generating Department (WGD) and Technical Services Department;

= Wastes not listed in the common list will be characterised on the basis of chemical,
physical and environmental characteristics as outlined in Annexure 3A (Categories of
wastes to be controlled according to Basel Agreement), 3B (List of hazardous
characteristics as per Basel Agreement), 3C (Toxicity Characleristic Leaching
Procedure or TCLP test for hazardous characteristics) & 3D (limits allowed for
hazardous pollutants concentration that leachate produce);

« |If any waste is categorised in Annexure 3A and exhibits any one of the
characteristics mentioned in Annexure 3B, the waste will be categorised as
“Hazardous Waste". If the waste does not fall in any category of Annexure 3A, the
waste shall be declared as "Non-Hazardous Waste”;

s As part of the screening process, the waste needs to undergo TCLP testing and if
any of the parameters stated in Annexure 3D is found in the waste in excess of the
limit prescribed by K-EPA, the waste shall be declared as "Hazardous Waste",

10.2.3 Waste Profile Sheet

The Environment Division shall create a physical, chemical and environmental hazard
profile for each type of waste in consultation with the WGD and Technical Services
Department-Refineries/Technical Services Division-LM/Engineering Division-LM.

e The waste shall be allocated a unigue ‘WPS number’, which refers to the Waste
Profile Sheet for that given waste. The WPS Number of each waste is given in
Annexure 2E The WPS number is extremely important as it:

s Facilitates safe handling and disposal of wastes;
s Aclts as a data reference in case of emergencies such as spillage or
uncontrolled release of the waste,
s |s a requirement of K-EPA for off-site disposal of waste;
s |s a requirement of PAIl in National Cleaning Company (NCC) Waste Transportation
Manifest.

10.2.4 Labelling

» To facilitate safe identification of hazardous waste stored at the CFP for subsequent
off-site management and disposal; standard waste identification and 'hazard waming'
labels will be put on each hazardous waste container (e.g. U.S. Depariment of
Transportation ‘DOT' labels are already widely used in Kuwait);

« The Waste Handling Department (WHD) will be responsible for ensuring that
comprehensive and accurate identification labelling is in place before any transfer of
custody of the hazardous waste to any other receiver or storage facility;

s« Each truckload of hazardous waste shall be ‘safety placarded’ (i.e. Transport Road
Emergency ‘TREM' card plus 'DOT' labelling or National Fire Protection Association
‘NFPA’ fire safety hazard warning labelling indicating basic material data and hazard
properties) to ensure that emergency response crews arriving in the case of a road
spillage or similar accident can be aware of immediate risks during response;

« |f the hazardous waste is being transported onto public highways, it shall be required
that TREM/DOT/NFPA road safety placard is used,

Praoject Number: EP003351
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Re-used containers shall be decontaminated and have previous labels and markings
removed.

10.2.5 Temporary storage

The storage of waste is only acceptable as an interim measure to permit time for the
collection of sufficient volumes for cost effective transport to a recycler or disposal
facility;

Wastes will, where possible, be temporarily stored in original containers or in
containers (sound, sealable and not damaged) that are designed to contain a specific
waste (hazardous or non-hazardous):

Bulk wastes will be placed in good quality steel or plastic drums which will be
labelled. The container must be of the correct size for its volume, must have a 5cm
gap for expansion, must always be closed and must be sealed when full;

Containers will be protecled from weather and physical damage in secure, paved and
shaded areas with controlled access to trained persons only. The area shall be
equipped with a communication facility, portable fire extinguishers, spill control and
decontamination equipment, water at adequate volume and pressure and Personal
Protective Equipment (PPE);

Wastes shall be stored to prevent spills from entering the sewer system;

Wastes shall be kept segregated and stored in a manner consistent with information
on the label, on the MSDS, and prudent practices.

10.2.6 Waste Tracking

An internal manifest (Annexure 5A) system will be implemented for all internal waste
movement at the CFP such as oily sludge movement from all sites including MAB to
Qily Sludge Handling & Treatment Facility and spent catalyst transfer to MAA catalyst
yard from SHU/MAA etc;
All wastes transported from the CFP for disposal, whether by flatbed vehicle
containers (drums, bags, bottles, intermediate bulk container, gas cylinder, pallet
load etc.) or in bulk (tipper trailer or dump truck for solids and semi-solids or vacuum
tanker for liquids and sludge); shall be manifested.
« Hazardous Waste: A Waste Transportation Manifest (WTM) will be
completed and carried along with the waste for each vehicle load.
= Non-Hazardous Waste: A single WTM may be completed for the entire load
(several truck loads), if the entire load is being moved out on the same day. If
necessary, transporters and their details may be endorsed in a separate
sheet appended to the manifest. (Annexure 5B)
The WTM will include adequate information of all wastes carried by the vehicle such
as their hazard characteristics (hazardous or non-hazardous) chemical names and/or
KNPC ‘Waste Profile Numbers.
The Environment Division shall supply blank manifest sets as needed and record the
manifest number given to any deparment. WGD/WHD shall keep record of all
manifests issued for environmental auditing.
For recovery / re-use in close-loop system inside the refinery, the “Internal Waste
Transportation Manifest System"” needs to be followed e.g. reprocessing of slop oil
etc. (single manifest for any number trip in a day).

DNV ENERGY
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10.2.7 Transportation, Treatment and Disposal

= Waste generated from the CFP should be recycled/re-used/recovered in the first
instance.

= Once the waste is identified, characterised and labelled, it shall be disposed to the
appropriate waste disposal site by waste transporters

s Transporters shall have their capabilities reviewed by KNPC and shall be forwarded
to K-EPA for registration.

= All precautions should be taken and relevant safety procedures should be followed
while handling hazardous wastes.

= WGD should promptly contact the Environment Division if any waste requires urgent
management action or input to prevent environmental degradation.

» Controlled disposal of hazardous wastes shall take priority over the disposal of inert
wastes to minimise exposure to hazard risks and maximise effectiveness of wastes
management resources.

« The waste receiver shall acknowledge the WTM for all hazardous wastes. Copies
must be forwarded to appropriate authorities.

» Pre-treatment shall be done by the Waste Receiver to render selected hazardous
wastes into inert/stable and innocuous; prior to land filling.

« WHD shall ensure that the Waste Receiver acknowledges that all hazardous wastes
have been received and will be disposed of in compliance with accepted
environmental standards and K-EPA regulations. This acknowledgement shall be
called as a Waste Disposal Ticket (WDT) and shall have a cross reference to each
waste taken from KNPC.

10.2.8 Recording and Reporting

« In order o have an auditable waste management system, necessary records of
documents shall be maintained by WHD & WGD for a minimum period of 3 years.

10.3 Solid Waste Management during Construction

Construction and modification of the CFP facilities will produce a variety of solid wasles.
Bearing in mind that the number of construction staff (direct plus indirect at peak manpower)
is approximately 36,000, waste quantities are expected to be significant.

However, it should be noted that any waste generated as a result of decommissioning
activities during the construction phase of CFP is nol covered as part of this EIA.
Decommissioning waste will be discussed and evaluated in a separate document.

Wastes likely to be generated during construction of CFP are listed below:

» Spoil from excavation works for foundations

= Scrap steel and off-cuts, including weld mesh, conduit, pipe-work, nuts, bolts,
concrete reinforcing rods

Timber waste from formwork and shipping crates

Concrete, plaster board and cement sheeting

Insulation materials

Plastics from conduit and pipe-work

Paints & solvents

Transformer oils

@ & & & & @
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+ Chemical Cleaning products and neutralised chemical cleaning solutions
« Spent lube oils
» Oily wastes from construction vehicles and oily/contaminated rags
+ Miscellanesous wastes from a range of construction activities including general office

waste, paper, food scraps, food containers and wrappings

* Packaging materials from equipment, material store and spare parts

s Sanitary waste (sanitary and liquid effluent is considered in Wastewater
Management, Chapter 12).

During construction, management of solid waste in work areas and camps will be the
responsibility of each EPC contractor. Each EPC contractor will manage wastes in
accordance with a KNPC-approved Waste Management Plan (WMP) which will comply with
the existing KNPC Procedure for Solid Waste Management (SHE-ESHU-03-1406).

Each EPC contractor will develop their WMP once more detailed information on construction
waste is available. The WMP will describe how wastes will be managed during the
construction, commissioning and start-up phases of the project, taking into account the
existing waste infrastructure within KNPC. The WMP will also include the provision of waste
skips in a central collection point within the EPC contractor's area and the marking of skip
bays in order to segregate waste prior to removal from site. Waste containers will be
periodically collected and disposed of in a manner consistent with the waste management
system.

The WMP will require:

= The recycling and re-use of solid wastes wherever possible;

= All waste to be appropriately segregated;

+ The temporary storage of waste to be carried out according to type (e.g. inert, non-
hazardous and hazardous - ignitable, corrosive, reactive, toxic, radioactive, bio-
hazardous, etc.);

+» Wastes to be stored in suitable containers clearly marked according to contents.
Hazardous wastes will be stored in a safe secure area where storage containers can
be inspected for leaks or deterioration;

+ Municipal waste to be collected and sent to either a local municipality for trealment or
to the existing refinery treatment facility;

« Hazardous waste (such as oily wastes from wvehicles) will be transported to an
approved site;

« Adoption of the existing KNPC Waste manifest system for the transfer of waste
materials; and is discussed below;

« Auditing of the EPC contractors is recommended. This should be conducted at
regular intervals throughout construction, commissioning and start-up phases of the
project by an independent consultant. This will ensure that that EPC contractors are
in compliance with the WMP;

= Construction debris will be removed on a reqular basis to prevent build-up and will be
disposed of at the solid waste disposal site. Construction waste will not be mixed
with domestic waste.

The generation of solid waste during construction is unavoidable. However, all wastes will
be sorted, segregated and then screened for identification of hazardous characteristics,
before they are moved offsite, to maximise re-use and recycling opportunities. An action plan
for managing waste generated during CFP decommissioning activities should be developed
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by KNPC and submitted to K-EPA for review and approval prior to start of decommissioning
activities.

A significant portion of construction materials can be recycled, for example:
Wood Products will be recovered and reused
Scrap steel and offcuts will be recycled
Plastics will be recycled where praclicable

Construction activities are unlikely to give rise to many hazardous wastes with the exception
of oily wastes. All oily wastes will be stored in bunded tanks on impermeable flooring and
will be disposed of in accordance with regulatory requirements using appropriately licensed
waste disposal contractors. All temporary bunds will slope to sumps, which require suction
cleaning (and have no bund drain down oullets) on a regular basis in order to maintain their
effectiveness. Bunds will enclose all ancillary equipment (e.g. fill and draw off facilities, vent
pipes, taps, valves, elc) and will be inspected on a reqular basis.

10.4 Solid Waste Management during Operation

Both the new and modified CFP facilities will operate under the KNPC Procedure for Solid
Waste Management (KNPC Procedure Number SHE-ESHU-03-1408) during operations.

The purpose of the wasle management plan is to ensure that appropriate waste
management practices are followed in accordance with relevant prevailing national laws,
regulations, and requirements regarding the protection and preservation of the environment.
In addition, the waste management plan will require that personnel working where waste is
generated within the area of the CFP, pericdically review operations and evaluate available
methodologies for reducing or eliminating the CFP wastes.

Both onsite and offsite units and ulilities provided by this project shall be designed to
minimise the production of solid waste as required by Article No. 26 of the K-EPA
regulations. Typically during refinery operation solid and semi-solid wastes will be generated
from several various sources, including administration and support buildings as well as
process units.

The solid wastes generated from above-mentioned sources include, but are not limited to:

Spent catalysts/unusable catalysis

Oily sludge and other hydrocarbons

Coke fines

Contaminated sulphur and other inorganic chemical waste
Used resins

Spent oil, lubricants and grease

Waste activated carbons

Filter media

Contaminated soil

Tyres from plant services and refinery workshops
Batteries

Scrap metals

General packaging and containers

General process waste;

Electrical equipment

Spilled and lost product

Laboratory waste

Project Number: EP003351
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« Food waste
+ Fluorescent tubes
« \Waste paper

The two tables below outline the amounts of the key process solid wasle streams likely to be
produced by each new and each revamped unit during CFP operation in each of the
refineries, MAA and MAB. Both hazardous and non-hazardous solid waste will be
generated; it can be seen that the bulk of solid wastes produced are spent catalyst
generated at intervals, and these are generally hazardous waste. The CFP facilities at SHU
are not expecled to generate any hazardous wastes and the amount of non-hazardous solid
waste is not expected to be significant.

Project Number: EP003351
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Table 10.1 Preliminary Amounts of Process Hazardous and Non Hazardous Waste from New and Revamped CFP Units at MAA
Unit Wasle Quantity | Hazardous Waste Hazardous ~ Replacement Disposal
(Yes/No) Characteristics Frequency '
25/26 Spent hydrotreating catalyst AT 1 MT Yes Ignitibility Every 4 years Regeneration or hazardous
Toxicity waste landfill
46 None
a3 Nona
86 MNone
a9 MNone
107 Dry Slops Variable Yes Flammabla Intermitient Routed to Storage
Wet Slops Variable Yes Flammable Intermittent Routed to Storage
Spenl Catalysl Unknown Yes Metals 6 years Landfill and metals recovery
Gas drier Mol Sieve Unknown No nla 3 years Landfill
Feed Drier Mol Sieve Unknown Mo nfa 3 years Landfill
Methanation Catalyst Unknown Yes Metals 3 years Landfill and metals recovery
Sulfur Absorption Unknown Yes Metals 3 years Landfill and metals recovery
Sulfur Absorption Unknown Yes Metals 3 years Landfill and metals recavery
113 Miscellaneous construction waste Variable Mo n'a Continuous Landfill
125 Wet Slops Variable Yas Hydrocarbons Intermittent Routed o Storage
Spent Catalyst 78%kg Yes Metals 4 years Landfill & Metals Recovery
Spent Sulfur Absorbent 4240kg No nfa & months Landfill
Spent Chioride 41380kg No _nfa 6 months Landfill
129 Amine and Oxygen Scavenger BB6.7m3/hr Yes Taxic Intermittent Cooling water return or
ADC Sewer
135 Spent Catalyst 166Bkg Yes Metals 5 years Vendor Reclamation
Spent Catalyst 1356kg No nia 5 years Landfill
Spent Catalyst 16045kg Yes Metals 5 years Vender Reclamation
Spent Catalyst 24700kg Yes Metals 5 years Vendor Reclamation
Sour Water 4. 73 mthr No nia Intermittent To SWS
136 Sour Water 13330 kghhr
Sour Water 120000kg Unknown at this stage.
Light Slop 100 o .
137 Hydrocarbon 11.4m°/h Yes Flammable Intermittent Routed to Storage (Wet
Slops)
Water & Hydrocarbon 22.7m'fh Yes Flammable Intermittent Routed to Storage (Wel
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Unit Waste Quantity Hazardous Waste Hazardous Replacement Disposal
(Yes/No) Characteristics Frequency
______ Slops)
138 Disulfide Separator Vent Gas 0.367 ftals Continuous To DIP Reboiler Heater
Disulfide Ol with Wash Oil ~1gpm Continuous Ta DIP Flare Knockout
Dirum
Spent Caustic ~3gpm Dally batches To spent {S.tauslic Disposal
= . ystem
Extraction Spent Causlic As required To Spent Caustic
___Degassing Drum
Steam Condensale 0.1gpm Continuous To WWT via Oily Process
Water Sewer
Sand from Sand Filler 256 113 Intermittent Landfill
141 __Spent Catalyst 1,004,233 kg Yes Metals 1 Per yr Landfill & Metals recovery
Fresh Catalyst fines 1,000 Yes _ Metals 1 Per yr Landfill
Hydrodrilling Water 650m Yes Dissolved Metals 1iyear Will not be treated with
other refinery water
Soda Ash Solution Unknown Mo n'a Intermittent Unknown
144 Spent Catalyst and Grading Material Yes Metals Every 30 months Returned to manufacturer
for metals recovery
Filter Sludge - TED B
146 Oily Water 23m’fh Yes Flammable Intermittent Routed to Storage (Slops
Tanks)
148 Spent Catalyst 8.832 kg Yes Metals Every 5 years Landfill
Spent Catalyst 41,984 kg Mo Metals Every 5 years Landfill
Spent Catalyst 6,144 kg Yes Metals Every 5 years Landfill
Spent Catalyst 7,744 kg Yes Metals Every 5 years Landfill
Spent Catalyst 19,072 kg Yes Metals Every 5 years Vendor Reclamation
150 Spent Carbon 46 m3fyr Yes Toxic Once Per Yr Secure Landfill
Filter Cartridge 4 Cartridges Yes Toxic Once Per Yr Secure Landfill
Filter Cartridge 4 Cartridges Yes Toxic Onice Per Yr Secure Landfil
Filter Cartridge 1 Cariridge Yes Toxic Once Per ¥r Secure Landfill
Spent Amine 330myr Yes Toxic Intermittent As per sid refinery practice
Amine Carbon Filters 15m°yr Yes Toxic Once Per ¥r As per std refinery practice
Caustic Wash MNIA, Yes Caustic Intermittent As per std refinery practice
Chemical Cleaning MFA, Yes Toxic Intermittent As per std refinery practice
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Unit Waste Quantity Hazardous Waste Hazardous Replacement Disposal
. (Yes/No) Characteristics Fraguency
151 - 152 Spent Catalyst 23,500 kg MNo nia 5¥rs Landfill
Ceramic balls 9,500 kg No n/a 5Yrs Landfill
Spent Catalyst 21,100 kg No nia 5¥rs Landfill
Ceramic balls 9,500 kg No _nfa 5¥rs Landfill
Spent Catalyst 15,000 kg Yes Toxic 5 Yrs Vendor Reclamation
Ceramic balls 8,400 kg No nfa 5Yrs Landiill
Activated carbon 1,000 kg Mo _nia 2 Per yr Landfill
Filter Cartridge Each Yes Toxic 2 Per yr Secure Landfil
Filter Cartridge Each Yes Toxic 6 Per yr Secure Landfill
Filter Cartridge Each No nia 6 Per yr Landfil
Filter Cartridge Each Yes Toxic 1 Per yr Secure Landfill
153 Active Carbon 211t No n/a dyrs Landfill
Filter Sludge TBD
156 Stripped Sour Water 168 m™/h No To process units WWT-163
162 Wet Slops 234 m'fhr No nia Cantinuous To wel slops system
163 Dry S 3,180 m” No n/a 6,360 m3 Per Month To Oil Drips System
Spent Diesel, Dry Slops 3,180 m" No n/a 6,360 m3 Per Month To Oil Drips System
Wet Slops 954 m” No nfa 4,000 m3 Per Month To Oil Drips System
166 None =
167 Sour Water 11 m'fhr No n/a Continuous To Sour Water Treaiment
Unit
171 Activated Alumina 13,800 kg No n/a 3-5 years Landfill
174 Slops 5.0 m'hr Yes Toxic Intermittent To Ol Drips System
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Unit Waste Quantity | Hazardous Waste Hazardous Replacement Disposal
{Yas/No) Characteristics Frequancy A
175 Blowdown of Coaoling Water 55,800 kg/h No nia Continuous Flow to AQC
Backwash of S5F 2,49 400 'f-gh Mo nia Intermittent Flow to AQC
Spent Filter Sand 15.6 m Mo n/a Once every 10 yrs Landfill
- Spent Filter Gravel 15.6m" No na Once every 10 years Lanafill
176 __Activated Carbon 1.0m’ Mo n'a 3 yrs Landfill
Spent Polish Cation Resin 13.5m” Mo nia 5 yrs Landfill
Spent polish Anion Resin 13.5m" No n'a 4 yrs Landfill
Spent Demin Cation Resin 200 m’ Mo nfa Syrs Landfill
mlﬁmln Anion Resin 299 m’ Mo nfa 4 yrs Landfill
Spent Filter Anthracite 21.0m’ No na 10 yrs Landfill
Spent Filter Sand 21.0m’ MNo nfa 10 yrs Landifill
Spent Filter Gravel 54m’ Mo na 10 yrs Landfill
177 MNone
178 Miscellaneous municipal waste Variable Mo nla Continuous Landfill
183 MNone
186 Spent Catalyst Z2m’ Yes Metals 4 years Vendor Reclamation
Speni Catalyst 5m’ No nla 4 years Landfill
Spent Catalyst 115m’ Yes Metals 4 years Vendor Reclamation
187 MNone _ _
185 Stripped sour water 170 gpm No nla Continuous To WWT Plant
283 MNone

Project Mumber: EP0O03351 g

Chapter 10 / Page 12 of 26 MANAGING RISK



KNPC Clean Fuels Project 2020 FEED Update Phase

EIS Rev 2 DNV ENERGY
Table 10.2 Preliminary Amounts of Process Hazardous and Non Hazardous Waste from New and Revamped CFP Units at MAB
Unit Waste Quantity Hazardous Waste Hazardous Replacement " Disposal
Characteristics Frequency
1 Coke Fines Indeterminate Yes Metals 5 Years Secure Landfill
__Sour Water B7gpm Yes Taxic Intermitient Sour Water Stripper
Desalter Effluent 366 gpm Yes Toxic Intermittent Waste Water Treatment
Dry Slops 1901 gpm Yes Flammable Intermittent Storage
Wet Slops 127 gpm Yes Flammable Intermittent Storage
13 MNone
50 None
54 None
111 Coke Fines 6,000 kg Yes Metals 6 Years Secure Landfill
Sour Water S51gpm Yes Toxic Intermitient Sour Water Stripper
Desaller Effluent 176 gpm Yes Toxic Intermittent Waste Water Treatment
Dry Slops 120 gpm Yes Flammable Intermittent Storage
Wet Slops 20 gpm Yes Flammable Intermittent Storage
112 Spent Catalyst 1,005,782 kg Yes Metals 2lyear Landfill & Metals Recovery
Fresh Catalyst Fines 1,000 kg Yes Metals 2lyear Landfill
Hydrodrilling Water 650m” per Yes Dissolved Metals 2 years Will not be treated with
batch other refinery water
Soda Ash Solution Unknown No nfa Intermittent Unknown
113 MNone
114 Spent Catalyst 39,500 kg Yes Metals 2 years Vendor Reclarmation
Spent Catalysi 378,500 kg Yes Metals 2 years Vendor Reclamation
___Spent Catalyst 906,000 kg No n'a 2 years Landfill
Broken Ceramic Balls 15,100 kg Mo nfa 2 years Landfill
115 Spent Catalyst 4,367 kg Mo nfa 2.5 years Landfill
Spent Catalyst 2,708 kg Yes Metals 2.5 years Vendor Reclamation
Spent Catalyst 6,770 kg Yes Metals 2.5 years Vendor Reclamation
Spent Catalyst 56,284 kg Yes Metals 2.5 years Vendor Reclamation
Spent Catalyst 212,081 kg Yes Metals 2.5 years Vendor Reclamation
Spent Catalyst 29,928 kg Yas Metals 2.5 years Vendor Reclamation
116 Spent Calalyst 580 m” Yes Metals 2.5 years Vendor Reclamation
Spent Catalyst 142 m’ Yes Metals 2.5 years Vendor Reclamation
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Unit Waste CQuantity Hazardous Waste Hazardous Replacement Disposal
Characteristics Frequency
Ceramic Balls 23.8m’ Nao n'a 2.5 ymars Landfill
117 Spent Catalyst 2673 kg No n'a 2 years Landfill
Spent Calalyst 2,986 kg Yes Metals 2 years Vendor Reclamation
Spent Catalyst 26,493 kg Yes Metals 2 years Vendor Reclamation
Spent Catalyst 16,310 kg Yes Metals 2 years Vendor Reclamation
Spent Catalyst 1,361 kg Yes Metals 2 years Vendor Reclamation
Spent Catalyst 43,222 kg Yes Metals 2 years Vendor Reclamation
118 Spent Catalyst 60,544 kg Yes Metals avery G years Vendor Reclamation
Spent Absorber 263,168 kg No n'a every 1 year Landfill
Spent Catalyst 41,344 kg Yes Metals every 6 years Vendor Reclamation
Speant Catalyst 43,264 kg Yes Metals evary B years Vendor Reclamation
Spent Catalyst 19,840 kg Yes Metals every 6 years Vendor Reclamation
Spent Catalyst 153,344 kg Yes Metals avery § years Vendor Reclamation
118 Sour Water 6.9 m'hr Na na Continuous Sour Water Header
Mole Sieve Packing To be completed by EPC contractor once PSA vendor selected.
PSA Adsorbant
123 Spent Catalyst 51,000 kg No na 3 years Landfill
Ceramic balls 9,500 kg Mo n'a S years Lanadiill
Spent Catalyst 47,000 kg Na n'a 5 years Landfill
Ceramic balls 9,500 kg Nao na S years Landfill
Spent Catalyst 31,400 kg Yes Metals 5 years Vendor Reclamation
Ceramic balls 19,600 kg No nla S years Landfill
Agctivated Carbon 2120 kg MNa na & mo, Landfill
Filter cartridge 1 Yes Metals & mo. Sacura Landfil
Filter cartridge 1 Yes Metals 2 mao. Secura Landfil
Filter cartridge 1 No nfa 2 mo. Landfill
Filter cartridge 1 Yes Metals 1 year Secure Landfill
125 _Spent Carbon 46 m” Yes Toxic 1 year Secure Landfill
Filter Cartridges _ 2 Yes Toxic 1 year Secure Landfill
Filter Cartridges 2 Yes Toxic 1 year Secure Landfill
Filter Cariridges 1 Yes Toxic 1 year Secure Landfill
Spent Amine B90 m'iyr Yes Toxic 1 year As per std refinery practice
Amine Carbon fillers 25 m'iyr Yes Toxic 1 year As per sid refinery practice
Causlic Wash MIA Yes Caustic Intermittent As per std refinery practice
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Unit Waste Quantity Hazardous Waste Hazardous Replacement Disposal
Characteristics Fraequency
Chemical Cleaning N/A Yes Toxic Intermittent As per std refinery practice
126 Stripped Sour Water 214 mhr No na Continuous To various process units &
— WWT-156
127 Spent Catalyst Fines 0.1 kgthr No nia Continuous Vendor Reclamation
Spent Catalyst Fines 0.1 kgthr No nla Continuous Vendor Reclamation
Caustic 0.18 mhr No na Continuous To unit Chemical Drain
128-01 Mone
12802 None
129 Coalescing Element Yes Particulates 1 per yr TED
Cartridge element Yes Parliculates 1peryr TED
13 Amine and oxygen scavenger 76.8 m'fh Yes Toxic Intermittent Cooling water return or
N ADC Sewer
Amine and oxygen scavenger 76.8m7h Yes Toxic Continuous Cooling water return or
ADC Sewer
De-aerator overflow 8B.8 mh No n/a Intermitient AOQC Sewer
132 Blowdown of cooling water 188060 kg/h Mo n'a Continuous Flow to AQC
Backwash of SSF 596400 kg/h Mo n'a Daily Flow to AQC
Spent Media 50 m* Mo na 10 yrs Landfill
Spent Gravel 52.5m" Ma na 10 yrs Landfill
133 Water, hydrocarbons and H25 am3h Yes Toxic Routed to ol drips system
mixture
Water, hydrocarbons and H2S 6.7m'Mh Yes Taxic Flara
mixiure
Water, hydrocarbons and H25 0.23 m'fh Yes Toxic Confinuous LP contaminated
mixlure condensale system
134 Activated Alumina 22,000 kg No n'a 3-5 years Landfil
137 Activated Carbon 20m” MNo nia 3 yrs Landfil
Spent Resin 270 m’ Mo n'a §yrs Landfill
Spent Resin 270m’ Mo nfa 4 yrs Landfill
Spent Resin 40.0 m” No nfa Syrs Landiill
Spent Resin 589 m No n'a 4 yrs Landfill
Spent Anthracite 420m’ Mo nia 10 yrs Larndfill
Spent Sand 42.0m’ No nla 10 yrs Landfill
Spent Gravel 10.8 m’ Mo nfa 10 yrs Landiill
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Unit Waste Quantity Hazardous Wasta Hazardous Replacement Disposal
Characteristics Frequency
146 Sour Water 11 mhr Mo na Conlinuous To Sour Water Treatment
Linit
149 Wet Slops 34 mhr No nla Conlinuous To wel slops system
156 Sludge 1,900 m* Yas Metals per month Incinerated-ash sent to
secura landfill
Dry Slops 3,200 m? Mo nla Continuous Incinerated-ash sent to
secure landfill
Spent Diesel, Dry Slops 3,200 m” Na nla Continuous Incinerated-ash sent 1o
secure landfill
Wet Slops 950 m® No nla Continuous Incinerated-ash sent lo
___secure landfill
Biological Sludge Variable Mo nfa Continuous Transported to NCC
(Mational Cleaning
Company]
165 Miscellaneous municipal waste Variable Mo nfa Continuous Landifill
(paper, plastics)
166 Miscellaneous Construction Waste Variable Mo nfa Continuous Landfill
(plastic, metal, wood, concrete, etc.)
186 Spent Catalyst Unknown No nfa TBED
Spent Catalyst Unknown No nla TBD
Spent Catalyst Unknown Mo nfa TBD
212 —Spent Calalyst 1,005,782 kg Yes Metals 1lyear Landfill & Metals Recovery
Fresh Catalyst Fines 1,000 kg Yes Metals 1/yaar Landfill
Hydrodrilling Water 650m” per Yes Dissolved Metals 1/year Will not be treated with
batch other refinery water
Soda Ash Solution Unknown MNo n/a Intermitient Unknown
213 Sour Water 385m’h Mo n'a Continuous Routed to U-126 Sour
Water Stripping Unit
Dry Slops 10 m°/h No nfa Continuous Routed to Dry Slops
214 Spent Guard Bed Catalyst 4.93 MT Yes Ignitibility, Toxicity Every 2 years Hazardous Waste Landiil
Spent hydrotreating Catalyst 208.5 MT Yes Ignitibility, Toxicity Every 2 years Catalyst regeneration
Company or Hazardous
VWaste Landfill
Spent Hydrocracking Catalyst 610.7MT Mo n/a Every 2 years Catal-,rglmr:ganaaﬁnn
pany
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Unit Waste Quantity Hazardous Waste Hazardous Replacement Disposal
Characteristics _Frequency
Broken inert Ceramic Balls 7MT No n'a Every 2 years Industrial Landfill
216 All liquid discharges are collected and routed to other units for re-processing
Spent Catalyst 2101 m® Yes Metals Continuous Returned to the catalyst
supplier for regeneration or
metals recovery
Filter Sludge Minor Mo nfa As required Incineration
quantities
249 Wet Slops 55m'fh Mo rfa Intermittant To Wet Slops System
Utilty water 0.125 No n'a Intermittent Drain to ODS Based on e
_evaporation losses
314 Wel Slops 58m°Th No n'a Continuous To wet slops systems
Wet Slops 58m°/h Mo nia Confinuous To wet slops systems
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10.4.1 Non-Hazardous Solid Waste Generation, Handling & Disposal

If exisling areas for the temporary storage of non-hazardous wastes at the refineries are
inadequate for the additional volume of waste produced by the CFP, additional facilities may be
provided. No design work has been done during the FEED Phase for such an area, however
non-Hazardous waste will be managed according to the KPC Corporate HSE Standard for
Management of Waste Minimization and Disposal (Document 13.) Permanent waste disposal
will be undertaken by K-EPA approved third parties located outside the refinery site.

MNon-hazardous solid wastes will be generated during construction and operation of the CFP.
Tables 10.1 and 10.2 above identify the likely non-hazardous solid wastes to be generated
during operation at the new and revamped CFP units at MAA and MAB. Non-hazardous wastes
likely to be generated during construction include but are not limited to:

+ Spoil from excavation works for foundations

s Scrap steel and offcuts, including weldmesh, conduit, pipework, nuts, bolts,
concrete reinforcing rods
Timber waste from formwork and shipping crates
Concrete, plaster board and cement sheeting
Insulation materials
Plastics from conduit and pipework
Miscellaneous wastes e.g office waste, paper, food scraps, food containers and
wrappings
= Packaging materials from equipment, material store and spare paris

" @ @ & @

Those handling and disposing of non-hazardous solid waste during the CFP will follow the
following criteria:

1. Containers for storing various non-hazardous wastes will be selected for the specific
service intended and shall be equipped with tightly fitling lids {except those used for
inert non-blowing wastes). Lightweight plastic or paper bags will not be used alone, but
may be utilized as liners for metal or plastic containers.

2. Refuse chutes and receiving areas will be designed to prevent the spread of fire or
discharge of airborne pollutants or odours. The chutes and storage areas will be kept
free of debris, and shall be cleaned and disinfected on a regular basis. Bulk containers
will be readily accessible to collection vehicles.

3. Construction debris will not be allowed to accumulate and thus present a safety hazard
for workers, or detract from the aesthetic values of the community. This material will be
removed to the solid waste disposal site at the earliest opportunity and as the material
is produced. This material will not be mixed with domestic type wastes.

4. Clean sand will not be mixed with construction debris.
Figure 10A below outlines the existing KNPC approach to Non-Hazardous Waste Management.

This process is outlined in the current KNPC procedure for Solid Waste Management SHE-
ESHU-03-1406.

&
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Figure 10A - Non-Hazardous Waste Management Flowchart
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10.4.2 Hazardous Waste Generation, Storage, Handling & Disposal

As a generator of hazardous wastes, the CFP will be required by Article No. 26 of the K-EPA
regulations to obtain their identification number from K-EPA and to comply with the following K-
EPA stipulations, as applicable:;

s The waste production rate shall be reduced in quantity and quality by following clean
technology and choosing alternatives of the product or raw materials that are less
dangerous to the environment and public health e.g. selection of non-ozone depleting
substances in refrigerant and fire protection systems; use of non-asbestos containing
materials for insulation/gaskets; and use of non-PCB containing transformer oils. Waste
reduction techniques include return of spent catalysts to suppliers for precious metals

recovery.

» Transfer of waste outside the site will only be conducted by waste carriers with the
appropriate K-EPA identification number and necessary licences from concemed

authorities.

The CFP will include facilities for the temporary storage of hazardous wastes. The conditions
for storing hazardous waste are slated in Article No. 30 of the K-EPA regulations as follows,
and will be followed by KNPC:
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(7)

(8)
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(12)

(13)
(14)

(15)
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Separate substances either by isolating them in a separate facility or separate
them in the same building by using insulated fireproof walls, or by leaving enough
space or placing fireproof inert substances in between.

Isolate the storage area away from buildings and other installations by erecting a
proper fence, and forbid entry to everyone except to persons working in the area.
Substances must be stored far from the fence area and in a well-organized way,
by leaving enough space for easy movement between the stored materials. Open
storage areas must be used to store secure substances only. Covering flammable
waste musl be done without flammable material covers to the extent practical.
Storage sites must be in dry and ventilated areas.

Waste must be stored in containers with edges to prevent any spillage.

Storage areas must be emptied of flammable sources. Separate storage must be
provided for liquid waste with a flash point less that 32°C. Highly flammable waste
should be stored in refrigerators and cold slorages.

Substances should be classified according to their nature. Clear labelling with
large letters so that substances can be distinguished.

Labels should be place on stored containers so that flammable, oxidized or
poisonous material can be easily distinguished. Labels should indicate the nature
of substances, degree of toxicity and the right way of dealing with the substances
in case of accidents or spillage. Labels should indicate the chemicals name as
well as the commercial name and proper storage indicators.

Separate oxidized waste from waste that it can react with. It must be stored in dry
areas clear of flammable or acidic material.

Unstable chemical substances that are easily solvent (i.e. highly volatile) must be
stored in airtight containers and be kept cool and dark (i.e. temperature and
humidity controlled). Large quantities of these substances must be stored in
separate, non-confined areas to prevent damage by vapour cloud

Gas cylinders must be stored away from flammable materials and heat sources.
Waste must be stored in protected containers not prone to breakage or damage.
Containers should be closed with covers that do not allow gas leakage and should
be made easy to open.

Glass containers that contain highly hazardous waste must be placed inside bigger
containers, which will not react to the stored material.
Contaminated stores or containers should be cleaned when closed.
It is necessary to install an alarm system that will operate during emergencies. The
alarm sound must be recognized and staff working in the stores must handle its
mode of operation. It is necessary to supply the facility with a fire fighting system
and necessary fire fighting equipment to resist fire or spillage.
Daily record of stored substances must be supplied where the kind, quantity and
area of storage must be recorded.

Hazardous wastes will be stored in secure areas that are paved, covered and curbed to contain
any leakages or spills. Tanks containing hazardous materials or hazardous wasles that are
liquid at standard conditions will be provided with secondary containment systems.

Figure 10B outlines the existing KNPC approach to Hazardous Waste Management that will be
adopted at CFP. This process is outlined in the KNPC procedure for Solid Waste Management
SHE-ESHU-03-1406.

Project Number: EP003351
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Figure 10B - Hazardous Waste Management Flowchart
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As part of the CFP project two new waslewater treatment systems (WWT) will be installed.
One will be located at MAA Unit 163 and the other at MAB Unit 156.

These new facilities will incorporate state of the art design to complement upgrades to the
existing MAB effluent treatment facility under a separate project (KNPC Effluent Treatment
Facility Revamp project). The CFP design will incorporate best environmental engineering
practices such as ‘Best Available Control Technology' (BACT) to avoid, prevent or mitigate the
discharge of all harmful emissions so as to meet (or exceed) applicable K-EPA environmental
standards.

Both industrial and biological sludge will be generated from the CFP facilities. K-EPA Article No.
57 categorizes industrial sludge as follows:

s Qily sludge,

e Toxic sludge, and

¢ Chemical sludge.
The sludge collection and treatment system will collect and store sludge from the various
pieces of WWT equipment.

For the MAB Refinery, biological treatment of wastewater from the CFP block will be carried
out in the effluent treatment facilities (ETF) provided by a separate KNPC project. Waste

Project Number: EP003351
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activated sludge resulting from this treatment will be dewatered in the Sludge Dewatering
facility which is also part of the separate ETF project and then shipped off-site to the NCC for
disposal. Qily solids from the corugated plate interceptor (CPl) and dissolved air flotation
(DAF) separators, after removal of oil and water by centrifuging will be routed to the new CFP
oil sludge incineration system at MAB (Unit 156).

At MAA, the collected sludge’s are transferred appropriately into segregated storage tanks.
The oily sludge collection systems will also be equipped with a vacuum truck disposal
connection. The contents of each storage tank are treated in separate centrifuges to remove
water and oil. The 25% solid content cakes generated by the centrifuges are loaded in roll-off
boxes and transported to the appropriate sludge treatment and disposal facilities (i.e. biological
sludge shipped to NCC and cily sludge routed to the new CFP oil sludge incineration system at
MAB (Unit 1586).

After dewatering, the cily sludge cake created at both MAB and MAA WWT facilities will be
routed to a new CFP fluidised bed incinerator located at the MAB Refinery. Incinerator ash will
be disposed in local landfills. A detailed description of the new WWT facilities is provided in
Section 12 of this report.

10.5 Potential Impacts

The potential impacts on the surrounding environment from the generation, storage, handling,
transportation and disposal of construction and operational non-hazardous and hazardous
wastes have been identified by applying the impact assessment and matrix approach. The
potential impacts and resulting significance are outlined in the figures below.

08
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Figure 10C Impact Assessment Form and Matrix — Construction

Category: Environment Consequence evaluation for: Solid Waste During Construction
1. General description of the area (situation and characteristics)

Note: This secion describes the sonsitivity of the area in question. Following a review of axisting informalion regarding e
sile's sensiivity. @ sensitivily rating or value is given

CFP will require new and modified facilities al the three KNPC Refineries and the use of a section of
adjacent undeveloped land. The existing refineries, their surrounding areas/land and the section of
adjacent undeveloped land are nol considered to be highly sensitive areas.

In setting a sensitivity value relative to waste management during construction, the primary
consideration is the integrity of the disposal sites for the construction waste. Construction wastes are
likely to include:
+« The generation of uncontaminated spoil which, if compatible, will be used as fill material
within the CFP blocks. The sensitivity of the surrounding area to receiving such material will
be negligible. Incompatible spoil will be transferred to an approved offsite landfill,
+ Hazardous wasles and non hazardous wastes will only be disposed of at appropriate K-EPA
approved facilities.

The potential impact following a release of hazardous waste also needs lo be considered and the
sensitivity of the area becomes relevant following failure of the prevention, control and mitigation
barriers on site,

In assessing the sensitivity of the area, the relatively close proximity of the CFP to local populations
(closest population approximately 2 km) needs to be evaluated along with what is considered to be a
lack of adequate groundwater resources within this area. Based on this the sensitivity is deemed 1o
be Medium.

Low Medium  High

| A= |
2. Description of the extent of effect 3. Total impact on
environment
Evaluation of extent: “small negative
imp&lﬂ"”

The main impact from the creation and storage of wasle is the potential for
a release to the surrounding environment. However, all hazardous waste (el o Bty J
will be properly bunded during the construction phase and adequale fire ' =
fighting, safety and spill control equipment will be readily available in case
of an accidental discharge. All hazardous and non-hazardous wastes will
be disposed of at appropriate waste management facilities. {

The development of a waste management plan and waste procedures (by
each EPC contractor) will reduce waste quantities, and continually improve
re-use and recycling of construction waste. A central collection point will
be allocated at the site to ensure segregation and maximise re-use and
recycling.

Hasdu of e

[

The hazardous and non-hazardous solid waste produced as a result of the
construction phase is likely to be of small negative significance. This
evaluation is based on the effects being short-term, the fact that most of
the wastes will be non hazardous, and the implementation of adequate
managemenl measures as discussed in this report.

Very neg. Mediumneg. Littlefno  Medium pos. Very pos.
I | x I | 1
! | ' V 1
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Figure 10D Impact Assessment Form and Matrix - Operations
Category: Environment Consequence evaluation for: Solid Waste During Operation
1. General description of the area (situation and characteristics)

Note: This section describes the sensithilly of the area in question, Following & review of exisling information regarding the
site's sensitivity, a sensillvily raling or value is given,

In setting a sensitivity value relative to waste management during operation, the integrity of the
disposal sites for the wastes is considerad.
¢ Much of the hazardous wastes (spent catalysts) will be recycled prior to disposal by third
party at appropriate licensed disposal facilities; facilities should only accept wastes if capable
of treatment.
+ Hazardous and Mon-hazardous wasles will only be disposed of al appropriate K-EPA
approved facilities.

An additional concern is the polential for a release of hazardous waste materials through spillages
{e.g. oily wastes) to the surrounding environmenl.

As identified above for the construction phase the most important requirement is lo ensure thal
measures are in place to properly manage hazardous waste. The sensilivity of the area only
becomes relevant if these measures fall and splllages occur,

In assessing the sensitivity of the area, the relatively close proximity of the CFP to local populations
(closest population approximately 2 km) needs to be evaluated along with what is considered o be a
lack of adequate groundwater resources within this area. Based on this the sensitivity is deemed to
be Medium.

Low Medium High
|

I X .
2. Description of the extent of effect 3. Total environmental
impact
Evaluation of extent:
“Small to moderate
All hazardous waste from CFP facilities will be bunded and adequale fire Negative"
fighting, safety and spill control equipment will be readily available in case
of an accidental discharge. T |

The impact on the environment will be mitigated by the implementation of
robust waste managemeant procedures that will reduce the impact on the
environment caused by the generation of wasle through operational
activities at CFP facilities.

(1Y

Meidea

The hazardous and non-hazardous solid waste produced as a result of the
CFP operation is likely to be of small to moderate negative significance.

Sl ol T

This evaluation is based on the cumulative effects of waste disposal at
appropriate licensed landfill sites (hazardous, neon-hazardous), potential
effects following incineration of hazardous waste and abnormal activities at
the refinery such as spillage, and the implementation of all the
management measures as recommended in this report.

High hsbes

Very neg. Medium neg. Little/no  Medium pos. Very pos.
| fo-X | | |
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10.6 Mitigation Measures
10.6.1 Construction

A Waste Management Plan (WMP) will be developed as part of the construction phase of the
CFP. The WMP will require all hazardous and non-hazardous waste to be tracked, segregated,
as well as re-used and recycled where feasible to do so. The quantities of solid waste
generated during construction is likely to be significant, however, the impact will be temporary.

Adequate fire fighting, safety and spill control equipment will be readily available in case of an
accidental discharge.

10.6.2 Operation

The CFP will operate under an EMS, which will include a WMP. The WMP will incorporate the
existing KNPC waste management procedures and practices (as described in section 10.4
above).

As defined in procedure SHE-ESHU-03-1406 on Solid Waste Management, a number of
mitigating measures for the control of solid waste during the operational life of the CFP facilities
will be implemented, the main ones being:

+ All waste will be segregated, re-used and/or recycled wherever possible;

+ \Waste storage areas are required to be designed and built to meet K-EPA requirements

» Periodic waste reviews of operations will take place to identify how waste can be
minimized further or eliminated in some cases;

s Facilities and equipment provided by this project will be designed to minimize the
production of solid waste

s All hazardous waste will be stored in bunded or curbed areas with impermeable flooring.
The waste manifest system will ensure correct categorization of hazardous solid waste,
correct labeling, transportation, disposal and documentation;

» MNon-hazardous solid waste will be segregated as much as possible in order to optimize
the amount of material that can be reused or recycled.

= Adequate fire fighting, safety and spill control equipment will be readily available in case
of an accidental discharge.

10.7 Conclusions and Recommendations

The CFP will generate a variety of wastes that are both hazardous and non-hazardous. For the
purposes of this report the impacts of wastes generated through construction and operation
phases of the project are considered separately.

The construction of the CFP will produce a variety of solid wastes (hazardous and non-
hazardous). Similar waste types will be generated during the operational phase. In order to
manage waste properly and comply with local and globally recognized waste management
practices, a WMP will be developed by each EPC Contractor in accordance with KNPC
policies/procedures as well as K-EPA requirements. Specifically, the WMP will comply with the
existing KNPC Procedure for Solid Waste Management (SHE-ESHU-03-1406). The WMP will
be developed as part of KNPC's existing EMS which will be extended to cover the CFP
facilities.

b8
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As part of the WMP, a number of mitigating measures will be implemented. These will have the
effect of reducing both the amount of waste generated, and the associated impacts on the
environment.

An action plan for managing waste generated during CFP decommissioning activities should be
developed by KNPC and submitted to K-EPA for review and approval prior to start of
decommissioning activities.

In summary, the impact of the generation, storage, transporiation and disposal of non
hazardous and hazardous solid waste during construction is considered to be of small negative
significance. This is due to temporary nature of the impact, the generation of a WMP and the
full implementation of control measures as recommended in this report.

The impact of the generation, storage, transportation and disposal of non hazardous and
hazardous solid waste during the operation of the CFP is considered to be of small to
moderate negative significance. This is due to the quantities and nature of material, the
presence of an EMS and WMP, and the full implementation of all control measures as
recommended in this report.
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11.0 Chemical Hazards Management

11.1 Chemicals Management

The new and modified CFP facilities will handle and/or store a variety of chemicals. KNPC's
policy is to control chemical hazards and prevent exposure based on conformance to high
standards of safety, health and personal hygiene, environmental protection and compliance to
legislation and standards.

It is important to note that any decommissioning work carried out as a result of CFP will be
discussed and evaluated in a separate document and is, therefore excluded from this EIS.

Materials being used within the various systems that comprise the CFP will include a variety of
chemicals such as DMDS (Dimethyl Disulfide), sulphuric acid, caustic, chlorine and others,
which if improperly managed can pose potential hazards to living organisms and/or the
environment. These same chemicals, however, are currently being stored and used
successfully within the existing refineries.

Hazardous materials may be solids, semi-solids, liquids, or gases and have one or more of the
following characteristics:

flammable

corrosive

reactive

toxic

radioactive

dangerous to the environment
potential biohazard.

The chemicals and facilities provided by the CFP will fall under the requirements of the KNPC
Chemical Hazard Management Program (KNPC DDHE Procedure No.SHE-TSOH-04-1358) as
well as KPC Corporate HSE Standard for Chemical Handling (Document 19). This program
provides critical information for those working with chemicals including guidelines for:

= Specification, ordering, purchase, handling, storage, use, transportation, emergencies
and disposal,

= Control of hazards; and
Hazard communication.

The Material Safety Data Sheets (MSDS's) of all chemicals have to be approved (including
paints, thinners etc) by the HSE Department before being used on site. During the operations
phase, MSDS's will be made available at the guardhouse, administration building and control
room buildings for the refineries. In addition, MSDS's will be accessible at the new chemical
storage warehouse building and catalyst storage facility at the MAB refinery for the materials
stored in those buildings. Employees will be appropriately trained in the handling of chemicals
and will have access to the MSDS'’s. Labels and warning signs will be displayed as per K-EPA
Hazmat labelling.

Project Number: EP003351
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The categories of chemical hazards are defined in Appendix No. 10 of the K-EPA regulations.
The categories include:

Category 1 — Explosives. This category is further subdivided with respect to the nature of
the explosive material.

Category 2 — Compressed, liquefied gases or gases dissolved under pressure. This
category is further subdivided into flammable gases, non-flammable and non-poisonous
gases, and poisonous gases.

Category 3 — Flammable Liquids.

Category 4 — Solid flammable materials and materials exposed to automatic ignition and
materials which when in contact with water emit flammable materials. This category is
further subdivided into solid flammable materials, materials that are self-reacting and
react with associated materials, and desensitized explosives.

Category 5 — Oxidizing Factors and Organic Peroxides. Oxidizing materials and organic
peroxides are treated as separate categories for the purpose of marking containers and
packages and transport vehicles and for the purpose of separating the packages and
transport.

Category 6 - Poisonous and Contagious Materials.

Category 7 - Radioactive Materials. This category includes the materials or set of
materials which are automatically radioactive.

Category 8 — Corroding Materials.

Category 9 — Other Dangerous Materials.

Table 11.1 and Table 11.2 provide preliminary lists of chemicals that will require special
management attention within the CFP facilities at MAA and MAB, respectively.

Project Number: EP003351 ——
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Unit " Chemical Name Composition Quantity Physical State
% weight
Caustic Prewash 10° Baumé Caustic 141 f°
Caustic Regeneration 20° Baumé Caustic 866 ft’
141 Catalyst 1,004,234 kg
DMDS 78,047 kg
Anti Foaming Agent As needed
Corrosion Inhibitor As needed
144 DMDS 100% Dimethyl Sulphide
Lubricity Additive
Anti-Foaming Agent
CPD Additives
Seal Oil
DN-3531 Catalyst <30% Molybdenum 308.6m" Solid
<6% Nickel Oxide
SDD-800 Catalyst 0-0.7% Nickel Oxide 45.2m” Solid
OptiTrap (MacroRing) Catalyst 68-82% Aluminium oxide 5.9m” Solid
10-19% Molybdenum oxide
5-8% Phosphorous pentoxide
1-5% Nickel oxide
OptiTrap (Ring) Catalyst 68-82% Aluminium oxide 5.9m° Solid
10-19% Molybdenum oxide
5-8% Phosphorous pentoxide
1-5% Nickel oxide
MaXTrap(Si) Catalyst balance 14.0m" Solid
5-10% Molybdenum oxide
< 5% Nickel oxide
855MD “Medallions” 40% Alpha Alumina 2.9m” Solid
60% Silicon dioxide
1,1 iminobis-2-propanol 100% 1,1 iminobis-2-propanol liquid
146 MNone
148 1" Ceramic Balls 8.75m"
¥ * Ceramic Balls 0.8 m’
i
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Unit ™ Chemical Name Composition Quantity Physical State
% weight

1" Alumina Balls 167 m°
% * Alumina Balls 0.42m°
Hydro processing catalyst 13.8m’
Sulphur absorption catalyst 65.6 m”
Steam reforming catalyst 21.7m’
Shift catalyst 7.4m’
Phosphate 450 kg
Morpholine 1400 kgj

150 MDEA 100% MDEA 1,445 m
Anti-Foam Chemical 2m’

151-152 Ammonia 100 % Ammonia Mot Specified Gas

Phosphoric Acid 100 % Phosphoric Acid 15kg Liquid
Anti-Foam Agent 04m°
Activated Carbon 24m’

153 Anti-Foam Agent
Activated Carbon 21m’

156 20% Caustic 20 wi% Sodium Hydroxide 1m3 Ligquid

163 Sulfuric Acid 98% Sulfuric Acid 306,294 kg Liquid
Methanol 100% Methanol 416,900 kg Liquid
Phosphoric Acid Concentrated Phosphoric Acid 170,085 kg Liguid
Caustic 20% Sodium Hydroxide 16,134,030 kg Liquid

166 Biocide 8,400 kg

17 Activated Alumina 20,700 kg

174 Amine Antifoam 240 kg

175 Chlorine Gas 100% Chilorine 16,700 kg Gas
20% Caustic Solution 20 wt% Sodium Hydroxide 72,500 (14) kg Liquid

176 Caustic (50%) 50% Caustic Solution 289,260 kg Liquid
Sulfuric Acid (98%) 98% Sulfuric Acid 120,330 kg Liguid
Chlorine 100% Chlorine 13 kg Gas

Project Number: EP003351
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Unit ™ Chemical Name ™ Composition Quantity Physical State
% weight
183 Antifoam Emulsion 385 kg
186 DMDS 100% DiMethyldiSulfide 17,053 kg Liquid
195 20% Caustic 20% Sodium Hydroxide 208 ft’ Liquid
283 None

" Units were selected from MAA Refinery Work Breakdown Structure (WBS), P6001MAA-000.10.10.002_Rev.N. New Licensed and Open Arts process

Units and new Ulility and Offsites Units were included.

' chemical properties and special handling requirements are provided in Material Safety Data Sheets (MSDSs).

*  CFP facilities will handle and store a variety of proprietary catalysts which are not listed here. The handling and disposal of spent catalyst material is
discussed in Chapter 10 (Solid Waste).
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Table 11.2 Preliminary List of Chemicals Used in CFP Facilities that can potentially Create Chemical Hazards MAB

Refinery*
Unit ™ Chemical Name ¥ Composition Quantity Physical State
% weight
11 Caustic Solution Sodium Hydroxide Solution 30 - 40 gallonsfhr liquid
16 DMDS 100% DimethylDisulfide 118,912 liters liquid
111 Caustic Solution 20 wi% Sodium Hydroxide 0.0053 m3/hr liquid
Ammonia Solution 5 wit% NH40H 0.014 m3/hr liquid
112 DMDS 100% DimethyiDisulfide 154,253 kg liquid
Anti-Foaming Agent As needed
113 Mone
114 DMDS 100% DimethylDisulfide 195,000 kg liquid
115 DMDS DimethyiDisulfide 56,839 kg liquid
116 DMDS DimethylDisulfide 100 tonnes liquid
Anti-Foaming Agent
117 DMDS 100% DiMethylDiSulfide 17,053 kg liquid
118 Phosphate 1,400 kg
Morpholine 48,000 kg
119 Amine Antifoam 770 kg
PSA Adsorbant
123 Ammonia 100% Ammonia 5 cylinders gas
Phosphoric Acid 100% Phosphoric Acid 133 kg liquid
Anti-Foaming Agent 90 m
Activated Carbon 53m’
125 MDEA 100% MDEA 3, 500 m”
Activated Carbon 91 m’
126 Caustic solution 20% Sodium Hydroxide 400 m” liquid
128 Amine Antifoam 1,172 kg
129 Amine 1.43 litres/hour
131 Oxygen Scavenger 18 m’/yr
Amine 38 m/yr
132 Biodispersant 6,100 kg

Project Number: EP003351
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Unit " Chemical Name ¥ Composition Quantity Physical State
% weight

Chlorine Gas 43,300 kg
Caustic Solution 20% Caustic Solution 165,100 kg

134 Activated Alumina 36,900 kg

137 Caustic (50%) 50% Caustic Solution 578,520 kg liquid
Sulfuric Acid (98%) 98% Sulfuric Acid 240,660 kg liquid
Chlorine 100% Chlorine 26 kg gas

154 Biocide 8,400 kg

156 Sulfuric Acid 98% Sulfuric Acid 3,400 kg liquid
Caustic Solution 20 wit% Sodium Hydroxide 1,220,000 kg liquid
Ferric Chloride 152,100 kg
Chlorine 100% Chlorine 220 kg gas
Sodium Biocarbonate 370,000 kg
Activated Carbon 6,200 kg

212 DMDS 100% DimethylDisulfide 77,127 kg liquid
Anti-Foaming Agent As needed

213 Antifoam Emulsion 385 kg

214 DOMDS 100% DimethylDisulfide 119,850 kg liquid
Soda Ash Na,CO, 14,430 kg
Sodium Nitrate NaMN0, 2405 kg

216 DMDS 100% DimethylDisulfide 150 tonnes
Anti-Foaming Agent TBD
Activated Carbon 24m’

U1 Units were selected from MAA Refinery Work Breakdown Structure (WBS), P6001MAA-000.10.10.002_Rev.N. New Licensed and Open Ars process

Units and new Ulility and Offsites Units were included.

) Chemical properties and special handling requirements are provided in Material Safety Data Sheets (MSDSs).

*  CFF facilities will handle and store a variety of proprietary catalysis which are not listed here. The handling and disposal of spent catalyst material is
discussed in Chapter 10 (Solid Waste).
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11.2 Chemical Handling and Storage

Potentially hazardous chemical materials will be handled, treated, stored and disposed of in the
manner that is consistent with KNPC SHE Criteria during CFP construction and operations. The
appropriate handling and danger placards will be displayed wherever hazardous chemical
materials are handled, transported or stored. Storage will be in accordance with the provisions
of Article No. 30 of the K-EPA regulations.

11.2.1 Construction

Construction of the CFF will require the use of numerous chemicals and materials including but
not limited to:

Paints

Thinners

Acids

Solvents

Lubricating oils

Diesel for generators
Compressed gases
Pest control chemicals
Cleaning fluids
Corrosives

Only zero VOC paints will be used during construction of the CFP. Formaldehyde containing
paints/ varnishes will not be used and care will be taken not to mix potentially incompatible
materials. The temporary storage area (discussed below) will be required to comply with all local
regulations. Fire fighting, safety and spill control equipment will be readily available should an
accidental materials hazard occur. Personnel training will be provided regarding the proper use
and upkeep of all emergency response equipment.

During construction, all hazardous material will be stored and managed in a central location
located within each EPC Contractor controlled area. Materials within these areas will be stored
according to compatibility and all lammable materials will be segregated and stored in a flame
protected area. All hazardous materials will be contained within temporary or permanent
bunding in order to prevent a release to soil and/or groundwater.

11.2.2 Operation

Potentially hazardous materials storage during operation of CFP facilities will either be in fixed
tanks (at various bunded locations on the site), in a compressed gas cylinder storage area, or in
the new MAB Chemical Storage Warehouse/ Catalyst Storage Area.

These facilities may contain hazardous materials in bottles, pails, drums, bags, or other
containers. The design, construction and operation of these facilities will be in accordance with
K-EPA licensing requirements as specified under Article No. 18 and the United Nations
Classification System for separation of hazardous chemical materials. In addition, storage

Project Number: EP003351
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requirements and handling procedures will be in accordance with the requirements of KNPC's
Chemical Hazard Management Procedure. Category 1 explosive materials are not envisaged
for the CFP.

Chemical Storage Warehouse (Figure 11A)

+ Two single story buildings
Reinforced concrete slab and foundation

» Firewalls to separate materials that are combustible, flammable, corrosive or toxic,
including acids and alkalis.

» Chemical resistant coating such as an epoxy on floor

» Curbing will be used to provide secondary containment where needed

Catalyst Storage Area (Figure 11B)

Fresh catalysts are typically not hazardous when properly handled. They are composed
of alumina and silica substrates which contain oxides of molybdenum, cobalt, nickel and
possibly other active metals such as platinum or palladium. The metal oxides and
substrates are stable compounds under ambient conditions. After catalysts become
spent, they are classified as hazardous waste because the metal oxides are converted
to sulfides and other metals such as vanadium are accumulated within the catalyst
structure. The metal sulfides, in the presence of hydrocarbons, can be pyrophoric under
certain circumstances.

A new Catalyst Storage Area will be provided for fresh catalysts. It will consist of:

Five single story, covered metal sheds

Reinforced concrete slab and foundation

Floor epoxy finish coating

Steel pallet rack system finished with factory applied heavy duty corrosion resistant
coating system

Will contain catalyst packed in super sacks placed on pallets

Catalysts in 55 gallon drums will be stored in the open yard.

Project Number: EP0D3351
PNV
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KNPC will implement the following procedures for handling and storage of hazardous materials:

s Areas for storage of hazardous materials in any form (tanks, drums, solids, etc.) will
have a spill containment system for collecting and holding spills, leaks, and
precipitation;

s Any hazardous waste generated will be placed in sealed plastic or metallic drums
with an inner polybag liner prior to being transported to an approved disposal site in
accordance with applicable K-EPA criteria;

» Any container holding a hazardous material or hazardous waste will be kept closed
during storage;

» Adequate fire fighting, safety and spill control equipment will be readily available in
case of an accidental discharge of hazardous materials;

» Written documentation for storage, handling, transportation, and disposal of
hazardous materials and hazardous wastes will be maintained at the MAA and MAB
refineries including a record of quantities, hazardous characteristics, and MSDS's;

» Access to any hazardous material storage area will be controlled to prevent entry of
unauthorized persons or vehicles;

« Incompatible materials will not be placed in common containment areas or in the
same containers in accordance with the requirements of K-EPA Article No. 18;

« Source monitoring systems will be provided in appropriate areas of the MAA and
MARB refineries for detection of combustible gas.

11.3 Storage and Handling Design Basis
11.3.1 Secondary Containment

All new CFP vessels for handling or storing hazardous materials will be constructed of
appropriate materials for the contents they hold and will have epoxy or similar lining as
necessary to prevent corrosion and /or leaks. All new tanks in hydrocarbon and/or hazardous
material service will have dike walls around the tank as well as provision of secondary
containment below the tank. Secondary containment and storage requirements for hazardous
materials will be in accordance with K-EPA Article No. 30 and accepted international criteria.

New or modified process vessels containing hazardous materials will be located above a
concrete pad that is curbed to contain any potential spills or leaks.

A pump out system (either a permanent installation or a temporary/portable system) will be
provided for draining more than 10m® of hydrocarbons resulting from an accidental leak or spill.
Spilled oil or chemicals will be collected to the extent practical by vacuum truck and then taken
to the waste water treatment system. Any remaining oil or chemicals will be washed down into
a sump that is part of the Qil Drips System (ODS). The ODS is an underground, gravity drain
which leads to a central sump feeding into the CFP wastewater treatment facilities.

In addition, a groundwater monitoring well system will be installed and located so that
representative samples of the groundwater that may be impacted by operation of the proposed
facility can be obtained. A total of three up gradient and five down gradient groundwater
monitoring well systems will be placed around each CFP process block within MAA and MAB

Project Number: EP003351 .
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refineries. The groundwater monitoring well systems will be capable of measuring background
water quality and intercepting/measuring plumes of contamination, if any, from the facility
operations. Groundwater monitoring well placement will be based upon hydrogeological data
for the refinery sites taking into account both the direction of groundwater flow and the planned
location of facilities/equipment where cil and other potentially hazardous materials will be
stored.

A chlorine gas feed system is currently used to treat cooling water within the existing refineries.
The new cooling water systems for the new and modified CFP facilities will also use chlorine
however the chlorine gas cylinders will be stored within enclosed buildings. Enclosure of the
cylinders within specifically designed buildings will ensure containment in the event of a release.
There are two chlorine system enclosures planned for MAA and two planned for MAB. They will
all include leak detection systems/alarms and caustic scrubbers. Chlorine will not be used
during the construction phase. Chlorine modelling should be conducted in order to ensure that
any safety issues are adequately addressed.

11.3.2 Transportation of Hazardous Chemical Materials

Where transportation of hazardous materials or hazardous waste is required for disposal
outside the CFP, this will be conducted in accordance with K-EPA criteria (Article Nos. 31
through 34) and good environmental operating practices. On-site collection system containers
and storage areas will be kept well segregated in order to prevent the creation of health and fire
hazards. The transportation of hazardous waste is discussed in detail in Chapter 10 (Solid
Waste Management).

11.3.3 Underground Storage of Hazardous Chemical Materials

The CFP scope does not currently include any plans for underground storage tanks. However,
there will be a number of underground piping, vessels (such as drains and sumps) as part of the
various wastewater collection systems for CFP. All underground piping will be hydro-tested
before operation commences.

11.3.4 Spill / Release Control and Contingency Planning

KNPC is committed to the safety of its employees, installations and the society. All applicable
safety standards, procedures and best practices are followed during process selection, design,
construction and operation of the various facilities. However, even with the best safe working
practices, emergency incidents may occur. Therefore, as part of its overall EMS, KNPC has
developed procedures for emergency response. The design and operation of CFP facilities are
incorporated into KNPC's existing emergency preparedness and contingency planning
procedures. These procedures include descriptions of the specific requirements for handling
and disposal of hazardous materials, and emergency response. This is discussed in Chapter
185.

Project Number: EP003351 L
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11.4 Potential Impacts

The potential impacts on the surrounding environment from the storage, use, handling and
transportation of potentially hazardous materials have been identified by applying the impact
assessment and matrix approach. The potential impacts and resulting significance are outlined
in Figures 11C and 11D below.

Project Number: EP003351 o
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Figure 11C Impact Assessment Form and Matrix - Construction

Category: Environment
Consequence evaluation for: Hazardous Material Management during Construction

1. General description of the area (situation and characteristics)

Note: This section describes the sensilivily of the area in question. Following a review of existing information
regarding the sile's sensifivity, a sensilivity raling or value is given.

CFP will require new and modified facilities at the three KNPC Refineries (MAA/MAB/SHU) and the use of
a section of adjacent undeveloped land. The existing refineries, their surrounding areas/land and the
section of adjacent undeveloped land are not considered to be highly sensitive areas.

It is important to note the decommissioning phase of the project is not included as part of this EIA and its
impact in relation to hazardous material management has therefore not been evaluated.

Itis difficult to apply a sensitivity value (using this matrix) to hazardous material management during either
construction or operation, as the important issue is to ensure that measures are in place to properly
manage hazardous materials. The sensitivity of the area only really becomes relevant if these measures
fail and spillages occur.

In assessing the sensitivity of the area the relatively close proximity of the CFP to local populations
(closest population approximately 2 km) needs to be evaluated along with what is considered to be a lack
of adequate groundwater resources within this area. Based on this the sensitivity is deemed to be
Medium.

Low Medium High

[ X |
2. Description of the extent of effect 3. Total (environmental)
impact
Evaluation of extent: *small negative impact”
The main impact from the storage of hazardous material is the potential i

for a release to the surrounding environment. However all hazardous .
materials will be properly bunded and contained and adequate fire
fighting, safety and spill control equipment will be readily available in case
of an accidental discharge.

Hazardous material management procedures will be implemented and
therefore help to prevent and minimise any polential effects.

Seulg ol [Tect

The quantities of hazardous material likely to be slored and used on site
during the construction phase are likely to be relatively small. The extent
of the effect is assessed to be of Little significance provided
recommended measures are followed.

High  miwm

Very neg. Medium neg. Little/no  Medium pos. Very pos.
' 1 X ' |
1 1 1

Project Number: EP003351

Chapter 11 / Page 16 of 19 MANAGING RISK [Ead




KNPC Clean Fuels Project 2020 FEED Update Phase
EIS Rev 2 DNV ENERGY

Figure 11D Impact Assessment Form and Matrix - Operations

Category: Environment
Consequence evaluation for: Hazardous Material Management during Operation

1. General description of the area (situation and characteristics)

Note: This seclion describes the sensitivity of the area in question. Following a review of existing informalion
regarding the site's sensitivity, a sensitivity rating or value is given.

As identified above for the construction phase the most important requirement is to ensure that measures
are in place to properly manage hazardous materials. The sensitivity of the area only really becomes
relevant if these measures fail and spillages occur,

In assessing the sensitivity of the area the relatively close proximity of the CFP to local populations
(closest population approximately 2 km) needs to be evaluated along with what is considered to be a lack
of adequate groundwater resources within this area. Based on this the sensitivity is deemed to be
Medium.

Low Medium High

l X i
2. Description of the extent of effect 3. Total (environmental)
impact
Evaluation of extent: “Medium negative impact”
The CFP project will use and store significantly large quantities of
finished product, chemicals and calalyst during its operation. The Value o Senmviry

biggest risk to the environmental is likely to result from an on-site
release of large quantities of hazardous material.

A large number of mitigation measures will be implemented at the
site and these need to be taken into account in this evaluation:

Ml i)

The large quantities of hazardous material will be bunded and an
impermeable lining/membrane will be present under the hydrocarbon
tanks (although areas extending outwards from the sides of tanks will
not be impermeable). Chlorine gas cylinders will be stored in
enclosed buildings which include leak detection systems/alarms and
caustics scrubbers

Scule of Eflect

ol it

Hazardous material management procedures will be in place in order
to prevent and minimise any potential effects and the approach to
hazardous waste materials management during operation is prevent, *
minimisation, re-use, recycle.

Iigh

Adequate fire fighting, safety and spill control equipment will be
readily available in case of an accidental discharge of hazardous
materials.

Provided the management measures advised are taken, this issue is
assessed as having Medium negative significance

Veryneg. Medium neg. Little/no Medium pos, Very pos.
1 | x (] | (|
| i 1 | 1
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11.5 Mitigation Measures
11.5.1 Construction

A central location will be defined within each EPC Contractor storage controlled area for the
storage and management of all hazardous material during construction.

All materials will be stored according to their compatibility and will be contained within
temporary or permanent bunding to prevent the release to soil and/or groundwater. All
flammable material will be segregated and stored in flame proof areas.

Adequate fire fighting, safety and spill control equipment will be readily available in case of an
accidental discharge.

Any hazardous waste generated during construction will be disposed of according to the
WMP (refer to Chapter 10).

11.5.2 Operation

A number of mitigating measures for the control of hazardous materials during operation of the
CFP facilities are proposed, the main ones being:

A groundwater monitoring well system will be installed. These wells will be installed based
upon hydro-geological data for the refinery sites taking into account both the direction of
groundwater flow and the planned location of facilities /equipment where oil and other
potentially hazardous materials will be stored. The groundwater monitoring well system will
be capable of measuring background water quality and intercepting/measuring plumes of
contamination, if any occur from the refineries operations;

Storage of hazardous chemicals will be in accordance with the provisions of Article 30 of the
K-EPA regulations ensuring that the storage and handling of materials are properly managed;
A Chemical Storage Warehouse will be built at the MAB Refinery. It will consist of two
buildings both of which will be unoccupied. The warehouse will store all chemicals used at
the MAB refinery and will be designed to include firewalls to separate materials that are
combustible, flammable, corrosive or toxic including acids and alkalis; A new Chemical
Warehouse is not planned for the MAA Refinery.

A Catalyst Storage Area will be constructed at MAB, which will consists of five single story
covered metal sheds and an open yard area for drum storage; A new Catalyst Storage Area
is not planned for the MAA Refinery.

Curbs, floor drains, sumps and trench drains with grating will be provided in the storage areas
for spill control and containment of liquids and water discharge from sprinkler systems and
emergency shower eyewash. The floor drains and sumps in curbed areas and floor trenches
at doors will be connected by chemical resistant piping to drain to an underground
collecting/holding tank. The holding tank will be adequately sized to contain releases;

Areas for storage of hazardous materials in any form (tanks, drums, solids, etc.) will have a
spill containment system for collecting and holding spills, leaks, and precipitation. All tanks
containing hydrocarbons and/or hazardous material will be bunded and lined with an
impermeable membrane;

A leak detection system will be in place serving the new hydrocarbon and hazardous material
storage (whose contents are in a liquid state at ambient conditions) tanks. For areas other

Project Number: EP003351
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than that directly below storage tanks, leak detection will be accomplished through regularly
scheduled visual inspection of the tank exterior and connecting piping;

e Any hazardous waste generated will be placed in sealed plastic or metallic drums with an
inner polybag liner prior to being transported to an approved disposal site in accordance with
applicable K-EPA criteria;

= Any container holding a hazardous material or hazardous waste will be kept closed during
storage;

» Adequate fire fighting, safety and spill control equipment will be readily available in case of an
accidental discharge of hazardous materials;

e Written documentation for storage, handling, transportation, and disposal of hazardous
materials and hazardous wastes will be maintained including a record of quantities,
hazardous characteristics, and MSDSs;

* Access to any hazardous material storage area will be controlled to prevent entry of
unauthorized persons or vehicles;

s Incompatible materials will not be placed in common containment areas or in the same
containers in accordance with the requirements of K-EPA Article No. 18;

« Source monitoring systems will be provided in appropriate areas of the CFP project for
detection of combustible gas;

# The chlorine system enclosures will all include leak detection systems/alarms and caustic
scrubbers.

» Adequate fire fighting, safety and spill control equipment will be readily available in case of an
accidental discharge;

# Disposal of hazardous waste will be in accordance with the requirements of the EMS.

11.6 Conclusions and Recommendations

The CFP facilities will store and/or handle a variety of potentially hazardous materials, including
materials similar to what currently exist at the three refineries. The hazardous materials to be
used on the site (the majority of which are identified above) will be potentially toxic, corrosive,
flammable etc.

The impact from the storage, use, transportation and disposal of hazardous materials is
considered to be “little negative” significance during construction and of “medium negative”
significance during operation provided that all recommended management measures are
followed.

It is important that the management systems comply with K-EPA requirements for the handling,
storage and disposal of hazardous materials. Storage of hazardous chemicals will be in
accordance with the provisions in Article 30 of the K-EPA regulations.

During construction and operation, hazardous material will be controlled by appropriate
management procedures. Mitigation measures will be introduced during construction and
operation that will ensure containment of materials either via temporary bunding during
construction or permanently via the specifically designed MAB Chemical Warehouse.

Project Number: EP003351
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12.0 WASTEWATER GENERATION, TREATMENT AND REUSE

12.1 Introduction

The CFP development will require large volumes of water for cooling tower, boiler feedwater
(BFW) make-up, process water, potable water, sanitation and other refinery services.
KNPC plans for the CFP's water demand to be met by wastewater recycling and reuse as
much as possible.

Minimization of wastewater generation at the source and by reuse, as well as segregation,
collection and treatment of similar wastewater streams are the main principles used in the
design of the cost effective and environmentally friendly wastewater treatment. The new
Wastewater Treatment (WWT) Systems will collect, convey and treat wastewater according
to the K-EPA requirements prior to any discharge.

There will be two new WWT Systems provided as part of the CFP:
» New Wastewater Treatment System at MAA — Unit 163
o New Wastewater Trealment System at MAB — Unit 156.

These new CFP facilities will incorporate state of the art design to complement upgrades to
the existing MAB effluent trealment facility under a separate project (KNPC Effluent
Treatment Facility Revamp project). The CFP design will incorparate best environmental
engineering practices such as ‘Best Available Control Technology' (BACT) to avoid, prevent
or mitigate the discharge of all harmful emissions so as to meet (or exceed) applicable K-
EPA environmental standards.

The objectives of the WWT Syslems are:

« Compliance with K-EPA Regulations for effluent discharges to the sea

* Simplify treatment and reduce cost of wastewater treatment by segregation, collection,
and treatment of similar types of wastewater

e Uninterrupted treatment of incoming wastewater using equipment redundancy and
WWT system flexibility
Minimize Volatile Organic Carbon (VOC) emissions and reduce odour
Reuse treated effluent water for fire water make-up and utility hose stations.

The focus on this wastewater section is on the following areas:

s Explain the details of the new WWT Systems

o |dentify wastewater streams

« |dentify wastewater minimization, reuse, treatment and recycling

* Assess the impact of discharges during both CFP construction and operation.
12.2 Wastewater (Construction)

It is expected that an overall peak workforce of approximately 36,000 (divided into separate
EPC contractor camps) will be required at the peak of construction activities for the CFP.
The workers will be housed in the local community, existing camps and potentially new
camp facilities to support the project.

In all cases, plans for handling site drainage and wastewater discharge are currently not
well defined. It can be stated that KNPC, and the EPC contractors, are committed that all

Project No EP003351
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discharges will meet regulatory requirements during construction. This is particularly
important bearing in mind that groundwater onsite is currently contaminated with coliforms
in some locations.

Wastewater effluents will be generated on a short-term basis as a resull of the various
construction aclivilies associated with the CFP, and its scheduled start-up and maintenance
aclivities. These will include sanilary wastewater, wash-down water, storm water, and
wastewater from hydrostatic lesting activities (i.e. from asset-integrily testing of pipelines
and storage tanks etc). The EPC contractors will be required to develop a hydrostatic
testing procedure which must be approved by KNPC and Fluor (as PMC). All hydrostatic
test water must meet all applicable K-EPA criteria, such as pH, before being discharged.

Specific wastewater collection and treatment elements during the CFP's construction phase
will include:

» Sanitary wastewater collection/treatment: The current basis for treating the construction
sanitary wastewater is not well developed. It may involve the utilization of temporary
facilities such as portacabins and holding tanks to collect and contain sanitary
waslewater. Wastewaler would then be periodically removed from the site via vacuum
tanker trucks to an approved existing government-owned wastewater treatment facility.
KNPC and the EPC contractors are committed that all discharges will meet regulatory
requirements during construction. This is particularly important bearing in mind that
groundwater on the refinery sites is currently contaminated with coliforms in some
locations.

« Storm water from the CFP construction site and groundwater from groundwater
pumpout activities will be contained and collected onsite and tested to meet K-EPA
requirements before discharge via existing storm water discharge outlets at MAA or
MAB. If the water quality is not acceptable, the EPC contractor will need to provide
means for treating the water prior to discharge (existing refinery wastewater treatment
facilities will not be used for treatment of construction drainage). No new discharge
outlets will be provided during construction.

During the early stages of construction, the volume of storm water to be collected at the
CFP construction site is expected to be minimal. However, there will be a gradual
increase in storm waler collection over time as the amount of paved area within the CFP
site increases. Specific plans and details for handling site drainage during construction
are currently not well defined at this stage, although each EPC Contractors is
responsible to adhere to Project and Regulatory Requirements.

K-EPA requires that all treated effluent discharges to sea be 500m or more offshore. A new
outfall pipeline will be provided from the CFP wastewater treatment facilities at MAA in
accordance with this requirement. This outfall will not however exist during the early
construction phase. It is KNPC's policy that throughout the construction period no
wastewater effluents will be discharged to the environment (either to land or sea) without
first having been analyzed to verify compliance with all applicable K-EPA discharge criteria.
If sample analysis indicates that the water in the retention pond(s) is not of acceptable
quality for discharge it will be pumped back to the packaged wastewater treatment or
collected via vacuum truck for transport to an appropriate wastewater treatment facility.

Before any storm water, groundwater and treated effluent is permitted to exit from the
collection areas, it will be sampled and analyzed for compliance with the applicable
regulatory criteria. Only water that is equal to or of better quality than that of the natural
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occurring drainage will be released. The flow of clean water from the collection areas will
be gradual and normally low in volume. In the case of a large rainfall event, the collection
areas may be pumped down rapidly to avoid flooding the CFP construction site and
surrounding area.

Each EPC Contractor will be required to submit, for KNPC approval, a Water Conservation
and Wastewater Management Plan that will detail their prescribed methods toward
minimizing the generation of wastewater effluents, and wastewater management including
sewage, wastewater and storm water.

12.3 Wastewater (Operation)
12.3.1 Overview of Wastewater Treatment Facilities

The main wastewater streams treated in the WWT unils are process wastewater streams
from the CFP units, such as surplus Stripped Sour Water (SSW), Cooling Tower (CT)
blowdown, Boiler blowdown, as well as fire fighting water and storm water runoff from paved
process areas.

Clean CFP storm water from MAA (OSBL) is released into an existing concrete lined ditch
along the south side of MAA and winds through the refinery to make its way to a wadi near
the southeast corner of MAA. KNPC currently use this wadi to receive clean storm water
from existing areas of MAA, Storm water runoff from MAB areas and roadways outside
paved process areas is collected in an oil catcher and pumped to the Gulf.

The effluent streams generated and collecled from the new CFP process unils are
segregated al the source and collected in one of following seven drainage systems as
discussed further in Section 12.3.3. Effluents segregated and collecled in these drainage
systems receive different treatment, depending on the source, type and level of
cantamination.

= Accidentally Oil Contaminated (AOC)

s Qily Drips System (ODS)

= Chemical Collection and Drainage System

¢ Dry Slops System

+ QOutside Battery Limits (OSBL) and Roadway Storm Water Drainage System
« Sanitary and Gray Water Collection

» Sludge Collection and Treatment

These new CFP WWT facilities will incorporate state of the art design. The CFP design will
incorporate best environmental engineering practices such as 'Best Available Control
Technology' (BACT) to avoid, prevent or mitigate the discharge of all harmful substances so
as to meet (or exceed) applicable K-EPA environmental standards.

The new CFP WWT plants will treat wastewater streams from various CFP process areas.
At MAA, treatment will include oil-water separation via CPI (Corrugated Plate Interceptor),
and DAF (Dissolved Air Floatation) oil removal processes, and biological treatment for
destruction of dissolved organics. At MAB, treatment will include oil-water separation via
CPl and DAF, with biological treatment being provided by an existing MAB effluent
treatment facility, which is currently being upgraded as part of a separate project (KNPC
MAB Effluent Treatment Facility or ETF Revamp Project). The ETF is part of a separate
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ElIA process. The WWT facilities at MAB will also include incineration of oily sludge that is
generated both at MAA and MAB.

Figures 12A and 12B provide overall block flow diagrams of the two CFP WWT plants for
the CFP at MAA and MAB refineries respectively. The CFP WWT plants have significant
similarities and include:

o Wastewater collection and storage in the AOC and ODS systems

o OSBL and Roadway storm water collection and drainage system discharging to the Guif
via oil catchers (for MAB) and to existing concrete lined ditch along MAA south side (for
MAA).

o Oil and suspended solids removal with Corrugated Plate Interceptor (CPl) and
Dissolved Air Flotation (DAF) units

o Hydrogen Sulfide removal by aeration (a new CFP unit is provided at MAA; treatment is
provided by the revamped KNPC MAB ETF at MAB)

o Biological Activated Sludge Treatment (BIOX) with Nitrification/Denitrification steps for
destruction of soluble organics and removal of Nitrogen, and Activated Sludge removal
by clarification (a new CFP unit is provided at MAA; treatment is provided by the
revamped KNPC MAB ETF at MAB)

o An Observation Basin at MAA for retention and analyzing treated effluent and clean
water before discharge to the Gulf.

o Mixing Basin (existing) at MAB for mixing, retention and analyzing treated effluent and
clean water before discharge to the Gulf. Some treated effluent from the existing
revamped ETF facilities will be diverted to an observation basin (part of the new WWT
Unit 156) for reuse in meeting utility water demands.

o Woaste Actlivated Sludge and Oily Sludge Dewatering and Deoiling by centrifuges to
obtain biosludge suitable for disposal by National Cleaning Company (NCC) and oily
sludge for incineration in the MAB Qily Sludge Incineratar.

o A new wastewater outfall pipeline will be provided for the treated CFP wastewater
effluent generated at MAA which will extend outward from the coastline along the New
Qil Pier a distance of 500 meters from the low mean water mark for subsurface
discharge. No dredging is required because the outfall will adjoin the new oil pier. CFP
wastewater at MAB will be routed to the revamp of the Effluent Treatment Facility (ETF
project, by others) for biological treatment and then discharged to the existing Treated
and Clean Water Mixing Basin.

o Chemical Feed Systems

o Sanitary and gray wastewater at MAA will be pumped offsite for treatment at an existing
Municipal Waste Treatment Facility. Sanitary and gray wastewater at MAB will be
treated in the new CFP Sanitary Wastewater Treatment Plant at MAB.

This project will implement technologies and operating practices to achieve water
conservation and effluent reduction. Toward this intent, KNPC will endeavour to reduce
wastewater generation and recycle/reuse all treated wastewater to the extent practical.
Potential uses include:

» Treated sanitary effluent as irrigation water for landscaping at MAB Refinery,
* Wash down water, and
» Fire water make-up.

The CFP WWT Systems at the MAA and MAB refineries will be designed for continuous
operation. The concept of multiple trains will be used to provide suitable system flexibility.
This allows for outages of any individual piece of equipment without a complete shutdown of
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the WWT System or violation of the applicable discharge standards (at reduced
throughput).

Wastewater from the SHU Refinery is currently treated within the refinery prior to being
discharged. Post-CFP, wastewater generated from SHU will significanlly decrease in
conjunction with the retirement of the process units. SHU tank farm wastewater will be
routed to the CFP WWT facilities at MAB,

b8
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Figure 124 MAA Refinery Wastewater Treatment System Overall Block Flow Diagram (PRELIMINARY)
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Figure 128 — MAB Refinery Wastewater Treatment System Overall Block Flow Diagram (PRELIMINARY)
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12.3.2 Safeguarding against Uncontrolled Discharges

The CFP's wastewater treatment system will incorporate a system of relief devices
and instrumentation safequards to provide against uncontrolled loss of containment.
A set of 'Process Safeguarding Flow Schemes' detailing such instrumentation will be
included in the wastewater treatment system Operating Manuals.

12.3.3 Specific Wastewater Streams and Treatment

The new and revamped CFP facilities will generate a variety of liquid streams that
are generated both continuously and intermittently. Table 12.1 (below) shows the
separate industrial effluent drainage systems installed and the sludge
collection/treatment system provided.

Table 12.1: Wastewater classifications

Treatment System Feed Sources

Accidentally Oil Paved Process Area Storm Waler Runoff
Contaminated (AQC) Cooling Tower Blowdown

System Firewater from all Paved Process Areas

Boiler Blowdown (normally via Cooling Tower Blowdown)
Potable Water Filter

Demineralizer Package Filter

Non-Recovered Clean Condensate

Surplus Stripped Sour Water (segregated routing by
separate piping)

Crude Oil Desalter Water (MAB Refinery only)

Rolating Equipment Drip Pans

Process Area Collection Hubs

Qily Drains During Eguipment Maintenance, Shuldowns
and Start-ups

Flare Water Seal Drum Overflows

Mon-Recovered Potentially Contaminated Condensate
Off-spec AOC Wastewater

Oil Drips System (ODS)

Dry Slops System Hydrocarbon Sample Discharge
Collection Hubs and Rotating Equipment Base Plates
Off-Spec Products

Water-Free Qily Drains During Shutdowns / Start-ups

" & ® & & |8 & &

OSBL and Roadway Storm water from outside paved process and roadway
Storm Water Drainage areas

Sanitary and Grey Most permanent buildings (administration, contrel room,
Wastewater System maintenance, shelters, smoking areas, etc.)

Sludge Collection and Corrugated Plate Interceptor System

Treatment System CPI Effluent / Neutralization Tank

Dissolved Air Floatation Units

Biological Treatment Clarifier (MAA Refinery only)
»  Vacuum Trucks

- & 8 8

General Note: Sample line open discharges will be diverfed into the most suitable and cost effective
drainage system withou! causing adverse impact on the environment and / or WWT System
performance,

UK EPOD3351
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Focusing on each of these seven wastewater streams, the specific collection and
treatment characteristics are as follows:

a) Accidentally Oil Contaminated (AOC) sewer system

The AOC system is an underground gravity flow system that collects normally oil-free
and pH-neutral wastewater streams from within and around the individual units, fire
fighting water, rainfall runoff from paved process surface areas, and utility systems
wastewater streams (i.e. continuous cooling tower and continuous/intermittent boiler
blowdown, potable water and demineralizer package filler discharge, non-recovered
clean condensate). Continuous/intermittent boiler blowdown is normally routed to the
cooling tower basin and it ends up in the AOC system as cooling tower blowdown.
Alternate provision also exists for continuous/intermittent boiler blowdown to go
directly to the AOC system.

The system is equipped with dry weather flow (DWF; no storm and/or fire event water
runoff) pumps with an oil-water analyzer specifically to monitor for any oil accidentally
present into the above mentioned streams. Should sampling and analysis of the
AQOC DWF indicate that it contains unacceptable levels of hydrocarbons, flow will be
automatically routed to the appropriate treatment system.

AOC-category wastewater is routed through the AOC drainage network to a
controlled discharge facility that consists of Inlet Channel designed for dry weather
flows, First Flush basin designed for the “first rain” water runoff, and Peak Overflow
basin designed for rainfall after the first flush. Should the AOC influent flow exceed
the dry weather pumping capacity of the Inlet Channel (i.e. during a storm or fire
event), then water is passively diverted into these impounding basins by sequentially
overflowing a set of weirs located between the Inlet Channel and the basins.
Impounded water is evaluated for contamination and, if needed, transferred to the
appropriate treatment system prior to discharge. Should the AOC dry weather
wastewater contain unacceptable levels of hydrocarbons, it is diverted to the Oily
Drips System (ODS) facilities for treatment.

b) Oil Drips System (ODS) Drainage and Biological Treatment System

The ODS is an underground gravity flow system that collects and treats wastewater
streams contaminated with oil and organics that require removal of oil with
Corrugated Plate Interceptor (CPI) and Dissolved Air Flotation (DAF) oil separators
and organics via biological treatment (a new biological treatment system will be
provided for CFP effluents at MAA: biclogical treatment for CFP effluents at MAB will
be via the revamped KNPC MAB ETF).

The main streams segregated and collected in this system are: non-recovered
potentially contaminated condensate, oily wastewater from rotating equipment drip
pans, collection hubs, and sampling points, oily drains during equipment/unit
shutdowns, and continuous flare seal water blowdown. They are collected in a
central sump located within the CFP WWT Units at MAA and MAB. Surplus stripped
sour water comes through a separate pipeline directly into the CPI
Effluent/Neutralization Tank.

UK EP0OD3351
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The ODS facilities at the MAA Refinery will consist of free oil removal in CPI
separator, followed by neutralization and H,S oxidation, then emulsified oil removal in
parallel DAF separators, biological treatment, clarification, and effluent filtration.
Trealed effluent is pumped to the Observation Basin and then to the Guif via an
above-ground pipe. OQily solids and waste activated sludge generated in the ODS
facilities are sent to the sludge collection/ireatment syslem where they are
centrifuged to remove water and oil. Free oil removed in the CPl separators is
transferred to the Wet Slops System (Unit 163-Circuit 02) for oil recovery. Qily
effluent from the DAF separators has ils entrained solids removed in the Sludge
Treatment/Dewalering facilities. The liquid effluent will be recycled to the CPI
separators. The oily solids will be routed to the new oily sludge treatment /
incineration system at MAB. Bio-solids will be sent for offsite treatment and disposal
by NCC.

The ODS facilities at the MAB Refinery will consist of free oil removal in parallel CPI
separators, followed by neutralization, then emulsified oil removal in parallel DAF
separators. The DAF effluent will then be routed to the existing Biological Activated
Sludge Treatment (BIOX) system at MAB (which is being provided by a separate
ETF revamp project). The BIOX system will provide H:S removal by oxidation to
dissolved sulfate in a pre-aeration seclion, a biological activaled sludge system,
clarification and effluent filtration, Treated BIOX effluent will be routed to the
Observation Basin, to be used as CFP utilities water as needed. Any remaining
portion of the treated effluent will be commingled with other plant effluent in the
existing Mixing Basin and then discharged to the Gulf via the existing discharge
arrangements,

Oily solids from the CFP and DAF oil separators in the CFP ODS System will be
routed to the oily sludge centrifuges for dewatering, and the resulting dewatered cake
will be incinerated in a fluidized bed incinerator. This incinerator will be designed
with adequate capacity to also incinerate oily sludge streams from the rest of the
MAB Refinery, MAA Refinery and open market.

Biological solids will be centrifuged in the existing ETF dewatering system, and then
shipped to NCC for disposal. Free oil removed in the CFP separators will be
transferred to the wet slops system for oil recovery.

c) Dry Slops System (DS)

The Dry Slops System collects, in a hard-piped gravity flow network, hydrocarbon
streams free of water from various equipment drains, rotating equipment drip pans
and sampling points located in Hydrocarbon Process, Hydrocarbon Support and
Utility units. The network is connected to an underground DS sump along with the
0DS sump. The water-free oil collected in the DS sump is pumped to the dry slops
tanks.

UK EP003351
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d) OBSL & Roadway Drainage System

This system collects storm water from outside the paved and diked process areas in
drainage systems routed directly to the Gulf via oil catchers as a matter of additional
precaution and protection of the environment. Oil separated in the oil catcher is
removed and transported via vacuum trucks. Clean CFP OSBL storm water will
discharge to the Gulf via new above and below ground pipes at MAA at the edge of
Gulf waters. Clean CFP OSBL storm water at MAB will be routed to an existing ditch
that discharges to the Gulf.

e) Sanitary and Gray Water Collection System

Sanitary wastewater for CFP will be collected from buildings and routed to sanitary lift
slations by gravity flow. Sanitary and gray wastewater is then pumped through
sewer systems to;

* Municipal Waste Treatment facility located outside refineries (for MAA).

« A dedicated Activated Sludge Biological Treatment unit (for MAB). Treated
effluent from this unit will be used for irrigation. Waste activated sludge will be
sent to the Biological Sludge Handling Facility, which is part of a separate KNPC
ETF project.

f) Sludge Collection and Treatment System

The sludge collection and treatment system collects and stores sludge from the
various pieces of WWT equipment. These various sludge streams are classified Into
either:

1. Waste activated sludge from biological treatment, or
2. Qily solids from the CPI and DAF oil-separating units.

As previously described, for the MAB Refinery, biological treatment of wastewater
from the CFP block will be carried out in the ETF facilities provided by a separate
KNPC project. Waste activated sludge resulting from this treatment will be
dewatered in the Sludge Dewatering facility which is also a part of the ETF system,
and then shipped off-site to the NCC for disposal. Oily solids from the CPl and DAF
separators, after removal of oil and water by centrifuging, will be routed to the new
CFP oily sludge incineration system at MAB.

At MAA, the collected sludges are transferred appropriately into segregated storage
fanks. The oily sludge collection systems will also be equipped with a vacuum truck
disposal connection. The contents of each storage tank are treated in separale
centrifuges to remove water and oil. The 25% solid content cakes generated by the
centrifuges are loaded in roll-off boxes and transported to the appropriate sludge
treatment and disposal facilities (i.e. biological sludge shipped to NCC and oily
sludge routed to MAB oily sludge incinerator). Liquid recovered from oily sludge
centrifuges will be returned to the front end of the ODS system.

UK EP003351
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After dewatering, the oily sludge cake created at both MAB and MAA WWT facilities
will be routed to a new CFP fluidized bed incinerator located at the MAB Refinery,
The estimated quantities are as follows:

Table 12.2: Oily Sludge Quantities

Oily sludge m3lyr
Local Marketing 500

MAA, Existing Sludge 4,000
MAA CFP Sludge 2,370
MAB Existing Sludge 1,500
MAB CFP Sludge 14,410

The fluidized sludge incinerator will operate two shifts per day. Incinerator ash will be
disposed in local landfills.

The biological sludge cakes from both refineries will be transported off-site for
disposal by the NCC. Approximately 13,650 m*/yr of biological sludge will be
produced by the process wastewater treatment plant in MAA.

Excess biosludge from the new MAB CFP sanitary wastewater treatment system will
be sent to the existing MAB ETF revamp to be combined and disposed of (by NCC)
with the existing biosludge that is generated.

12.3.4 Sour Water Stripping Unit (SWSU)

Sour water streams from the CFP process units at the MAA and MAB refineries will
be segregated from other industrial wastewater streams. New sour water treating
facilities will be provided at both refineries to remove (i.e. “strip off”) impurities such
as Hy5, NH; and hydrocarbons. The overhead stream from these treatment units will
be routed back to new sulphur recovery facilities.

At the MAA Refinery, the stripped effluent from the SWSU will be routed to the
Delayed Coking Unit (Unit 136) for coke cutling and coke drum cooling with the
balance sent for wastewater treatment.

At the MAB Refinery, the stripped effluent from the SWSU will be routed to the Crude
Unit Desalter (Units 11/111), ARDS, Hydrotreaters and the balance sent to
wastewater treatment.

12.3.5 Cooling Water System

The Cooling Water System at both the MAA and MAB refineries (Unit 175 & Unit 132,
respectively) will be a closed-circuit fresh water system. The new facilities at each
refinery will include a cooling tower, cooling water pumps, and steam turbine drivers.

Coaling tower blowdown will be piped to the AOC Drain System. Makeup water will
be from desalinated water, supplied by MEW, and/or fresh water.

UK EP003351
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12.3.6 Storm Water Management

Storm water that falls within the CFP process equipment areas will be segregated
from storm water that falls outside these areas (such as on road surfaces as well as
unpaved or grass covered surfaces, efc.). All storm water within CFP process areas
as well as floor wash water and fire water runoff from paved surfaces will be gravity
drained via the AOC Drain System.

Clean CFP storm water falling outside process areas from MAA (OSBL) is released
into an existing concrete lined ditch along the south side of MAA and winds through
the refinery to make its way to a wadi near the southeast corner of MAA (KNPC
currently use this wadi to receive clean storm water from existing areas of MAA).

Clean storm water runoff from MAB areas and roadways outside paved process
areas is collected in an ol catcher and pumped to the Gulf.

The MAA will discharge approximately 14,600 m*hr of clean OSBL storm water
during the infrequent rainfall events. An estimated 40,000 m%hr storm water will
originate from OSBL non-process areas and roads at MAB during the infrequent
rainfall events.

12.3.7 Capacity, Rates and Composition at CFP WWT Facilities

The following tables provide the preliminary capacities, rates and composition of the
various effluent streams for both MAA and MAB. It should be noted that the
numbers below are subject to changes during detailed design.

Table 12.3: MAA — Preliminary Capacities & Flows

System / Influent Source Normal | Design Remarks
Flow Flow
m'lh m'/h
"AOC System "1
Dry Weather Streams
Fire Water Jockey Pumps ™3 5 10 Intermittent flow
Cooling Tower Blowdown ™" 19 46 Conlinuous flow
Potable Water Filter ™ 1 1 Intermittent flow
Demineralizer Package Filter Ty 3 12 Intermittent flow
Utility Water ™™ ] 18 Intermittent flow
Non-recov. Clean Condensate’™* ] 5 Intermittent flow
25% Contingency 13 28
Dry Weather Total 50 120
Wet Weather Streams™ " "' 0 A 6,000 m'/h - Storm Emergency. Overflow
— impound Volume - 7,460 m’
First Flush Basin®™ " NIA NIA Impoundment Volume 1,490 m’
Peak Overflow Basin®™" © N/A NIA Impoundment Volume 5,870 m”
Clean Storm Water ™ " 50 100 Intermittent to Gulf
Off-Spec Storm Water e 18] 0 a0 Intermittent to QDS System
Neutralized Effluent ™' 10 111 Intermittent to Gulf

UK EP003351
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0DS Systam Streams
Stripped Sour Water (SSW) T 0 183 183 Conlinuous flow
Mon-recovered potentially contaminated 3 3 Continuous flow
condensale
Qily water drains/Collection Hubs™ " '/ 10 20 Continuous flow
Sludge Dewatering Centrale 23 31 ODS Recycle Flow
Flare Water Seal Drums 1 1 Continuous flow
AOC Off-spec Water wio contingency 0 50 Intermittent
15% Contingency (Maximum) 30 42
ODS Total 245 330
|_CPI Feed (No S5W) = 35 120
DAF Feed (SSW Included) 245 330
Effluents
Utility Water/Fire Water Makeup " 10 5 208
Wastewater (o the Guif™ > "/ 305 560
Emergency Overflow to Gulf™" " 0 6,000
Dry Slops System a7 a7
Sanitary Wastewater " " 4 8 Impoundment Volume 28 m*
Siudge Collection/Treatment System
Excess Biological Solids 27 a6 Processed in centrifuges
Qily Solids 1.3 1.7 Processed in centrifuges

Motes for Table 12.3:

(1) ADC System handles dry-weather and wel-wealher water sireams, with the 10-year storm event as the maximum rainfall case

as govemning for design of the AQC system. The emergency overlow, First Flush Basin and Peak Overflow Basin volumes were

calculaled based on a CFP paved process area of 168,000 m2 and the 10-year raln event with the rainfall Intensity of 42 mm, based

on the Time of Concentration of 30 minutes.

{2) Based on about 5 hrs/day (1.5 hr per shift) of operalion and 120 m3 of water (in 24 hrs) for normal flow rate. The Jockey pump

capacity is 40 m3/h, The design flow rate is considered as double of normal flow to account for non-normal events of flire water

usage for training and other purposes.

(3) The design value is for valve, piping, and drain sizing. Design value may occur for up to 2-3 days when recovering from

chemistry upsets in cooling tower.

(4) The Polable Water filter backwash is cne backwash per day al 14 m3 per backwash or 1 m3/hr average. This volume is based

on the sum of three flows: 8 m3/h for 15 minutes plus 52 m3h for 10 minutes ples 24 m3dh for 10 minutes.

{5) The Demineralizer filter backwash Is one per day at 57 m3 per backwash (3 m3h average). This normal flow Is based on the

sum of three flows: 33 math for 15 minutes plus 265 m3ah for 10 minutes plus 90 m3/h for 10 minules. The design flow is based on

major chemisiry upset and the need for additional backwashing.

(B) Design flow rale is based on 4 hoses at 4.5 mih used simultaneously for a total flow of 18 m3h. MNormal flow is based on the

use of 2 hoses.

(7) This volume is based on 2% loss of steam system load.

(8) Estimated based on the CFP rainfall collection paved surace area (A) of 168,000 m2 and the 10-year rain storm with the rainfall

Intensity (1) of 42 mm, based on the Time of Concentration of 30 minutes - A x | x C = 167,943m2 x 0.042m/h x 0,85 = 5 206 mah,

First Flush Basin and Peak Overflow Basin Volume is based on 20% and B80% of accumulated rainfall, respectively.

(8} Clean Storm Water flow rate is set by two Clean Water Pumpout Basin pumps operating simultaneously at 50 m3fh,

Eg%mmmpmmwmmﬂmmmulmm&h. This off-spec pump is used for gradual reprocessing of off-spec
water,

{11) Neutralized effluent from Water Treatmenl is directed directly 1o the Gulf, as il will contaln no ol or other soluble organics. The

design flow rate is based on the Demineralization / Polisher | Regenerant tank pumped out in 4 hours,

(12) Stripped Sour Waler generated al the maximum operalion is treated in the WWT system lor removal of sulfides, ammonia,

phenol, cyanides, and other scluble compounds creating BODICOD.

{13) The largest amount of olly waler will result from water washing of ARDS  Atmospheric Fractionator and VRU Vacuum Column

al the same time during lumanounds.

{14) Sum of firewaler and utility water usage.

{15) Combined flows from ODS, AQC Dry Weather, and Demin/PolisherRegenerant pumps to Observation Basin and consequantly

to the Gulf.

{16) Estimated based on 356 people per shift, 75 gallons (0.284 m3) of water used per day per person, peaking factor of 5, and

peaked generation rate for 5 hours.
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Table 12.4: MAA Preliminary WWT Feed Composition
AOC System Influent ODS System Influent Sanitary”
(mg/l) (mgfl) Wastewater
(mg/)
Contaminant Normal Maximum Normal Maximum Design
Value
Oil & Grease <10 500 150 500 20
BOD:'" <25 30 <500+ 500! 250
cop™ <100 150 <800™ 8007 400
Phenols - - 100 160 -
Sulfides <1.0 1.0 <15 50 5
pH 6-8 6-8 7-9 5-10 7.0-80
TDS <1000 2000 1000-5000 6000 200
Nitrogen (Total as N) a - <40 100 50
TSS, mgll = = = E 300

Motes for Table 12.4:

{1)Values indicated exclude free and emulsified hydrocarbons.
(2) This value is estimated as 60% of the COD value

{3) This value s very dependent on the concentration of H:S, NH,, phenal, and other soluble organics in  wastewaler,
Refineries processing similar sour crude ofls use BOD and COD values similar to the proposed here.

{4) The Biological Treatment System will not be designed to accommodate higher concentrations. Wastewater with
higher COD concentration will be stored in the available equalization capacity and then slowly trickled in nol to exceed

the design COD value of 800 mgil.

(5) Sanitary wastewater will be collected in a central lift station and then pumped off-site via an above-ground pipe to an
existing municipal ireatment facility for treatment.
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Table 12.5: MAB Preliminary Capacities & Flows
System / Influent Source Normal | Design Remarks
Flow Flow
m'lh m'/h
AOC System "or
Dry Weather
Fire Water Jockey Fuw 5 20 Intermittent flow
Cool. Tower Blowdown 120 145 Continuous flow
_Potable Water Filter ™ 2 4 Intermittent flow
Demineralizer Package Filter " & 8 a7 Intermittent flow
Utility Water ] 18 Intermittent flow
Mon-recov. Clean Condensater o 11 0 20 Intermittent flow
25% Contingency & misc. leaks 38 61
Dry Weather Total 180 305
Wet Weather™ " 0 NIA Emergency Overflow Impounded
Volume is 13,350 m
" First Flush Basin® o NIA 2,700 Impound Volume 2,700 m’
Peak Overflow Basin® " " M/A | 10,650 Impound Volume 10,650 m”
Clean Storm Water o0 & 0 224 Intermittent, 2 pumps at 112 m’h
Ofi-Spec Storm Water ™o 0 0 50 Inlermiltenl. Sizing to be based on 2
=" pumps in operation at 100 m’/h.
Neutralized Effluent "o 13 152 Intermittent lo Gulf
0ODS System
Crude Oil Desaller Water ™" = 87 174 Continuous flow
Stripped Sour Water (SSW) ™ 188 101 Continuous flow
Mon-recovered polentially contaminated 10 10 Continuous flow
condensate
Oily water drains/Collection Hubs™ = " 10 20 Continuous flow
Flare Water Seal Drums 1 1 Continuous flow
Off-spec Reprocessing 0 50 Intermittent flow
SHU Tank Farm Wastewaler 70 70 Intermittent flow
Qily Sludge Centrate 4 g Continuous flow
Contingency 16 20
0ODS Total 386 455 Total feed to CPI and DAF units
CPI Feed System 200 300 SSW fed downstream of CPI
DAF Feed System 386 455
Effluents
Utility Water "o " 72 160
Waslewater ta the Guif oo 1o 193 681
Emergency Overflow to Gulf 0 13,350
Dry Slops System "o ') 184 184
Sanitary Wastewater ' il a 14
Sludge Collection/Treatment S
Oily Solids to Centrifuging ki 5 11
Incinerator
Qily Cake (containing 25% oily solids) 1 2
MNotes for Table 12.5:
i&;
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(1) AQC System Design Flow Rale includes 25% peak factor and small contingency for cooling water leaks, sieam frap release
on pavement, etc, The Quantity of Storm Walter Run-off (Q) in m3thr was calculaled based on a CFP process area (catchment
area) (A) of 373,700 m2 and a 10-year storm event using the Rational Method outiines in the Shell DEP 34.14.20.31-Gen and
Project Variation 24.14.20.31.P60002CFP-00PY. The run-off coefficient (C) used in the calculation was 0.85. The rainfall
intensity (1) of 42 mm/hr used in the calculation was determined from the Rainfall Intensity curve for thi 10-year rain event and the
time of concentration (Tc) of 30 minutes as recommended by the above mentioned Shell DEP, The time of concentration is
defined as the time required for slorm waler o flow from the most distant point of catchment area to the paint of flow collection §
measurement. The calculation formula was as follows: Q=AxIxC.

(2} Based on about 5 hrs/day (1.5 hr per shill} of operation and 120 m3 of water (in 24 hrs) for normal flow rate. The Jockey pump
capacily is 40 m3'h., The design flow rale is considered as double af normal Nlow lo account for non-narmal evenls of fire water
uzage for training and other purposes.

{3) The design value is for valve, piping, and drain sizing. Design value may occur for up to 2-3 days when recovering from
chemistry upsets in cocling tower.

{4) The Polable Water filler backwash Is one backwash per day.

(5) The Demineralizer filter normal flow is based on one backwash per day, The design flow is based on major chemistry upsel
and the need for additional backwashing.

(6) Design flow rate is based on 4 hoses at 4.5 m3hr used simultaneously. Normal flow is based on the use of 2 hoses for a total
flow of 9 m3/hr.

{7) This volume is based on 3% loss of steam system load,

{8) Calculaled based on the CFP rainfall collection paved surface area of 373,700 m2 and the 10-year rain storm with the rainfall
Intensity (1) of 42 mm, based on the Time of Concentration {Tc) of 30 minules. The quantity of storm waler run-offl was divided as
follows: first 20% of storm water run-off to be stored in the First Flush Basin and the remaining 80% of storm water fun-off to be
stored in the Peak Overflow Basin.

(8) Maximum design Clean Storm Water flow rate is set by two Clean Water Pumpout Basin pumps operating simultaneously.
The required pumpout time s 5 days with one pump in operation,

(10} Off-spec pump rate set by the normal flow rate of 50 m3fh, This off-spec pump is used for gradual reprocessing of ofi-spec
ACC water.

{11) The: maximum pumpout is the combined neutralized affluent from the polisher regeneration scheduled immediately after the
demineralizer regeneration lo allow for the wasie sireams to be neutralized and discharged together to the Gulf, as they contain
na ol or other soluble organics. The design flow rate is based on the Demineralizer / Polisher / Regenerant tank pumped out in
1.6 hours.

(12) Desaler Water flow rate at the maximum flow rate, then the Surplus Stripped Sour Water (S5W) flow rate is reduced 1o 101
m3/hr.

(13) Surplus Stripped Sour Water (S5W) Is treated in the WWT system for removal of sulfides, ammonia, phenol, cyanides, and
other soluble compounds creating BODICOD. The SSW flow rate depends upon the Desaller Water flow rale. Baoth flow rates
cannot be al the maximum design flow levels al the same time.

{14) The largest amount of effluent water will resull from water washing of Atmospheric Residue Desulphurization (ARDS)
Fractionalor and Crude Distillation Unit (CDU) Column,

{15) The total Utility Water amount used in the CFP block’s Unility Water Distribution System and locally in the WWT System at
normal and design flow rate is 30 and 118 m3'hr, respectively. In addition, the infermitiert normal and design fiow rate of
backwash water to the sanitary reatment filter is 42 m/hr.

{18) Combined flows from AQC Dry Weather clean water, Clean Storm Water, Neutralized Efluent pumps to the Gulf,
{17) Dry Slops System flow rate is estimated based on Non-pumpable hydrocarbon streams.

{18) Estimated based on 712 people per shifl, 75 gallons of water used per day per person, and a peaking factor of 5. The total
Sanitary Wastewater Treatment Syslem design capacily is 14 m3hr. One 100% capacity lrain will be provided.

{19) Estimated based on 0.03% of Sediment content of Crude Oil.

i

UK EP003351
Chapter 12 / Page 17 of 27 MANAGING RISk [E00



KMNPC Clean Fuels Project 2020 FEED Update Phase

ElIS Rev 2

DNV ENERGY
Table 12.6: MAB Preliminary WWT Feed Composition
AOC System Influent ODS System Influent Sanitary
(mgl) (mg/) Wastewater

(mgh)

Contaminant Normal | Maximum Normal Maximum Design
Value

Oil & Grease <10 2000 150 2000 20

BOD." =25 30 =400 400%! 250

cop™ =100 150 =600 ao0™" 400

Phenols - — 50 100 .

Sulfides =1.0 1.0 <15 S0 5

pH 6-8 6-8 79 5-10 7.0-B.0

TDS <1000 2000 1000 - 6000 200

5000
Nitrogen (Total as N) 0 e =40 100 S0

Moltes for Table 12.6:

(1) Values indicated exclude free and emulsified hydrocarbons.

{2) This value is estimaled as 60% of the COD value

{3) This value is very depandent on the concentration of H:S, NH,, phenal, and other soluble organics in
wastewaler. Refineries processing similar sour crude olls use BOD and COD values similar to the proposed here.

{#) The existing Biological Treatment System will store the ODS DAF effluent in the available equalization capacity

and then slowly trickle it in, not lo exceed the design COD value,

LK EP003351
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12.4 Water Conservation On-site During Operation

Water conservation is a priority for KNPC. Therefore, the CFP project will
implement technologies and operating practices to achieve a high degree of
effluent reduction. Toward this intent, KNPC will endeavour to reduce wastewaler
generation and recycle / reuse all treated wastewater to the extent practical.
Several different methods will be used to conserve water including:

Collection and reuse of steam condensate as BFW.

Collection and reuse of boiler blowdown as makeup to the cooling tower.

Reuse of process stripped sour water as wash water,

Reuse of freated wastewater from equipment areas as utility water.

Reuse of treated wastewater from the utility water system for fire fighting

water (the first fill of firewater tanks will be from fresh water and thereafter the

firewater tanks will be filled from treated wastewater).

6. Reuse of treated sanitary grey wastewater from the MAB facility as irrigation
water for landscaping.

7. Use of packed-bed/rinse recycle technology for the water demineralization

system which significantly reduces the volume of regeneration wastewater

produced.

L e

Figures 12C and 12 D provide Water Balance diagrams for the MAA and MAB
refineries, respectively. Some of the water conservation methods previously
described are illustrated in blue on these diagrams.
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12.5 Discharge Criteria

Treated effluent and clean storm water from the CFP will be discharged to the marine
environment (i.e. the Gulf) from both MAA and MAB. The discharges will have met certain
water quality standards as a result of the new treatment facilities provided; these facilities
have been designed to meet the following K-EPA standards.

The limits for effluent discharge into Guif are set by the discharge regulations implemented
under Law No. 21 of 1995, as amended by Law No. 16 of 1996, regarding environmental
requirements and standards in the State of Kuwait — Appendix 13. They are entitled
“Maximum Limit for Pollutants of Industrial Discharge Water Permissible to be Discharged
into the Sea", and are shown in Table 12.7 below.

Table 12.7: Maximum Pollutant Limits Permissible to be Discharged into the Sea
(Source: K-EPA Appendix 13)

Pollutant Symbol Maximum Limit
Colour - Clear
pH pH e 6-8
Temperature Differential " T *10.0
Biological Oxygen Damand BOD: mgfl 30.0
Chemical Oxygen Demand CcoD mg/l 200
OiliGrease mgyl 10.0
Total Suspended Solids TS5 mg/l 10.0
Total Soluble Solids ™" - mg/i 1500
Phosphate POy mg/l 2.0
Ammonia NHz-N gyl 3.0
Mitrate MNO; mg/l 30.0
Tolal Kjeldal Nitrogen mg/| 5.0
Total Nitrogen mg/| 30.0
Total Recoverable Phenol mg/l 1.0
Flugrides F mgyl 25.0
Sulphides 3 mg/ 0.5
Chiorine Ch mg/l 05
Dissaolved Oxygen Do mgll =2.0
| Turbidity NTU 50
| Floatables mgyl Mil
Aluminium Al mg/l 5.0
Arsenic As mg/l 0.1
Barium Ba mg/l 20
| Boron B magyl 0.75
Baryllium Be mg/! 0.1
Cadmium Cd mg/l 0.01
Cyanides CN mag/l 0.1
Chromium Cr mg/l 0.2
Nickel Mi mg/l 0.2
Mercury Hg mgll 0.001
Cobalt Co mgll 0.2
Iron Fa mg/l 5.0
Antimony Sb ma/l 1.0
Copper Cu mgll 0.2
Manganese Mn gl 0.2
Zing Zn mgll 2.0
Lead Pb mgll 0.5
Lithium Li ma/l 25
Molybdenum Mo mgi 0.01
Vanadium v i/l 0.1
Silver Ag mgi 0.1
All herbicides - mg/ 0.2
Most probable number - Total Coliforms MPMM00 mi 1000
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Notes:
(1) Effiuent criteria are applicable fo the combined effuent from all systems. Individual systems may vary sightly provided the
composite is compliant with the above criteria.
(2) Effuent melal conterd is nol guaranieed as CFP WWT facilities do not treal for melals. Based on hstorical refinary

, metals are nol expected fo be in excess of K-EPA imits and, therefore, no metal removal processes have bean
included in the WWT design.
{3) Temparature differential refers o the diference betwoen discharged effivent temperature and Goulf waler lemperalure at
the paind of enlry.
(4) Should bo considered same as Tolal Dissolved Solids (TDS).

12.6 Wastewater Monitoring

Monitoring of wastewater generated by new and modified CFP facilities will be incorporated
as part of the Environmental Management System (EMS) for the existing KNPC refineries.

Effluent monitoring at the point of discharge from the Observation Basin at the MAA
Refinery and from the existing Mixing Basin at the MAB Refinery will be provided.
Continuous on-line analyzers will be provided for pH, Total Oil & Grease, and turbidity. In-
line sampling for Dissolved Oxygen and temperature will also be provided in the proximity of
the effluent pump discharge. Contaminated water will be directed to the ODS System.

Table 12.8 below provides a description of the wastewater parameters and frequency of
effluent monitoring that will be applicable to discharges from the CFP facilities based on
KNPC's ‘Procedure on Monitoring of Wastewater Treatment and Disposal'. All testing will
be performed as per K-EPA approved methods. The flow rate and quality of wastewater will
be monitored to ensure optimal treatment and compliance with the applicable K-EPA
requirements.

In the event that sample test results indicate a deviation or trend of deviation from the
specified quality, the operating parameters will be adjusted, maintained and monitored. The
effectiveness of the implemented adjustment will be confirmed by test analysis of check
samples.

Storm water that falls within the CFP paved (i.e. process) areas will be collected by the
AQOC system and routed to the WWT Units at MAA or MAB where it will ultimately be
monitored at the point of discharge from the Observation Basin (at MAA) or the point of
discharge from the existing Mixing Basin (at MAB). Storm water runoff from outside the
paved areas (i.e. OSBL) of both MAA and MAB is expected to be clean. However, as an
added precaution and environmental best practice measure, this water will be collected and
routed to an Qil Catcher. The OIl Catcher is a large concrete sump with a floating oil
skimmer and sand traps to remove solids and sand. Skimmed oil will be removed by
vacuum truck and taken to the CPI in the WWT Unit. The clean storm water discharge from
the Qil Catcher will be pumped to a release point at the shoreline. Continuous monitoring is
not provided since the storm water from OSBL areas is normally clean. However, grab
samples may be collected and analyzed as required to verify compliance with K-EPA
effluent standards prior to storm waler discharge.

UK EP003351
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Table 12.8: Effluent Monitoring - Frequency and Type

Contaminant

Frequency

Contaminant

Frequency

pH Daily Daily
Weekly Weekly
Forinightly Fortnightly
Total Dissolved Solids Daily Sulphides Daily
Weekly Weekly
Fartnightly Fortnightly
BODs Daily Chlorine (Clz) Daily
Weekly Weeakly
Forinightly Fortnightly
COoD Daily Total Suspended Solids | Daily
Weekly Weekly
Fartnightly Fortnightly
Qil and grease Daily Pheanol Daily
Weekly Weekly
| Fortnightly Fortnightly
Temperatura Daily Tolal Nitrogen Fortnightly
Lead (Pb) Forinightly Ammonia (NHx-N) Daily
Phosphate (POu) LW eakly | Weekly |
Fartnighily Fortnightly
Ammaonical Nitrogen | W enkly TKN
Fortnightly Fortnightly
Mitrate (MO3-N) Weekly Turbidity Weekly
_ Fortnightly _ _ _Fortnighthy
Copper (Cu) Forinightly Fluorides (F) Fortnightly
Coliform bacteria Fortnightly Arsenic (As) Fortnightly
Nz as NHy Fortnightly Cadmium (Cd) Fortnightly
lron (Fe) Fortnightly Cyanide (Cn) Fortnightly
Magnesium (Mg) Fortnightly Mickel (Mi) Fortnightly
Zinc (Zn) Fortnighily Coball (Co) Fortnightly
Chromium (Cr) Forinightly
Motes:

1) Continuous monitoring of key parameters performed via on-line analyzers with daily laboratory confirmation.
2) Daily samples to be a composite grab sample taken using on-fline composite samplers.

3) Sampling frequency for metals and herbicides will be tested initially at this frequency. Based on developed
historical daia, these frequencies may be reduced as deemed appropriate.

4) Sampling frequency and type is tentative and subject to change based on K-EPA & EMS requirements.

12.7 Impact Identification and Assessment

Assessing the extent of any impacts from the CFP and its associated wastewater collection,
treatment and disposal facilities, and any final discharges, the principal issue is the
identification and assessment of any polential adverse impacts both on groundwater and
Kuwait's coastal waters. DNV's assessment of such impacts is as follows, and is split
between construction and operation.
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CFP Construction Phase:
Category: ENVIRONMENT
Consequence evaluation for: Wastewater Management during Construction of the CFP
1. General description (situation and characteristics):

Ewvaluation of the value / sensitivity:
Note: This section describes the sensitivity of the area in guestion. Following a review of existing
information regarding the site's sensitivity, a sensitivity rating or value is given.

The only discharge of reated wastewater or storm water from the CFP during construction will be after
sampling and analysis to verify compliance with the applicable K-EPA discharge criteria. Apart from
these discharges, the sensitivity of the area Is also relevant if the allocated measures in place to properly
manage wastewaler and ils treatment, reuse and discharge fail, and a contaminaling release to
ground/groundwater/coastal water occurs.

Although there are no significant groundwater resources in the refinery area, the coastal environment is
subject to some stress owing lo the industrial nature of the study area. As such, the value/sensitivity is
deemed Medium.

Low Medium High
I X I

2. Description of the extent of effect 3. Total (environmental)
impact

Evaluation of extent:

Sanitary wastewater will be generated during the CFP construction phase.
However, neither industrial wastewater effluents, nor toxic sludges, will be
generated during the CFP's construction phase. The only discharge of
treated wastewater or storm water from the CFP during construction will be
after sampling and analysis to verify compliance with the applicable K-EPA J
discharge criteria. The main wastewater risks during the CFP's Small Negative
construction phase arise from: Impact’

=« Significant volumes of sanitary wastewater (from an overall
workforce of up to 33,000 construction staff) will be generated, and
currently how it is managed has not been decided. However,
KNPC and EPC contraclors will handle this sanitary effluent in 1

accordance with all regulatory requirements. ¥
+ |f there is insufficient temporary sanitary facilities (portacabins & g

holding tanks) during early stages of construction. |
s Storm water discharges containing high levels of suspended =

solids. This will be discharged after holding period, so that the s

suspensions will settle down and K-EPA discharge limits will be %

met, i

Provided that:

= The management measures described in this chapler are in place
to ensura that treated water satisfies K-EPA standards, and

+« the measures recommended in the following sections are also
implemented to ensure that the wastewater treatment philosophy
is implemented adequately, +

Igh e

DMV assesses the extent of any adverse effect to be Little to Medium
Negative

Veryneg. Mediumneg. Litllelno  Medium pos. Very pos.
I | X | | |

UK EP0OD3351

Chapter 12 / Page 25 of 27 MANAGING RISK  [Z00]



KMPC Clean Fuels Project FEED Updale Phase
EIS Rev 2 DNV ENERGY

CFP Operational Phase:

Category: ENVIRONMENT
Consequence evaluation for: Wastewater Management during Operation of the CFP

1. General description (situation and characteristics):

Evaluation of the value / sensitivity:
Note: This section describes the sensilivity of the area in quastion. Following a review of axisting
information regarding the site's sensitivity, a sensitivity rating or value is given.

Wastewater and storm water from the CFP will discharge to Gulf waters (wastewater will discharge via
500m long-Gulf oufalls), after mesting opportunities for water reuse on site (e.g. for irrigation) and after
satisfying K-EPA discharge criteria. Apart from the discharges, the sensitivity of the area is also relevant
if the allocated measures in place to properly manage wastewater and its trealment, reuse and discharge
fail, and a contaminalting release to ground / groundwater / coastal water occurs.

Although there are no significant groundwater resources in the refinery area, the coastal environment is
subject to some stress owing to the industrial nature of the study area. As such, the value/sensitivity is
deemed Medium.

Low Medium High
|

I X |
2. Description of the extent of effect 3. Total (environmental)
impact
Evaluation of extent:
The following elements have been taken into account in DNV's evaluation ‘Small Negative’
of the extenl of impact (based on current operational process design data): Impact

+ Large volumes of process wastewater effluents will be generated
via all the various process-related activities, plus sanitary
wastewater effluents;

+ All of this wastewater will be treated in new CFP state of the art
wastewater treatment facilities designed to treat it to an acceptable
quality to satisfy K-EPA's requirements.

* Monitoring in accordance with KNPC's procedures will be in place.

Mol Bigh

Provided that all the management and design measures detailed in this
chapter are followed in conjunction with the recommendations made in the
following sections, DNV assesses that the associated potential
environmental impact would be of Little to Medium Negative significance.

Scale ol Effest

Very neg. Mediumneg. Little/no Medium pos. \ery pos.
I | X I | |

High Ve

i
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12.8 Conclusions

DNV has assessed the environmental impacts from the collection, treatment and reuse of
process and sanitary wastewater effluents generated during both the CFP's construction
and operational phases as 'Litlle to Medium Negalive Impact’.

Overall, it is concluded that the planned new CFP wastewater collection and treatment
facilities are state of the art, and constitute 'best practice' and apply a considerable number
of BACT elements. The CFP wastewater facilities will be designed, built and operated in
such a way as to meet best practice and K-EPA's environmental criteria.

12.9 Recommendations

In order to augment the robusl approach to addressing and mitigating environmental
impacts during the CFP's construction and subsequent operations, this study makes the
following additional recommendations:

s [t will be important to ensure during operation of the CFP's wastewaler treatment
facilities (for both the construction and operation phases), that the wastewater
discharge monitoring results are audited by KNPC HSE on a regular basis as part of
EMS, and audited at annual intervals by an independent party.

s« |t will be important to ensure thal the sanitary wastewater and storm water
collection/treatment facilities are made available at the earliest stage possible during
construction, as it is currenily unclear how these will be managed. It is
recommended that each EPC contractor make this an early priority for the CFP
construction, such that compliance with all regulatory requirements is met.

LK EP003351

Chapter 12 / Page 27 of 27 MANAGING RISk EINY



KNPC Clean Fuels Project 2020 Feed Update Phase
EIS Rev 2 DNV ENERGY

13.0 Preliminary Traffic Impact Assessment

13.1 Introduction

A preliminary Traffic Impact Assessment (TIA) was conducted during the FEED
Phase of the CFP 2020 to ensure that increased traffic resulting from the
construction and operation of the CFP would not significantly impact the surrounding
area. It focused on the CFP site and surrounding approach roads. The data and
information in this Chapter is from the FEED Phase and has not been updated to
reflect any FEED Update changes, because a Comprehensive Traffic Impact
Assessment will be conducted in the future.

This preliminary TIA took the following items into account:
» Approach to the CFP site
= Baseline traffic flows
» Distribution of traffic
* Traffic generated by construction
* Predicted CFP construction impacts
» Traffic generated by KNPC refinery operations
¢ Predicted operational impacls

13.2 Methodology

This preliminary TIA incorporates the following elements:

« Desklop review to gain an understanding of road network setting & road
classification

s \Visit to site to identify main routes and collection of baseline traffic data
+ Assessment of traffic impacts
« Recommend mitigation measures

13.3 Site Location and Road Network Setting
13.3.1 Road Classification

Roads are classified into three main categories as shown in Table 13.1. Description of the
road conditions and traffic loadings are discussed in Section 13.5.

Table 13.1 Road Categories

Class Descipon | Roads
There are three or more lanes in each #30 and
direction and generally have a maximum #40
High | Motorways/ | ooced limit of 120 kilometres per hour. They
Width Highway are cross country roads linking important
places both within and outside the country
such as Kuwait City, Saudi Arabia, etc.

Project no: EP003351 .
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These roads usually have high traffic flows #212,
and usually have two or three lanes going in #304, #8
Main Roads each direction. They are the main arteries to and #306
Ahmadi Township, Greater Burgan ocilfields
and Wafra.
Link roads
Medium | Trunk roads/ between

These roads are imporiant roads that link

Width Principal Roads | refineries with motorways or major roads. ::;:‘:w &
roads.
Liow These roads are within the refineries and all Small
Mincr Roads maintained and managed by the refinery roads
Width authorities. They were not covered within the inside
scope of this study. refineries

13.3.2 Site Location

The CFP sites are located south of Kuwait City, at a distance of approximately 38 km
(MAA), 45 km (MAB) and 41 km (SHU). Road #30 borders the three refineries to the
west and the Arabian Sea is located to the east.

The sites are linked to two highways or motorways (as shown in Figure 13A below):
+ King Fahad Motarway (#40)
« Abdulaziz Bin Abdulrahaman Al-Saud expressway (#30).

Highway #30 is the closest and is situated along the west side of the project area. It
is the main road channel for transportation and has 5 lanes (including two
emergency lanes) for the traffic flow in each direction and it is approximately 23m
wide.

Project no: EP003351
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Figure 13A — Location of CFP Sites, Surrounding Roads
& Traffic Count Locations

--------

13.3.3 Network setting

Road # 30 has 6 key road crossings or important road junctures in the vicinity of the
refineries (as illustrated in Figure 13B), including:

(i) major roads leading to South Sababiya, Ahmadi Township, MNorth
Shuaiba, CFP Construction Lay-down area and Wafra to the west
towards the desert. The roads numbers are road 8, 304, 305, Ma 1* and
road 306 respectively.

(ii) major or trunk roads leading to Fahaheel, MAA, MAB, SHU,
petrochemical industries and ports on the opposite (i.e. east) side
towards the coastline of the Gulf. The roads are Nos. 213, 304, 305, 8,
and 306. Most of the major roads are two-way with 3 lanes each way.

Figure 13B shows the location of these 6 road crossings in relation to the CFP sites
as well as the location of the refinery and proposed CFP construction entrances.

The trunk roads connecting the CFP entrances at each of the refineries to Road # 30
are two way roads with two or three lanes in each direction. The roads are

Project no: EP003351 = o
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approximately 10m wide. The approximate distances between Road #30 and the
existing entrance to each refinery are as follows:

= MAA: 1.31km

= SHU: 1.26 km

= MAB: 1.44 km* *Measurements from Goegle earth

The average speed of traffic is 30 km/hr on the roads leading to the gate of the
refineries. The speed of traffic on the expressways is significantly higher.

13.4 Number of Employees - Existing and Future

The current and future numbers of operational employees, as well as the CFP
construction manpower, for the three refineries are detailed below in Table 13.2:

Table 13.2 Current, Future & CFP Construction Employee Numbers
(Preliminary data from FEED Phase which is subject to change)

Approximate Number of Employees
Refinery | Pre-CFP CFP Construction Post-CFP
Operation (workers during peak Operation
(Existing) construction activities)'"! (Future)
MAA 4,500 12,500 5,750
MAB 3,500 18,750 5,450
SHU 3,000 1,500 400
Total: 11,000 32,750 11,600

Mote [1] — Totals include siaff related to construction of CFP and exclude refinery operational staff

It can be seen that the combined total number of employees operational for the three
KNPC refineries after the CFP facilities become operational is only 5% larger than
the number that currently work at the refineries. Increased populations at MAA and
MAB are largely offset by reduced numbers that will be experienced at SHU.

It can also be seen that the large numbers of CFP construction workers will
significantly increase the numbers of personnel working at the 3 refineries during the
CFP construction period.

Project no: EPD03351 T
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Figure 13B: CFP location, Access Roads & CFP Construction Entrances (FEED Phase)

Lepend:
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13.5 Site Visit

During the site visit the following conditions were noted:

* There are often traffic jams at peak times on Expressway #30 around the
study area. Itis busy due to the limited number of lanes (4) and because all 3
refineries are adjacent to each other and fall on the same side of the road.
Early moming traffic is high (6:30am-7:15am), as is traffic after KNPC
standard office work hours (3:00pm-3:30pm). The roads leading to the
existing refinery entrances from road #30 also have high traffic loads during
these periods.

« Parking lots are located close to the main entrance or near to the
administrative building of KNPC. From visual observations of parking space,
it would appear that parking space is sometimes saturated during peak time.

¢ Visual inspection suggests that the majority (approximately B0%) of the
existing traffic entering the refineries are ‘small' (i.e.cars), that less than 10%
of traffic is medium (jeeps, 4 wheel drive, mini buses elc), and less than 10%
is heavy (buses, trucks, trailers, tankers)

« The two roads going to the MAA and SHU refineries from Road #30 have
traffic signals to control the movement of vehicles. The timing and phasing of
these traffic signals affects the capacity of the intersections and the
connecting roadway sections. As such, these traffic signals may require
adjustment as a result of altered future traffic data; this should be examined
once detailed traffic data is available.

« Roads appear generally well maintained but require expansion in some
areas. Figure 13C (plates 1-6) shows the traffic situation at some locations,
which indicates traffic jams at peak periods.

o Plate 1: 7:15am - illustrates Road #30 towards the refineries.

o Plate 2: 7:18am - shows traffic al a traffic signal beneath bridge
connecting to Road #304,

o Plate 3: 3:06pm - demonsirates traffic after office hours coming out of
refinery MAA.

o Plate 4: 3:07pm - shows traffic jam at peak after office hours towards
Kuwait city on Road #30.

o Plate 5; 3:08pm - shows road conditions and road construction, which
further slow traffic flow when leaving refinery area.

o Plate 6: 3:09 pm - same as plate 4.

Project no: EP003351 .
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Figure 13C: Photos of traffic conditions around KMPC refineries
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13.6 Traffic Data

WES conducted a simple traffic survey to understand the traffic volumes and types
of vehicles near the refineries entrances between 6.45am and 3.15pm. The office
workers at the three refineries start from 7am, with most of the employees inside
the refinery by this time. There is significantly less traffic movement after 7am and
before 3pm, when office workers finish for the day.

The traffic survey was divided into three time slots:
1. 6:45am-9:00am,
2. 10:00 am-12:00 noon
3. 1:.00pm-3.15pm.

The surveys were carried out on Sunday March 30 2008 (MAA), Monday March 31
2008 (SHU) and Tuesday April 1 2008 (MAB). It should be noted that these figures
are indicative only, as they were only collected over one day at each refinery, and
are not intended to be comprehensive.

The three locations for the traffic sampling for the three refineries are shown in
Figure 13A. All cars that entered the local roads leading to the refinery gates were
included within the survey. It should be noted that for Shuaiba this will
overestimate traffic, because the road also leads to other Shuaiba industrial
organizations.

13.6.1 Current Traffic Volume

The results of the survey capturing the volume of vehicles are shown in Figure 13D
below.

Figure 13D: Volume of traffic entering MAA, MAB & SHU (MAS)
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Peak traffic is just before the start of office hours (7:00am) and just after the end of
office hours (3:00pm). Traffic is lower during the middle of the working day.
Information provided by KNPC suggesis that the more than two thirds of traffic
takes place during office hours. As might be expected, there is significantly less
refinery traffic during weekends.

Mote that the traffic survey conducted at Mina Al-Shuaiba was conducted on the
road leading not only to Shuiaba refinery, but also to other Shuiaba industrial
arganizations (e.g. PIC, EQUATE, Gulf Bank). Hence traffic count for Shuaiba is
overestimated.

13.6.2 Vehicle types

The categorization of vehicles by size was also estimated; vehicles are broken into
three size categories:

° Small (S) — cars

° Medium (M) — jeeps, four wheelers, mini buses etc

. Heavy (H) - big buses, trucks, trailers and tankers

Table 13.3 summarises the types of vehicles entering the refinery during the three
time slots.

Table 13.3 Number of Vehicles entering refineries broken
down into size categories

6.45am - 9am 10am - 12pm 1pm to 3.15pm
S M |H S M S M |H
MAA | 1230 170 | 155 350 | 70 550 | 162
MAB | 830 | 45 | 50 75 |14 140 | 17
SHU | 1225 85 | 110 35 405 | 35

Total | Sum

27
85

The surveys demonstrate that almost 80% of the vehicles entering the refineries
are 'small’.

13.6.3 Estimated CFP Construction Traffic Data

Table 13.4 below shows the estimated numbers of construction employees during
the peak construction activities (forecast in 2011) and estimated traffic data,
During the 3 year construction period of the CFP, the average number of
labourers for the three refinery sites is expected to total approximately 13,000,
During the 7 month period that represents the height of construction activities, the
average number of construction labourers for the three refinery sites is expected
to total 25,000.

Project no: EP003351 e
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Table 13.4: Predicted CFP Peak Construction Data (data from FEED Phase)

NMumber construction employees (peak

construction) 12,500 | 18,750 | 1,500
Number of shifts 1 1 1
Number of CFP entrances being used for vehicle

entry 3 5" 1
Anticipated volume (number per day) of vehicles

entering the site during peak construction [2[ 4000 8000 1000
Effective construction duration (months, excluding

early site preparations) 34 35 24

Note (1): o be confirmed

MNote (2): Preliminary data based on traffic as a result of construction including malterial delivery,
buses, personal vehicles (carsfjeeps), construction equipment, sewage trucks, catering, construction
consumable deliveries (walding gases, fuel trucks), concrele lrucks, heavy haul (SPMT), 18 wheelers,
elc. The numbers given for the proposed frequency of vehicles entering the site during construction
are estimated based on a PMC project of similar scale to the CFP.

Comparison of data in this table against existing traffic data provided in Section
13.6.1 and 13.6.2 illustrates that traffic will increase significantly during CFP
construction.

MAA traffic will increase from an average of ~3,000 vehicles/day to ~7.000
vehicles/day . MAB will increase from approximately ~1,200 vehicles/day to ~9,200
vehicles/day. And Shuiaba will increase from ~2,200 vehicles/day to ~3,200
vehicles/day. Regardless of the fact that both the rough traffic survey data and the
prediction in CFP construction traffic data are very approximate at this stage, these
are all significant increases in traffic.

Table 13.5: Comparison of Current Traffic Volume with Traffic Volume During
CFP Construction (FEED Phase data)

Refinery Current traffic CFP Total traffic %
(estimate) per | construction per day increase
day traffic per day | including CFP | in traffic
construction
MAA 3,000 4,000 7,000 133%
MAB 1,200 8,000 9,200 666%
SHU 2,200 1,000 3,200 45%
TOTAL 6,400 13,000 19,400 203%

To minimize traffic impacts during construction, CFP will use buses to transport
most construction workers to and from the work site. At the peak of construction
activities, CFP will be using approximately 700 buses with a capacity of 40 people
each to transport the 33,000 project construction staff among the three work sites.
The actual number of buses required may be reduced assuming that each bus will
take multiple trips. Hence, data above includes 700 equivalent bus trips.

_ DNVENERGY
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13.7 Impact Assessment

13.7.1 Impacts During CFP Construction

It should first be noted that both the traffic dala and CFP traffic estimates are
approximate and indicative only. The information indicates the potential for traffic
impacts during CFP construction, because the number of CFP construction
vehicles entering the refineries could be double the existing number of refinery
traffic movements (see Table 13.5).

This increase in the volume of traffic could have significant effects on traffic in and
around the refineries, particularly considering that current traffic conditions in the
study area are congested at peak periods. The exact extent of this impaclt can only
be calculated once more accurate traffic data is available.

However, KNPC will incorporate mitigation measures, such as additional entrances
to the refineries to manage the impact of the increased traffic to acceptable levels.
These are discussed below.

13.7.2 Impacts During CFP Operation

During operation of the CFP facilities, the total number of employees across the
three KNPC refineries will only increase by approximately 5% (there will actually be
a reduction in numbers at Shuaiba). Hence, a significant increase in local traffic is
not expected once construction is complete. The full extent of this impact can only
be known once more accurate traffic numbers are available for the CFP.

In addition, there will likely be an increased number of deliveries of maintenance
equipment and supplies to the MAA and MAB refineries due to the presence of the
new CFP facilities at those locations.

13.8 Mitigation Measures

The following mitigation measures are recommended to reduce the potential
impact of increased traffic during the construction and operation of the CFP
facilities:

= Provide additional new entrances at MAA and MAB. These should be located
such that congestion is reduced and traffic distributed appropriately.

» Staggered work hours during construction (start and finish times) for
construction staff reporting to and leaving the CFP work sites. These hours
should not coincide with refinery office start and finish times (7:00am and
3:00pm).

Project no: EP003351
hapler 1 DNV
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» Optimal selection of construction related traffic routes with the main aim being
the minimization of construction-related traffic interference with regular traffic
and other activities inside and outside the refineries.

s Co-ordinate and co-operate with the Ahmadi Traffic Department. Decisions
concerning the routing and the timing of the operation of construction truck
traffic should be made with consultation and agreement of the officials in the
Traffic Department.

» Traffic police to help manage the flow of traffic in and out of the CFP worksites
» Implement proposed traffic management practices such as:

- Optimizing the utilization of high occupancy vehicles to transport workers to the
CFP sites both during and after construction.

- Early works roads to be constructed for optimal traffic flow

Further mitigation measures will be examined in a more comprehensive TIA, and
should include the development of a Traffic Management Plan prior to the start of
construction.

13.9 Conclusions and Recommendations

This preliminary TIA indicates that CFP could have a significant impact on local
traffic conditions during the construction phase, in particular during the seven
month period of peak construction activities. The impact on traffic during operation
of CFP facilities may be acceptable although the overall volume of traffic is
expected to increase.

The long term impact should be positive for traffic around the Shuaiba Refinery due
to a substantial reduction in the number of employees at the start of the CFP
operational phase.

It is recommended that a more detailed TIA be conducted to further study local
traffic patterns with the objective of determining the current status of local
roadways relative to their design carrying capacity. This information should be
used as the basis for development of a comprehensive CFP Traffic Management
Plan to ensure impacts are managed acceptably via detailed traffic control
measures.

§8
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14.0 Miscellaneous Issues

There are miscellaneous Issues relating to the development of the CFP. Some of
these issues, which are discussed below, do not have matrix assessment tables, due
to the limited availability of information at this early stage of design.

The following miscellaneous issues are considered:

* Landscape and visual impacts
+ Socineconomic issues
= Contaminated land and groundwater

It is recommended that the EPC contractors implement mitigation measures as
identified in this chapter.

14.1 Assessment of Landscape and Visual Impact

A basic assessment of the landscape and visual impacts associated with the
construction and operation of the CFP is presented below. This assessment is based
on the information available at this stage of the design.

14.1.1 Assessment of Landscape Impacis

The CFP area is located south of Kuwait City within the boundaries of the MAA, MAB
and SHU refineries. This area is categorised into two broad categories of land cover:
Industrial Use Land and Undeveloped Open Space (see EBS). In general, the
topography of the CFP area is flat and sandy with undulating high land in a few
places to the north of the project area. An example of each of the land cover
categories is shown in the figures below.

Figure 14A: Industrial Use Land (taken in MAA showing the fuel filling station)
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Figure 14B: Undeveloped Open Space (taken in the south-west corner of MAB
along the southern border

14.1.1.1 Construction Impacts

Short term landscape impacts resulting from construction activities will be minimal.
The site elevation has been optimized to balance the cut and fill requirements for the
CFP. The following excavation numbers are expected for MAA and MAB:

* MAA Stripped Topsail - 129,000 m*

+ MAA Cut & Fill - 6,500 m® (shortage)

« MAB Stripped Topsoil - 259,000 m®

« MAB Cut & Fill - 67,000 m® (surplus)

Mo significant valued landscape features or resources will be lost during construction
Dust emissions, mainly arising from vehicle movement, are likely to be a significant
issue during the construction phase. However, a dust management plan will be
implemented, as recommended in Chapter 8.

14.1.1.2 Long term impacts

Mo significant long term landscape impacts are predicted. The CFP area that is
categorised as undeveloped open space currently has limited value and the value of
the land should increase once the CFP has been constructed.

14.1.2 Assessment of Impacts to Visual Amenity

The zone of visual influence (ZVI) has been qualified using a desktop assessment of
the height of the intervening land and heights of existing buildings compared to the
height of the proposed refinery.

There are several sensitive visual receptors in the vicinity of the CFP;

Project Number: EPD03351
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Beach houses bordering the south-eastern boundary of MAB refinery.

Road #30 elevated to the west of the refineries

Fahaheel suburb (approximately 51,210 people) to the north of MAA refinery

Um Al Haiman residential township (approximately 30,000 people) 1km south of
MAB refinery.

& & & @

The land surface around the project is relatively flat. Within the visual envelope, the
main visual impact will be from the south. The key impacted areas will be the beach
houses and the Um Al Al-Haiman residential township.

Although already bordering an industrial area, the beach houses adjacent to the
south eastern edge of the MAB perimeter will now be much closer visually to the
visual industrial footprint site, and as such will be impacted. Similarly, residents at
Um Al Haiman will be impacted because the CFP visual footprint comes closer to the
township. However, the nature of the existing area (see Figure 14C) is currently so
dominated by industry, the impact will be lessened.

Figure 14C: View looking north from south of MAB refine

There will also be a visual impact of the refinery expansion for the public using the
highways (#30) and roads on the western edge of the CFP sites, but the impact will
be minimal owing to the transient nature of the receptors.

Project Mumber: EP003351
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14.1.2.1 Construction Impacts

Visual impacts during construction will arise from views of the constructed plant as
well as general construction activity. These will only cause a temporary change to
the visual amenity. They will intrude into or impinge upon views from the south, east
and west from nearby residential (village and coastal developments) and transport
receptors and on views from other industrial developments.

14.1.2.2 Long term impacls

Long term and visual impacts during operation will arise from views of the proposed
refinery plant buildings and lighting. The existing refinery dominates many views and
the proposed development fits within this established framework. At night the visual
impact of lighting proposed for the extended refinery will be moderated as new
lighting will be designed to minimize light spill into the surrounding landscape.

14.1.3 Mitigation of impact

The following mitigation measures will improve the visual impact of the development
to be minimized as far as practical:

= Screening of construction and operation works by using hording or earth
bunds (using surplus fill), particularly at the refinery fence adjacent to the
beach houses at south east of MAB. This may also provide additional benefit
to reduce wind-blown dust and alleviate noise impacts.

« Site lighting is recommended to be designed and located to reduce off-site
glare to a minimum and minimise the impact on visual amenity at night,
having due regard to operational, emergency, security and safely
requirements.

= Where possible, tone and colour treatment of plant structures should ensure
that the development fits in with surroundings and will blend elements into the
horizon and sky line when viewed from a distance e.g. the use of lighter
colours on elevated structures and stacks to help reduce the prominence of
skyline features and non-reflective paint throughout, where operationally
possible.

14.1.4 Conclusions & Recommendations
There are no significant visual impacts from the CFP. From a distance, receptors will
consider the refinery in context with the existing industrial developments adjacent to

the site.

The proposed project is set in context with adjacent industrial areas where the visual
environment is dominated by the existing refineries. Local observers will potentially

Project Mumber: EP003351
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be visually impacted by the new development, especially the beach houses on the
south-eastern edge of the project and mitigation measures have been proposed to
minimize visual impacts, in the form of hording or earth bunds using surplus spoil
generated during construction.

The impact of the CFP development is minimized due to the CFP development being
incorporated within the refinery boundaries.

14.2 Socio-economic Impact

This desk-based socio-economic impact review was completed based on the EBS,
and a visit to the proposed CFP sites.

The review is a high-level review and is not based on detailed information. The
identified socio-economic issues are shown in Table 14.1 below.

Project Mumber: EP003351
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Table 14.1: Outline of Socio-economic Impacts
Issue Effect Potential Impact Assessment Recommendations
Air Quality Positive Air poliution The CFP will produce cleaner fuels for the State of Kuwail, and | See Chapter 9
consequently SOx levels in Kuwait should improve nationally. At the
local level (in the Study Area) there would generally be an improvement
in air quality as a result of the CFP.

Noise Potentially | Noise nuisance Addressed in Chapter 7. See Chapter 7

negative )

Economics Positive Diversifying, expanding | An objective of the CFP is to upgrade and modemize existing facilities | N/A
capacity & adding to | leading to diversification within the petroleum refining industry. This will
GDP result in financial benefit for the Kuwalti Government, and hence the

Kuwaiti public.

Employment Positive Intangible effects (e.g. | Construction would generate employment opportunities for a significant | N/A
increased self-esteem, | number of people (36,000 peak construction workforce) locally and as
improved quality of life | well from developing countries. Employment will also be generated from
elc) extra operational activities and the expansion of the refineries will ensure

the continuous employment of KNPC employees.

Large Foreign | - Positive - Increased business There will be a significant number of lemporary employees during the | Ensure local community

Construction - Negative | - Cullural differences canstruction phase (36,000 max). These employees will predominantly | is well informed about

Waorkforce be from developing countries. The main concerns will be the social | construction aclivities.

activities of these employees when not working, and there may be an | EPC confractor should
impact to local residential areas owing to cultural differences, and an | develop a plan to
increased strain upon local facilities. handle the potential
Medical services for the construction workforce will be provided by an | negative social impacts
independent and centralized medical services contractor. There will also | from such a large influx
be potential positive impacts upon the local community in relation to | of construction workers,
local businesses benefiting from increased business.

Water Negative Increased use of water, | The construction and operation of the CFP will put further strain on water | Use best engineering
affecting water scarcity in Kuwait. Seventy-five percent of Kuwait's portable water must | practices to decreassa
availability. either be desalinated or imported. Sustainability and diversification of | water demand and

water source is a concern however KNPC will use best engineering | protect water supply —
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practices to treat, recover and reuse water to the extent practical, see Chapter 12.
HSE Positive Improved HSE practice | KNPC's HSE praclices will likely be enhanced through the | N/A
N upgrading/replacing of aging units. This will generally make the KNPC
refineries and their surroundings a safer, healthier and cleaner place to
live and work.
Archaeoclogy & | Neutral None The CFP area contains no known archaeclogically significant factors or | N/A
Heritage areas of valued heritage.
Traffic Negative Disruption The CFP will resull in additional traffic during construction and this will | See Chapter 13.
' need to be managed.
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14.3 Contaminated Land & Groundwater

14.3.1 Contaminated Land

In the EBS it was observed that there was no significant contamination identified at MAA
and MAB, however, hydrocarbon levels were higher at SHU where contamination was
identified at one location. The soil in this location will need to be carefully removed and
disposed of correctly. It is recommended that an independent Environmental Advisor is
regularly on site during construction whilst soil excavations are taking place to ensure
that the soil is excavated and disposed of correctly, and to help identify any other areas
of contamination.

The installation of CFP facilities has been planned with a minimum of underground
process piping in accordance with current good engineering practices. There are no
underground storage tanks in the CFP. Vessels, tanks and piping systems (including
underground piping) will be hydro-tested before beginning operations to check for leaks.
KNPC regularly inspects equipment for leakages as part of the EMS, in order to
minimize the risk of contaminating land and / or groundwater during operations.

Additionally, the KISR study as discussed below in 14.3.2 also includes some
investigation into contaminated land onsite.

14.3.2 Groundwater

14.3.2.1 Introduction

KISR conducted a study on behalf of KNPC in order to assess the groundwater pollution
and potential for pollution caused by three KNPC refineries, namely MAA, Shuaiba and
MAB (/mpact on Oil Refineries on Groundwater Quality and Levels, Kuwait, WM021C,
February 2009).

The assessment, as referenced in the aforementioned KISR report, followed the
recognised systematic 3-level approach, commonly referred to as Phase |, Il and llI
assessments, as below.

=« Phase | — This phase identifies potential sources of contamination via a desk study
using a remote sensing method, the land surface temperature (LST) method.

» Phase |l - This phase installed a groundwater monitoring network though the drilling
of 47 monitoring and testing wells across the 3 refineries. The monitoring system at
MAA consists of 14 wells, at Shuaiba of 13 wells and at MAB of 18 wells. There are
also 2 monitoring wells outside the refineries area. The monitoring wells installed are
a mixture of multi-level wells specifically designed for contaminants sampling at

Project Number: EP003351 .
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selected depth, and dual purpose production/observation wells. The
production/observation wells also allowed determination of the depth of the
groundwater table at the well locations. Sampling of the well monitoring network was
also conducted as part of this phase (with 260 samples taken) for selected chemical
and bacteriological parameters.

» Phase lll = A preliminary numerical groundwater hydrodynamic model was created,
based on information from the previous phases of the study. It was not possible to
calibrate the model, as no time-series of groundwater levels were available for any of
the sites. Instead, hypothetical contamination scenarios were assessed using
literature values (for transport parameters required). MNote that the model was also
used to assess the applicability of pump-and-treat remediation.

The above are discussed, along with an outline of the methodology used in each phase,
in more detail in the following seclions. More details are available in the detailed KISR
report on groundwater quality (WMO021C, February 2009).

14.3.2.2 Phase |

14.3.2.2.1 Outline of Methodology

The remote sensing method was used to identify potential hydrocarbon contamination in
the study area, and also to aid the selection of monitoring points across the study area.

Definition / delineation of potential hydrocarbon contamination was carried out using LST
mapping. This method is based on the fact that various bodies can be differentiated by
their thermal properties. For example, when a hydrocarbon spill mixes with sail, the sail
composition will change, and so will its thermal properties. This will result in a higher
than the background temperature signal. Therefore, mapping the temperature variations
across a contaminated site can indicate the extent of the contamination. The preliminary
investigations were carried out using IKONOS and RADARSAT data.

It is also noted that the use of remote sensing data can provide an indication of drainage
systems, topography and land use / cover in the study area. The results were used to aid
the selection of the monitoring well locations for Phase Il, as it was assumed that
contaminant transport in groundwater would follow existing pathways (i.e. drainage
networks).

14.3.2.2.2 Results

A total of 13 sites of potential contamination were identified at MAA, 5 at Shuaiba and 12
at MAB. These are indicated in the figures that follow.
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The 13 sources of potential contamination at MAA are shown in Figure 14D. From the
13 sources, 12 involve hydrocarbon contamination, whereas one source involved
contamination from spent catalysts. The rising water table is also highlighted as a
concern.

The 5 sources of hydrocarbon contamination at Shuaiba are shown in Figures 14E (no
sources for spent catalyst contamination were identified at the Shuaiba refinery).

The 12 sources of suspected hydrocarbon and spent catalyst contamination at MAB are
shown in Figure 14F.

More details on each source of contamination are provided in the KISR report WM021C.

Some of the sources of potential contamination identified at each site will overlap with
CFP areas, hence the need to ensure that these are properly treated and cleaned prior
to the start of the construction phase of the project.

These include:

= Contamination sources 2, 3, 4, 5, 6, 7, 9, and 12 at MAA Refinery, indicated in Figure
14D.

= Contamination source 4 at Shuaiba Refinery, indicated in Figure 14E.

= Contamination sources 2, 4, 6, 8, 9, 10 and 11 at MAB Refinery, indicated in Figure
14F.

Project Number: EP003351 .
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Figure 14D: Contamination sources at MAA Refinery
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Figure 14E: Contamination sources at Shuaiba Refinery
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Figure 14F: Contamination sources at MAB Refinery
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14.3.2.3 Phase Il

14.3.2.3.1 Outline of Methodology

The key objective of Phase Il was the design and implementation of a groundwater
monitoring network at the three refineries, in order to determine the nature and the
extent of contamination, as well as determining the water table levels at the refineries.

A total of 47 monitoring wells were installed across the 3 refineries (and outside the
refineries area), as indicated in Figures 14G, 14H and 141,

Some of the monitoring well locations were selected in consultation with KNPC in order
to provide information on the groundwater quality in areas where the new CFP project
refinery units will be constructed. These well locations are summarised below:

« At MAA refinery: Monitoring Wells W4, W10, W11, W13 and W14.
» At MAB refinery: Monitoring Wells W1, W2, W5, W18 and W19.

The other monitoring well locations are based on Phase | investigations which identified
potential areas of contamination by remote sensing methods (LST).

Project Number: EP003351
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Figure 14H: Monitoring well locations in Shuaiba Refinery
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In summary, the monitoring well network at MAA consists of 14 wells, at Shuaiba of 14
wells, and at MAB of 19 wells (the wells at Shuaiba and MAB refineries include 1 well
off-site at each refinery).

14.3.2.3.2 Results
Water Table

One of the objectives of this phase was to obtain / measure the water table levels at the
three refineries. At each monitoring well, KISR measured the depth of the water table
below ground surface. These measurements are briefly outlined below for each refinery.

MAA Refinery:

« The minimum depth of the water table below ground surface was recorded at W1
(0.97 m), which is situated towards the seashore (and is around 2.1 m above the
mean sea level).

« The depth of the water table below ground level for all the wells measured ranges
from 0.97 m to 14 m.

Shuaiba Refinery:

« The minimum depth of the water table below ground surface was recorded at W6
(2.14 m), which is located approximately 7.6 m above the mean sea level.

= The depth of the water table below ground level for all the wells measured ranges
from 2.14 m to 16.64 m.

MAB Refinery:

» The minimum depth of the water table below ground surface was recorded at W8
(1.95 m), which is located towards the seashore.

» The depth of the water table below ground level for all the wells measured ranges
from 1.95 m to 22,58 m.

The KISR report indicates that the water table follows the general regional trend of flow
in Kuwait.

Project Number: EP003351 .
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Groundwater Quality

A total of 260 samples were taken from the monitoring wells described previously, as
well as six (from a total of ten existing wells) existing wells at the MAB refinery.

The analysis of the samples taken included the following parameters, which are
discussed in more detail in the KISR report:

Total Organic Carbon (TOC)

Total Petroleum Hydrocarbons (TPH)

Benzene, Toluene, Ethyl-benzene and Xylene (BTEX)
Polycyclic Aromatic Hydrocarbons (PAH)

Water salinity (expressed as TDS), major anions and cations, trace metals and
microbiology were also analysed. Field measurements of pH, EC and ORP (Oxidation
Reduction Potential) were also taken prior to the sample collection.

Table 14.2 also summarises the parameters analysed for each sample collected (by
different laboratories). More details are provided in the KISR reports (and associated
appendices).

Table14.2: List of parameters analysed for each groundwater sample

Parameter Laboratory Method of Analysis
Inorganic TDS Hydrogeology Laboratory (HIDY) al Standard Methods

Major cations (Na, K, Ce, KISR for the examination

i{&] of water and

Major anions (HCDy, S0, waslewater

ClL, MOy

Trace elements {AS, Cd, Cr, | Central Analytical Labomatory (Details are

Mo, Ni, Cu, B, Pb, Se, V, (CAL) ot KISR presenied in

Zn, He) Appendix G)
Organic TOC Central Analytical Laboratory

TPH (CAL) st KISR &

Phenol BIOFOCUS Laboratories in

BTEX Germany

PAH=
Microbiology Total coliforms (TC), Fecal | Central Analytical Laborutory

eoliforms (FC), Sulfate (CAL) ut KISR

reduced bacterin (SRB)

The results obtained from the chemical analysis have been compared against K-EPA
criteria for wastewater discharge to the sea. The criteria are summarised in Table 14.3. It
is noted here that groundwater quality criteria applied in the EU are more stringent than
the K-EPA wastewater discharge criteria applied in this case.

Project Number: EP003351
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Table 14.3; K-EPA Criteria for maximum allowable limits for industrial wastewater

discharge to sea

- = e =
Parameters Maximum Limits
Aluminum (Al)-mgf 5
Ammonin (NH;-N}-mg/l |
Antimony (Sbl-mg/ 1
Arsenic (As)mgl 0.1
Barlum (Ba)}-mg/ 2
Beryllium (Brj-mgf A
BOD (5 day *209-mg/ 30
Boron (B}mg/l 0.75
Cadmium (CdFmg/ 001
Chlerine (Cl; Fmgi 0.5
Chromiutn {Crlmg/ 02
Cobalt (Co)-mg! 02
COD (Dichromate -mg/l 200
Color Free from contaminates
Copper (Cu)-mg/l 02
Cyanlde (Cn) =mg/ 0.1
Dissolved Oxyvgen (DO) -mg/l <2
Floatables -mg/ MNone
Fluorides (F} -mg/ 25
lron (Fel-mgl 5
Lead (Pb) -mg/l 05
Lithium (Li) -mg/ e
Manganese (Mn) -mgfl 02
Mercury (Hg) -mg/l 0.001
Molybdenum (Mo) -mg/ 0.01
Mickel (Ni) -mg/l 0.2
Nitrate (NOy) -mgl 30
Oil/Grease, Hydrocarbons -mg/| 10
Organic Nitrogen -mg/] 5
Pesticides-All Types -mgA B
pH ]
Phosphate {POy) -mg/l 2
Silver [Aq -mg/l 0.1
Sulfide ($) -mg/ 0.5
Temperature ("C) 10
Total Coliform Bacteria (MPR/100 mi) 1000
Total Nitrogen -mg/l 30
Total Recoverable Phenol -mg/l 1
Total Soluble Solids -mg/ 1500
Total Suspended Solids (TSS) -mg/l 10
Turbidity =NTU S0

Vanadium (V) -mg/l
Zine (Zn) -mg/l

0.l
2

The results of the analysis of the groundwater samples indicate:

= K-EPA criteria for TPH are exceeded at monitoring wells W12 and W14 at MAB

refinery, as well as W8 at Shuaiba refinery.

= K-EPA criteria for phenol are exceeded at monitoring wells W10 at MAB refinery, and

W8 at Shuaiba refinery.

Project Number: EP003351
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= In a number of other wells, K-EPA criteria for faecal coliform bacteria are exceeded.
These high bacteria concentrations were detected at MAB wells W3, W4, W12 and
W17, Shuaiba wells W2, W3 and W7 and MAA wells W1, W2, W4 and W5. Sulphate
reducing bacteria (SRB) were also detected in wells at all refineries. Note that these
bacteria under anaerobic conditions may result in hydrogen sulphide release (through
reduction of the sulphate ion in the groundwater to sulphide ion).

= High levels of solute concentrations that exceed K-EPA criteria (i.e. the major anions /
cations summarised in Table 14.2, such as Na®, K', S0O4%, CI etc), have been
detected at all three refineries.

» High levels of boron (which is relatively non-toxic in elemental form), exceed K-EPA
relevant criteria, were detected at all well samples from MAB refinery, at Shuaiba
wells W6 and W12, and at MAA wells W2, W3, W4 and W5.

» Low levels of Chromium, below K-EPA's relevant criteria, were detected at MAB well
W4.

» Selenium was detected at Shuaiaba wells W6 and W12 (0.06 to 0.2 mg/l). There are
no K-EPA criteria for Selenium, though it is relatively non-toxic (only toxic if taken in
excess).

« High levels of Molybdenum (it is noted that acute toxicity has not been observed in
humans), exceeding K-EPA's relevant criteria, were detected at MAB wells W4 and
W14, Shuaiba wells W6 and W12, and MAA wells W4 and W5,

Project Number: EP003351
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Existing Groundwater Wells at MAB

As mentioned previously, samples were collected from the existing groundwater wells at
MAB refinery. Their locations are shown in the figure below:

Figure 14J: Existing Groundwater Wells at MAB Refinery

?uuimﬁ “"”u J]Fﬁg

..IIH'H v 8]
: = oal

Note that only samples from six of the wells (W1-W5 and W10) were analysed, as the
other wells were either dry or collapsed.

The results indicated that:

« The salinity exceeds K-EPA criterion (expressed as TDS) for all the samples
analysed.

Project Number: EF003351
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+ High levels (exceeding K-EPA criteria) of boron (all samples), molybdenum (W2, W3,
W4 and W10), as well as TOC were detecled.

» High TPH levels (up to 8.5 mg/l) have been detected at W1, though this is below K-
EPA relevant criteria.

= Coliforms were only detected in W1, whereas sulphate reducing bacteria (SRB) were
found in all samples analysed.

Surface Water Samples at MAA
Surface water quality at MAA refinery was also assessed, and is summarised below.

The quality of surface water was analysed for five sites at MAA refinery, as shown in the
figure below (this includes the MAA Trench located 50 m east of the lagoon):

Figure 14K: Surface Water Sites at MAA Refinery

The results indicated that:

= Slightly alkaline, saline type of water was detected for all samples, with the exception
of the lagoon, where the water is brackish.

» High levels of boron were detected in all samples. High levels of molybdenum and
vanadium in the lagoon and MAA Trench were also detected.

i ‘E 1
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« High levels of TOC and TPH were detected for the lagoon and MAA Trench samples.
» The MAA Trench sample results indicate high levels of microbial contamination.
= The lagoon sample indicates the presence of PAH.

The salinity (expressed as TDS) and TPH for the lagoon and MAA Trench are exceeding
the K-EPA criteria used for the purposes of this study. This also applies for molybdenum
and vanadium parameters. It is also noted that leakage from the lagoon might be
responsible for the water content contamination in the MAA Trench.

14.3.2.4 Phase Ill

14.3.2.4.1 Outline of Methodology

The main objective of Phase Ill was to identify the main aquifer type in the area and set-
up a 3-D model for the aquifer underlying the refineries using available field information.
Additionally, to characterise the contamination plume and to develop a plan for
remediation of the aquifer (and prevent further future pollution).

The approach followed is briefly outlined below:

= Analyse available drilling data and develop a conceptual geologic and hydrogeologic
model.

» Perform pump-and-treat scenarios and run hypothetical (i.e. based on literature
values for transport parameters) plume simulation to assess the shape and speed of
its spread.

14.3.2.4.2 Results

It is noted that the modelling work is based on available information at the time of the
study (and would benefit from sustained and continuous monitoring data).

The key findings from this part of the study are briefly summarised below:

» The time of travel from potential sources of contamination to sea was found to be
around 40 days for seaside sources and 24 years for inland sources (based on the
particle tracking method).

» Complete interception of the release particles is possible at pumping rates of
approximately 120 m*/day.

» Hypothetical simulations of contaminant releases using literature values of transport
parameters shows relative containment of the pollutant plume (even after 50 years
from release).

Project Number: EP003351 .
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14.3.2.5 Conclusions and Recommendations

Determination of possible leakage from specific tank bottoms causing groundwater
contamination has not specifically been addressed by the KISR report because this
would require close physical examination of each of the tanks (and tank bunds),
accompanied by groundwater investigations in the immediate vicinity of each tank (there
is a large number of tanks in the refineries, hence large volume of wells / samples would
be required).

However, several sources and areas of groundwater contamination have been identified
at the refineries. Recommendations for treatment, remediation and preventive measures
have been made in the KISR report. These include decommissioning all unlined pits,
with the soil beneath them excavated, followed by the removal of free moving solutes
from groundwater sources by pump and treat for a limited duration. More details are
provided in the Overall Conclusions and Recommendations section of the KISR report.

The KISR report identifies (based on comparison against K-EPA wastewater discharge
standards) that the groundwater below the refineries is contaminated in some areas by
parameters such as TPH, phenol, coliform bacteria, trace elements such as boron and
molybdenum, as well as major anions and cations (i.e. the major anions / cations
summarised in Table 14.2, such as Na', K', S04%, CI etc, which are likely to originate
from infiltration of seawater into groundwater). Bacteria (e.g. coliform) contamination
suggests the leakage / discharge of sewage to groundwater.

The refineries may be responsible for some of the contamination. Note that groundwater
quality criteria applied in the EU are more stringent than the K-EPA wastewater
discharge criteria.

It is not the intention of this EIA for the CFP to deal with this historical groundwater
contamination, as this ElA deals only with the CFP scope. But the CFP development
does need to be considered in the context that existing refinery design and operation
has probably resulted in groundwater contamination.

The KISR report has recommended treatment, remediation and preventive measures. It
is DNV's consideration that any future risk of groundwater contamination by the CFP will
be additionally reduced by improved environmental management of the refinery facilities,
via:

= Regular checks for fugitive emissions to ground/groundwater from CFP refinery
plant and tanks included as part of the EMS;

= Systematic groundwater monitoring and analysis (against agreed criteria) around
the CFP facilities and in the vicinity of the tank farms;

= The CFP has satisfactory wastewater and sewage treatment facilities planned

during normal operation - see Chapter 12 — but it is important that EPC
contractors implement sufficient and adequate wastewater and sewage

Project Number: EP003351 St :
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treatment/handling facilities at the earliest stages of construction to ensure that
CFP does not exacerbate groundwater contamination.

Additionally, soil and groundwater has been identified in the KISR report as
contaminated in locations that overlap with the CFP development. It is recommended
that:

e Groundwater encountered during CFP excavation activities is contained and
collected onsite and tested to meet K-EPA requirements (TPH, Phenol &
coliforms) before discharge via existing storm water discharge outlets at MAA or
MAB. If the water quality is not acceptable, the EPC contractor will need to
provide means for treating the water prior to discharge.

e Potential soil contamination sources identified in the KISR report that overlap

with CFP areas are properly remediated prior to the start of the construction
phase of the CFP project. These may include:

o Contamination sources 2, 3, 4, 5, 6, 7, 9, & 12 at MAA Refinery,
indicated in Figure 14D.

« Contamination source 4 at Shuaiba Refinery, indicated in Figure 14E.

e Contamination sources 2, 4, 6, 8 9, 10 and 11 at MAB Refinery,
indicated in Figure 14F.
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15.0 Emergency Response Plan
15.1 Introduction

The CFP involves the upgrading and modernization of KNPC's existing refinery
operations at MAA, MAB and SHU. Since these refineries are currently being
operated by KNPC, all of KNPC's policies and procedures will apply to the CFP
including the KNPC Major Incident Procedure Plan (MIPP). MIPP is one of KNPC's
Emergency Plans that provides a procedural framework for responding to emergency
incidents such as fire or a flammable/toxic release.

The sections outlined in this chapter have been abstracted from the MIPP. They are
set out and adapted here to demonstrate how an Emergency Response Plan (ERP)
would be implemented for the CFP. The information given in this chapter is for
general guidance only. The controlled version of the MIPP is available on KNPC
intranet. MIPP call-out lists for CFP areas will be developed and role players will be
trained before commissioning.

The KNPC refineries and marine terminals, within which the CFP will operate,
process, store and distribute large quantities of flammable and toxic materials. An
incident, such as fire, explosion or gas release occurring at these sites may have
serious consequences, affecting not only the incident site but industries and the
public outside the site boundaries as well, which could result in loss of lives and
property, and damage to the environment, business and reputation.

KNPC is committed to the safety of ils employees, installations and the public. All
applicable safely standards, procedures and best practices are followed during
process selection, design, construction and operation of various facilities. However,
even with the safest working practices, emergency incidents may occur. Therefore, it
is imperative that the CFP has an adequate level of 'Emergency Preparedness’ to
deal with any such incident effectively and efficiently, thereby minimizing the
consequences.

Emergency Preparedness includes the following integral components:

s Prevention and mitigation: to eliminate or reduce the chances or lessen the
effects of an emergency, for example, by adopting safe design, operating and
maintenance practlices.

« Emergency plans: written procedures and guidelines on how to respond
efficiently and effectively, with the righl resources and trained personnel,
should an emergency occur,

* Response: aclivities immediately following the alert or disaster.

« Restoration: returning all used / affected systems and services to normality as
soon as practicable after the emergency has been resolved and any adverse
impacts mitigated.

The MIPP is one of KNPC's principal emergency plans. It provides a procedural
framework for responding to emergency incidents such as fire and flammable / toxic
releases. MIPP was initially conceived to ensure a unified and collective KNPC
approach for responding to emergencies at its refineries and associated oil terminals,
and to replace a number of the individual ERPs previously followed at various sites.

Project No: EP003351 .
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MIPP is supplemented by the KNPC Security Manual and the site specific plans
which include call-out lists and the Site Emergency Evacuation Plan (SEEP). KNPC's
Crisis Management Plan will be activated in case of an emergency identified as
‘crisis’ which requires direct involvement of KNPC corporate management,

15.2 MIPP: Purpose and Scope
15.2.1 Purpose

The purpose of KNPC's MIPP is to provide a simple, logical and comprehensive
procedural framework to ensure:
« The overall direction of efforts to bring the emergency under control and
restore the affected site to normal operation as soon as possible.
¢« The organisation and coordination of effective action, making the most
efficient use of available resources, in order to ensure:
» Safety of personnel;
= Minimum damage to KNPC plants and equipment;
* Protection of both property outside the affected refinery and the
environment.
» Those personnel who may be involved in a KNPC site emergency incident

fully understand their role, and the roles of others, in effectively dealing with
the incident.

15.2.2 Scope

The CFP will be incorporated into the scope of KNPC’'s MIPP, which currently covers
the following:

= Procedure for notifying emergencies, categorization and mobilizing
Emergency response.

» Emergency handling organization and coordination centres

+ (uidelines for developing emergency call-out lists and SEEPs by sites.

* Roles and responsibilities of the key role players, emergency
control/coordination centres, called-out personnel and external agencies likely
to be involved.

s Any credible incident occurring on one of the above KNPC sites, which could
for example, involve:

= |njuries to personnel;

= Release of flammable gas or other malerials leading to a fire or
potential fire;

= [Effects of an explosion;

= Release of toxic materials such as hydrogen sulphide, chlorine or
a:’:‘nmnnia to the atmosphere from either a KNPC or adjacent industrial
site;

= A major pollution incident or spillage within the confines of one of the
above KMPC sites or their immediate surroundings;

Project No: EPD03351 .
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= Security incidents/threats received through Telephone, fax, email, in
person, through media or any other means;

= Bomb threat, Suspicious packages or devices and
Weapons/explosives within KNPC facilities;

= Hijack or hostile boarding of a ship at marine terminals;
= Security breaches.

# The interactions between KNPC personnel and oulside emergency services
(and other bodies) involved in the KNPC MIPP, including:

= Public Authority for Industries (PAl);

= Kuwait State Fire Brigade (KSFB);

=  Kuwait State Security Force (KSF);

»  Kuwait State Civil Defence Force (KCDF);

» Kuwait State Installations Security Force (KISF);

= Vital & Oil Installations Protection Department (VOIPD)
=  KPC-Incident Management Team (KPC-IMT);

*  Kuwait Environment Public Authority (K-EPA);

*  Kuwait Municipality.

* Port Facility Security Officer (PFSO)

= KOC Export & Marine Operations Group (E&MOG)

15.2.3 Reference Emergency Plans and Procedures

A number of Reference Emergency Plans and Procedures are also relevant to the
application and implementation of KNPC's MIPP, as follows:

KNPC:
« KNPC Crisis Management Plan (SHE-TSFP-08-2208),
s Security Manual 2007
* KNPC Smart SMS Service for MIPP Call-out (SHE-TSFP-07-2210)
» Site Emergency Evacuation Plans (SEEP);
» Medical Emergency Plan (SHE-MDMA-07-2208)
s Guidelines for MIPP Drills
* Procedure on Environmental Communication (SHE-ESHU-03-1403);

15.3 MIPP: QOutline
15.3.1 Overview

All emergencies are reported to KNPC's Emergency Communications Control Centre
(ECCC). The ECCC takes action to mobilize the Emergency Response Teams (ERT)
and makes personnel call-ouls as necessary. The Public Authority for Industry
Emergency Control Centre (PAIECC) makes the call-out for assistance from external

Project No: EPD03351 .
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agencies. KPC-ECCC is also informed (for incidents category-l above). Figure 15A
(below) highlights the emergency response in outline.

Figure15A: Emergency Notification and Call-outs

OBSERVER/
AUTOMATIC
DETECTION
ALARM

KPC-ECCC

UNAFFECTED
REFINERIES' ECCC —— PAIECC
ECCC
Respediive Initial call-out o Swie Fire Brigade
Emergency ERTs o VOIPD
Responsa Subsequent o  Siate Security
Teams (ERTs) Call-outs & Civil Defence
o (her vdustries

15.3.2 Incident Categorization

Incidents involving fire and potential fire (lammable gas / liquid release etc.) will be
categorized according to the scale of KNPC and external forces that need to be
mobilized in order to effectively contain the incident. KNPC categorizes incidents via
four categories (Section 4.1 MIPP):

* Minor Incident. can be deall with effectively by the plant personnel and the
refinery fire crew responding to the incident, using the equipment and
resources that are readily available to them;

= Category | Incident. requires more than one fire crew to bring it under
contral, but can still be dealt with effectively by the resources of the refinery
concerned;

= Category ll Incident. requires a response beyond the scope of the resources
of the affected refinery and hence requires assistance from the unaffected
KNPC refineries as well as outside agencies for effective containment;

« Category lll Incident: may have serious effects beyond the site boundary of
the affected refinery. Such an incident, possibly an explosion or toxic gas
release, may require the evacuation of the site or specific wamings to the
nearby general public.

Subsequent reclassification may be necessary — eg. if escalation occurs. Once
categorized, any incident may subsequently be reclassified to a higher (or lower)
category following joint consultations between the Incident Controller and the Duty
Fire Officer to take account of changing circumstances. Incidents involving oil spills

Project No: EP003351 .
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shall be additionally classified as per the Oil Spill Response Plan (Section 11 MIPP)
for the purpose of containment and recovery of oil spills (see Section 15.3.4, below).
Incidents are categorized according to type (fire, gas release, oil spill, etc.) and
severity in order to determine the scale of response necessary to control it.

Emergency response levels are as follows:
1. Resources readily available at / near incident location
2. Resources available at the affected refinery
3. Support from unaffected refineries
4, External support (government agencies, mutual aid companies elc.)

15.3.3 Offsite Emergency Plan

This section describes KNPC response to the off-site emergency situations, for
example:

* An on-site process incident (fire, explosion or hazardous material

release with potential to affect the neighbouring community and

industries, causing harm fo the property, health and environmental).

= An incident involving KNPC facilities off-site (e. g. IRT lines within
Public Authority for Industry-Shuaiba area, KNPC lines passing
through PIC, area and the underground and submarine pipelines
from refineries to the oil piers).

o A situation where KNPC facilities are not involved, but KNPC
management decided to respond to provide requested assistance for
another company’s incident.

Offsite Emergencies Caused by On-sife process incidents

e _Community Safely: An on-site process incident which may have serious
effects beyond the site boundaries is categorized as a category-Ill incident
(section 4). Kuwait Civil Defence, called-in through PAIECC to initiate
appropriale action for the safety of the affected community in coordination
with the local Civil Administration. Civil Defence will activate the civil
defence siren (Alert/Evacuation/All-clear) for the affected area, if necessary.
Incident close-out at KNPC site will be done in consultation with Civil
Defence in such case.

* Neighbouring Industries: Alerting and emergency coordination with the
neighbouring industries is done through PAIECC. In addition, the following
direct communication procedures exist:

1 Emergency coordination procedures between KNPC and
PIC (6 MIPP Annexure- 6).

2. Mormal and emergency communication between KNPC
MAA, Refinery
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» Environmental complaints: (Ol spill, odours etc.) from oulside parties are
received at ECCC-MAB. Further actions are initiated to address the
situation in accordance with the document Procedure on Environmental
Communication. Response oil spills is covered in MIPP sections 10 and 11.

Emergencies involving Off-site KNPC Facilities

Emergencies involving KNPC facilities in PAl (Shuiaba) Area and KNPC pipelines
passing through PIC area are outlined in MIPP section 4.6 and Annexure 6
respectively

KNPC Response to Other Companies' Incidents

KNPC as a member of the KPC Incident Management Team for oil spill incidents, will
respond with its Oil Spill Response Teams and resources to the land oil spill
incidents in K-companies when required as per the KPC Qil Spill Contingency Plan.

KNPC response and resource support to other types of incidents shall be decided by
KNPC management based on the request received from the affected companies
management.

15.3.4 Corporate Crisis Management

In case of emergency siluations (triggered by internal or external cause) which might
be beyond the capability and authority of the KNPC site management to handle and
require involvement of the KNPC top management for strategic directives,
coordination with KPC and other national and international agencies, are classified as
crisis.

A provisional Crisis Management Plan (SHE-TSFP-08-2208) has been developed for
managing the crises.

15.3.5 Emergency Communication and Alarm Systems

There are four principal avenues of communication available during an emergency.
Each of these systems is discussed below.

1. Telecommunication facilities

s Radios: Trunking Radio System (TRS) consisting of channels for
emergency as well as normal work communication.

» Telephones: Various internal and external permutations

o KNPC Smart SMS Service for MIPP Call-out: Implemented to make
emergency callout by sending SMS messages to MIPP role players.

= Pagers: Some employees have been provided with personal pagers to
enable them to be called-in when needed.

2. Public Address and Plant Paging
s Public Address: One-way PA system from ECCC Operator to outlets in
plant operations control rooms, Medical Centre, MCC, RCC and other
buildings.

Project Mo: EPDO03351 .
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s PFlant Paging System: Process Unit areas have been provided with Plant
Paging System for communication between control rooms and field.

Fire/Gas Detectors and Alarms

o Fire Detectors: Different types of fire detectors and associated alarm
systems have been installed in various facilities

s Break Glass Fire Alarm Points: Break glass type fire alarm points are
available through out the premises for manual notification of any incident.

s Fire Alarm Panels: Fire alarm panels and graphic display panels have
been installed in the ECCC located at the fire stations in each refinery and
at control buildings of the marine terminals

s Fixed Gas Detectors: Fixed continuous hydrogen sulphide (H:S) and
Hydrocarbon detectors are installed in certain high risk locations for
atmospheric HzS monitoring.

e Portable and Personal Defectors: Adequate number of personal H:S
detectors and portable gas detector/alarms have been provided to the
field operations and maintenance personnel to warn them.

Emergency Sirens

s Refineries Emergency Sirens: All three refineries follow a three tone
emergency siren system.

¢ Civil Defence Siren System: The KCDF sirens are located both on-site
and off-site. These are actuated by KCDF in case of national emergency.

15.3.6 Emergency Control and Coordination Centres

The following various Emergency Control and Coordination Centres are set-up
according to an initial assessment of requirements (as shown in Figure 15B):

A Forward Control Unit (FCU) is set up close to the Incident Scene to manage
emergency control activities. In case of land ocil-spill incidents, an Qil Spill
Response Vehicle (OSRV) will be mobilized and established at a strategic
location near the incident. The FCU may be subsequently withdrawn following
a joint decision by the Refinery Shift Leader and the Qil Spill Response Team
Leader.

A Resource Coordination Centre (RCC) to ensure adequate provisions of
necessary materials and manpower resources are effectively and speedily
mobilised.

A Management Co-ordination Centre (MCC) to provide overall coordination of
the emergency response efforts, to interface with the government, regulatory
and other outside agencies, and to deal with enguiries from the press and the
public.

Project No: EPO03351 e
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Figure 15B: Emergency Control Activities
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The personnel likely to be invalved / supporting in emergency response and control
handling are called-in according to their normal job responsibilities. In addition,
certain personnel are assigned the key emergency roles, as follows:

# Incident Controller (at FCW/Incident Scene);

# Duty Fire Officer (at Incident Scene);

= Emergency Coordination Manager (at MCC);

« Emergency Operations Coordinator (at incident Scene).

15.3.7 Major Operational Steps

The essential steps involved in the MIPP are outlined below. Further details relating
to individual steps, together with the responsibilities of identified personnel (and their
initial actions) are given elsewhere as indicated.

Initial actions:

= The person discovering the incident notifies the emergency to the ECCC
(Section 5, MIPP: Reporting of Emergencies).

» The plant operations crew (under the control of the Emergency Operations
Coordinator, initially the Shift Supervisor) of the affected plant takes
immediate emergency actions (as appropriate) to protect personnel and
contain the incident (Section 7.2.4, MIPP).

s The duty ECCC Operator receives the Emergency Call (Section 5, MIPP) and
activates the initial call-out (Section 6, MIPP: Emergency Call-out Lists).

Praject No: EP0O03351 .
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RSL, SFO, one fire crew and Shift Security Officer (SSO) immediately
proceed to site. The first person reaching at the incident site will call ECCC to
confirm the incident without waiting for categorization.

ECCC will activate the minor incident call-out (shift call-outs only, no
activation of the SMS callout). For incidents that involve injuries, ambulance
and medical personnel will also proceed to the Incident Scene

RSL and DFO/SSO assess the situation, calegorize the incident and inform
ECCC advising the type and category of the incident. The RSL then takes on
the role of Incident Controller (IC) and continues in this capacity until relieved
of the IC role by a more appropriate staff member.

The SFO takes on the role of Duty Fire Officer (DFO) and continues in this
capacity until relieved of the role by the refinery Chief Fire Officer (CFQ).

Note: For incidents reported in person or through telephone/radio, the initial
and minor callout lists (shift personnel only) shall be activated
simultaneously. However, no call-out of non-shift personnel (through SMS or
any other means) shall be done without receiving confirmation and
categorization by the RSL/IC.

Emergency notification:

-

The ECCC Operator, when informed of the emergency categorization,
invokes the call-out lists of personnel and services, initiates alaims as
appropriate for the incident category (Section 4, MIPP), and informs the
PAIECC and ECCCs of the unaffected KNPC refineries (Section 7.1.1,
MIPP).

On notification of the incident and its categorisation, the PAIECC immediately
informs the KSFB, the KSF, the KCDF and the KISF. PAIECC will also inform
other industries in the PAI area (and the Ports Public Authority).

The IC, identified by a yellow and white coloured waistcoat, sets up the
process FCU at a strategic location close to the Incident Scene. The FCU is
identified by a blue flashing light (Sections 7.2.1, MIPP), who in coordination
with the DFO, directs resources in order to contain the incident.

The DFOQ, identified by a red and white waistcoat, is responsible for directing
the efforts of the KNPC Fire Brigade (including attendance from the three
unaffected refineries) and for coordinating any response from the KSFB, if
called-in (Section 7.2.3, MIPP).

The Operations Manager is informed of all minor incidents and is called in for
all Category I-ll incidents (Section 15.3.1, above). When called in, he will
familiarise himself with the extent of the incident and the review the action
plan with the IC. He will then assume the role of the ECM, in case it is
decided to establish a MCC.

The MCC is established by the Manager Operations for all Category Il and Il
incidents (and for Category | incidents at the discretion of the Manager,
Operations) (Section 7.5.1, MIPP).

Emergency response coordination:

The ECM takes on the overall responsibility for the KNPC role in handling the
emergency including coordinating operations in the unaffected areas of the
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refinery (in consultation with the IC) and interfacing with outside agencies
(Section 7.5.2, MIPP).

Shift maintenance personnel report to the FCU for allocation of duties.
Assigned personnel will proceed to the Fire Water Pump House.

All personnel alerted / called out shall respond as per their role defined in the
MIPP and as directed. If called, off-duty firemen should report to the fire
station.

The RCC is set up (by the Engineering and Maintenance Manager) for
Category Il and Il incidents (Section 7.4, MIPP).

Casualties, if any, are first taken to the site Medical Centre for treatment and
logging, and subsequently may be shifted to outside hospitals if required
(Section 7.6, MIPP). The external Ambulance Service, if called-out, should
report to the Medical Centre of the affected refinery for further instructions.

The KSFB, if called-out (they will always respond with a predetermined
attendance to all Category I-lll incidents) should proceed to the designated
holding area of the affected refinery, where the Officer in-Charge reports to
the MCC (Section 8.8.2, MIPP).

Any KSF vehicles will be direcled to the designated holding area to await
instructions, and a senior KSF Officer will report to the MCC (Section 8.8.4,
MIPP).

The KCDF will respond to Category Il (discretionary) and Category Il
(compulsory) incidents by sending two senior KCDF officers to the MCC
(Section 8.8.5, MIPP).

Incident close-out:

Incident close-out is declared by the IC or ECM on advice from the DFO /
fOSRT Leader/ Safety Engineer [/ Environment Engineer /Security.
Responsibilities for follow-up action to make the area safe for entry,
inspection and repairs are the assigned (Section 14, MIPP).

Incident investigation and reporting is carried out in accordance with KNPC's
Incident Investigation and Reporting Procedure.

For a Category Ill Incident, where the Civil Defence alarms have been
activated (possible as a precautionary measure), the decision to sound the
all-clear will be taken by the ECM after consulting with local emergency
services (principally the KSF and KCDF).

Guidelines for actions to be taken by plant personnel during gas release
incidents are covered in Section 9 of MIPP.

For an OPOI the response shall be in accordance with Section 10 of MIPP.

Response to the emergencies at the KNPC Marine terminals will require
involvement of the KOC Marine & Export Depariment (Section 11, MIPP).

In the event of more than one incident taking place at any site or for
emergencies of longer duration, the appropriate emergency response
strategy will be decided by the ECM / IC and additional resources will be
arranged as required.

Project No: EP003351 .
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s For incidents involving non-operational areas (office buildings, warehouse
etc,) the RSL may decide to hand aver the IC role to the CFO / Team Leader
Safety & Fire as appropriate. For such areas, an Emergency Operations role
is not deemed necessary. However, if decided by the incident controller, the
assigned asset custodian shall be called-in.

* Personnel injury incidents are also reported to ECCC. However, in case the
personnel injury incidents reported directly to Medical Centre, the Medical
Centre shall dispatch the ambulance and inform the ECCC. ECCC, then
activate the initial call-out list.

» Response to Security incidents shall be in accordance with Section 12.

154 MIPP: Gas Release Incidents
15.4.1 Overview

This section describes the actions required to be taken by site personnel in case of a
gas release incident, covering the following scenarios:

+« Flammable / toxic gas release within a KNPC refinery;

« Toxic gas release from sources external to KNPC refineries (neighbouring
industries);

« Biological and chemical emergencies due to external threats (war
emergency).

15.4.2 Initial Actions

Initial actions on discovering a flammable / toxic gas release emergency or hearing a
gas alarm are as follows:

Operations personnel in the affected area:

1. The person discovering the (potential) incident shall immediately notify the
incident to the central ECCC, first by breaking the glass at the fire-alarm point
and then calling the ECCC Operator and providing complete relevant details,
including: exact location; details of any casualties; magnitude of release;
nature of gas; direction taken by any gas cloud; and advice on approach
routes to be avoided (if any).

If the person discovering the Incident cannot contact the ECCC directly, he
must immediately contact his supervisor [ Operations Control Room and ask
them to contact the ECCC giving all relevant information.

2. All hot work (excluding furnaces) should cease immediately.

3. Operators should either report to, or radio in to the Operations Control Room
(for a head-count to be conducted).

4. Barriers at plant access ways/roads where restricted access is required for
safety reasons should be erected.
5. Commence taking actions to isolate the leak source (with assistance as help

arrives) wearing breathing apparatus (BA) if the gas release Is toxic.
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6. The Emergency Operations Coordinator should detail someone to obtain the
Visitors Logbook, check names and numbers at assembly areas and report
any missing persons to the process FCU.

7. Start actions to control the incident — eg. cooling, gas dispersal, further
isolation of leak, plant shuldown as required.

KNPC maintenance personnel in the area:

1. Should stop all hot work immediately and ensure that all equipment is left in a
safe condition.
2 Should evacuate the area, and assemble at an upwind location (and remain

there unless instructed otherwise by the IC). Subsequently, they may be
requested by the IC to assist either the operations personnel or the Fire
Section.

Contractors / visitors in the area:

1. Should stop all hot work immediately and ensure that all equipment is left in a
safe condition.

2. Should leave the plant, and assemble at an upwind location (noting any wind-
socks or drifting steam for general wind direction).

a. Should remain at the assembly area until checked off, and then go to normal
offices, site offices, or remain at the area, as instructed.

4, Should not re-enter the area or restart work until positively informed by the

Senior Safety Engineer that it is safe to do so.

Personnel at adjacent areas:

1. KNPC operating personnel should either report to, or radio in to, their
operations Control Room and obtain information on the incident,

2, If downwind of the affected plant, prepare to establish protective water

curtains as instructed — eg. at furnaces - and activale as necessary.

3. Sound the plant siren if instructed by either the ECCC Operator or unit
supervisor,

4. If upwind of the affected plant, dispatch specialist operators fo the FCU to
assist the operation crew of the affected plant or area (Section 7. 3 5, MIPP).

5. Contractors / visitors in the area should be ready to respond to their plant
alarm in the normal way (Section 9.2, MIPP).

Personnel passing-by or approaching the affected area:

1. Should vacale the area by a safe route unless trained to assist or have a
defined role (all such personnel should report to the process FCU).
2. Should never drive a vehicle through a gas cloud (if in a flammable gas cloud,

they should pull over to the side of the road immediately, switch off the engine
and rapidly abandon the vehicle).

3. Should follow the directions of KNPC Security Officers or other designated
KNPC personnel at traffic control points

Project No: EP003351 g
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Response by Doctor / ambulance crew:

1. When responding to an incident, the doctor / ambulance crew must ensure
that they are not putting themselves at risk by entering a hazardous area as a
result of a release of flammable or toxic gas.

2, They should always follow the directions of the ECCC Operator and Security
on directions of approach and route to take.

3. When going to the assistance of casualties in a gas release situation, they
must be suitably clothed and wearing positive pressure BA in which they have
received adequate training, and musl also be supported by firemen or other
persons competent in the use of BA.

15.4.3 Toxic Gas Releases
Within a KNPC Refinery

The gases of principal concermn are mainly hydrogen sulphide (H;S) and sulphur
dioxide (S0;): Material Safety Data Sheets (MSDS) detail their hazard data and other
relevant information.

Actions in the event within a KNPC refinery of a toxic gas release should be as
follows:

1 The MIPP will be invoked immediately.
2, Detailed instructions (set out in MIPP Section 9) should be followed closely.

3. At all times, positive pressure BA must be used when: combating fires or gas
leaks that contain toxic gases; or entering a toxic gas contaminated area to
rescue or search for personnel or to shut down plant.

4. When briefing emergency services, on initial arrival at the site, the key words
"breathing apparatus must be used” must be included.

From Neighboring Industries

H:S and SO; releases from any one of KNPC's refineries might affect other refineries
or adjacent facilities. Actions in the event of an external toxic gas release should
include:

1. The MIPP shall be activated immediately.

2. Personnel on the Initial Call-Out List will initially respond as if the incident
source is located within the affected KNPC area.

3. Once it is established that the source is external to the refinery, the incident
should be categorised in the normal way based on the threat posed to KNPC
personnel and property by the resultant toxic gas cloud.

4. The PAIECC shall be informed immediately (as per normal MIPP
procedures).

5. Detailed instructions set out in Section 9 of the MIPP should be followed,
although it obviously will not be possible for KNPC personnel to isolate the
emission source. It may however, still be possible to limit the impact of the
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toxic cloud on the KNPC site by using water sprays to disperse the toxic
cloud.

B. Continuous liaison shall be established with the scurce-site as well as the
PAIECC. Gas-testing shall be carried out by the affected and source sites. It
is important that the IC receives regular status reports on the extent and
progress of the incident in order for him to make a considered assessment
concerning the extent of shul down / evacuation of KNPC property and
personnel required.

7. The 'all-clear’ signal should not be given until an equivalent ‘all clear’ and
confirmation of termination of the incident at the source-site is received (via
the PAIECC), or gas tests show that the KNPC site is cleared of toxic gas and
the atmosphere is safe for a return to work.

15.4.4 Biological & Chemical Emergencies due to External Threat (War Emergency)

In the unlikely event of a national emergency such as a threat of war, or sabotage
due to terrorist activities, there are possibilities of chemical and / or bioclogical
emergencies affecting personnel at KNPC facilities.

Motification of a threat: The appropriate government agencies will carry out the
severity assessment at the national level and make the necessary notification on:

« type of attack (biological / chemical);
« severity / extent of contamination;
¢ do’s and don'ts.

Warning of an imminent threal will be provided by the Civil Defence authorities who
will activate civil defence sirens, as appropriate.

15.4.5 Activation of Emergency Plans:

Upon notification by the relevant government authorities, KPC shall activate the
Extreme Emergency Plan for Oil Sector and a KPC Crisis Management Centre (KPC-
CMC) shall be established.

Upon receiving instructions from KPC-CMC, the KNPC Chairman and Managing
Director will issue necessary instructions to the KNPC Executive Assistant Managing
Directors (SHU) who will in turn inform the HSE Manager on the decision to establish
the KPPC-CMC.

ECCC-MAA will make call-outs for KNPC-CMC. MCCs shall be established at all
refineries. Respective ECCCs will make the call-out as instructed by the HSE
Manager.
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15.5 MIPP: Oil Spill Incidents
15.5.1 Overview

An emergency response lo an oil-spill incident will initially be the same as for
potential fire incidents (as described in Section 4, MIPP). Subsequently, when the
fire hazard is eliminated, oil spill containment and recovery actions shall be initiated.
KNPC's Qil Spill Response strategy has been developed in line with the KPC Qil Spill
Contingency Plan. Oil spill incidents are categorized according to the quantity of the
spill, as follows:

» Minor spills (less than 1 barrel);

= Tierl spills (less than 10 tonnes),
 Tier Il spills (10-600 tonnes);

e Tier Ill spills (more than 600 tonnes).

According to KPC's K-Companies Operational Plan for Oil Spill response, KNPC's
responsibilities in the event of an cil-spill incident are as follows:

e All oil-spill incidents (except the ‘minor’ category) shall be reported to KPC
within 24 hours;

s The facility-owner (KNPC) is responsible for the containment, recovery and
disposal of any marine and land oil spills originating from the facility;

= The facility-owner (KNPC) will maintain adequate oil spill response resources
for the containment, recovery and disposal of any oil spill up to Tier-ll level
(up to 600 tonnes);

e [For Tier Il spills (exceeding 600 tonnes) and if necessary for Tier Il spills,
KNPC shall inform the KPC-Emergency and Pollution Control Coordination
Centre (EPCCC) who will activate the KPC Incident Management Team
(KPC-IMT) for coordinating the additional support, as required;

« KNPC may be required to respond and provide support for Tier 11l oil spills in
other 'K' Company facilities (and nearby beaches).

15.5.2 Land Oil Spills

Resources

For land oil spills, each KNPC refinery must maintain adequate resources
(manpower, equipment and materials) for handling oil spills up to Tier |. For Tier Il oil
spills, resources from KNPC's three refineries will be pooled. MAA Refinery shall also
provide assistance to Local Marketing in handling oils spills at depots, filling stations
and road tankers. These resources will include:

=« Qil Spill Response Team:
¢ (il Spill Response Vehicle
= Qil Spill Response Equipment

Incident Categorization

All oil spill incidents are potential fire incidents and shall be initially categorized
accordingly (as per Section 4, MIPP) and the appropriate call-out lists will be
activated. In case there is no fire and it is decided to initiate the oil spill response, the
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incident will be additionally categorized according to the estimated approximate oil
spill quantity (Section 10.1, MIPP).

Response o Minor Qil Spills

A minor oil spill shall be handled by the plant / installation personnel responding to
the incident, using the equipment and resources that are readily available to them.
The on-call Environment Engineer will advise the site teams on actions to be taken
for handling the spill. Figure 15C below shows a flow chart highlighting the
procedures in the event of a land oil spill incident.

Figure 15C Land oil spill incident response flow chart
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Response to Tier-I Oil Spills:

A Tier | oil spill will require an organized application of specialized resources
manpower and equipment. A Tier-| land spill incident can still be dealt with effectively
by KNPC resources by the Qil Spill Response Team (OSRT). Upon notification of the
‘Tier | Qil Spill' incident by the IC, the refinery ECCC Operator will activate the OSRT
Call-out list in addition to the MIPP Category | Incident Call-Out List for land spills.
KPC-EPCCC shall be informed. An OSRY will be mobilized and located at a

38
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strategic location close to the incident site. The OSRT will initiate containment action
under the guidance of the IC.

Oil Spill Response Team Leader (identified by a green waistcoat) will coordinate the
necessary containment and clean-up operations in coordination with the IC and
Environment personnel. For a spill incident expected to last more than 8 hours, he
may adopt the additional role of |C provided there are no fire, explosion or chemical /
gaseous pollution hazards. A RCC and MCC may be activated, if considered
necessary by the |C, especially for Tier | spill incidents expected to last more than 8
hours.

Response fo Tier-ll Oil Spills:

Tier Il land spill incidents will need resources and support from the other unaffected
KNPC refineries. Upon receiving information regarding an incident and its
categorization, the ECCC will inform the ECCCs of the unaffected refineries to
activate the OSRT call-out lists and dispatch the OSRVs, activate the MIPP Category
Il incident call-out list, and inform KPC-EPCCC.

The OSRVs and OSRT members from unaffected refineries will report to the site
OSRT Leader at the Incident Scene and provide support as necessary. Support from
other K-companies may be requested through KPC-IMT, if required, for large / or
longer duration Tier-1l oil spills.

Response to Tier-lll Oif Spills:

Handling a Tier-lll incident will require large resources, more organized effort and
expertise. KPC-IMT shall coordinate the response from other K-companies and
national, regional and international agencies, if required, to optimally coordinate the
necessary response operations.

Termination of Incident:
The termination of an incident is declared by the IC or ECM on advice from the
OSRT Leader. Environment personnel will advise on further clean-up and waste

disposal.

15.5.3 Marine Qil Spills

Overview

Adequate oil spill response resources shall be maintained at marine terminals to
handle spills on the deck areas. Oil spills in sea shall be handled by KOC Marine &
Export Division under a special agreement with KNPC.

Emergency Response

Response to incidents involving the KNPC's marine terminals will be in accordance
with Section 11 of the MIPP.

For oil spills limited to deck areas only, the Shift Supervisor will coordinate the
appropriate oil spill response, using site personnel and oil spill response material

available at the site.
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In case of marine spills, the Shift Supervisor will inform the Duty Pilot / Harbour
Master who will coordinate mobilization of KOC Marine & Export Department
resources to begin carrying out spill combating operations.

For Tier-ll oil spills (and if required for Tier I}, KPC-IMT will coordinate the response
from other K-companies and national, regional and international agencies, as
deemed necessary.

If necessary, KPC-IMT will request K-EPA to activate the National Oil Spill
Contingency Plan (NOSCP) depending upon the situation.

Figure 15D  Marine oil spill incident response flow-chart
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Marine Oils Spills (Shallow Water) and Shore Line Clean-up:

Handling of oil spills in shallow waters along shoreline shall be carried out jointly by
KOC Export & Marine Operations Group and KNPC Land OSRT.

In the event that shoreline/beach is contaminated by oil due to an activity or spillage
from KNPC facilities, KNPC is responsible for taking appropriate action to contain
and clean the area (even if the area does not belong to KNPC). These will be
handled in accordance to land spill incidents.

Project No: EP003351
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15.5.4 Roles and responsibilities:

0il Spill Response Leader (Team Leader - Workshops & General Works):

Main functions: Emergency communications:
+ Ensures that required inventory of the identified oil « Telephone, pager
spill equipment and malerial is maintained and » Radio - Red channel
consumables are replenished (for refinery and oil
pier).

= Ensures that OSRT members are identified and
trained and ECCC has updated call-oul list of the
OSRT members.

= Takes overall responsibilities for il spill containment
and recovery activities at the incident site for land oll
spill incidents. Additionally, he may take over as
Incident Controller (for oil spill only incidents).

When first called: Location / identification:
» Called for all Tier |, Il, Il land cil spills » \Wears green waislcoal ‘'OSRT Leader”
s Operates normally from OSRV

Sr. Engineer / Engineer (Workshops & General Works):

Main Function: Emargenny communications:
. Assists OSRT Leader for containment, * Telephone, pager
recovery and storage of the spill * Radio - Green channel (maintenanca)
materials and disposal of wasle.
When first called: Location / identification:
+ Called out for oil spill incidents Tier |, 11, + QOperates normally from OSRV.
1}

Supervisor — Heavy Equipment:

Main function: Emergency communications:
+ Maintains OSRV and oil spill + Telephone, pager
response equipment and materials,
and mobilizes them when required
during il spill incidents.

When first Called: Location [ identification:
+ As an OSRT member, called out for + Operates normally from OSRV.
all Tier I, 1, 1 qil spill incidents

Contractor Supervisor /| Foreman:

Main functions: Emergency communications:
+ Responsible for mobilizing contractor + Telephone; Pager
manpower, equipment and materials
identified for cil response.

When first called: Identification [ location:
« Asan OSRT member, called out for « Operates normally from OSRV.
all Tier 1, 11, 11l cil spill incidents

' : 1
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15.5.5 KPC-IMT:

KPC IMT comprises of representatives from KPC and its subsidiaries as follows:
- IMT chairman: KPC EAMD (Health, Safety & Environment)
- IMT coordinator
- IMT members representing various K-companies

The Manager, Safety Health & Environment is the IMT Member representing KNPC.

The main function of KPC-IMT is to coordinate with KPC subsidiaries and regional
and international agencies, to organise the provision of support in handling major oil
spills. KPC-IMT is called by ECCC for oil spill incidents (Tier |, Il, and II).

15,6 MIPP: Security Incidents

MIPP will be activated in the case of any credible security incident/threat as listed in
section 15.2.2 of this report.

15.6.1 Notification and Initial Action

Actions in the event of a securily incident within a KNPC refinery should be as
follows:

1. Person finding any suspicious package/device, observing any securily breach
or receiving security threat information (through telephone, fax, media or any
other means) shall immediately notify the incident to ECCC.

2. ECCC shall immediately invoke the initial call-out.

3. Shift Security Officer will proceed to the incident site and assess the situation
and decide the action plan.

4. ECCC will be informed of the situation and call-out requirements.

Any security breach observed by the security personnel during the normal security
checks/patrols shall be informed to the Shift Security Officer who will decide on the
action plan and inform ECCC about the incident and the call-out requirements.

15.6.2 Call Outs and Response

In the case of a confirmed security threat/incident, the ECCC will evoke the Security
Incident call-out list shall include:
e Chief Security Officer
Team Leader Security
Manager Safety Health & Environment
DMD (affected refinery & SHU)
Manager CCD.

Requirement of calling-in of external agencies shall be decided by the Team Leader
Security (and Port Facility Security Officer, if involved). This may include but will not
be limited to the State Installation Security Force and/or the National Coast Guard.
The decision to activate site MCC and or CMC shall be taken by the DMD and

MSH&E depending on the requirement.
18
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Securily threats or incidents affecting KNPC facilities shall be handled in accordance
with the 'Response to Threats' and 'Contingency Plan' sections of the KNPC Security
Manual.

15.6.3 Emergency Actions in case of a Security Incident

Process Units: The sirategy of operating facilities shall be decided based on the
assessment of the polential damage of the security threat/incident. The strategy may
include:

Evacuation, all non-essential personnel from the affected area

Reduction of unit capacity and preparation for shutdown.

Total shut down

Total evacuation.

Marine Terminals: In case of a security incident loading shall be suspended
immediately. Depending on the situation the PFSO shall initiate the appropriate
action as per the guidelines laid out in the ISPS Code.

Security will block the roads around the affected area. All gates shall be strictly
monitored. Mo entry shall be allowed except for the emergency teams. Identity and
time of any person leaving the facility shall be recorded. Refinery fire crews, medical
and rescue teams will remain on alert (in a safe area) ready to respond when called.

15.7 Ewvacuation
15.7.1 Overview

There are emergency situations which may require the evacuation of personnel to
safer locations, in order to avoid the risk of injury or loss of life, for example:

Explosion

Release of toxic gas

Release of flammable material having potential to cause fire
Fire

Muclear, Biological or Chemical (NBC) attack

Bomb threat, sabotage, air raid or other hostile act

A comprehensive and well rehearsed Evacuation Plan is necessary to ensure correct
decisions and actions are taken when needed. The MIPP provides guidelines
regarding actions to be taken while evacuating personnel in case of an emergency at
KNPC site (see MIPP, Section 13). These guidelines will be further supplemented by
the SEEPs of the respective sites.

The roles and responsibilities of those involved in the Evacuation Plan are discussed
in Section 13.5 of the MIPP. Evacuation procedures are discussed in Section 13.6.

Project No: EPD03351 .
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15.7.2 Key Parameters of the Site Evacuation Plan

Leaders and Cusfodians

o Zone leaders (MAA only): Senior person (Team Leader level) appointed as
Evacuation Zone Leader for each of the 6 Zones at MAA.
Asset Custodians: Assigned for all buildings in three refineries.
Group leaders: Each zone / building is divided into groups, led by an
Evacuation Group Leader who ensures safe and orderly evacuation.

Evacuation Maps and Signs

« Overall Site Evacuation maps showing important poinls shall be displayed.
Evacuation Guidelines shall be written on the maps.

= Floor Plans showing location of emergency exits, paths, evacuation routes,
local transfer point and evacuation instructions shall be displayed at strategic
locations.

s llluminated Exit Signs shall be provided at each floor.

Gathering Points

= A designated safe area inside/outside site fence shall be identified, as a
gathering point for personnel when a site evacuation is announced.

« Alternate gathering points(s), to be used in case one Gathering point can not
be used for safety reasons, shall also be identified.
Gathering area shall be of sufficient size to accommodate personnel.
It shall be divided into zones and shall have facilities such as drinking waler
and first aid. Proper instruction and marking shall be provided for guidance.

s Safety Engineers shall act as Gathering Point Coordinator.

Transfer Points
« Suitable areas adjacent to individual process units, building or group of
buildings, shall be identified to be utilized as transfer points, for further
transportation to main gathering points,

Evacuation Shelters
» Certain buildings shall be identified at each site to be used as evacuation
shelters for the essential personnel.
« Buildings should be air-tight and provided with hazardous gas filters and air-
tight dampers in their air intakes.
s Buildings shall be equipped with adequate personal proteclive equipment,
gas masks, drinking water, first-aid facilities. (Also refer Clause 9.5.9 of MIPP)

Transportation
= Shuttle buses and other company provided vehicles, not required to attend
the emergency, shall be used for transporting personnel from transfer points
to gathering points.
« Contractors shall make their vehicles available.

Project No: EP003351 .
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e Available transport facilities are used to maximum benefit to transport
personnel from transfer points to designated gathering points.

15.7.3 Head Count

Accurate head counts require advanced access/exit contral systems which cover all
employees, contractors and visitors. It should be possible to get a report indicating
the number of personnel present on site at any time.

Existing access control systems at the KNPC Refineries need to be upgraded and
extended to gathering points. In the interim, the following practice for head count to
be used in process areas:

» For the operations on the assigned field duty in that particular unit, the
information from the existing attendance procedure can be used for head
count when required

* For the maintenance / contractor work groups present in the unit to execute
a job with valid work permit, the work permit executer shall keep a record of
personnel assigned for the job.

e All other personnel visiting the area shall inform the operations
supervisor while entering / leaving the unit.

Head counts at the gathering points shall be carried out manually by the respective
group leaders:

* Group Leaders shall maintain updated lists of personnel working within
their point of responsibility.

» \Visitors shall always follow their KNPC representative.

Personnel entering the site outside their scheduled hours of work shall
make their presence known to the Shift Security Officer.

» On reaching the Gathering Point, all personnel shall report to their
respective group leaders. Group leaders will count personnel and
compare with their personnel list and hand over the same to the
respective Zone Leader.

» Zone Leaders will compile the head count data for their respective zones
and hand over the same to the Gathering Point Coordinator.

» The Gathering Point Coordinator will compile the overall head count data
and forward the same to the IC/ECM

15.8 Summary

KNPC's MIPP, the principal features of which have been described above, will be
implemented for the CFP. This ensures that KNPC will apply a unified and collective
approach to responding to emergencies at all its refineries and other associated
facilities (e.qg. oil terminals).

Project No: EP003351 .
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16.0 Decommissioning and Closure Management Plan

16.1 Introduction

Decommissioning is defined as the shutdown of a facility in order to prepare it for
complete closure, clean-up and site reinstatement. At the cessation of CFP operation
in approximately 30 years time, the CFP will be decommissioned in accordance with
statutory requirements in force at the time. In advance of decommissioning, a
‘Decommissioning and Closure Management Plan' (DCMP) will be developed by
KNPC. The DCMP will be compiled at a time closer to decommissioning to ensure
that all the relevant environmental risks are properly managed.

The decommissioning and closure of the CFP site will be a complex process,
especially ensuring that the site is rehabilitated to K-EPA's requirements, thus
allowing the sites to either be handed back to government control, or be sold for
another private sector use.

It should be noted that the CFP scope of work does not include the retirement or
decommissioning of SHU, which is expected to be retired by KNPC when the CFP
units are commissioned. The environmental impacts associated with
decommissioning of SHU will need to be addressed in a separate decommissioning
report by KNPC. SHU units that remain in use during the CFP will be included in the
CFP DCMP.

The extent of dismantling, demolition and site clearance will depend upon the future
use of the site. There are likely to be three project stages to the CFP
decommissioning phase:

s pre-decommissioning consents and contracts: covering the site and
structures, plant and processes, municipal and site utilities, fire safety,
access and transport, and demaolition of buildings etc;

* decommissioning activity obligations: environmental emissions (e.q.
effluent discharges, air pollution, noise and dust generation, waste
disposal, ground / groundwater contamination etc), and associated health
and safety issues;

= post-decommissioning responsibilities: these are to ensure that everything
that needs to be known about a decommissioned site (or plant) is passed
on to the new site owners, operators or organizations.

This Chapter provides an overview of the basics involved in establishing a DCMP. It
also discusses the various environmental aspects which will typically be addressed in
a DCMP.

Project Number: EP003351
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16.2 Decommissioning and Closure Management Plan
16.2.1 Objectives
The specific environmental-related objectives of the DCMP are:

* to meet all pertinent Kuwaiti legal and regulatory requirements, and
complete the site clean-up and reinstalement in accordance with
applicable K-EPA criteria;

+ to protect the public health and safety of local people, and the surrounding
environment;

* {o ensure that all residual environmental and social impacts are
acceptable;

+ to ensure that the need for long-term site maintenance is removed as
much as possible;

+ o ensure that post-reinstatement land-use is in accordance with state
(and other key stakeholder) requirements;

+ {o mitigate and minimise any long-term environmental-related liabilities.

16.2.2 Scope

In accordance with EIA legislative and policy requirements at the time of CFP
shutdown (i.e. in approximately 30 years time), KNPC, in consultation with K-EPA,
will prepare a conceptual DCMP that addresses the following:

s suitable post-closure land end-uses and decommissioning and closure
objectives,

« specific completion criteria for rehabilitated areas, and various closure
concept options;

* suitable clean-up and reinstatement prescriptions for all aspects of
decommissioning and closure (international best practice requires 3™-
party verification);

s provision of decommissioning and closure monitoring programmes;

» conducting appropriate stakeholder consultation with appropriate parties
(e.q. KNPC internally, K-EPA, local communities).

In addition, it should be noted that underground and subsea facilities which go
beyond the fence line of the refinery may exist (e.g. pipelines and piers). These will
have to be identified accordingly during the decommissioning process. KNPC will
need o evaluate whether such facilities can be safely abandoned in place or if they
must be removed and disposed of elsewhere.

16.2.3 Roles and responsibilities

Decommissioning and closure management of the CFP, in terms of establishing a
conceptual plan, may involve several KNPC internal departments, together with K-
EPA plus some local stakeholder engagement.
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In terms of the various roles involved in a large decommissioning project such as the
CFP, itis likely that the following would be involved:

e KNPC's project management specialists;

* a QA manager;

* Health, Safely, and Environmental (HSE) staff;

« competent decommissioning experts (probably via an external contractor);
= specific technical experts (e.g. waste management etc);

s former CFP operations specialists;

« regulatory authorities.

16.2.4 Environmental Management Liaison group

The DCMP will include some form of decommissioning and environmental
management liaison group, to set out the guiding principles to achieve the proposed
end-use of the CFP site area. These guiding principles are likely to include the
following:

= environmental issues: ensuring that through conducting a full risk
assessment and appropriale mapping, characterization and remediation
that no pollution, health or safety hazard is posed to areas outside an
agreed attenuation zone;

s landform: ensuring that the sile is sufficiently and appropriately cleaned up
in accordance with its future planned end-use;

= ‘water resources protection: ensuring that there is no diminution of
groundwater resources beyond an agreed attenuation zone;

= liability mitigation: ensuring that any long-term residual environmental
liabilities pose minimal financial liabilities on the government (e.g. in terms
of ongoing site management costs having to be borne by K-EPA or other
agencies).

These guiding principles will be applied to the CFP, together with any
decommissioning residue areas (e.g. demolition rubble).

16.2.5 Contents

A DCMP is typically structured as follows:
* Introduction (including project description, operating history and current
project operations)
* Objectives of decommissioning and closure
» Decommissioning activities and schedule
s Mitigation Measures
=  Waste Management
» Environmental Monitoring
* Co-ordination Mechanisms (including roles and responsibilities)
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16.3 Environmental Aspects

This section discusses the key environmental aspects that are likely to be associated
with decommissioning, clean-up and site reinstatement at the CFP.

16.3.1 Noise and vibration

During decommissioning activities, noise and vibrations may be caused by the
operation and transport of heavy moving and excavation equipment. Moise reduction
and control strategies such as temporary noise barriers may have to be used.

16.3.2 Air quality

Decommissioning activities will generate emission of fugitive dust caused by a
combination of on-site excavation and movement of earth materials, contact of
construction machinery with bare soil and exposure of spoil piles to wind. A
secondary source of emissions may include exhaust from diesel engines of earth
moving equipment as well as from open buming of solid waste on-site. Techniques to
consider for the reduction and control of air emissions from decommissioning
activities include dust suppression technigues as well as avoiding open burning of
solids on site.

16.3.3 Waste

The shutdown and decontamination of processes will result in the collection of
residual wastes in columns, decanters, reaction vessels, storage tanks, sewers etc,
The safe treatment and disposal of these wastes will be necessary so that the plant
and equipment is left in a fully-decontaminated condition. Non-hazardous waste
generated from decommissioning activities will include excess fill materials, scrap
wood and metals and small concrete spills. Wherever possible the following waste
hierarchy should be observed; reduce, reuse, recycle and dispose.

16.3.4 Soil / groundwater contamination

As a resull of both operational and post-operational activities, there is potential for
release of petroleum based products such a lubricants and hydraulic fuels during
storage, use and transfer of the products. Soil samples may have to be taken in
areas of concern to determine the extent of contamination and proper remedial
measures implemented depending on the level and location of contamination and the
intended post-decommissioning land use.

16.3.5 Miscellaneous

Other potential environmental aspects will include increased traffic from
decommissioning activilies and impacts to landscape and visual amenities. These
should be discussed in detail in the DCMP and should include appropriate mitigation
measures.
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16.4 Conclusions

KNPC will develop a full conceptual DCMP for the CFP when required prior to
decommissioning of the CFP in approximately 30 years time. This will ensure that the
DCMP is in accordance with contemporary legislation. The DCMP will address all
the project stages that CFP decommissioning will go through which are likely to be:
pre-decommissioning consents and contracts; decommissioning activity obligations;
and post-decommissioning responsibilities. This will send a robust signal that post-
closure, the CFP will be optimally decommissioned, prior to handover back to the
state or private use.

Specific environmental-related decommissioning and closure objectives associated
with the CFP are predicated around meeling all Kuwaiti legal and regulatory
requirements (including K-EPA criteria), and mitigating any impacts (environmental,
public health, safety, social) within the impact vicinity of the site.

The final goal of the CFP decommissioning will be to ensure that any requirements
for post-closure site maintenance are removed as much as possible, and that any
long-term environmental-related liabilities are mitigated.

16.5 Recommendations

KNPC will develop a CFP DCMP in accordance with the specifications discussed in
this chapter as well as any guidelines or requirements established by the regulatory
authorities of Kuwait. The DCMP will be developed at a suitable time near the end of
the operational life of the CFP facilities.

The following should be taken into consideration at the time of the DCMP
development::

s Dialogue with K-EPA to determine what specific site rehabilitation
requirements are likely to be;

» Ensuring that the final DCMP for the CFP is subjected to appropriate
stakeholder review: and,

s Replicating or adapting similar DCMP approaches from KMNPC's other
refineries including a review of lessons learmed.
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17.0 Environment Management System (EMS)

17.1  Introduction

KNPC has developed and implemented a company wide Environmental
Management System (EMS) in line with the requirements of the 15014001:2004
Standard — Apex Manual for Environmental Management System (SHE-ESHU-04-
1401). Since the CFP is within KNPC refinery boundaries, this EMS will also apply to
the CFP, ensuring a structured approach to the management of environmental issues
existing at the CFP.

The implementation of the EMS will commence during the initial stages of
construction and develop as the CFP project becomes fully operational.

17.2 EMS during Construction

The CFP will have ten EPC contractors: three EPC Contractors at MAA, five EPC
Contractors at MAB, one EPC Contractor for SHU and an EPC buildings Contractor.
There will be three other major contracts: a high voltage contract and two early works
contractors (one in MAA and one in MAB). The buildings and high voltage
contractors will have activity in both MAA & MAB.

Each of these EPC contractors will be required to have an approved Environmental
Management Plan (EMP) in place, covering their own operations. The EPC
contractors will also need to implement the following measures identified in this EIS:

+ \Waste Management Plan;

» Dust Management Plan;

=« Solid Waste Management Procedure;

* Wastewater Management Procedure;

* KNPC HSE Guidelines for Contractors (SHE-TSSA-05-1118).

Al the start of the Construction Phase, a Centralized Waste Management Contractor
will be identified who will be responsible for coordinating the waste disposal activities
of all CFP EPC contractors. Each EPC contractor will develop an Environmental
Procedures Manual that details all procedures needed to comply with KNPC
environmental procedures as well as K-EPA regulatory requirements.

17.3 EMS: during Operational Phase

The following sections provide an overview of KNPC's approach to implementing an
EMS. They have been abstracted from the KNPC Apex Manual for Environmental
Management System which describes how KNPC's EMS is currently implemented
across refineries and associated facilities.

The purpose of the Apex Manual is to describe KNPC’s current EMS and to provide a
reference source on implementation, maintenance and continual improvement of the
system at KNPC. The Apex Manual also assigns environmental responsibilities, as
required by the International Environmental Standard 1SO-14001:2004 and KNPC's
Safety, Health & Environment Management System (SHEMS). The EMS
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Management Representative (EMR) is responsible for updating the Apex Manual in
accordance with the SHEMS documentation system.

17.3.1 EMS Requirements

The following sub-sections provide some guidance on the principal KNPC EMS
requirements which will be implemented at the CFP.

17.3.1.1  General Requirements:

KNPC has established an EMS in line with 1ISO 14001:2004 and is committed to
maintaining and improving it on a continual basis. Specific requirements within the
EMS are described in subsequent sections of the Apex Manual.

17.3.1.2  Environmental (SH&E) Policy

KNPC's Environmental (SH&E) Policy has been defined by the Chairman and
Managing Director (C&MD) to provide a framework for establishing KNPC's overall
environmental objectives and targets. The policy covers all key aspects of KNPC's
operations and associated services, is displayed at various strategic locations and is
also available on KNPC's intranet, and externally to the public on KNPC's website,
The policy also acls as a supplement to tender documents to make KNPC's
contractors and suppliers aware of it. Contractors are also advised to ensure that
their personnel working for KNPC are aware of KNPC's SH&E Policy.

17.3.1.3 Planning
Environmental aspects

KNPC has established a procedure for identifying the environmental aspects of its
aclivities, products and services that are under its control or can be influenced.
Accordingly, aspects are identified and evaluated for significance by respective
departments / divisions. A list of significant aspects along with the identified controls
is forwarded fo the EMR for review and to be recorded. New aspects are also
identified prior to execution of new projects or modification / expansion of existing
projects as per KNPC's Procedure on Environmental Impact Assessment (SHE-
ESHU-03-1407).

Legal and other requirements

Legal and other requirements applicable to the environmental aspects of KNPC's
activities, products and related services are identified through considering applicable
national and international environmenial regulations, and other environmental
requirements mentioned in the standards / practices being followed by KNPC. These
requirements are listed in KNPC's 'Environmental Legislative Register’.

Regular direct contact is established with K-EPA for updates on any amendments or
new regulations on the environment. New information on environmental regulations is
also received from KPC. All such amended laws / regulations are studied by KNPC's
Environment Division with the relevant regulations being updated in KNPC's
Environmental Legislative Register.
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The Register is reviewed and updated, if required, once a year or as necessary
according to amendments / inclusions to existing applicable regulations. The
Register is distributed to all concerned for reference and compliance and can be
accessed on the KNPC intranet. Each EPC contractor will have their own Aspect
Register.

Objectives, fargets and programmes

KNPC has developed environmental objectives based on its significant
environmental aspects, SH&E Policy, legal and other requirements, technology
options, operational requirements, business requirements, financial resources and
views of interested parties. To achieve the above objectives within a specified time
frame, environmental targets are set. The targets are applicable either across KNPC
as a whole, or to individual departments / divisions. To achieve the objectives and
targets, environmental management programmes are established, with
responsibilities and action plans at the company, department / division and group
levels as appropriate. These programmes are reviewed to keep track of progress
towards meeting objectives and targets. Progress on these various programmes is
discussed in Management Reviews. Each EPC Contractor will have their own
specific environmental objectives, targets and programmes.

17.3.1.4 Implementation and Operation

The roles, responsibilities and authorities of relevant personnel for effeclive
environmental management at KNPC are outlined below:

The C&MD is responsible for:
s appointing the EMS EMR,;
s framing the SH&E Policy;

= ansuring the establishment, implementation, maintenance and improvement
of the EMS by providing adequate resources.

The EMR is responsible and authorized to:
s establish, implement, maintain and improve the EMS across KNPC;

« appraise top management on EMS performance and action plans for
improvement;

« ensure that internal audits are carried out as per the schedule;

« ensure sufficient resources are made available for implementation and
maintenance of the EMS.

« communicate with K-EPA and other government bodies on environmental /
legal issues.

Project Managers / DMDs / Manager — LM are responsible for the following activities
relating to their sites:

* implementing and maintaining the EMS at their sites;
= carrying out all activities in compliance with legal requirements;
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ensuring sufficient resources are made avallable for implementation and
maintenance of the EMS.

Department Managers are responsible for the following relating to their department:

identifying the training needs for all employees with respect to the EMS, and
ensuring appropriate training is implemented;

identifying aspects and ensuring that significant aspects are appropriately
controlled;

ensuring that all environmental incidents are reported;

ensuring that resources are available to meet the objectives and targets;
ensuring that a Document Control System Is followed for all EMS documents;
ensuring that non-conformances are resolved to ensure compliance.

Team Leaders are responsible for the following, relating to their divisions:

* & @

identifying training needs for all employees with respect to the EMS, and
ensuring appropriate training is implemented,

aspects are identified and the Aspects Register is maintained and up to date;
effective controls are in place for significant aspects;

programmes to achieve objectives and targels are prepared and
implemented;

objectives and targets are met;

a Document Control System is followed,;

all key characteristics are identified and menitored;

all environmental incidents are reported;

environmental records are maintained;

all non-conformances are resolved, to ensure compliance.

Senior Engineer / Senior Chemist / Section Head / Lead Engineer / Lead Chemist /
Engineer / Chemists are responsible for the following, relating to their sections:

identifying training needs for all employees with respect to the EMS and
facilitating / arranging their training as appropriate;

identification and updating the Aspects Register;

identifying effective controls for significant aspects;

identifying all key characteristics / parameters associated with the significant
aspects;

monitoring all the key characteristics / parameters;

preparing programmes for objectives and targets;

meeting objectives and targets;

following the required Document Control System for EMS documents;
reporting all environmental incidents, and maintaining environmental records;

resolving any non-conformances, to ensure compliance (through taking
appropriate corrective and preventive actions for any non-conformances).
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Supervisors, in their respective sections, are responsible for the following:

s assisting in the identification of training needs for subordinates with respect to
the EMS, and facilitating / arranging their training;

» adhering to the work instructions / procedures;

* keeping abreast with significant aspects associated with their activities;
» being aware of controls on the significant aspects;

* being aware of Emergency Handling Procedures;

+ reporting environmental incidents immediately;

» monitoring key characteristics / parameters.

Contractor Managers / Engineers, in addition to their assigned responsibilities, are
responsible for the following:
» [dentification of training needs for subordinates wilh respect to the EMS
requirements, and facilitating / arranging their training;

= communication of KNPC's SH&E Policy and respective significant aspects
(plus associated controls) to their staff;

« communication of Emergency Handling Procedures to their staff;

¢ reporting environmental incidents.

For the EMS Site Team, the head of the team will report to respective Site-DMD (for
three refineries) or manager (for LM&PD). The Team will assist the site in effective
implementation and maintenance of the EMS complying with 1S014001:2004
requirements. In particular, the team shall ensure that:

e The latest HSE Policy is displayed at all strategic locations of the site.

= The Aspects Register is updated in the latest format, by all concerned, as
stated in the Apex Manual.

» The latest copy of the Aspects Register is communicated to the EMS-MR
office.
« New Objectives and Targets proposed by the site are SMART.

« The Objectives and Targets are tracked and forwarded to the EMS-MR office
on a six-monthly basis or whenever requested.

« All employees / contractors are well aware of the KNPC-EMS and that
records of training are maintained with the concerned division / department.

* The current KNPC document control procedure is followed by all depariments
{ divisions of the site.

+ Hard copies (green folder) of the EMS manuals / procedures are discarded

= All EMS records such as calibration records, monitoring reports, programs to
manage objectives and targets, training records, non-conformities and close
out reporis, waste disposal records and mock drill reports are available to the
concemed department/division.

 Key characteristics of activities which can have significant environmental
impact are identified and monitored and records are kept by all concerned
departments / divisions.
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Root cause analysis is done for all non-conformances and other audit findings
and that a compliance plan is submitted to the EMS-MR Office in the
prescribed format.

The status of the previous audit findings is updated and that the status report
is submitted to the EMR office on a monthly basis.

Settlement of decisions is taken in the Management Review by the concerned
department / division.

Specific Responsibilities:

Oil Spill Response Team (OSRT) Leaders and Team Leaders (in addition to their
responsibilities stated above under "Team Leaders') are responsible for the following:

maintaining Ol Spill Response equipment in good working condition;
establishing OSRC near the incident scene;

coordinating with other refineries and external agencies, if required, for
management of the incident;

coordinating with OSRT members to equip OSRC with all required
emergency handling equipment;

categorizing any spillage;

coordinating clean-up activities;

briefing top management about the incident;

coordinating with process for storage and reuse of spilled material;
coordinating with KNPC's Environment Division for disposal of any wastes.

Team Leader Environment (Refineries), in addition to the responsibility stated above
under ‘Team Leaders', is responsible for ensuring the following:

L]

that K-EPA and other legal requirements are complied with;

that new projects / modifications are scrutinized for the requirement of
carrying out EIA studies;

that regular environmental monitoring is carried out;

that environmental monitoring reports (monthly, quarterly, annual) are
generated and issued to all concerned at the relevant levels,

direct communication with K-EPA on compliance status;

that KNPC's Legislative Register is updated;

that environmental aspects of all sites are identified and evaluated for
significance;

that necessary EMS documents are developed and issued for compliance;

that EMPs are in place for all environmental objectives, and for generating
status reports on EMPs.

that EMS procedures are complied with;

that effective Oil Spill Response procedures are available;

that external and internal environmental complaints are properly handled;
that waste is managed in an environment-friendly manner;
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» that regular environmental inspections are carried out, and advice issued;
= that environmental incidents are investigated and recommendations issued;

« that tracking recommendations are issued after incident investigation and
environment inspection;

« that regular environment awareness lraining, and environment campaigns are
organized;
+ that Planned Environmental Releases are recorded;

» that data desired by shareholders and other external parties are reported /
supplied.

Refinery Shift Leader (RSL) and Divisional Heads are responsible for:
= logging and reporting environmental incidents;
= assuming the role of IC for effective management of incidents;

» initial categorization of the incident, and calling-out appropriate personnel for
the effective management of the incident;

* logging and coordinating internal as well as external environmental
complaints;

s locating the source of the complaint within KNPC (if applicable);
= identifying the incident ‘owner’,

= activating the investigation team.

« communicating with management about the incident.

Competence, Training and Awareness:

Successful implementation and operation of the EMS depends on all the capabilities
of those individuals performing the tasks assigned as required. It is to ensure that all
personnel performing tasks which could lead to significant environmental impacts are
competent on the basis of appropriate education, training and/or experience. Training
needs for such personnel are identified and required training is imparted to them.
This training is not only imparted to staff but also to the persons working for or on
behalf of KNPC — i.e. contractors and sub-contractors, via their engineers and
managers who in turn will train their staff as appropriate. Records of such training
should be maintained and kept by the contractor.

Communication:

Environmental communications, internal (within KNPC) as well as external (with
external interested parties) are addressed in KNPC's Environmental Communication
Procedure. Besides communicating its significant aspects to associated contractors,
KNPC is also committed to communicating with local communities.

Documentation:
Various environmental procedures / documents have been developed and must be

complied with for effective implementation of the EMS across KNPC's operations.
Related documents include:

Project No EPD03351

Chapter 17 / Page 7 of 11 MANAGING RISk [E004



KMPC Clean Fuels Project 2020 Feed Update Phase

EIS Rev 2 DNV ENERGY

» |S0-14001:2004 standard;

» KNPC's SH&E Policy, and environmental objectives and targets

* Apex Manual for EMS (ISO 14001) (SHE-ESHU-04-1401).

» KNPC's Environmental Legislative Register (SHE-ESHU-04-1402)

* [Environmental Communication Procedure (SHE-ESHU-03-1403)

» Procedure on Air Pollution Monitoring & Control (SHE-EMAB-01-1404)

* Procedure on Monitoring of Wastewater Treatment & Disposal (SHE-ESHU-
02-1405)

* Procedure for Solid Waste Management (SHE-ESHU-03-1406)
s Procedure on EIA (SHE-ESHU-03-1407)

» Aspects Registers of respective departments

« KNPC's Major Incident Procedure Plan (MIPP)

* SH&E Training Procedure (SHE -TSTR-05-1501)

+ Controlled Documents System Manual (SMS-EID6-04-0001)

In addition to the above, there are various depariment-specific procedures, such as
operations manuals / procedures / standing instructions / maintenance manuals /
standard testing methods etc., which are controlled by the respective departments.

Control of Documents:

Necessary controls are exercised to ensure all EMS documents are kept updated
and obsolete documenis are promptly removed. All documents are reviewed
periodically and the changes / modification incorporated are approved and issued by
authorized persons as per the 'Controlled Document System Manual’. The author is
responsible to keep copies of the manual updated at all relevant locations.

Operational Control:

All operations and activities which are associated with significant environmental
aspects are identified by the respective departments / divisions / areas and any
necessary operational control procedures are documented.

These Operation Control Procedures include department-specific procedures such
as operations manuals / procedures / standing instructions / maintenance manuals /
procedures etc. In addition to these, the following environmental procedures are also
termed as Operation Control Procedures:

* Procedure on Air Pollution Monitoring & Control (SHE-EMAB-01-1404)

s Procedure on Monitoring of Wastewater Treatment & Disposal (SHE-ESHU-
02-1405)

« Solid Waste Management Procedure (SHE-ESHU-03-1406)
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Emergency Preparedness and Response:

Major emergencies are identified and addressed by KNPC's Major Incident
Procedure Plan (MIPP) — see Chapler 15 of this EIS. MIPP assigns the
responsibilities of key personnel in handling the major emergencies such as fire, toxic
gas release, oil spill on land or sea etc. The potential for unit-specific environmental
emergencies are identified in respective Aspects Registers and addressed via plant-
specific Emergency Handling Procedures. To test the efficiency of procedures and
the preparation of emergency response, mock drills are periodically conducted
involving all the role players.

Checking:

Monitoring and measurement:

Key characteristics / parameters covered by legal and other requirements are
monitored by the Laboratory, Environment Division and the Lab Service Contractor.
Monitoring results are published in Environment Performance reports issued by the
Environment Division. Other key characteristics / parameters that have a significant
impact on the environment are monitored by respective departments (or divisions).
Lists of instruments used for such monitoring and their calibration reporting (if
applicable), along with the monitoring reports, are kept by respective departments.
Equipment used for monitoring environmental parameters is calibrated as per
appropriate calibration schedules, with records maintained by the respective
departments.

Evaluation of compliance:

Legal requirements are listed in KNPC's 'Environmental Legislative Register.
Compliance with various other conditions / stipulations, as prescribed, are also
addressed therein, plus other requirements. The Register must be reviewed and
updated, if required, once a year or as necessary due to amendment / inclusion in
existing applicable regulations.

Non-conformances, comrective and preventive actions:

Non-conformances can arise from several areas including system non-conformance,
operational non-conformance, complaints etc. Non-conformances are dealt with
according to the 'Procedure for Handling Mon-conformances and Correclive Actions
& Preventive Actions’. Corrective and preventive actions taken to eliminate the
causes of actual and potential non-conformances must be appropriate to the
magnitude of the problem, and be commensurate with the environmental impact(s)
encountered.

Control of records:

Relevant records that demaonstrate effective operation of the EMS must be
maintained, legible, identifiable and traceable to the activity, product or service
invalved, and be kept for a minimum period of three years. However, the retention
time of some records may be more than three years based on statutory or other
requirements. In such cases, the retention period is decided by the respective
department. Adequate back-up of these records is ensured by the respective
department to avoid the same being lost due to any unforeseen circumstances.
Once the retention period for any record is over, such records can be destroyed by
the respective depariment.
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Internal audits:

An internal Environment Management System Audit shall be carried out at least once
in a year for each site. Internal audits must be carmried out in order to determine
whether the EMS conforms to planned arrangements for environmental management
including the requirements of ISO 14001:2004, and that it has been properly
implemented and maintained. Also, to provide information on the results of audits to
management whereby the EMR will plan a series of internal audits on the basis of the
‘environmental importance’ of the area | services / activity and on the findings of
previous audits (as per the 'Procedure for Internal Audit’). EMR may reduce the audit
frequency for departments/divisions which are not having a critical role in EMS.

17.3.1.4 Management Review:

Environmental Management Review meetings must be carried out at least twice each
year in SH&E Executive Committee meetings to ensure the EMS's suitability,
adequacy, and effectiveness. Points to be considered in the Management Review
include (as applicable):

« results of internal audits and evaluation of compliance with legal requirements
and with other requirements to which KNPC subscribes;

= communications with external interested parties, including complaints;

s the environmental performance of KNPC, and the extent to which objectives
and targets have been met;

» the status of all corrective and preventive actions;

s follow-up actions from previous Management Reviews;

« changing circumstances, including developments in legal and other
requirements related to KNPC's environmental aspects;

* a review of the SH&E Policy, and its adequacy in relation to changing
conditions and information;

e areview of Accidents / Incidents and Emergencies;

» aschedule / plan for the next internal audits;

+ any recommendation for improvement;

= any other specific points relating to EMS,

Decisions made in Management Reviews are recorded in the form of Minutes of
Meetings (MoM). These decisions include possible changes to KNPC's SH&E policy,
objectives, targets and other elements of EMS, consistent with the commitment to
continual improvement. All action items of the MoM are followed up by the EMR to
ensure compliance.

17.4 Monitoring Compliance

In order to optimise KNPC's response to complying with changing environmental
regulations (and its corporate requirements), it is noted that KNPC has already
implemented a fully-automated enterprise-level information management system —
the 100% browser-based Essential Suite™ EHS and Crisis Management system
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from ESS - at MAA, MAB and SHU. This system will be extended to the CFP
facilities.

Essential Suite™ facilitates the use of EHS and crisis management data in support of
regulatory reporting and performance monitoring, as well as demonstrating how
KNPC is exercising its corporate social responsibility. KNPC is also using Essential
Suite™ in the CFP's FEED design phase. Essential Suite™ is also a core
component of KNPC's project action plan to address its long-term sustainability.
Key Essential Suite™ elements applied at KNPC's refineries include:

« [Essential Air™ - an emissions tracking system which shows how changes in
everyday operations can impact air permits, by calculating and reporting air
emissions and comparing them against permit limits for all emissions sources;

» Essential Water™ - helps to achieve, maintain and prove compliance with
Kuwait's Mational Pollutant Discharge Elimination System (NPDES), by
tracking regulatory requirements or internal guidelines, calculating poliutant
loadings at each discharge point and comparing results to specified limits, so
helping to ensure compliance;

=« Essential Waste™ - helps to characterize waste streams, monitor their flow,
track waste containers, generate waste manifests and generate reports to
ensure compliance;

+ Essential Chemical Inventory™ - helps track chemical inventory information
for use in satisfying inventory-related regulatory requirements, via a central
data repository, which enables amounts / locations of materials to be tracked.

e |Industrial Hygiene Module™ - provides the tools needed to characterize
workplace conditions, collect, document and analyze exposure monitoring
results, communicate monitoring resuits to employees and management,
identify opportunities to further control exposures, and assure compliance.

17.5 Conclusions

KNPC's company-wide EMS, in line with the requirements of 1SO14001:2004, will be
implemented for the CFP. As a tried and tested system, it will provide the same
structured approach for the optimum management of environmental issues at the
CFP. The principal mechanism by which this will be done is through KNPC's Apex
Manual which sets out how the EMS is currently implemented across KNPC's
existing refineries and associated facilities. In addition, ESS's Essential Suite™ EHS
and Crisis Management system, shows how compliance monitoring and reporting at
the CFP will be optimised.

17.6 Recommendations

KMNPC intends to incorporate the CFP into the scope of the EMS. It is recommended
that the CFP be included in the first possible EMS internal and external audit to
ensure that the EMS is being successfully applied to the CFP.
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18.0 Recommendations
18.1 Introduction

The CFP design will incorporate all the appropriate best environmental engineering
practices (such as BACT) and environmental mitigation measures necessary to meet
(at a minimum) all relevant K-EPA regulatory criteria. The CFP has been designed to
mitigate all its potentially significant environmental impacts.

In addition, DNV has made a number of recommendations throughout this EIS report,
which are reported in detail in the relevant chapters, in order to further mitigate any
potential environmental impacts caused by the CFP. These key additional
recommendations are summarised here.

18.2 Moise

The noise impact assessment evaluated the potential community impact due to the
noise emissions from the activities associated with CFP. Predictive computational
modelling was used to quantitatively estimate the sound pressure level (SPL) at
various discrete receptors located near the ground level. From this assessment, the
following recommendations are made:

« Construction activities shall not be carried out during the night time except under
very exceptional situations. Otherwise, night time community noise levels may
significantly breach the relevant K-EPA standards at residential locations close to
the site fence lines.

« In order to fully comply with K-EPA community noise standards, additional noise
attenuation using acoustic enclosures should be considered for significant noise
emilting sources located close to the fence lines, particularly for CFP works near
the eastern part of the CFP at MAB refinery.

= The process unils where additional attenuation should be considered are U-123,
U-125, U-129, U-146, U-149 and U-156. All these units are located in MAB CFP
Block and they are close to the residential receptors N11, N13, N14 and N16 on
the east side of the site. The additional attenuation required would be about 5
dB(A).

= Noise monitoring will be necessary during both construction and operation to
ensure no significant impact upon receptors.

18.3 Air Quality During Construction

Potential issues associated with dust released during the CFP construction phase
have been assessed. DNV considers that provided the following recommendations
are adopted, impacts upon air quality during construction can be managed
satisfactorily.
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* A rigorous Dust Management Plan is provided by the EPC contractors
and is put into action.

e  The Dust Management Plan should include some early commitment to
provide temporary construction roads as soon as practicable to minimise
dust releases.

+ The EPC contractors ensure that appropriate dust mitigation measures
are applied, both by themselves and their sub-contractors.

= The EPC contractors conduct ongoing monitaring of dust across the CFP
site throughout the construction phase.

= An experienced independent environmental professional visits the site
during construction at least twice a week to ensure that these measures
(and all other environmental management measures recommended in this
EIS report) are being applied by EPC contractors.

18.4 Air Quality During Operations

Overall, particularly during "normal” CFP operation, there will be improvements in air
quality at the vast majority of air monitoring locations that currently do not meet K-
EPA air criteria. This is mainly due to the fact that pollutant emissions from sources
that are to be decommissioned far exceed the emissions associated with new CFP
sources,

DNV additionally recommends the following:

KNPC implement design changes during the EPC phase in order to reduce the
relief loads to the flare systems that have the highest potential impact on
sensitive receptors outside the refinery boundaries (Units 146, 167 and 62; note
that Unit 62 is associated with the Total Power Failure case).

More detailed air dispersion modelling of the emergency flare scenarios should
then be conducted during the detailed design / EPC stages of the project, to
verify compliance with applicable criteria.

Currently, the MIPP provides procedures for responding to gas release incidents.
These should be expanded to include details for major emergency flaring events,
and appropriate actions defined (e.g. warning residents).

The CFP clearly improves air quality in the study area on a day-to-day basis,
although exceedences for some parameters are stil observed. It s
recommended that scope for additional air quality improvements at the existing
refineries be examined under KNPC's ongoing commitment to continuously
improve environmental perfformance.

It is important that a strict Leak Detection and Repair (LDAR) programme is
implemented and enforced onsite to control YOC emissions. The new CFP
facilities will be incorporated in the existing refineries LDAR programme.

Project No. EPO03351

Chapter 18 / Page 2 of 5 MANAGING RISK m



KNPC Clean Fuels Project 2020 FEED Update Phase
EIS Rev 2 DNV ENERGY

= The Environmental Management System for the Clean Fuels Project should
include a continuous performance improvement process for evaluating and
maintaining the efficacy of emissions control equipment, and energy efficiency.
The CFP facilities will be incorporated in the existing refineries’ EMS.

18.5 Waste

The CFP will generate a variety of solid wastes that are both hazardous and non-
hazardous. The impacts of the wastes generated by the CFP were considered for
both the construction and operational phases. The waste management practices that
KNPC plans to implement for the CFP are more than adequate and no additional
recommendations have been made by DNV.

It is imporiant that all the control measures discussed in this report are fully
implemented, including the generation of a Waste Management Plan (WMP), which
complies with KNPC's Procedure for Solid Waste Management (SHE-ESHU-03-
1406).

18.6 Chemical Hazards Management

The CFP will store and/or handle a variely of potentially hazardous materials,
including finished product, raw material and catalysts, many of which are similar to
those currently used at the three existing refineries. The hazardous materials will be
potentially toxic, corrosive, flammable etc. The hazardous materials management
practices that KNPC plans to implement for the CFP are more than adequate and
thus no additional recommendations have been made by DNV,

It is important that all the control measures discussed in this report are fully
implemented, and that the management systems comply with K-EPA requirements for
the handling, storage and disposal of hazardous materials.

18.7 Wastewater

DNV has assessed the environmental impacts from the collection, treatment and
reuse of process and sanitary wastewater effluents generated by the CFP. It is
concluded that the planned new CFP wastewater collection and treatment facilities
are state of the art, constitute best practice and will be designed, built and operated
to meet K-EPA environmental criteria,

In order to augment the robust approach to addressing and mitigating environmental
impacts during the CFP construction and subsequent operations, DNV made the
following additional recommendations with regards to wastewater treatment:

* |t will be important to ensure that, during construction, the wastewater,
storm water and sanitary wastewater collection and treatment facilities are
made available at the earliest stage possible; it is recommended that each
EPC contractor makes this an early priority.

¢ |t will be important to review and audit the CFP wastewater discharge
monitoring results (during both construction and operation); it is

Project Mo, EPO03351 o
Chapter 18 /Page 3 of 5 MANAGING RISK

HES



KNPC Clean Fuels Project 2020 FEED Update Phase
EIS Rev 2 DNV ENERGY

recommended that monitoring results are audited by an independent party
on a regular basis.

18.8 Preliminary Traffic Impact Assessment (TIA)

A preliminary assessment was conducted that highlighted that there could be traffic
impacts during CFP construction. It is recommended that a detailed TIA be
conducted to further study local traffic patierns with the objective of determining the
current status of local roadways relative to their design carrying capacity. This
information should be used as the basis for development of a comprehensive CFP
Traffic Management Plan lo ensure impacts are managed acceptably via detailed
traffic control measures.

18.9 Miscellaneous
The following miscellaneous issues were also considered in this EIS:

* Landscape and visual impacts
» Socioeconomic issues
» Contaminated land and groundwater

The following recommendations came from these studies:
» Use good practices to decrease water demand and protect water supply.

+ Screening of CFP construction and operation from sensitive receptors by
hording or earth bunds, particularly at the refinery fence adjacent o the
beach houses southeast of MAB. This may also provide additional benefit
to reduce wind-blown dust and noise during construction and operation.

» Site lighting is recommended to be designed and located to keep off-site
glare to a minimum and minimise the impact on visual amenity at night,
having due regard to operational, emergency, security and safely
requirements.

¢ Where possible, tone and colour treatment of plant structures should
ensure that the development fits in with surroundings and will blend
elements into the horizon and sky line when viewed from a distance.

s An independent environmental advisor should be present on site while
soil excavations are taking place to ensure that the soil is excavated and
disposed of in the correct manner, and to help identify any other areas of
contamination.

« |t is recommended that regular checks for fugitive emissions to
ground/groundwater from CFP refinery plant and tanks are included as
part of the EMS, and that systematic groundwater monitoring is conducted
around the CFP facilities and in the vicinity of the tank farms, and
analysed against agreed criteria. Additionally, soil and groundwater
identified as contaminated in the KISR report and overlapping with the
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CFP location will require remediation prior to the start of CFP
construction.

s The EPC contractor should develop a plan to handle the potential
negative social impacts from such a large influx of construction workers.

18.10 Emergency Response Plan

The KNPC Major Incident Procedure Plan (MIPP) will be applied to the CFP. MIPP
is one of KNPC's Emergency Plans that provides a procedural framework for
responding to emergency incidents such as fire or a flammableftoxic release.
Currently the MIPP provides procedures for responding to gas release incidents.
These should be expanded to include details for major emergency flaring events, and
appropriate actions defined (e.g. warning residents).

18.11 Decommissioning and Closure

KNPC will develop a full conceptual Decommissioning and Closure Management
Plan (DCMP) for the CFP, which will involve consultation with K-EPA, as closure
planning progresses. KMPC will develop the DCMP in accordance with the
guidelines and requirements established by the regulatory authorities of Kuwait. The
DCMP will be developed at a suitable time near the end of the operational life of the
CFP facilities.

18.12 Environmental Management System

KNPC has developed and implemented a company wide Environmental
Management System (EMS) in line with the requirements of the 1SO14001:2004
Standard — Apex Manual for Environmental Management System (SHE-ESHU-04-
1401). Since the CFP is within KNPC refinery boundaries, this EMS will also apply to
the CFP, ensuring a structured approach to the management of environmental issues
existing at the CFP.

The implementation of the EMS will commence during the initial stages of
construction and develop as the CFP project becomes fully operational. It is
recommended that the CFP be included in the first possible EMS internal and
external audit to ensure that the EMS is being successfully applied to the CFP
project.
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Abbreviations

ACM Asbestos Containing Materials

ADMS Air Dispersion Modelling Software

AGF Acid Gas Flare

API American Petroleum Institute

ARU Amine Regeneration Unit

AOC Accidentally Oil Contaminated

AR Atmospheric Residuum

ARDS Atmospheric Residue Desulfurization

ATF Aviation Turbine Fuel

BA Breathing Apparatus

BACT Best Available Control Technology

bbl Barrels

BFW Boiler Feed Water

BPSD Barrels per Stream Day

C&MD Chairman & Managing Director

CCR Central Contral Room

CCR Continuous Catalytic Reformer

CCTV Closed Circuit Television

CcDU Crude Distillation Unit

CEMS Continuous Emissions Monitoring System

CFQO Chief Fire Officer

CFP Clean Fuels Project

CGO Coker Gas Oil

CLPS Cold Low Pressure Separator

CMP Crisis Management Plan

CPI Corrugated Plate Interceptor

CT Cooling Tower

DAF Dissolved Air Flotation

dB(A) Decibel — A- weighted

DCMP Decommissioning and Closure Management Plan

DCU Delayed Coking Unit

DEFRA Department for Environment, Food and Rural Affairs (UK)

DEP Design Engineering Practice (Shell)

DFO Duty Fire Officer

DG Diesel Generator

DHT Diesel Hydrotreater

DB Deisobutanizer

DIP Deisopentanizer

DMDS Dimethyl Disulfide

DNV Det Norske Veritas

DOT Department of Transportation

DPK Dual Purpose Kerosene

E&MOG KOC Export & Marine Operations Group

EBS Environmental Baseline Study

ECCC Emergency Communications Control Centre

ECM Emergency Coordination Manager

EIA Environmental Impact Assessment
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EICS Enterprise Integration & Communications System
EIMS Environmental Information Management System
EIS Environmental Impact Statement

EMR EMS Management Representative

EMS Environmental Management System

EPC Engineering, Procurement and Construction
ERF Emergency Response Plan

ERP Ethane Recovery Project

ERT Emergency Response Team

ESP Electrostatic Precipitator

ETF Effluent Treatment Facility

EU European Union

FCC NHTU Fluid Catalytic Cracking - Naphtha Hydrotreater Unit
FCU Forward Control Unit

FEED Front End Engineering Design

FGR Flue Gas Recirculation

FGS Fuel Gas System

FGRU Flare Gas Recovery Unit

FGTP Fourth Gas Train Project

FOSP Fuel Qil Supply 7]
FRN Full Range Naphtha

GHGs Green House Gases

GOD Gas Oil Desulfurization

HC Hydrogen Compression

HCGO Heavy Coker Gas Qil

HCR Hydrocracker

HDS Hydrodesulphurization

HFS Hydrocarbon Flare System

HN Heavy Naphtha

HOC Heavy Oil Cooling

HPU Hydrogen Production Unit

HSAR High Sulfur Atmospheric Residuum

HSR Hydrogen Sulfide Removal

HVGO Heavy Vacuum Gas QOil

Hz Frequency (cycles per second)

IC Incident Controller

ICSS Integrated Control & Safety System

ICS Isopentane

D Identity Number

IRT Inter-Refinery Transfer

ISO International Organization for Standardization
KCDF Kuwait State Civil Defence Force

K-EPA Kuwait Environment Public Authority

KISF Kuwait State Installations Security Force

KISR Kuwait Institute of Scientific Research

KNPC Kuwait National Petroleum Company

KPC Kuwait Petroleum Corporation

KPC-IMT KPC-Incident Management Team

KSF Kuwait State Security Force
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KSFB Kuwait State Fire Brigade
LDAR Leak Detection and Repair Programme
Leq Equivalent sound pressure level (time averaged)
LM Local Marketing
LN Light Naphtha
LOBS Lube Qil Base Stock
LNB Low NOx Burners
LPG Liquid Petroleum Gas
LSAR Low Sulfur Atmospheric Residue
LST Land Surface Temperature
m Meter
MAA Mina Al Ahmadi
MAB Mina Al Abdullah
MCC Management Co-ordination Centre
MDEA Methyl-Diethanol Amine
MIPP Major Incident Procedure Plan
MoM Minutes of Meeting
MOO Ministry of Oil
MPGF Multi Point Ground Flare
MSDS Material Safety Data Shest
MTY Million Tons per Year
NBEC Nuclear, Biological or Chemical
NCC Mational Cleaning Company
MNFPA National Fire Protection Association
MNHTU Naphtha Hydrotreating Unit
NMHC Non-methane Hydrocarbons
NOSCP National Qil Spill Contingency Plan
NOx Nitrogen Oxides
OAQPS Office of Air Quality Planning and Standards (US EPA)
0oDs Qil Drip Sewer/System
OMS Odour Management System
OSRT Qil Spill Response Team
OSRV Qil Spill Response Vehicle
PAIl Public Authority for Industries
PAIECC Public Authority for Industry Emergency Control Centre
PCB Polychlorinated Biphenyls
PCN Petrochemical Naphtha
PFSO Port Facility Security Officer
PM Particulate Matter
PFPE Personal Protective Equipment
PSA Pressure Swing Absorption
RCC Resource Coordination Centre
RSL Refinery Shift Leader
SAR Sour Atmospheric Residue
SCADA Supervisory Control and Data Acquisition System
sScoT Shell Claus Offgas Treating
SEEP Site Emergency Evacuations Plan
SFO Shift Fire Officer
SGP Saturates Gas Plant
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SH Selective Hydrogenation

SHE Safety, Health and Environment

SHU Shuaiba

SMART Specific, Measurable, Achievable, Relevant and Time-bound
S0x Sulfur Oxides

SPL Sound Pressure Level

SPL, Sound Pressure Level at 1m from source
SPL, Sound Pressure Level at 2m from source
SPM Suspended Particulate Matter

SR Straight Run

SRU Sulfur Recovery Units

S50 Shift Security Officer

55w Stripped Sour Water

STEP Security Threals Emergency Plan

SWL Total Sound Power level from frequency bands
SWL or SWL; | Sound Power Level at Source

TCLP Toxicity Characteristic Leaching Procedure
TGO Trim Gas Oil

TGTU Tail Gas Treating Unit

TPCD Tons Per Calendar Day

TPH Total Petroleum Hydrocarbons

TREM Transport Road Emergency

TRO Trim Gas Qil

TRS Trunking Radio System

TSP Total Suspended Particulate

uU&o Utilities and Offsites

uco Unconverted Qil

ULSD Ultra Low Sulfur Diesel

Us EPA United States Environmental Protection Agency
VGO Vacuum Gas Qil

VoC Volatile Organic Compounds

VOIPD Vital & Oil Installations Protection Department
VSS Vortex Separation System

wWDT Waste Disposal Ticket

WES Wataniya Environmental Services

WGD Waste Generating Department

WHD Waste Handling Department

WMP Waste Management Plan

WPS Waste Profile Sheet

WTM Waste Transport Manifest

WWT Wastewater Treating

ZVI Zone of Visual Influence

DNV
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Tank Murmbor of Haight of
Tank Shail | Tank Shelt | Madmum Averaga N Smail Aot Slopaof Cona | Radius of Chemicd Aliract | Gasodng Rold
hama / Doscription of Working) Tank Shetl Color Roof Eolar Paof Ty Caeo
\Liquid Commecly Being w::r:.‘;:m‘ Tank Number| Diameter [ Helght  Uoud Haignt|Liqu Haighy  LoRim! | PRI | Thoughout Condiion Canditien, TR Aool Dom Foot | Seelr Humber Vapa Precsure P
Stoed
{intowt) |BBL,{Nowa 13| K, (icte2) | h,(Nctad) |BOL, (Nole4}| (NoteS) | BBEL, MNaie5) | [NaoteT) {Nots 8) Pl 7} {Neta 8) {Now 5) {Nota G} {hota 3} Motz ) (CAS Numben {n psla)
Bunksrkoading quaniily & st od 1o be 2% of the lotal
Bunker 360

Tank Fam - 52 TK-52-169 1z Ay 385 ELE ] 47785 16 782,916 whita pood whis qood Caona:

eqon veluma (2,511,764 1on), Com to bk, Tock
ALt L 4 051 Zalio biw TK-52-168 und TK-E2-169 = 1.0076. Liead ratlo
1o adjusl pet theoughpit for sach typa of tank such that 1ol

throoghixsl = 1,561,918 bb! (9,515,764 lorv)

Tmn wmmsx appies paly 1o Verical Flxag Rool (VFR) Typa hﬂmrban Siorago mnke.

: Provdbe sersge K b n et of e ol 0 r el

: Choices for

Provide shell hexght {nt Inciixding dome o tona ol haighl) in
Provide the madmum kquid Mwhmdmlwwmwmmm This numar must be Jesa an o equal £o the Lank shell height,
1han or equal

; Provide the mbor mus and maximum sz the working volLme on tha marmum 12 menths of
: Tmnm.ummﬂumwum-wummummwmm Tumovens = throoghoul Thie can be 2eroil kqu ol g not pum ped In o <at for an e yea.
of tumavers shoukd ba acfusled by mutlplying by (he eversge changa n tha i inleat y o raaximm Enter thia vakus or anter *4” 28 Uhe- defaull turnaver rale. Then, acijust tha rel mukiphying the adjusted the working volums.
m-mmmnmmwmhnmd-puy-r This humber shoukd ba consistent

par your.

me: whila, orayght, o rediprimer. cmu-omam thia flst wrhich meat closely matches ho Botual tani color, It unhnown, uso “whita” o8 dolaut,
Extomal shefl nnd ros! palrt eondition choktes are: Qoo of Poor, Chocss ong, Il urknown, use "Good” s defauk.
Raod type cholces are: cone or doms. Cheoss one. For cona ool tanks, providu the slape In lectrleat. For dome rnl Lanks, provide radics 1n faat ol the mc of the comad recl. the HOT shall.




Table 15: MAS External Foating Roof (EFR) and Domed Externa) Floaling Roof (DEFR) Storags Tarks
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. TREO-103112 | 165 666,581 write Bo0d Wi Good | Light Aust | Mochanical Shoo | RimMourted | Pontoon | welded Units 116, 218 D onca in 30 monihs (2.5 yeara} for 15 days.
Aanw Dlosod Fank Farm-50 s 380,400 174 Tanks 120/130 serve as Intermittonl Flushing O supply.
TH:50-125/130 112 117,947 Whin Cood White Good Light Aust Rim-Mourted Pontoon Wielded
Accumulation lor VGO Ik 43,200 BPCD ~> Total VGO Frotucad
veo Taok Farm+52{08) | TRS247317 | 240 229,644 ’ 540,000 Wit Good Whita Good | Light Rust FimvMourted | Fontoon | wtded o 2 MAB =101 500 BRCD - Total VIt Consumedtdurlng U114
S/D = 55,300 BPCD . 5/ i for 25 dayy onca pvary 2 years.
KEC Cruda TakFum-50 |- REL100 | 197 - s | 1mgsTe0 Seod i oot e e o 1305 Tanks ssevs a8 laed tanks to ditlazant units.
T-50-169 o2 45,000 Good i ‘Good ™| Uight Ruit”| Macharical SFios
& -111 8¢ 165,845 Good hilg Goad Jght Ruat | Mechanical Shoe 145 Took Fump P-50-123 AB Flow @ 13,200 BPSD and axaumad
Sop Tank Fam - S092(0%) | epieane |82 weais | 3as7832 Good Tita “Good | _Light Auai_| Mechanical Shos 0% olicency. g
TK-50-0111N 108 62,000 Good hite Good ight Aust | Mechanical Shoe
™2 112 a0 28,008 Goad Whia Good | Light Rust | Mocharical Shos | RimMourted | Postocn | Welded For o Hydhocrackors: 3 s Isting, once 1 24 months; ook
Span Diesel | Tank Fam- 505205) | T8z 11 o7 18302 3 180,850 Gwd | whin Good | Ugh Fust Ty Mouried|_Pomioon | Wakded IE RN . Sl
THEe-19138 | 59 07 Good Whlo Good | Ught Ruat | Mochanical Shoo | imMounted | Portoon | wiided 81300 M,
ot Pt O8 | rars Farm-50 5152 « 1,100 19 2,760,780 tiooa Wity Good | Light Aust | Machanical koo | Aim-unios | Pontoon | walasa 0z Ba50q 00 fatod oW for P-50-118A8

This kameel uppl!vsm 10 Extzrmal Floming Ao {EFR) er Domed Ealorrw F
tank working volume in barrels. Base Lha working volume on the masimur
Tmmm! it 1o atinated numbal of ned Jar yogr tha Lank it emptiod and 2afilod. Tuimowars = thoughput divided by wirking volume. This number ¢an be 2640 it Rquid waa $10760 and nolL pumpedin of Gul 167 an enlide yod.

Hola 1:
Mota Z¢

Mola 3:
Noin 4:
Nola 5;
HMoln 8;
Nola T:
HNolo :

Neta

ot Surge Lanks 0f &Lt kevel 1kt fumber of Winvers ahould be Bkus1od by avuitilyin by 1ho Bvorage changa i the uid hasgL it foet and dviding by the masimur iquid heght. Snler thig waiu of erter 4" &3 Uho dalault winovet r2¢0. Than, ddfust 1ha net throughput by
Provide tha annual ret thioughput in barrels par year, This numbor sheuld ba consistent with the Lank working volume and number of fumovees

ominl ¢ Rool \REFR} type Mydracarbon sieraga janka,

jm Bouid height during the lasl 12 moenths of normal operaiion,

Par yakr.

Gholcos lor tank shel and roal mlu' argzwhits, alminunvepecular, IIAmmumkl!lu“. orapflight, oraymedium, or rodfpeimar. Shoose tha eclor Irom this fiat which mest dasely matches the actual tank eofer. If unknown, uso “white” & delault.
oar.

Extermal shall androof palnt

. 1l unknawn, use

“Cood” as defaul.

Tha choloes for injemal shel candition arg: mlmhm-mll.urwrmhinn Choosa pnp. 1M unknown, use “ight rust” as defauk.

Tha cholcss for primary seal are; mechanical choa, liguld-meunind shos, or vapor mounied shos, Choosaone,

mmmmwwmnhmmkcmmwmqmmmm I‘armledlmksu with ical shoa primary Y chaices are d, of nona;
for + pone, i d o waather shiald,
Choicos lor raof type are; panioan or doubis Chdceu for tank wakied or rivetad.

Nota 10; Undar remarks, pigasa nata il thls i 2 Dumd Extornal Flcaﬂnu Root {DEFR) Iype sierape fank.

Hate 11:

This lnlormalion B assumed.



Table 15: SHUAIRA Vorileal Fixed Roo! (VFR) Starags Tanks

Madmum Tank Number of 4
Mame Duscription of Tarik Shelt | Tantc 5ot Aversga Shot Root Skopa o Cona | Racius of Height of Conarr| Qascioa Reid
Uit Marme 7 Ll
o mﬂgw vz Tark Nurnber| Diamaer | Molght | L | O] | ik |t T SECS | e RSO | corgiion | ReerTye fool | DomaRoot | DomeReot | Vapor Preaura Remarkls)
i | (o] | F, igm?] |, (w3 [B8L, {Nated]| (MoieS) | BAL (et B] | Wiow7] | (ie® | (Rmev) | (isebl | b | Gwod) I (Need |_R{Ese oo peiaf
TR 34508
Tk Fam /34 y 244, Good tioad Gone
oo L A10vazs w L L2 850 | 240 = S White Whie ws 10 o 2 A8 per SHU UM Doxign Basl, Yearly shipped rale ls 42 * 25,000
Tonk Fem 190 | TRASIE | 194 & ) I ) iriis Good Wola God Core [0 57 O 1ornas < 43 ° 40,000 fonnss. Convert 1o BBty
Tesk Farm /34| 34342 128,800 [Whia | Gow Vine Goad
Tani Fam 30| TRa€081 | T80 3 [ TAE0 {180,600 Whiia Good Whits Good Coa TG 7 T v rom el oA SO o A B BEae
T 0 ol » or s nlt B4 every
vao Tank Farn /34 040G 194 45 .50 4250 622,200 " 208130 Whis Boed Whita Gocd Cong e a7 L] ) mentha for 25 déys. Found the ratia of velume distribylion biw tha
, twe typos of tanks mnd sdjustsd 118 0 throaghpul to rellsc the
Tk Famsa | Thataza | 20 o w5 | sesa | s03s00 Whita oo whits Gosd Cana e 100 [ wvallablo voiuma. Rata bw YER #nd EFR tanka » 3.9:F
THI4422. = Grw planned B (07 Unit 80 wvary 48 cnenlfin 4 yonsyior 52
EHRhROkicE Tark Fonn /34 e 200 [ 850 58.60 910,500 ° 253800 WHite Oood Wiite oo Cone 1HE 100 [ . il ARiOnE depk:
Tank Farm /34 TR-14-425 19 48 44.50 42.50 207,400 W hite Good White Goed Cong 1HE 97 [] shutdown divided by four [years),
T
f]
;
T
7
i
1
1
sppllen gnt 15 Vartcal FERA Aeat (VIR tyne hyoroerien siieage fania
: Fronids shol height inol inchading come or cona ool height] in fet.
Prondda dr i g i esd of | e e 1he lark sk, This number musl be lesd 1an of squal (o the tank shal haghl
Provids i [ Kquia heignt
Prov i barvis, This dmorm kquid hch a Koukd haight dorng the st 12 montha of raemal cpeeaiin.
: Tumevers b Uve valimaled number ol limes per rear e lank is empliad Bod wfiled, hpul ke by sworking This nomber 1 Rquic was wased Bnd rel pLimped In of oul lor an enfies year.
For sLrgaianka oreongian ba acfunied by muly Bonuid height & 4" uy Then, adfjust iy aspusied
: Proviche g tnust nat- pac yoas, Thlk nombae he lank merking yoar.
cica Tookscdor wrns . mgh e i ths b whch v s, coor, 1 Unkomn, usa whid” 28 gtz
Extenal shal and rodf pai ik iews wes Good or Poor. Cha I wnkncwn, use “Good® wa delmll.
Nolw5:  Rocf hypa choices e oane o orme, Chooss o Fos ccn ool anhy, provi ot e ot ank et o baiohi ol e 1k o i e NOT Inchading the sk shel,

Mote 10; Conten! la DPK deaignaied snd lealed 43 ATIC



“Table .T: SHUAIBA Extornal Floating Raol (EFR) and Domed Exiernal Floating Raof {DEFR) Starags Tanks

Tak | Homborot
Tank Shat st Rool | tnoeemal Shat Secarciuy Seal Cromical Abeiraci| Giscine Reid v
Hama/ Desciption of Wokngh | Tak [Nl Tecughout| Shet Golor R Celor Prmary Seal Typn Faol Type | Rool Conatruciion i Ramardsl
Liquid On::r:itr Um'x::ium Tark Numbae Chmalo Voums | Tumovers Coreftion Condiion | Condtion Tyoe Humber Prossrs
o) |BOL Mot t)| MNoe?) | BBL pted) | Meted) | piles; | Moway | (e 1Mo 8) MoeZtl | (oeds | Naws Petes) (GAS Mumbar) i pula} it 10}
T™3321.326 120 650,400 Wiita Good Whis | Good Ught Aust | Mecharical Shae | Fim-bounted | Ponioon Weidsd
Pon Tark Fam i 84 [ TR0 5 [KERL 15 791,600 | wWiie ) Wi ol gt Fam Shoo_|_Fn Moz |~ Portom Weded 105 Pregan el slzme B ineomenodly oiippad vie
Toaizs | ier | 1oR.a00_| ihita Giood Whie | oo Machanicn Shoo | Fim-bimiod |~ Porsoan Vistded Rene
TK-34-125/122/145 110 280,700 Whia Cood ‘Whits Good Mechankcxl Shoe | Rim-Mounld Pomioan Welded
1P Tank Famod | T4 180 589,164 B 4g7ss0z | Whia Good wihits Good Mocharical Shoo | Rim-Mauntod | Pontoon Wolded 2 Fnaast am pmeetdlzon ":'_‘:;f""""”""”“"’ v
TRALAATYT | 18 S22 Wi =] Whis | Goad Waoghanical Shou | PurManiad | Perioan Woided
oPK Tak Fam /36 | TKM-412i41S 194 294,000 “ 22500 | whi Good Vit Good Mechirical Stoe_|_Fim-Mounlad | Ponioon Waided a1 Beasdoupiresiiims for e semmodiy shipprd via
TEALATS 200 203,500 Whiia Good Wints | Go Mocharicd Shoa | i -Maurtsd | Pontoon Wekded aial
Wad TR [ 20700 - - Wi Good wits | Good Mocharicd Shos | Flim-Mauniad | Pondoon Wetded [l N (2
Borkar 36| Tank Fam /94 | Tio4 0167 ) 57,600 ; U T Good Whis | Gowd Wacharical Shaa |_Firm-bicuntad | Portoan, Waicd a1
Durker 150 TR W 700 Whis Good Whio | 6ot Macharicel Shoo | i Mourtod | Poroan Viaided [ ook 2% et toal axport nd cornvaried o BeLatyr
TG
U Tank Fam i M| o MRS s10 7,200 B stumn | W Goad whin | Gwa Mochanical Shos | Rim-Marisd | Portoon Wakdad s
Tak Fam 34 | THC-EI5 207 [ 156,800 Wikle Good Wihits Goad Machankcd Shoo | Rim-iauntsd | Ponioon Wakisd o bepact from CFF
Togas 52 Tuk Farm /04 ] K423 I 55500 1 w500 Virks Good Good Wahinicw Shos | Fir-Mounted | Pastoon Weidsd 5
Tuk Famsa ] TB4OM 160 189800 Vi Goed Wiits UghtRust | Mechankcal Shoa | Rion-douniod | Portoon Weidsd Used the required volume st SHU for e 870 for Ut
B84 avary 24 moniha 15r 25 deys, Found theratia od
vas L] e 2 volurm diatdbution biw the two types ol fanks and
adjusied the net throughput fc reflac the avallable
Tank Farm i3 | T3S 051052 E 125430 Wit Good wiits ot UgneRust | Meshanical Shos | Aimaumea | Poson Weided voluns. Fallo e VPR snd EFR tanks = 3.3%1
Tas Farm 34 | TK34-131-138 10 526500 Whia ol Whita Goud UghtRost | Mechanich Shoe | Rim-tounied | Portean Wakied Usod tha rquired volurma w BHU for ane S0 for Uit
A o Josam . by 48 manhy o deya. Tt he e
: roughput provided Is the tote) throughpy) during
TekFammid | THAAIN e 140200 Whie Gond whita Good UghPun | Machanical Shos | Rimdounted | Poniocn Welded At Dbl
Unad e required volums ot SHU 1ot e 570 for Url
whi Stos | A
i i Tank Farm £ 34 TK-34-021/022 80 125400 " - 1] Good Whits Good Uiph Aust Mochanicl Shos -Mountad Pontoon ‘Welded i 5B wvery 26 momhs for 20 days. Thus the Het
T2 : ] : Thraughpul provided b the toial thioughput durag
Tk Fam /4 | AT 1o 14200 white God Whte Goxd UghiFust | Mecharicd Shew | Aimmoumod | Pontoen Weldsg e s
MHumder of Turmdves and Het Th hy b
KerossnwdPl  [TarkFams34 | TRa4238 " 55,600 2 141,200 White Qood whits | Good | UgmAust | Mechanics shom | Rim-tounted | Portoon Walded . o Thrmu e hsasd on
Mutidr of Turndvess and Het Throughpul brasd on
ATK4DPK  |TarkFarmi38 |  TR443 1 105388 » 7650032 | wie Good Whis | cesd | UghAus | Mechanical Shes | RimMoursed | Pantoon Walded . i bl
“TH w2t S5 ol To el e Toct (PP f Do it Piatg ool DEFe] (e Tydroca Ean slora e
Mot 1; Providothe tnk werking veluma In bamols. Baso the wortdng voluma on th 12 menttu.of
el s b g e e s o This rumbat can b Sjorod anct ot purmpodn o o4t 10f A antie yor,
For y by muldptykog by n ook und dviing by Entor s vaiug o stsr 4" a3 the elautismover rats. Then, acjust ths net thoughput by muliplying tse adjustsd tumouare by (he workdng vobume.
Nowd: Presdde the barrls por yau. This ahould e
Nota & Gkt los e cha 0 ot e vt wtbn g, or eulprimer, Choose the color rom this lst ooy ) taccolor, H urdcn, uss “white” ax dotauit.
Neta 5. External shall and roof pal Conditon chuices hre: Good of Pocr, Chooes ora. I uriioeen, L "Good 6 dofaul,
N The chaces for tamal shell condlhlon ara: ight roes, damse s, o gunks Fréog. Choass cne. 1 unknow, uss ghl rust” as default
Mol 7:  Tha choices lor primary seal ere; meghanical shoa, iwid-mw\tdm o viger wiounted 3hos, Cheiteona.
Nole B The choices for secondary £eal vary with tha tank g primany Tollow: lor shos primary . sucondary soal chokes are fim-mauntad, shos mountsd er none;
ol lukd moc vager mounted), secancary 40e chalces aro o i mcartod or waathcs shak,
Neta %: Cridcea o rou e a: penicon  doutlacck. Ghooss o, Ghocos weicoc o
Neta 10: Floating L } type oo anke

Heta 11; This intorrmeion 18 sasumed.






