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1.0 INTRODUCTION

The Wheatstone Project LNG Plant (Wheatstone Project) will be one of Australia's largest
resource projects, consisting of offshore facilities and onshore domestic gas (Domgas) and
Liquefied Natural Gas (LNG) processing plants (Figure 1.0-1).

' WHEATSTONE
P 1aco

KARRATHA

BARROW
ISLAND

THEVENARD
ISLAND

DAMPIER TO
gfasm’:};g_‘.““r BUNBURY NATURAL
' ONSLOW GAS PIPELINE

ASHBURTON
NORTH

Figure 1.0-1: Wheatstone Project Offshore and Onshore Facilities

Offshore facilities for the Wheatstone Project will be for gas gathering and processing. An
offshore platform will initially treat gas and condensate (a low-density mixture of hydrocarbon
liquids) which will then be transported via a subsea pipeline to the onshore LNG processing
facility.

The onshore facilities of the Wheatstone Project are located on the northwest coast of Western
Australia approximately 12 kilometres (km) south-west of Onslow (Figure 1.0-1). The foundation
project will consist of two LNG trains, LNG and Condensate Storage Tanks, pipelines, Domgas
Plant, accommodation and support facilities. The Wheatstone Project has environmental
approval to develop an LNG facility consisting of up to five LNG processing trains. First LNG
export is expected in 2016, which will be loaded onto ships via jetty and shipped to international
markets.

The onshore Project Area is shown on Figure 1.0-2 and comprises:
e Accommodation Area (Ashburton North Village);
¢ Project Access Roads;

e Borrow Pits; and
¢ Plant Site (see Figure 1.0-3)
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For more information about the Wheatstone Project please refer to the Draft Environmental
Impact Statement / Environmental Review and Management Programme (EIS / ERMP) for the
Proposed Wheatstone Project (Chevron Australia Pty Ltd 2010a).
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11 Proponent

Chevron Australia Pty Ltd (Chevron) has engaged Bechtel (Western Australia) Pty Ltd
(Bechtel) as the engineering, procurement and construction (EPC) contractor to deliver the
LNG Plant and associated facilities of the Wheatstone Project.

Bechtel is a subsidiary of Bechtel Oil, Gas and Chemicals Inc., a world leader in the
construction of chemical, petrochemical and LNG plants. Bechtel has designed and / or
constructed LNG facilities in Algeria, Indonesia, United Arab Emirates, Libya, Egypt,
Trinidad, Angola, Equatorial Guinea and Australia.

Contact details of the proponent are as follows:

1.2 Document Purpose and Scope

Domgas Plant

¢ One Domgas processing train including acid gas removal, dehydration and mercury
removal, hydrocarbon dew point control and nitrogen rejection and compression and
metering.

Common Utilities and General Facilities

o Ultilities including fuel gas and recycle gas systems, power generation, heating media
system, flares and vents, diesel storage and distribution and Refrigerant storage.

e Stormwater drainage
o Sewerage and effluent treatment systems (subject to a future WAA)

e Fire and gas protection, air and water systems
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e Turbine inlet air humidification (TIAH)

¢ Nitrogen system

1.3 Proposed Prescribed Premises Categories

Schedule 1 of the Environmental Protection Regulations 1987 (the Regulations) categorises
different activities, which produce significant emissions and discharges that have the
potential to cause significant risk to the environment. These activities are divided into a
series of numbered prescribed premises categories based upon the significance of
emissions and discharges. A works approval is required for the construction of facilities
relevant to these activities.

The LNG and Domgas Plants are prescribed by category 10, 34, 52, and 73 of the
Regulations (Table 1.3-1). Category 10: Oil and Gas Production from Wells and category
34: Qil or gas refining are triggered by the LNG and Domgas process trains. The onshore
LNG plant will produce 8.9 million tonnes (t) per annum of LNG from natural gas extracted
from below the seabed, separated and treated to produce purified natural gas. The Domgas
Plant will produce 200 terajoule per day of natural gas which will be exported to the Dampier
to Bunbury Natural Gas Pipeline for domestic gas supply.

25658-000-GPE-GCX-A0150-000 Security Level 2 Page 11

Bechtel Confidential. © 2013 Bechtel Oil, Gas and Chemicals, Inc. All rights reserved.
Electronic documents, once printed, are uncontrolled and may become outdated.
Refer to electronic documents in the EDMS for current versions.



Whealslione Projed LNG Plant
Works Approval Application
LNG and Domgas Plants

Document No.  WS1-0000-RGL-PMT-BEC-000-00250-000

Revision: 0

Revision Date®  12-Dec-2013

Table 1.3-1: Applicable Categories of the Regulations

Production / Design Capacity .
Cat:]goor Category Description 1 ergzlse:ei‘:ze
y Category Premises PO
10 Oil and gas production from wells: 5,000 tonnes or more | 8.9 million More than
premises, whether on land or offshore, | PEMY&ar tonnes per | 2,000,000
on which crude oil, natural gas or annum tonnes per year
condensate is extracted from below the
surface of the land or the seabed, as the
case requires. and is treated or
separated to produce stabilized crude
oil, purified natural gas or liquefied
hydrogen gases.
34 Oil or gas refining: Not applicable 8.9 million Not applicable
premises on which crude oil, tonnes per
condensate or gas is refined or AL
processed.
52 Electric power generation: 20 megawatts or 184 MW More than 100
premises (other than premises within more in aggregate but not more
category 53 or an emergency or standby | (USing natural gas). than 200
power generating plant) on which 10 megawatts or megawatts
electrical power is generated using a more Iin aggregate
fuel. (using fuel other than
natural gas)
73 Bulks Storage of Chemicals, etc: 1,000 cubic metres in | 7, 000 cubic | Not applicable
premises on which acids, alkalis or aggregate metres
chemicals that —
Contain at least one carbon to carbon
bond; and
Are liquid at STP (standard temperature
and pressure)
are stored.

1 From Schedule 1 (Prescnbed premises) of the Regulations
2 From Schedule 4 (Licence Fee) of the Regulations
3 Calculated on 'in ship’ capaaty based on current engineenng design

25658-000-GPE-GCX-AD150-000

Security Level 2

Bechiel Confidential © 2013 Bechltel Oil, Gas and Chemicals, Inc_ All nghls reserved
Electronic documents, once printed, are uncontrolled and may become outdated.
Refer to electronic documents in the EDMS for cumrent versions.

Page 12




Wheatstone Project LNG Plant Document No:  WS1-0000-RGL-PMT-BEC-000-00250-000
Works Approval Application Revision: 0
LNG and Domgas Plants Revision Date: 12-Dec-2013

25658-000-GPE-GCX-A0150-000 Security Level 2 Page 13

Bechtel Confidential. © 2013 Bechtel Oil, Gas and Chemicals, Inc. All rights reserved.
Electronic documents, once printed, are uncontrolled and may become outdated.
Refer to electronic documents in the EDMS for current versions.



Wheatstone Project LNG Plant Document No:  WS1-0000-RGL-PMT-BEC-000-00250-000
Works Approval Application Revision: 0
LNG and Domgas Plants Revision Date: 12-Dec-2013

20 PHYSICAL ENVIRONMENT AND LOCATION

The section below provides environmental details of the Wheatstone Project area. The
‘project area’ is within this section defined as the area within and immediately surrounding
the Terrestrial Assessment Area (TAA) (Figure 1.0-2), which includes the proposed
prescribed premises.

21 Location

The Wheatstone Project area is situated in the Shire of Ashburton, in the Pilbara region,
approximately 12 kilometres (km) south west of the Onslow town site (Figure 1.0-2). The
Shire of Ashburton covers an area of 105,647 km? and accommodates land uses including
mining, grazing and fishing. Ashburton North Village is located approximately 8 km away
from the prescribed premises. The LNG plant is connected to the Ashburton North Village
(Construction Village) by a recently constructed or largely completed road network (see
access roads PR1, PR2A, PR2BX and PR2B in Figure 1.0-2).

The terrestrial portion of the Wheatstone Project is located within the Ashburton North
Strategic Industrial Area (ANSIA), a new strategic industry precinct currently under
development. Two pastoral leases surround ANSIA (i.e. Urala and Minderoo Stations). The
Onslow Solar Salt Project, operated by Onslow Salt Pty Ltd, holds a mining lease
approximately 3 km east of the LNG Plant site and 6 km north-east of the Ashburton North
Village. In addition several exploration and other mining permits / leases are in the area.

2.2 Climate

The Pilbara region has an arid to tropical climate influenced by two air masses - the Indian
Tropical Maritime air moving in from the west or north-west during summer and the tropical
continental air from inland during winter (Australian Natural Resource Atlas (ANRA) 2009).
Average annual rainfall in the Onslow area is approximately 276 millimetres (mm), with most
falling in the first half of the year. A pronounced dry period occurs between September and
November (Bureau of Meteorology 2012).

Onslow experiences an average maximum summer temperature of 35.7°C and an average
minimum winter temperature of 11.7°C (Figure 2.2-1). Evaporation rates in the Pilbara region
are highly variable between seasons averaging 135 mm in June and 370 mm in December
(Chevron 2011). The average yearly evaporation (about 3,200 mm) exceeds average yearly
rainfall consistently throughout the year (Bureau of Meteorology 2012).

The Pilbara region is subject to occasional tropical cyclones, usually between January and
April, with a frequency of approximately seven cyclones every decade (ANRA 2009).
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Figure 2.2-1: Climatic Averages for Onslow (Weatherzone 2012)
2.3 Landforms

The topography of the Wheastone Project area is predominately undulating dunal systems,
alluvial / colluvial plains and low-lying coastal systems (Chevron 2011). The Wheatstone
Project area ranges between 5 to 21 metres (m) Australian Height Datum (AHD) (Landgate
2011). Seven land systems mapped by Payne et al. (1988) were identified in the area
surrounding the Wheatstone Project area, two of which are located within the project area:

o RGEONS: Onslow Land System

Depositional surfaces include sandy plains, with non-saline clay plains subject to sheet
flow, narrow drainage zones and minor depressions. Coastal fringes of low sand plains
interspersed with slightly less saline samphire flats and minor claypans, coastal dunes
and beaches with a relief of up to 20 m in height.

¢ RGEDUN: Dune Land System

Depositional surfaces include dune fields, which comprise sand dunes with a relief of up
to 15 m in height, and swales with no organised drainage. Minor claypans, swamps and
depressions are also identified.
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24 Hydrology

Below is a description of surface and ground water of the Wheatstone Project area.

241 Surface Water

The surface water environment of the Wheatstone Project area is influenced by variable
seasonal climatic conditions (Chevron 2011). The presence of surface water is
predominantly the result of runoff from local sub-catchments during periods of high
precipitation. Flood waters from the Ashburton River spill onto the flood plain and may
significantly add to the stream flow in the drainage lines of the project area (Chevron 2011).
The Ashburton River Delta consists of the Ashburton River Mouth, Southwest, Hooley Creek
and northeast sub-catchments. The Wheatstone Project area is located in the Hooley Creek
sub-catchment (Figure 2.4.1-1).

A surface water study was undertaken to determine the location of watercourses within the
vicinity of the project area was commissioned for the Wheatstone Project (Figure 2.4.1-1).
Salinity measured in surface water samples taken from clay pans in the vicinity of the
Wheatstone Project area in Mar-2009 was low (200 milligrams per litre [mg/L]), indicating
freshwater inundation (URS 2010a). It should be noted that some clay pans in the vicinity of
the project area are hyper-saline.

242 Ground Water

A groundwater study of the project area was undertaken by URS (2010b) to understand the
local groundwater parameters. The study identified that the stabilised groundwater levels for
the project area was approximately 0.5 m below the Australian Height Datum (AHD), noting
that depth to groundwater varies above and below 0.5 m across the project area. The project
area is generally a groundwater discharge zone i.e. groundwater is generally pressurized
and rises to the surface.

URS (2010b) concluded that local groundwater is brackish to hypersaline, near neutral to
slightly alkaline and a sodium—chloride type. Dissolved metal concentration in the
groundwater exceeded the Australian and New Zealand Environment and Conservation
Council (ANZECC 1997) guidelines in many of the monitoring bores, which is commensurate
with local groundwater salt concentrations and high groundwater salinity. The premises is
not located within a Public Drinking Water Source Area (Department of Water (DoW) 2010).
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Figure 2.4.2-1: Major Watercourses and Sub-catchments in Close Proximity to the Prescribed Premises
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2.5 Flora and Vegetation

The Wheatstone Project area is located within the Carnarvon (CAR) bioregion (Department
of the Environment, Water, Heritage and the Arts (DEWHA) 2006). The CAR bioregion has a
low and gently undulating landscape with open drainage. Vegetation is mainly acacia and
saltbush / bluebush shrubland, with areas of tussock grassland in the north.

The Wheatstone Project area lies within the Carnarvon Botanical District of the Eremaean
Botanical Province, as defined by Beard (1975). The vegetation of this province is typically
open and frequently dominated by spinifex, acacia and occasional eucalypts.

Numerous baseline flora and vegetation surveys have been undertaken for the greater
Wheatstone Project. Of these, the LNG Plant study area (a portion of the greater
Wheatstone study area, which encompasses the TAA and surrounds) was surveyed in April
2009 (Biota Environmental Sciences Pty Ltd (Biota) 2010). Three priority listed species were
identified within the LNG Plant study area:

e Triumfetta echinata; a Priority 3 listed species was identified within the central part of
the precinct. This species is only restricted to red sand dunes however it is
widespread throughout the local area (Biota 2009).

e Eremophila forrestii subsp. viridis; a Priority 3 listed species was identified in the
northern portion of the precinct. This particular sub-species is thought to be restricted
to the Onslow area, though has been identified in multiple locations outside the study
area (Biota 2010; Chevron 2010a).

o Atriplex flabelliformis; a Priority 3 listed species was identified in the southern section
of the precinct. This species has been recorded from a small number of sites,
however, it has a wide distribution through the Pilbara to the Great Sandy Desert and
Tanami bioregions.

Eleven non-native species were identified within the LNG Plant study area. Three of these;
Prosopis pallida, Prosopis glandulosa, and Parkinsonia aculeata are classified as declared
weeds under the Agriculture and Related Resources Protection Act 1976 (Biota 2010).
Prosopis pallida and Prosopis glandulosa are widespread within the LNG Plant study area
(Biota 2010). No occurrences of threatened flora nor threatened or priority ecological
communities (meaning communities that are at risk of becoming a Threatened Ecological
Community), were recorded in the Wheatstone Project area during the field surveys (Biota
2010).
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2.6 Fauna

Terrestrial fauna and habitats were surveyed within the Wheatstone study area (Biota 2010).
Six fauna habitats were considered to be present within the entire LNG Plant study area.
These include:

1. Primary Dune: Spinifex and Triodia grassland and buffel tussock on primary dune;

2. Sand / Loam plains: Acacia sp. over Triodia epactia hummock grassland on sand /
loam plain;

Samphire: Samphire on claypan;

3.
4. Inland Dune: Trioda epactia dominated hummock grassland on inland dune system;
5. Tussock on Clay: Tussock grassland on clay pan; and

6.

Drainage: Eucalyptus sp. And buffel tussock dominated drainage line.

The terrestrial fauna survey identified that there were 25 species of conservation significance
that occurred or had the potential to occur within the TAA. However, the habitat types
associated with these species was considered to be well represented within the locality and
in the wider region. Twelve species were listed as Migratory under the Environment
Protection and Biodiversity Conservation Act 1999 (EPBC Act) and were not associated with
or dependent upon the terrestrial habitats considered in the Wheatstone study area (Biota
2010).

2.7 Existing Air Quality

Ambient air quality around the town of Onslow is likely to be influenced by ocean sources,
biogenic emissions, particulate matter less than 10 micrometres in diameter (PMy) and
regional smoke (SKM 2010). The main sources of volatile organic compounds (VOC), nitric
oxide and nitrogen dioxide (NOx) emissions is likely to be sourced from biogenic and burning
/ wildfire sources (SKM 2003).

Existing dust at Ashburton North is predominantly windblown with some minor anthropogenic
sources including dust produced by vehicles on unsealed roads in the area. Dust levels are
seasonally variable due to distinct wet and dry seasons. Dust levels within the TAA were on
average 13.8 micrograms (ug)/m?® (Chevron 2010a).
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3.0 REGULATORY APPROVALS AND LICENCES

Below is a summary of significant legislation and guidelines that the Wheatstone Project will
operate under.

31 National Greenhouse and Energy Reporting Act 2007

The National Greenhouse and Energy Reporting Act 2007 (the NGER Act) includes a legal
requirement for the reporting and distribution of information about greenhouse gas (GHG)
emission, GHG projects and energy use and production of corporations. The Wheatstone
Project is required to report GHG on an annual basis.

3.2 Planning and Development Act 2005

The prescribed premises is located within Ashburton North Strategic Industrial Area (ANSIA)
estate. The State Government created ANSIA estate under the Planning and Development
Act 2005 to cater for heavy industry for multiple proponents and related downstream
opportunities (Department of State Development (DSD), 2010). ANSIA estate will include a
multi-user port facility, land areas for proponents and infrastructure to accommodate LNG
and other hydrocarbon-based processing and natural gas processing for Domgas supply
(DSD 2010).

In Oct-2011, the Shire of Ashburton adopted the ANSIA Structure Plan and submitted the
plan to the Western Australian Planning Commission (WAPC) for endorsement. The
structure plan was endorsed and subsequently Town Planning Scheme No. 7 was amended
under the Planning and Development Act 2005 to include the ANSIA Structure Plan.

The Pilbara Joint Development Approval Panel (JDAP) granted Planning Approval for the
LNG and Domgas Plants on 10-Jul-2013.

3.3 Environmental Protection Act 1986 Part IV and EPBC Act

The environmental impact assessment (EIA) process for the Wheatstone Project
commenced in Sep-2008 when the Wheatstone Project proposal was formally referred to the
Environmental Protection Authority (EPA) and the Department of the Environment (DOTE).
The EIA process is administrated by the EPA and DOTE under the Environmental Protection
Act 1986 (EP Act) and EPBC Act respectively.

Both agencies agreed to a coordinated environmental assessment process, under which, a
single Draft EIS) / ERMP document was developed to satisfy the requirements of each
agency The Wheatstone Project was given final environmental approval under the EP Act
via Ministerial Statement (MS) No. 873 (MS 873), which was published on 30-Aug-2011, and
as amended by MS 903, 922 and 931and EPBC Act via Referral Approval EPBC 2008/4469,
published on 22-Sep-2011.

Condition 18 of MS 873 regulates emissions to air and is activated by the LNG and Domgas
Plants.
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18 Emissions to Air

18-1 The Proponent shall install equipment in the LNG Plants and Domgas
Plants and manage ongoing operations such that best practice for a liquefied
natural gas / domestic gas facility is achieved in respect of:

i. minimising emissions of volatile organic compounds and oxides of nitrogen
emissions;

ii. optimising the smokeless capacity of flares so as to minimise the frequency
and duration of visible smoke; and

iii. minimising non emergency flaring of gas.

18-2 As part of its Works Approval application under Part V of the EP Act for the
Wheatstone Project and also for Works Approval applications for subsequent
LNG trains, the Proponent shall provide reports to DER showing:

i. specific design features that have been used to minimise and monitor
emissions to air, pursuant to condition 18-1;

ii. how the design features compare with current lowest emissions for similar
operations and proposals internationally and within Australia; and

lii. a peer review report as required by condition 18-3.

18-3 The Proponent shall commission peer reviewer(s), approved by the CEO to
undertake the following, in accordance with terms of reference also approved by
the CEO:

i. areview of the reports referred to in condition 18-2(i) and (ii);

ii. provide comment on the basis and validity of the conclusions in the reports;
and

iii. provide comment on the relevance of the described Australian and
international standards for this Proposal.

The report and peer review required by Conditions 18-1 and 18-2 have been attached
to this report (Appendices A & B, respectively).

34 Environmental Protection Act 1986 Part V

Clearing of native vegetation is typically regulated by Part V of the EP Act. Clearing of flora
and vegetation within the TAA has been addressed and approved under Part IV of the EP
Act via MS 873 and therefore a permit is not required under Part V of the EP Act.

Environmental Regulation by works approvals and licences is dealt with by Part V of the EP
Act. A works approval and licence is required to construct or operate a prescribed premises
respectively. Bechtel is the applicant for this works approval application, as Bechtel will have
operational control of the Wheatstone Project during construction and commissioning after
which Chevron will assume operational control.

Table 3.4-1 is a record of other regulatory works approvals and licences obtained by Bechtel
for the Wheatstone Project to date. Other work approvals and licences for the Wheatstone
Project will be obtained by Chevron and Bechtel subcontractors and are not included here.
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Noise at the LNG and Domgas Plants is regulated by subsidiary regulations of the EP Act
the Environmental Protection (Noise) Regulations 1987 (Noise Regulations). Construction
works including sandblasting and metal coating is to be managed in accordance with the
Environmental Protection (Abrasive Blasting) Regulations 1998 and the Environmental
Protection (Metal Coating) Regulations 2001 accordingly.

3.5 Rights in Water and Irrigation Act 1914

The Rights in Water and Irrigation Act 1914 prescribes the extraction of ground and surface
water. No ground and surface water use is expected from the proposed prescribed premises
during construction or operation of the LNG and Domgas Plants.

3.6 Dangerous Goods Safety Act 2004

Storage of hydrocarbons is governed under the Dangerous Goods Safety Act 2004 (DG Act)
and subsidiary regulations Dangerous Goods Safety (Storage and Handling of Non-
explosives) Regulations 2007 (DG Regulations) and Dangerous Goods Safety (Major
Hazard Facilities) Regulations 2007, administered by the WA Department of Mines and
Petroleum (DMP).

During construction diesel and other chemical storage within the prescribed premises will be
above or below DG Regulation licence quantities. Bechtel will obtain a DG licence for
individual facilities during the construction period of the Wheatstone Project.

LNG and Domgas Plants will require a Major Hazard Facility (MHF) Licence prior to
commissioning of the LNG and Domgas Plants. Bechtel is currently assembling the safety
report for the Wheatstone Project. The safety report forms the basis for obtaining a MHF
licence for all relevant permanent infrastructure including those licences under the DG
Regulations.

DMP have released a Code of Practice for the Storage and handling of dangerous goods
(DMP Code of Practice). Storage of environmentally hazardous materials will be compliant
with the DMP Code of Practice.

3.7 Relevant Standards and Environmental Guidelines

Industry standards and guidelines developed for the safe and effective construction and
operation of LNG and Domgas Plants that have been used and considered include:

e American Society of Mechanical Engineers (ASME) 2012. B31.3-2000 Process Piping

e ASME PD442 - BPV Code, Section VIII, Division 1: Design and Fabrication of
Pressure Vessels

e American Petroleum Institute (API) 650: Welded Steel Tanks for Oil Storage
o API 1104: Standard for Welding Pipelines and Related Facilities

o WA Department of Consumer and Employee Protection. 2008. Storage and Handling
of Dangerous Goods — Code of Practice

o NSW Government Gazette, Protection of the Environment Operations (Clean Air)
Amendment (Industrial and Commercial Activities and Plant) Regulation 2010
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e Standards Australia. 2004. AS 1940:2004 The Storage and Handling of Flammable
and Combustible Liquids

e Standards Australia. 2005. AS 3961:2005 Storage and Handling of Liquefied Natural
Gas

e Standards Australia. 2007. AS 2885.2:2007 Pipelines-Gas and liquid petroleum, Part
2: Welding

e Standards Australia. 2007. AS 3580.1.1:2007 Methods for Sampling and Analysis of
Ambient Air - Part 1.1: Guide to Siting Air Monitoring Equipment
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Figure 4.1.6-1: LNG Plant Block Flow Diagrams

4.2 Domgas Plant Units

The Domgas plant units consist of:

¢ Acid gas removal
e Hydrocarbon dew point control and nitrogen rejection
e Compression and metering

e Dehydration and mercury removal

421 Physical Description
A physical description of Domgas Plant units is provided below.

422 Acid Gas Removal Unit

The AGRU system is designed to remove acid gas components such as CO, and H,S from
the feed gas using an aMDEA system. The removed acid gas will be routed to a thermal
oxidiser for destruction.

423 Hydrocarbon Dew Point Control and NRU

The HC dew point requires control to prevent the formation of liquids during pipeline gas
transportation. The treated feed gas is cooled and then flashed (allowed to expand by
reducing pressure) through a Joule-Thompson Valve (or equivalent process) to condense
HC liquid and meet the product dew-point specification. The HC liquid is routed back to the
inlet facilities for re-processing.

To meet the Domgas’ inert gas content specification, N, must be removed from the gas. A
slip stream of treated gas is taken from the dew point control unit and sent to a NRU where
N, is cryogenically separated from methane and then vented to the atmosphere. The N, free
gas stream is blended with the rest of the treated gas stream from the dewpoint control unit.

25658-000-GPE-GCX-A0150-000 Security Level 2 Page 27

Bechtel Confidential. © 2013 Bechtel Oil, Gas and Chemicals, Inc. All rights reserved.
Electronic documents, once printed, are uncontrolled and may become outdated.
Refer to electronic documents in the EDMS for current versions.



Wheatstone Project LNG Plant Document No:  WS1-0000-RGL-PMT-BEC-000-00250-000
Works Approval Application Revision: 0

LNG and Domgas Plants Revision Date: 12-Dec-2013

424 Compression and Metering

Once treated to meet sales specifications, the domestic supply gas is compressed, metered
and sent to the distribution pipeline.

425 LNG Revapourisation

Domgas availability and continued delivery of domestic gas during extended outages such
as planned Domgas Plant or Wheatstone Project platform turnarounds requires the use of a
LNG revapourisation unit. The LNG revapourisation unit takes LNG from either of the LNG
storage tanks to produce natural gas. A submerged combustion vapouriser is used to
regasify the LNG. This will be operated only when there is no feed gas available from the
offshore facilities.

426 Process Description
A simplified process description of the Domgas Plant is shown in Figure below.

Stabilisation
Domgas Feed T
_'Ar:iﬁ Gas Remaoval Dehydration / HC Dewpoint
et Procece i3 "I Mercury Removal [ 7| Control
Inlet Processing
DomGasto  4«— | COmrupqressign and | NRL ;
Export Pipeline etering
M2 Vent

Figure 4.2.6-1: Domgas Plant Block Flow Diagram

4.3 Utilities and General Facilities

The following utilities and general facilities will be required to support the LNG and Domgas
Plants.

¢ Fuel gas and recycle gas system
e Power generation system

e Heating medium system

e Pressure relief / liquids disposal
¢ Flare and vent systems

¢ Diesel storage and distribution

e LNG and condensate products storage (W5480/2013/1) and export facilities
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o Refrigerant storage unit

e Stormwater drainage

e Sewerage and effluent treatment systems (subsequent WAA)
¢ Fire and gas protection systems

¢ Plant and instrument air system

o \Water system

e Turbine inlet air humidification

¢ Nitrogen system
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Figure 4.4-1: Indicative Locations of the Major Hydrocarbon and Chemical Storage Equipment

25658-000-GPE-GCX-A0150-000 Security Level 2

Bechtel Confidential. © 2013 Bechtel Oil, Gas and Chemicals, Inc. All rights reserved.

Electronic documents, once printed, are uncontrolled and may become outdated.
Refer to electronic documents in the EDMS for current versions.

Page 33




Wheatstone Project LNG Plant Document No:  WS1-0000-RGL-PMT-BEC-000-00250-000

Works Approval Application Revision: 0
LNG and Domgas Plants Revision Date: 12-Dec-2013
4.5 Wastewater and Surface Runoffs Handling

Variety of wastewaters and surface runoffs are expected from the LNG and Domgas Plants.
This section elaborates on the types of water streams, clarifies their different level of
contaminants, and further explains respective levels of treatment that will be implemented to
minimise potential environmental impacts. Facilities including drainage, sewage and effluent
treatment systems are designed to protect land, groundwater and the marine environment
from contamination. The handling and treatment system for wastewater and stormwater
received from the LNG and Domgas Plants facilities is designed to:

e collect and treat the various wastewater and stormwater runoff streams throughout
the LNG and Domgas Plants facility so that the treated wastewater can be eventually
discharged to a permitted effluent discharge outfall and the concentrated wastewater
solids produced by the treatment processes can be disposed off-site in appropriately
licensed and approved facilities.

e collect and appropriately treat stormwater runoffs as the facility will be subject to
periods of intense rainfall, and some of the runoff may be contaminated.

Water streams will therefore be discussed in two main categories of i) Wastewater, and ii)
Stormwater and / or Surface Runoffs. A flow diagram for water stream handling and
treatment system for the Wheatstone Project permanent facilities illustrated in Figure 4.5-1,
and the remainder of this section describes those relevant to the scope of this WAA.

451 Wastewater

Wastewater streams will be segregated according to the classification and the type of pre-
treatment and/or treatment process required. The expected wastewater from Wheatstone
LNG Plant permanent facilities are accordingly categorised as below:

e Process wastewater

e Sanitary wastewater

Process Wastewater

Process wastewaters are water streams which are contaminated or have the potential for
contamination with oil and hydrocarbons. The sources of process wastewater include:

e Drains from machinery base plates

o Water drawoffs and blowdowns for vessels containing hydrocarbons
e Maintenance drains
o Effluent from Wet Gas KO drums

e Combustion turbine detergent washings and drains from compressor area
collection tanks

e Combustion turbine detergent washings and drains from power generation area
e Wastewater from Acid Gas Thermal Oxidizer KO drum

e Wash down from Gas turbine generator area

o Discharges from Stabilizer system

e Discharges from Dehydration Unit and AGRU systems
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e Blowdown of wastewater contaminated with soluble amine from the AGRU

Process wastewater flow rates and concentration of contaminants are variable. The streams
will be collected in oily wastewater lift stations and sent to the primary treatment units for
treatment by pumps operated on level control. The primary treatment units include
Corrugated Plate interceptor (CPI) system, Dissolved Air Flotation (DAF) system, and DAF
Effluent Filters as shown in Figure 4.5-1 and will be described in Section 4.5.3.

Sanitary Wastewater

Sanitary sewage flows from various buildings, such as field operations center, operations,
laboratory, fire station, product loading facility, permanent village, canteen, and other
buildings are collected in sanitary lift stations. Each lift station is provided with spared pumps
designed especially for sewage pumping. These pumps are operated on level control. Under
normal conditions, only one pump per lift station will be operating, the other will be a stand-
by. Sewage collected in operating site will be pumped to the Permanent Sanitary Treatment
Plant. The STP and associated permanent ocean outfall, as highlighted in Figure 4.5-1, will
be included in a subsequent works approval application.
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Wheatstone Project Permanent Facilities — Water Stream Handling and Treatment Flow Diagram
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Source: Wheatstone Project LNG Plant Effluent Treatment Unit 29 Process Description (Chevron Doc. No. WS1-2900-PRO-SPC-BEC-000-00001-000 Rev.1)
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Figure 4.5.1-1: Wheatstone Project Permanent Facilities — Water Stream Handling and Treatment Flow Diagram
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452 Process Wastewater Treatment

Process wastewater and contaminated stormwater are designed to be treated by two treatment trains
(referred to as Trains A and B in Figure 5.4-1). A flow splitter box is utilized to receive flow from oily
water lift stations, process unit sumps and first flush sumps and split the flow evenly to each CPI
oil/water separator train.

The Primary Treatment System receives process wastewater and contaminated stormwater from
process areas and is used to remove free oil and suspended solids prior to sending it to the pressure
media filter for further removal of fine suspended solids. A diversion tank is provided upstream of the
CPI1 which will have the capacity to store 17 hours of wastewater from the plant in the event that any
of the primary treatment equipment is out of service for maintenance. The diversion sump is normally
bypassed. Process units utilized in the Primary Treatment System include:

e Corrugated Plate Interceptor (CPI) System: The wastewater is pumped continuously at a
controlled rate by the CPI feed pump to the CPI unit. Reduced flow velocity in the CPI allows
free oil and low specific gravity particles to rise to the top and heavier solid particles to settle
on the bottom of the separator. Free oil and other floating hydrocarbons overflow by gravity
into the CPI oil reservoir. The recovered oil is then pump to the Waste Oil Tank. The settled
solids in the CPI are pumped to the Sludge Holding Tank to allow further solids concentration.
The concentrated solids are then hauled out by a vacuum truck for disposal offsite at an
appropriately approved / licensed facility. The water draw from the tank is recycled back to the
CPI system via the DAF Filter Backwash Sump and the Flow Splitter Box.

o Dissolved Air Flotation (DAF) System: Effluent from the CPI is routed to the DAF Surge Tank
where the effluent is then pumped continuously at a controlled rate feeding to the DAF system.
Polymer is added at the DAF inlet feed line to aid in breaking emulsions and to facilitate
flocculation of the colloidal suspended solids and oils. A portion of the DAF clarified effluent is
pressurised with air in the DAF saturation tank. The dissolved air flotation system blends
recycled effluent saturated with air, at elevated pressure, with the incoming coagulated
wastewater to release microscopic air bubbles that cling to the oils and solids particles forcing
them to float to the top of the flotation cell where they are skimmed off into the DAF Float
Reservoir. The removed float is then pumped to the Waste Oil Tank. Heavier solids settled in
bottom of the DAF will be transferred to the Sludge Holding Tank. The DAF treated effluent
flows by gravity into the DAF effluent tank where it is then pumped to the DAF Multimedia
Effluent Filter for further effluent polishing.

o DAF Multimedia Effluent Filter: Effluent from the DAF Effluent Tank is pumped through
downflow multimedia filters to remove oil and grease and suspended solids. The multimedia
filter has anthracite in the top layer, sand in the middle, and garnet gravel on the bottom.
When impurities collect in or on the media bed, a backwash cycle cleans the filter. The filtered
water is then sent to the final treated effluent sump for release to the permitted outfall
discharge diffuser along with the other treated wastewater streams.

453 Stormwater and Surface Runoffs

The design philosophy for the stormwater and surface runoffs system is to control stormwater runoffs
discharges to prevent and mitigate impacts to the surrounding environment. The design incorporates
measures to:
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e prevent contamination of the surrounding environment from stormwater collected at the LNG
Plant site

e collect and segregate stormwater for suitable treatment and/or disposal as appropriate

e prevent and control erosion and sedimentation.

The intent of the system is to segregate stormwater runoffs areas of different risk contamination. This
includes four categories of stormwater:

e Contaminated runoffs
¢ Potentially contaminated runoffs
¢ On-site clean (uncontaminated) runoffs

o Intercepted off-site clean runoffs.

Contaminated stormwater runoffs are surface runoffs that occur from areas that have high risk of
contamination. Runoffs from the LNG and Domgas plant process areas and areas that are involved in
handling of hydrocarbons are considered contaminated. Runoffs from other areas that have a
moderate to low risk of contamination are considered potentially contaminated. Areas in this category
include the storage tank diked areas, car parks and other smaller miscellaneous areas. Clean
(uncontaminated) runoffs are those associated with low risk areas where contaminants are unlikely to
exist. These areas consist of unpaved areas, roadways, rooftops, occupied buildings, etc.

An overview of the system is shown in Figure 4.5.3-1. Figure 4.5.3-2 provides a schematic diagram
delineating different stormwater pathways (within the scope of this WAA) with respective treatment
designed for each pathway.

Stormwater from the Process Areas

The first 25 mm of stormwater runoffs from process areas are collected in first flush sumps located in
various areas throughout the facility. Runoffs in excess of the first 25 mm are considered clean and
diverted by an overflow weir to a sedimentation pond. Following a storm event water collected in the
first flush sumps is sampled to determine if it is contaminated or clean. Sampling and analysis is
proposed to be performed for pH, Turbidity and Total Petroleum Hydrocarbons (TPH). The proposed
water quality target criteria for these contaminants are below. Water meeting these criteria is
considered as clean and is forwarded to the sedimentation ponds. Water not meeting these criteria is
considered as contaminated and is forwarded to the Primary Treatment System.

e pH:6-8
e Turbidity: 370 NTU

e TPH: 15 mg/L
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Figure 4.5.3-2: LNG and Domgas Plants — Stormwater Handling and Treatment
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Stormwater from the Primary Treatment System

Contaminated stormwater runoffs treated at the Primary Treatment System are sampled and
monitored accordingly via continuous or composite sampling similar to the approach previously
approved for the construction marine outfall prior to being directed to the Combined Effluent Sump
and then to the marine outfall, once available. Target water quality criteria are to be prescribed via a
separate (future) WAA.

Stormwater from Amine Area

Stormwater runoffs from the Amine Storage Containment Area drain to the Amine Area Sump. Under
normal operating conditions, contamination is not expected in this area. If the stormwater runoffs are
deemed clean via inspection the runoffs will be released to the stormwater and surface runoffs system
via a valve. If amine contamination is detected via inspection then the runoffs will be collected from
the sump for offsite disposal at an approved licensed facility.

Stormwater from Non-Process Areas

Stormwater runoffs from non-process areas including, but not limited to, unpaved areas, roadways,
rooftops, occupied buildings, etc., are deemed clean (uncontaminated) and suitable for discharge
without treatment. These runoffs are captured by the stormwater and surface runoffs system and
routed to stormwater sedimentation ponds for controlled release to the environment.

Stormwater from Parking Lots

Stormwater runoffs from parking areas are considered potentially contaminated. Unlike other areas
considered potentially contaminated that are directed to first flush sumps, runoffs from parking areas
will be routed through drainage ditches equipped with in-line oil and sediment traps. These traps shall
partially filter free oil and turbidity from the runoffs prior to the runoffs entering the stormwater and
surface runoffs system.

Stormwater from Sedimentation Ponds

The control of stormwater runoffs from the LNG Plant site is through proper segregation and
treatment as appropriate dependent upon contamination risk. Stormwater runoffs will either be released
to the marine environment after treatment, to the terrestrial environment via the sedimentation ponds,
or will be collected for offsite disposal at an approved licensed facility.

Stormwater from non-process areas, treated stormwater from parking lots, and clean stormwater from
the first flush sumps and the amine area sump is routed to various sedimentation ponds. The
sedimentation ponds will be designed to allow access for grab sampling to be performed to analyse
pH, Turbidity and TPH to ensure the quality of stormwater meets the proposed water quality target
criteria for release to the environment. Release from the sedimentation ponds will be through
percolation, evaporation, or controlled discharge via the sedimentation pond discharge culverts.

Figures 4.5.3-3 and 4.5.3-4 illustrate the overall LNG plant drainage system and locations of the
sedimentation ponds. The proposed water quality target criteria for these contaminants are below.

Construction and Commissioning Phases Operations Phase
Turbidity: 2000 NTU Turbidity: 370 NTU; pH: 6 — 8; TPH: 15mg/L
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Figure 4.5.3-3: LNG Plant Site - Overall Drainage Plan (1 of 2)
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Figure 4.5.3-4: LNG Plant Site - Overall Drainage Plan (2 of 2)
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4.6 Prescribed Premises Boundary Layout

The proposed prescribed premises boundary will include the LNG and Domgas Plants,
supporting utilities and general facilities including flares and GTGs will be located on Part
Lots 235, 238 and 569 on Plan 195206. The permanent ocean outfall, quarantine approved
premises, offloading facilities are not included in the prescribed premises. Figure 4.6-1

shows the prescribed premises for this WAA.

Coordinates for the boundary of the proposed prescribed premises have been included in
Table 4.6-1 and Figure 4.6-1, these areas encompass all infrastructure associated with the

prescribed activities.

Table 4.6-1: LNG and Domgas Plants Prescribed Premises Boundary Coordinates

MGA System

No. East North

1 292494 7600062
2 293013 7600130
3 293007 7600605
4 293396 7600506
5 293309 7600195
6 293254 7600190
7 293179 7599911
8 293888 7599721
9 293989 7600101
10 293636 7600195
11 294180 7600201
12 294272 7599965
13 294128 7599424
14 293001 7598067
15 292271 7598066
16 292343 7598337
17 292343 7599454
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Figure 4.6-1: Wheatstone LNG Plant - LNG and Domgas Plants Prescribed Premises
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4.9 Air Emission Design

As required by State (WA) Ministerial Approval, MS 873 (Conditions 18-1 and 18-2),
Wheatstone Project is to implement below measures in design and operation of air emitting
facilities:

o Demonstrate that specific design features have been implemented to minimise and
monitor emissions to air, in particular:

¢ Minimising emissions of VOCs and NO,;

e Optimising the smokeless capacity of flares so as to minimise the frequency and
duration of visible smoke;

¢ Minimising non-emergency flaring of gas;
¢ Demonstrate that operations management measures have been implemented to
minimise emissions to air;

e Benchmark emissions of VOCs and NO, to similar LNG Projects in Australia and
internationally.

Therefore, this section summarises the main emission sources and respective emission
reduction measures implemented in the design. Detailed information is provided in the
Wheatstone Foundation Project Air Emissions Design Report (Chevron Document No. WSO0-
0000-HES-RPT-CVX-000-00102-000) which is available in Appendix A.

491 Air Emission Key Sources

The key sources of air emissions within scope of this WAA and associated emissions are
listed in Table 4.9.1-1. This table shows main emissions to air from listed combustion
equipment, flares and vents (as described in MS 873) are:

o NO,, including nitrogen oxide (NO) and nitrogen dioxide (NO,)

e Sulfur oxides (SOy), typically represented by sulfur dioxide (SO,)

e Carbon monoxide (CO)

e Airborne PM,, and visible smoke from flares

¢ VOC:s typically aliphatic HCs excluding methane (CH,), and aromatic HCs including
BTEX.

Indicative location of the key air emission point sources are shown in the Figure 4.9.1-1, and
their locations coordinates as undertaken in the modeling assumptions can be found the
Wheatstone LNG Foundation Project - Air Quality Assessment (Chevron Document No.
WS0-0000-HES-RPT-CPM-000-00002-000) which is available in Appendix C.
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Table 4.9.1-1: Key Air Emission Point Sources and Associated Emissions

Project Key Emission Sources Associated Air emissions

One Domias Plant Rﬁeneration Gas Process Heater-

Acd Gas Thermal Oxiiser verts: I | no. pu,, SO, VOCs™, GO

one within the Domgas Plant

NO,, PM;g, SO;, YOCs', CO

SOURCE: Wheatstone Foundation Project Air Emissions Design Report (Appendix A)
! VOCs related to natural gas combustion streams typically contain unburnt aliphatic HCs.

2 VOCs related to acid gas thermal oxidiser vents may contain aromatic compounds.
Note: BTEX are a subset of VOCs and have been accounted for under VOC emissions.

AS PLANT Regea.
Gag Procoess Heater and
AcdGas 10

LNG PLANT (Traint) (9005
Add Gas TO

Hot Ol System Start-up
Process Heater

Figure 4.9.1-1: Indicative Locations of the Key Air Emission Point Sources
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492 Air Emissions Inventory

Vendors provided performance guarantees, where available are used to estimate emissions.
Manufacturer emission guarantees generally tend to be more conservative than the actual
emissions. Table 4.9.2-1 provides a summary of emission estimates from normal operations
based on the average feed gas composition / average ambient temperature flow-rates and
assuming steady-state conditions, and it includes emission estimates for routine and
planned non-routine operations (e.g. maintenance and testing). The estimates would be
validated as appropriate during operations monitoring and testing as are described in
Section 7.1, to ensure that manufacturer emissions guarantees are met.
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Table 4.9.2-1: Emission Estimates for Normal Operation™?

o Equipment | Duration® Estimated Emissions (g/s)
Emission Source
Count (hrtyr) | pm | NO, | co | so,? | voc | BTEX

P — E | m|m|m|m|m|1 |1
I i Il EEEEmE ]
I 1 _NNl NN NN BN NN NN
| ! I Bl BN B N B
R 1 Il EE B EE =
e | | Il EE B EE =
I _HENEEEEEEE Bn
Domgas Plant Routine Emissions
Acid Gas Thermal Oxidiser 1 8,690 0005 | 05 08 0.1 04 0.32
Fugitive Emissions 8,278 0.5 0.001
Regen Gas Heater 1 3,621 01 02 01 | 00005 | 002 0.025
N BN Bl BN B BN |
P E EE E| = =
L HEH E EH =

| H H N B N i

| . H HHEH B B B

| . i | (Il H B B
I i H (1|1 |11l W =
N | H HE H E/lE = B
DomGas Submerged Combustion g S 67 55 el W ik
Vaporizer ' ; ‘ X : )

Source: Wheatstone Foundation Project Air Emissions Design Report (Appendix A)

! Air emissions estimates that are based on vendor provided data are preliminary and subject fo change.
2 Emissions provided are wiorst case short term emissions in gfs.
9 Based on Front End Engineenng and Design Case 3 (Average Flow / Average Temperature) Heat & Matenal Balance
¢ Based on basic plant data and operation availability for the LNG Trains (94 5%)
3
3

Based on operaling load assumplions.

Condensate Ship Loading 1s nol within Prescnbe Premises of this WAA

493

Emission Reduction Measures in Design

Factors such as gas field location, composition and variability, HC liquids content, ambient
operating temperature, maximum and minimum processing capacities all play an important
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role in determining the particular technologies suitable for a specific project. This section
briefs the current features that have been incorporated into the design of the key emission
sources to minimise emissions of VOC and NO,. The design features to minimise visible
smoke and non-emergency flaring is described in Section 4.9.4. The evaluation process
applied for selecting the emission reduction design features to minimise NO, and VOC
emissions include the following criteria:

o Ability to achieve or improve upon relevant environmental (DER and EPA) standards

o Preference for primary (at source) over secondary (end-of-pipe) pollution control
measures to minimise waste generation

e Technology Risk — proven versus unproven technology or process. The Chevron
Technology Qualification Process requires that selected technology or process has a
documented track record in the field, for a defined environment, to be considered
‘proven’ and of acceptable operational risk

o Energy Efficiency — the energy efficiency is central to each design option, be it
thermal, electric or mechanical energy efficiency. A reduction in energy efficiency
results in increased fuel requirements and consequently increased emissions

e Operability / Maintainability — design options that are difficult to operate or require
high maintenance may result in higher emissions through suboptimal operating
conditions and any additional shutdown and start-up events that may be experienced

e Availability — impact of pollution control technology on combustion equipment
availability

e Health, environmental, and safety — additional considerations including waste
generation, use of natural resources (e.g. water), occupational health exposures, and
safe operations.

In summary, combustion type process equipment that have been selected best match the
requirements of the Wheatstone Project because these will operate within the optimal
combustion envelopes during routine operations, minimising emissions of CO, VOC and
PMy,. Trade-offs between NO, reduction, and combustion and energy efficiency, also
influenced equipment selection. The specific design features which have been incorporated
into the Wheatstone Project LNG and Domgas Plants to minimise NO, and VOC emissions
are detailed in the Wheatstone Foundation Project Air Emissions Design Report (Appendix
A, Section 7). The design emission rates consequently calculated for the key emission
sources (except for flares) during normal operation and emission targets are presented in
Table 4.9.3-1.
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Table 4.9.3-1: Emission Rates and Targets for Key Air Emission Point Sources during
Normal Operation

Project Key Emission
Sources

Design Emission Rates

Associated Air Emissions

PMio

VOoC

EnnEEnEE 3

HEmE el e s

Z

Rate (g/s) 0.1 | 0.0005| 0.02 0.1
Domgas Regeneration : 3, ()
B Do s Mt Concentration (mg/Nm~) 50 0.2 7 52 |
Target (mg/Nm®)" 350 50 N/A 40 | 125™

Rate (g/s) 0.5 | 0.005 0.1 0.40 0.8
Domgas Plant Acid Gas » 3, (V)
Thermal Oxidiser Concentration (mg/Nm”~) 110 1.0 242 20 168
Target (mg/Nm?) 350 | 50 N/A 20 125

SOURCE: Wheatstone Foundation Project Air Emissions Design Report (Appendix A)

() Emissions shown in the table are for total Twelve (12) turbines.
M Ermssions shown in the table are for tolal of four (4) turbines

I For gas fired lurbines, relerence conditions are dry, 273 degree Kelvin (K), 101.3 kPa al 15% Oz

(™ For gas fired process heaters and thermal oxidisers, reference conditions are dry, 273 degree Kelvin (K), 101.3 kPa at 3% 02

" Design emission targets are sourced from the New South Wales (NSW) EPA Proteclion of the Environment Operalions (Clean Air)
Amendment (Industnal and Commercial Activibes and Plant) Regulation 2010 (Govemment of NSW, 2010). The NSW emission
targets are used for comparison purposes in absence of numerical stack standards from WA DER.

&0 GO emissions concenlralion {for TOs) 1s based on vendor guaranteed concentration (150 ppmv) and exhaust gas flow. The
expocted concenlration as stated in vendor proposal is 100 ppmy (<125 mg/Nm?). Note that the feed gas to AGRU TQ is 99% COz
(dry basis), which limits the conversion of VOCs to CO».
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—

Table 4.9.4-1: Design Emission Rates for Elevated Flares

Project Key Emission Operation Design Emission Rates (g/s)
Sources Conditions PMy, | SO, | vVOC

Source: Wheatstone Foundation Project Air Emissions Design Report (Appendix A)
0]

BEmEmE G
|

H LT

ERlnln g

Estimated emissions from flares during routine operations (pilot + purge)
(i) Upset scenario based on a blocked NRU vent outlet.

(ii) - Upset scenario based on a thermal oxidiser trip event.

™) Upset scenario based on a loss of a BOG compressor.

410 Air Quality Modeling

Air quality modeling for the Wheatstone Project was developed by Air Assessments in 2013.
A copy of this modeling report can be found in Appendix C (Chevron Wheatstone LNG
Foundation Project - Air Quality Assessment). This modeling assessment utilises two
models;

i) AERMOD for predicting local impacts on a scale out to 13 km from the Wheatstone
Project plant site, and

i) TAPM-CTM for predicting regional scale ozone and NOz2.

The following sections provide a summary of the model including the assumptions used and
the results achieve. Detailed information can be found in the model report (Appendix C).
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4104 Emission Sources and Compositions

The model considered main emission streams and major pollutant sources from the
Wheatstone Project to predict the pollutants impacts during operation of the LNG and
Domgas Plants, supporting utilities and general facilities on the surrounding areas and
environment. Below is a list of the main sources modelled and associated primary emission
composition and marginal sources not included in the model.

The primary emission sources from the Wheatstone Project are:

e Twelve compressor gas turbines on the two LNG trains (six per LNG ftrain).
Emissions of concern are primarily NOy;

o Four power station GTG. Emissions of concern are primarily NOy;

e Two recuperative thermal oxidisers (RTO) used to combust the acid gas AGRUs
associated with the two LNG trains, with one RTO for the Domgas plant acid gas
stream. Emissions from the RTOs are primarily NOx and SO, with residual emissions
of BTEX due to incomplete destruction by the oxidiser;

e The regeneration gas process heater and the hot oil start up process heater. The
emissions of concern are primarily NOy;

+ Flares. Under routine operation, the flares will operate with pilot and purge gas only
and therefore will have low emissions. Under non routine conditions however, large
quantities of gas are flared which will result in significant quantities of NOx, CO,
VOCs (including BTEX) being emitted. The flares include the main plant high
pressure and low pressure flares (each handling wet and dry gas streams) and the
marine flare for boil off gas (BOG).
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4102 Evaluated Emission Scenarios

For the assessment of the Wheatstone Project, Chevron reviewed the range of possible

event scenarios with six scenarios selected to cover the range of likely events. These
scenarios are:

1. Normal Operations;

2. Regenerative thermal oxidiser trip for one LNG train where the AGRUs vent gas is

directed to the LP flare;

3. Blocked Nitrogen Rejection Unit (NRU) outlet vent. The gas stream emitted consists

of concentrated N, with trace amount of methane (less than 1.5 mol %) which is
vented directly to atmosphere. NRU vent, with high nitrogen content, routed to the dry
gas LP flare during valve failure;

. Loss of BOG compressors, where the boil off gas from the LNG tankers will be routed
to the marine flare;

. Loading a condensate ship, where VOC rich vapours are displaced from the ships
hold. This is estimated to occur for only 156 hours per year (not within the prescribed
premises and outside the scope of this WAA); and

Start-up of an LNG train with use of a start-up oil heater and non-routine flaring to the

LP flare.

There is no distinct worst-case scenario achieved by the air quality modeling as depending
on the pollutant of concern the worst-case scenario varies. Scenario 4 is considered to be
the worst-case for NO, and CO, and scenario 5 is the worst-case for VOC and benzene.

4103 Ambient Air Quality Criteria

The criteria for Ambient Air Quality in Western Australia (WA) are taken from the Ambient Air
Quality NEPM Standards and Goals originally published by the National Environment

Protection Council (NEPC) in 1998. These standards with the Particles as PM,s

values

(added in 2002) are presented in Table 4.10.3-1. Air Toxics NEPM published in 2004
identifies monitoring investigation levels for BTEX, as listed in Table 4.10.3-2, with a goal to

gather sufficient data nationally to facilitate development of standards for air toxics.
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Table 4.10.3-1: NEPM - Ambient Air Quality Standards and Goals

Maximum Concentration Goal
Averaging
Pollutant Period (ppm) (ug/m)?* Maximum Allowable
P HY Exceedances
Carbon Monoxide 8 hour 9.0 11,240 1 day a year
1 hour 0.12 246 1 day a year
Nitrogen Dioxide
1 year 0.03 62 None
Photochemical Oxidants 1 hour 0.1 214 1 day ayear
(as Ozone) 4 hours 0.08 171 1 day a year
1 hour 0.20 572 1 day a year
Sulphur Dioxide 1 day 0.08 228 1 day a year
1 year 0.02 57 None
Lead 1 year - 0.50 None
Particles as PMyq 1 day - 50 5 days a year
Advisory Reporting Standards and Goal
1 day - 25 -
Particles as PM, 5
1 year - 8 -

Source: National Environment Protection Council (1998)
! Concentration of gaseous pollutants in italics have been converted from the NEPM standard quoted at 0 °C and 101.3 kPa

Table 4.10.3-2: NEPM - Air Toxic Monitoring Investigation Levels

Pollutant Averaging Monitoring investigation | Equivalent Concentration at
Period Level (ppb) 101 kPa and 25 °C (ug/m°)
Benzene Annual 3 9.6
average
Benzo (a) pyrene as a
marker for Polycyclic Q/g?:gé 0.3 ng/m® NA
Aromatic Hydrocarbons
Formaldehyde 24 hours 40 49
24 hours 1000 3770
Toluene
Annual 100 377
average
Xylenes (as total of 24 hours 250 1085
ortho, meta and para
. ' Annual
isomers) average 200 868

Note: The 8-year goal (date 2012) of the air toxics NEPM is to gather sufficient data nationally to facilitate development of a standard.
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National Exposure Standards have been declared for CO, NO,, SO, and particles as PMyq
[NOHSC:1003 (1995)]; however, the 8-hour averaged maximum concentrations for these are
in excess of the NEPM (Ambient Air Quality) allowances so these are not referenced further.

4104 Local and Regional Air Quality Model Results

The model predicted local concentrations of NO,, CO, SO,, PM;, PM,s, BTEX,
formaldehyde and H,S using the model AERMOD and local measured meteorological data.
In this report, “local” is defined as within 13 km of the plant including the Town of Onslow
where the maximum concentrations of these pollutants occur. Concentrations of ozone
modelled using TAPM-CTM to predict concentrations on the “regional” scale to include the
interaction with regional sources, as the peak concentrations may occur up to 100 km away
from the source. A summary of the model results is given below.

Predicted Local Concentrations

The model discusses the predicted maximum concentrations at any location and on the land
outside the lease boundaries. Detail results for each scenario with illustrated contour plots
can be found in the model report (Appendix C, Section 6). A summary of the achieved
maximum results concentrations including ambient background concentrations as a
percentage of the criteria are presented in Table 4.10.4-1. Achieved results indicate:

e The predicted concentrations outside the lease boundaries are generally low
compared to their respective criteria, with the 1-hour NO, concentrations being
closest - up to 21.5% of the criteria, with all other pollutants contributing less than 5%
of their respective criteria. Concentrations at nearby sensitive receptors are even
lower; and

o For all scenarios there is generally little variation in the predicted concentrations apart
from higher concentrations of benzene, toluene and xylenes from the ship loading
scenario — case 5. That the emissions from the various flaring scenarios do not
significantly change the predicted concentrations is a result of the very large amount
of heat released and subsequent large plume rise from the flares. For the condensate
loading case, though the concentrations do increase they are still low, at most 3.6%
of the annual average benzene criterion and 0.65% of the 24-hour xylenes criterion
outside the lease boundary on land.

e The background concentrations are generally low and make little contribution to the
levels. Results show with all background levels apart from PM;q and PM,s being
below 4% of the criteria. For PMy, and PM,s, background levels make up a
significant fraction of the criteria, but for these the contribution from the Wheatstone
Project is small and the predicted cumulative concentrations remain below the
criteria. Therefore, the consideration of background concentrations does not result in
out-of-guideline value for predicted pollutant concentrations.
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Table 4.10.4-1: Predicted Maximum Concentrations (as a percentage of Criteria)

outside the Lease Boundary — Background Levels Included

Non Routine
Pollutant Av'e. CD]"IC: Criteria Units gBrz:;l:d I:::l;:l;e ]?;(1)p Bll\(Iilcl]gd (i?nGp Cosl::; ; Start Up
Period | Statistic | Value (%) (%) Case 2 Vent Trip Loading Case 6
(%) Case3 | Case4 Case 5 (%)
(%o) (o) (%)

CO 8-hour Max 9000 ppb 1.1 1.6 1.6 1.6 1.6 1.6 1.5
NG, 1-hour Max 120 ppb 1.7 232 232 232 232 232 15.9
1-year Ave 30 ppb 33 8.0 8.0 8.0 8.0 8.0 82

1-hour Max 200 ppb 0.0 0.5 0.3 0.5 0.5 0.5 0.3

S0, 1-day Max 80 ppb 0.0 04 02 04 0.4 0.4 02
1-year Ave 20 ppb 0.0 0.2 0.2 02 02 02 0.1

PMy 1-day Max 50 ng'm’ 54 56 56 56 57 56 56
PM, . 1-day Max 25 ug/mz 24 29 29 29 29 29 27
1-year Ave 8 pg/m 62.5 66 66 66 66 66 65

Benzene Annual Ave 5 ug/m3 0.6 21 1.9 20 2.1 4.9 1.8
Toluene 24-hour Max 1000 ppb 0.05 0.03 0.02 0.03 0.03 0.40 0.02
Annual Ave 100 ppb 0.05 0.08 0.08 0.08 0.08 0.21 0.07
Xylenes 24-hour | Max 250 ppb 0.05 0.06 0.06 0.06 0.06 0.67 0.05
Annual Ave 200 ppb 0.015 0.02 0.02 0.02 0.02 0.05 0.01
Formaldehyde | 24-hour [ Max 40 ppb 055 1.6 1.6 1.6 1.6 1.6 1.5
H:S l-hour [ 99% 1.11 pgm’ | 0.0 1.0 0.6 1.0 1.0 1.0 0.7

Source: Wheatstone Foundation Project Air Emissions Air Quality Assessment (Appendix C)
Note: Includes background concentrations and other existing and approved sources.

Air emissions modelled were less than 70 % of the standard for all operating scenarios.
Detailed modelling results are included in Appendix C.

Predicated Regional Concentrations

Regional concentrations of ozone and NO, were predicted for the various scenarios before
and with the Wheatstone Project. A summary of the predicted concentrations as a
percentage of the adopted criteria is presented in Table 4.10.4-2. The achieved model
results indicate that:

Maximum existing ozone concentrations at isolated areas in the Pilbara are relatively
high, with the major contributor being emissions from bush fires. The maximum
existing ozone concentrations (2009) predicted anywhere on the model grid are 87
and 95% of the 1-hour and 4-hour ozone standards respectively. Using what is
considered the more appropriate second highest concentration when including
natural sources, the predicted concentrations are 74 and 86% of the standard;

With the addition of future industry and the Wheatstone Project, the maximum ozone
concentrations predicted anywhere on the model grid remain essentially unchanged
and, for some statistics and averaging periods, will even decrease. The minor impact
or even reduction is due both to fires being the dominant source and the non-linearity
in the atmospheric chemical reactions, where additional NO, can (in some
circumstances) reduce ozone concentrations;
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e At residential locations, the predicted maximum 1-hour ozone concentrations for
existing sources are between 43 to 60 ppb. With the addition of future industry
(excluding the Wheatstone Project), these maximums are predicted to increase only
marginally, typically less than 1 ppb. The exceptions to this are at Barrow Island
where a large increase in ozone levels is predicted due to the Gorgon Project and for
Mardie where there is a significant reduction in the maximum and second highest 1-
hour ozone concentrations. This reduction at Mardie is due to the industrial sources
impacting on a smog event due to fire emissions, where the additional NO, is
predicted to reduce the ozone formation; and

o With the addition of the Wheatstone Project, under routine operations there is
predicted to be negligible change in the concentrations at residential sites (including
Onslow) apart from the Minderoo station with increases of no more than 1 ppb. For
the non-routine scenarios, the above result applies, except for the ship-loading
condensate case where an increase of up to 3 ppb in the 1-hour concentrations at
Minderoo station is predicted, though with the concentrations still being only 45% of
the 1-hour NEPM standard. That the Wheatstone Project has such a minor impact on
ozone concentrations is due to the emissions being relatively small, estimated to
comprise only 0.13 to 4.9% of future anthropogenic emissions in the Pilbara.

Table 4.10.4-2: Predicted Maximum Concentrations of Ozone and NO, Anywhere on
the Model Grid as a percentage of their Criteria

Future with the Wheatstone Foundation Project
Existing Putire ;
Ave. |Statistic e 2009 iions Routine | TO Trip Blacid BOG Conden, 5
Pollutant : Value i Wheat- NRU : sate Start Up |
Period | Used (%) Case 1 Case 2 Trip 2 :
(pph) stone %) %) Vent Case 4 Loading | Case 6
(%) ' - Case 3 (ij‘; Case5 | (%)
(%) . (%)

] 1-hour | Max 120! 63 63 63 63 63 63 63 63

%‘i‘gz?g: l-hour | 2 120 38 38 38 38 38 38 38 38

l-year | Ave 30 31 31 31 31 31 31 31 31

l-hour | Max 100" 87 86 86 86 86 86 86 86

Ozone 1-hour 2 100 74 67 67 67 67 67 68 67

4-hour | Max 80 ! 95 94 94 94 94 94 94 94

4-hour o 80 86 79 79 79 79 79 30 79

Source: Wheatstone Foundation Project Air Emissions Air Quality Assessment (Appendix C)

! The NEPM 1-hour goal allows for 1 day of exceedances per year with the modelling including natural sources. As such with
natural sources compliance is if less than 2 days of exceedances are measured.

The achieved model results showed that maximum existing ozone and nitrogen dioxide
concentrations at the assessed areas are relatively high, and with the addition of future
industry and the Wheatstone Project, the maximum concentrations predicted anywhere on
the model grid remain essentially unchanged or will even decrease. Therefore, overall
impacts on regional air quality from the Wheatstone Project are small. More detailed
information and contour plot illustration can be found in Appendix C.

411 Noise Modeling

A noise model was developed (for a five train facility) and used to predict noise levels
associated with construction piling, normal operations and emergency flaring at receptors

near the vicinity of the plant (SVT 2009).. Predicted noise levels were for the worst-case
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weather conditions for sound propagation and have also been compared with the regulatory
noise limits and ambient noise levels to determine noise impacts.

This section will give a summary of the used assumptions and input data used by the model
and the achieved results. More detailed information can be found in the model report
attached to this WAA as Appendix D. The actual results from the two train facility and scope
of this WAA are expected to be significantly less than the model results for the five trains, as
the model undertook noises generated from additional three future LNG trains and facilities
outside the prescribed premises boundary.

4111 Noise Sensitive Receptor Locations

Total numbers of six locations in the vicinity of the LNG Plant site were identified as the
noise sensitive receptors, although Onslow town is known as the nearest residential area to
the Wheatstone LNG Plant. Ambient noise levels were assessed in five of these noise
sensitive receptors as follows:

1. Onslow Town (nearest residential area)

2. Four Mile Creek (public access beach and popular fishing and BBQ area)
3. Five Mile Pool (camping area)

4. Old Onslow Heritage Site (original site of Onslow)

5

. Ten Mile Dam (the workforce accommodation camp)

The model predicted noise levels at the same sensitive noise receptor locations as well as in
the nearest industrial sensitive receptor:

6. Onslow Salt (the north-west corner of the Onslow Salt boundary)

4112 Background Noise Levels and Noise Limit Criteria

Ambient noise levels were measured in the sensitive receptors and are set as the Baseline
Noise Levels for this project and the Background noise levels in the model. Table 4.11.2-1
outlines the background noise levels as Laip, and Lago. The Lagy Noise level is applicable for
representing background noise levels, and La;o Will be used to compare against the
predicted levels.

The Noise Regulations specify maximum noise levels (assigned levels) which are the
highest noise levels that can be received at noise-sensitive premises, commercial and
industrial premises. Old Onslow, 4 Mile Creek, and 5 Mile Pool are public access areas, but
are not considered as premises. Since the noise regulations apply only to noise received at
premises, the assigned noise levels do not apply and noise limit criteria are not defined for
these locations. The potential for noise impacts at these locations is determined by
comparing predicted noise levels with measured background noise levels. The regulations
define three types of assigned noise level: La max, Laio, Lago- The Laio noise limit is the most
significant for this study since this is representative of continuous noise emissions from the
LNG Plant.

Table 4.11.2-1 shows the applicable assigned noise level for the sensitive receptors, except
for Onslow Salt which is an industrial site and its Lajo assigned noise level is 65 dB(A) at all
times of the day and night.
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Table 4.11.2-1: Background and Assigned Noise Levels (dB(A)) at Sensitive Receptors

Sensitive Receptors Assigned Night-time Levels | Daytime | Evening | Night-time

Underlying Background Noise Level (Average Lag)

Onslow Town - 38 41 34
4 Mile Creak - 38 40 36
5 Mile Pool - 34 28 25
Old Onslow Heritage Site - 36 34 25
10 Mile Dam - 38 30 24

Underlying Background Noise Level (Average Laio)

35 at >450m from industrial 45 45

Onslow Town Zoning 39
4 Mile Creak NA 46 45 41
5 Mile Pool NA 44 35 30
Old Onslow Heritage Site NA 45 39 28
10 Mile Dam 35 52 39 32

Source: Draft EIS / ERMP for the Proposed Wheatstone Project, Chapter 4 (emissions, discharges and Wastes), Section 5 (Noise)

4113 Noise Modeling Methodology, Scenarios, and Assumptions

An acoustic model has been produced using the SoundPlan noise modeling program that
calculates sound pressure levels at nominated receiver locations or produces noise contours
over a defined area of interest around the noise sources. The noise modeling was carried
out for construction and operation of the Wheatstone Project. Construction modeling focused
on piling which is outside the scope of this WAA. Operational modeling included noise
emissions from the prescribed premises and is discussed below.

Noise modeling for the operation phase has been undertaken for the following two operating
scenarios:

o Normal plant operation assuming 5 LNG trains and associated Domgas;
¢ Emergency flaring.

Noise levels were predicted for two types of weather and wind conditions:
e Calm conditions; and

e \Worst-case meteorological conditions.

4114 Noise Sources and Sound Power Levels

Noise sources associated with the LNG Plant used in the noise model are listed in Table
4.11.4-1. This table also shows the equipment’'s sound power levels included in the noise
model. The cumulative total sound power level for all equipment in the normal operating
scenario is 137 dB(A).
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Table 4.11.4-1: Noise Sources and Associated Sound Power Levels Used in the Noise
Modeling

Source: Wheatstone Project Environmental Noise Impact Assessment (Appendix D)
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4115 Noise Modeling Results

Predicted noise levels under worst wind conditions showed higher levels than calm
conditions therefore noise levels under calm conditions are not presented in here. As
explained in Section 4.11.2, predicted noise levels will be compared against background
noise levels when the Assigned Levels are not available. Additional detailed information can
be found in the Environmental Noise Impact Assessment report in Attachment C.

Table 4.11.5-1 outlines the predicted noise levels at the sensitive receptor locations and also
includes the background noise level and Assigned Levels. Figures 4.11.5-1 and 4.11.5-2
depict noise level contours for each scenario.

Table 4.11.5-1: Predicted Noise Levels (Laip dB(A)) - Operation Phase

Assi d Night Background | Predicted Noise at Worst Wind Conditions
Sensitive Receptors Stsirlr?QeLevellgs “| Night-time
(Lago) Normal Operations Emergency Flaring

Onslow Town 35 34 27 30

4 Mile Creak NA 36 37 41

5 Mile Pool NA 25 28 32

O_Id Onslow Heritage NA o5 36 e

Site

10 Mile Dam 35 24 24 27
Onslow Salt 65 - 35 41

Source: Wheatstone Project Environmental Noise Impact Assessment (Appendix D)
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Figure 4.11.5-1: Noise Contours (Operation Phase) — Normal Operation at Worst Wind
Conditions

Wind Conditions
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4116 Noise Model Conclusion

Predicted noise levels for normal plant operation are compliant with the most stringent night-
time assigned noise levels imposed under the Noise Regulations assuming that industry
standard noise controls are applied to compressor piping and gas turbines.

The LNG Plant is unlikely to be audible above background noise at Onslow town site even
under worst-case meteorological conditions for sound propagation. The proposed location
for the workforce accommodation camp is sufficiently distant from the LNG Plant site that
received noise levels will be significantly below the assigned noise levels.

Predicted noise levels for normal plant operation at the public access areas (4 Mile Creek, 5
Mile Pool, and Old Onslow Heritage Site) are higher than underlying background noise. It is
possible; therefore, that plant noise may be audible at these locations under worst-case
meteorological conditions for sound propagation.

Predicted noise levels from emergency flaring comply with the assigned noise levels.
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7.0 EMISSIONS IMPACTS AND MANAGEMENT

This section describes potential emissions from the LNG and Domgas Plants and common
utilities and general facilities and indicates how they may potentially impact the local
environment. A description of emission monitoring and management measures that will be
applied is provided below.

A Air Emissions

Air emissions may impact the environment including human health, amenity and vegetation
and fauna. Air emissions sources, characteristics, qualities, and quantities differ during
construction, commissioning, and operation of the plant. Therefore, air emissions and
management will be discussed separately for the construction, commissioning and operation
phases.

A comprehensive assessment of the predicted air emissions from the LNG and Domgas
Plants and common utilities and general facilities was undertaken. Emissions of expected air
pollutants were modelled to predict potential local impacts in the vicinity of the plants as well
as regional impacts on areas up to 100 km distant from the plants. The air quality model
assessed significant sources of air emissions under several scenarios.

Results for local and regional air emissions demonstrated ambient air quality standards
would be met and Wheatstone Project is not expected to cause any out-of-criteria pollutant in
the local and regional areas. Therefore, the predicted concentrations are relatively low and
overall impacts on the environment are considered relatively minor during commissioning
and operation of the LNG and Domgas Plants and common utilities and general facilities.

Refer to Section 4.10 and Appendix C for more detail of this modelling.
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Table 7.1.1-1: Construction Phase Ambient Air Quality Monitoring Program

Project Phase Emissions Monitored Monitoring Equipment
Pre-construction (during EIA | NOx / SOx /VOC / PM Passive Diffuse Samplers /
studies) & Construction / Dust Deposition OSIRIS

Particle Counters

OSIRIS: Brand name of an instrument that uses laser nephelometer technology
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Figure 7.1.1-1: Wheatstone LNG Plant Ambient Air Quality Monitoring - Existing and Proposed Stations
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72 Dust Emissions

Dust emissions from construction activities have the potential to smother vegetation and
reduce a plant's ability to be able to photosynthesise. Dust emissions can also be a nuisance
to the public and affect their enjoyment of public and private amenity (Department of
Environment 1998).

i
[t
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722 Operations Phase

During the operations phase the main sources of dust emissions will be from vehicle
movements and short duration maintenance activities associated with the Plant, such as
minor blasting and painting and some minor earthworks associated with maintenance of
roads.

Management and Monitoring

The majority of the plant site area will be sealed with either a gravel surface or paving further
reducing potential fugitive dust emissions; noting some areas will remain unsealed (e.g. non-
process areas, around flares). As a result of the low potential for propagation of dust during
the operations phase there are no ongoing management measures planned to be
implemented to support day to day operations. For non-routine activities (e.g. maintenance
and upgrades) that may occur during operations, an assessment of potential environmental
impacts will be undertaken with relevant management measures implemented to reduce the
impacts associated with those activities.

As discussed in Section 7.1, dust deposition will continue to be monitored initially during the
operations phase as part of the ambient air quality monitoring program.
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7.3 Odour Emissions

Odour emissions have the potential to adversely affect the welfare, health, convenience,
comfort and enjoyment of public amenity. The EP Act protects against “unreasonable
emissions” of odour (Department of Environmental Protection 2002).

Generation of odour is not expected during construction of the LNG and Domgas Plants.
Minor odour emissions may be created from time to time during commissioning and
operation of the LNG and Domgas Plants. As there is no camp accommodation or residential
areas within the vicinity of the LNG and Domgas Plants site, minor odour emissions from the
LNG and Domgas Plants are not predicted to result in unreasonable odour at nearby
sensitive receptors.

Painting and blasting will produce odour over a localised area for a short duration. Therefore,
odour emissions from these activities are unlikely to impact sensitive receptors and are
considered to be insignificant.

732 Operations Phase

Management and Monitoring

The sources of potential odour emissions that may be generated during the operations
phase are not expected to differ significantly from those during the commissioning phase.
Therefore, the management measures discussed above for the commissioning phase will
continue to function during the operations phase, including the LDAR program.
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74 Noise Emissions

Noise emissions have the potential to cause long-term adverse health effects and increase
ambient levels in the environment impacting fauna populations. Noise expected from the
Wheatstone LNG Plant onshore activities during construction and operation phases were
modelled to support the assessment of the Draft EIS / ERMP. This modelling indicated:

o General construction noise emissions (except noise from pile driving that is outside
the scope of this WAA) were assessed as being below the guideline limits and
assigned values of the Noise Regulations. As a result, construction noise levels from
the activities in the scope of this WAA are expected to be below and compliant with
the assigned values, and construction noise impacts are expected to be insignificant.

e The predicted noise levels for two operating scenarios (normal operations and
emergency flaring) showed compliance with the most stringent night-time assigned
noise levels imposed under the Noise Regulations. The LNG Plant is unlikely to be
audible above background noise at Onslow town and Ten Mile Dam (the
accommodation camp location) even under worst-case meteorological conditions for
sound propagation.

o Predicted noise levels for normal plant operation at the public access areas (4 Mile
Creek, 5 Mile Pool, and OIld Onslow Heritage Site) are higher than underlying
background noise. Therefore, plant noise may be audible at these locations under
worst-case meteorological conditions for sound propagation; however, it is marginal
and impact is expected to be insignificant.

e Overall, significant noise impacts are not expected to occur during construction,
commissioning or operation of the LNG and Domgas Plants.

A more detailed summary of this modelling is provided in Section 4.10, and the full document
available in Appendix D.

-
1 —

|

-
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742 Operations Phase

Management and Monitoring

The LNG and Domgas Plants will be operated in compliance with the Noise Regulations. No
noise specific noise management measures are proposed for the operation phase; however,
and if deemed necessary, acoustic enclosures will be provided around rotating and other
‘noisy’ equipment.

For the same reasons discussed above for the construction and commissioning phases, no
noise monitoring is proposed outside of the Wheatstone Project boundary during the
operation phase. However, as will be undertaken during commissioning, noise monitoring is
proposed to be undertaken on a regular basis within the Wheatstone Project boundaries
during operations for ongoing validation of equipment noise levels.
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7151 Construction and Commissioning Phases
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7152 Operations Phase
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76  Discharges to Water

Discharges of pollutants to surface water bodies have the potential to adversely impact on
the health of marine and freshwater flora and fauna. Water pollution has flow-on effects on
natural resources and recreational values.

Wastewaters and surface runoffs are discussed in Section 4.5, and it is identified that:

o Wastewater expected from the prescribed premises during construction will consist of
sanitary and desalination plant reject, and stormwater runoff will mostly be
uncontaminated.

o A wide range of wastewaters are expected during commissioning and operation,
which will be appropriately treated. Treated wastewater (effluents) will be discharged
into the marine environment via the operation (permanent) marine outfall (subject to a
separate (future) WAA).

e Stormwater runoffs collected in the first flush sumps will be diverted for treatment and
then to the operation (permanent) marine outfall for release into the marine
environment (subject to a separate (future) WAA).
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762 Operations Phase

Management and Monitoring

The wastewater and stormwater systems will be fully functional during the operation phase.
These systems will be managed as described in Section 4.5, including monitoring of treated
wastewater prior to discharge via the operation (permanent) marine outfall; to be addressed

in a separate (future) WAA. Runoffs collected in the sedimentation ponds will be sampled
and monitored as described in Section 7.7.2.

These facilities will be subject to a regular inspection and maintenance program throughout
the operational life of the facility to ensure continued system integrity.

In addition to the inspection and maintenance program, wastewater and surface runoffs
monitoring will be undertaken as described in Section 4.5. This monitoring program will also
include monitoring treated wastewater prior to discharge via the operation (permanent)
marine outfall; to be addressed in a separate (future) WAA. Runoffs collected in the
sedimentation ponds will be sampled and monitored as described in Section 7.7.2.
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Figure 7.7.2-1: Wheatstone Project Groundwater and Drive Point Piezometer Monitoring Locations
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1.7 Discharges to Land

Discharges to land have the potential to alter soil nutrients and structure, which can
adversely affect the growth of some native plant species as well as microorganisms and
some fauna.

The only planned discharges to land throughout the construction, commissioning and
operation of the LNG and Domgas Plants is stormwater. Hydrostatic testing of certain
facilities and equipment (e.g. minor piping) will occur over a short duration. A hydrotest pond
will be available for the storage of hydrotest water prior to disposal; the hydrotest pond was
assessed in a previous WAA (W5480/2013/1) which requires the management of the
hydrotest water stored within the pond to be detailed in a future hydrotest water management
plan.

Measures described in Section 4.5, for the collection, segregation, and treatment of runoffs,
are designed to prevent significant environmental impacts from discharges to land.
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1712 Operations Phase

Management and Monitoring

The wastewater and surface runoffs during the operations phase are not expected to differ
significantly from those during the commissioning phase. Therefore, the management
measures and system discussed above for the commissioning phase, and as described in
Section 4.5, will continue to function during the operations phase, including the management
and monitoring approaches.

The stormwater and groundwater monitoring programs are yet to be fully developed as the
Project has not matured to a stage where program details have been accurately addressed.
This information is proposed to be provided to support the subsequent Licence application.

Stormwater sedimentation ponds will be designed to allow access for grab sampling to be
performed to analyse pH, Turbidity and TPH to ensure the quality of stormwater meets the
proposed water quality target criteria for release to the environment.
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18 Solid / Liquid Waste Management

Solid and liquid wastes have the potential to adversely impact the environment and affect
human health and wellbeing. Solid and liquid wastes can also be detrimental to an area’s
visual amenity and cause unreasonable odour.

This section does not address discharges to water and land; this is addressed in Sections
7.6 and 7.7 respectively.

782 Operations Phase

Smaller volumes of waste will be generated during the operations phase compared to that
generated during the construction phase. Waste streams are expected to include general
solid waste (typically non-hazardous) as well as quantities of hazardous solid and liquid
wastes.
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Management and Monitoring

A waste transfer depot, to be located at the Plant Site, is proposed to be operated to support
waste management activities during the operations phase. This transfer depot will receive
wastes for segregation prior to disposal off-site by an appropriately licensed and approved
waste contractor. This depot will be appropriately designed based on the likely waste
streams and volumes to be transferred through it.

Hazardous and controlled wastes will continue to be appropriately collected and stored for

disposal offsite in accordance with the Environmental Protection (Controlled Waste)
Regulations 2004.

Some smaller-scale metal finishing and coating activities may be required throughout the
operations phases to support maintenance activities; these activities will be undertaken in
accordance with the requirements of the Environmental Protection (Abrasive Blasting)
Regulations 1998 and Environmental Protection (Metal Coating) Regulations 2001.

An operations phase waste management plan is proposed to be developed and implemented
to plan for and manage waste management activities during the operations phase.
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79 Hydrocarbon / Chemical Storage

The storage of hydrocarbons and chemicals carries the risk of hazardous substance leaks
and spills potentially polluting ground and surface water. These substances may also be
harmful to humans and wildlife through direct contact or via inhalation. Many of these
substances are flammable and there is an associated risk of ignition and fire.

There will be quantities of hydrocarbons and chemicals stored during construction of the
LNG and Domgas Plants. Hydrocarbons (diesel) will be stored and used for construction
equipment operation purposes. Compliant storage facilities will be constructed and operated
during the relevant stages of construction where painting, chemical cleaning / passivating,
hydrotest water treatment and other minor chemicals are required.

During commissioning and operation of the LNG and Domgas Plants large quantities of
hydrocarbons / chemicals will be stored within the prescribed premises. Refer to Section 4.4
for a description of the major hydrocarbon and chemical storage facilities within the
prescribed premises required to support the gas processing process. Additional smaller
volumes of hydrocarbons and chemicals will also be required to support day to day operation
of the plant (i.e. diesel).

The LNG and Condensate Storage Faciliies were assessed in a previous WAA
(W5480/2013/1) and are not included in this WAA.
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Management through operation

Good operational practices will be implemented at the LNG and Domgas Plants and
associated facilities to minimise potential impacts to the environment and to maintain the
health and safety of personnel. Some of the key management tools to be implemented
include:

¢ Handling of fuel and operating facilities in accordance with the DMP Code of Practice

e Procedures in place for operators to ensure safe transfer at unloading or extraction /
unloading points

e Regular facility / equipment inspections, monitoring and maintenance in accordance
with operating procedures and safety management system under the plant MHF
licence

e Where the facility exists (i.e. Diesel and Amine storage), spilt chemicals /
hydrocarbons removed through sump vacuum truck extraction points to prevent
further impact to the environment and reduce unnecessary loading on the stormwater
drainage, sewerage and effluent treatment systems. The cause of spills will be
investigated and reported per site operational procedures.

In addition, a new MHF Dangerous Goods Site Licence for the Wheatstone Project will be
issued by DMP prior to commissioning. The MHF licence will include the LNG and Domgas
Plants including the LNG and Condensate Storage Facilities.

As described in Section 7.7.2, the groundwater monitoring program provides a mechanism to
detect any potential impacts to groundwater resources due to Project activities, including
hydrocarbon and chemical storage.

792 Operations Phase

Management and Monitoring

Management controls discussed above for the major hydrocarbon and chemical storage
facilities (i.e. ‘management through operation’ controls) will continue to apply during the
operations phase. In addition, there may be the ongoing requirement for the storage and
handling of minor quantities of hydrocarbons and chemicals outside of designated major
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storage areas. In such circumstances, the storage and handling of these substances will be
undertaken by competent personnel in line with relevant legislation and standards.

As described in Section 7.7.2, the operations phase groundwater monitoring program is yet

to be fully developed. This information is proposed to be provided to support the subsequent
Licence application.

25658-000-GPE-GCX-A0150-000 Security Level 2

Bechtel Confidential. © 2013 Bechtel Oil, Gas and Chemicals, Inc. All rights reserved.
Electronic documents, once printed, are uncontrolled and may become outdated.
Refer to electronic documents in the EDMS for current versions.

Page 97



Wheatstone Project LNG Plant Document No:  WS1-0000-RGL-PMT-BEC-000-00250-000

Works Approval Application Revision: 0
LNG and Domgas Plants Revision Date: 12-Dec-2013

25658-000-GPE-GCX-A0150-000 Security Level 2 Page 98
Bechtel Confidential. © 2013 Bechtel Oil, Gas and Chemicals, Inc. All rights reserved.
Electronic documents, once printed, are uncontrolled and may become outdated.
Refer to electronic documents in the EDMS for current versions.



Wheatstone Project LNG Plant Document No:  WS1-0000-RGL-PMT-BEC-000-00250-000
Works Approval Application Revision: 0
LNG and Domgas Plants Revision Date: 12-Dec-2013

9.0 REFERENCES

ARMCANZ 2000, Agriculture and Resource Management Council of Australia and New
Zealand, Australian and New Zealand Environment and Conservation Council and
Agriculture and Resource Management Council of Australia and New Zealand.

Australian Natural Resource Atlas (ANRA) 2009, Rangelands Overview — Pilbara.
Department of Sustainability, Environment, Water, Population and Communities. Canberra.

Australian and New Zealand Environment and Conservation Council 1997, Australian
Guidelines for Sewerage Systems: Effluent Management. Canberra.

Australian and New Zealand Environment and Conservation Council (ANZECC) / Agriculture
and Resource Management Council of Australia and New Zealand 2000, Australian and
New Zealand Guidelines for Fresh and Marine Water Quality. Canberra.

Beard, 1975, Vegetation Survey of Western Australia, 1:100,000 Vegetation Series, Map
Sheet 5 — Pilbara.

Biota 2009, A Vegetation and Flora Survey of the Wheatstone Study Area near Onslow. A
Consultant’'s Report prepared for URS Pty Ltd on behalf of Chevron Australia Pty Ltd.

Biota 2010, Wheatstone Project Terrestrial Fauna Survey. A Consultant’s Report prepared
for URS Pty Ltd on behalf of Chevron Australia Pty Ltd.

Bureau of Meteorology 2012, Climate Statistics for Australian Locations, Onslow. Viewed
Oct-2013

<http://www.bom.gov.au/climate/averages/tables/cw_005016.shtml>

Chevron Australia Pty Ltd 2010a, Draft Impact Statement/Environmental Review and
Management Program for the Proposed Wheatstone Project.

Chevron Australia Pty Ltd 2011, Environmental Impact Statement / Response to
Submissions on the Environmental Review and Management Program for the Proposed
Wheatstone Project.

Department of Water 2010, Water Quality Protection Note 108 PDWSA of Western Australia
— a register of drinking water catchments in each local government.

Department of Environment 1998, Best Practice Environmental Management in Mining-Dust
Control, viewed 01-Mar-2012.

<http://www.ret.gov.au/resources/Documents/LPSDP/BPEMDustControl.pdf>

Department of Environmental Protection 2002, Odour Methodology Guideline, viewed 01-
Mar-2012.

<http://portal.environment.wa.gov.au/pls/portal/docs/PAGE/DOE_ADMIN/GUIDELINE_REP
OSITORY/ODOURMETHOD.PDF>

Department of the Environment, Water, Heritage and the Arts 2006, Interim Biogeographic
Regionalisation for Australia. Version 6.1, viewed April 2011.

<http://www.environment.gov.au/parks/nrs/science/bioregion-
framework/ibra/index.html#ibra>

Department of State Development (DSD) 2010, Ashburton North Strategic Industrial Area —
Factsheet, Western Australia.

Landgate, WA Atlas 2011, viewed Feb-2012.
<https://www2.landgate.wa.gov.au/bmvf/app/waatlas/>

National Water Quality Management Strategy 2006, Australian Guidelines for Water
Recycling — Managing Health and Environmental Risks (Phase 1)

25658-000-GPE-GCX-A0150-000 Security Level 2 Page 99

Bechtel Confidential. © 2013 Bechtel Oil, Gas and Chemicals, Inc. All rights reserved.
Electronic documents, once printed, are uncontrolled and may become outdated.
Refer to electronic documents in the EDMS for current versions.



Wheatstone Project LNG Plant Document No:  WS1-0000-RGL-PMT-BEC-000-00250-000
Works Approval Application Revision: 0
LNG and Domgas Plants Revision Date: 12-Dec-2013

Payne, A, Mitchell, A and Hoffman, W 1988, An Inventory and Condition Survey of
Rangelands in the Ashburton River Catchment, Western Australia. Department of
Agriculture Technical Bulletin No.62, June 1988

SKM 2003, Aggregated Emissions Inventory for the Pilbara Air Shed 1999/2000, Revision 2.
Report prepared for the Western Australian Department of Environmental Protection,
Sinclair Knight Merz, Perth.

SKM 2010, Air Quality Impact Assessment, A Consultant’'s Report prepared for Chevron
Australia (Pty) Ltd.

SVT 2009, Environmental Noise Impact Assessment — Chevron Wheatstone LNG Plant. A
Consultant’'s Report prepared for URS Australia Pty Ltd.

URS 2010a, Wheatstone Project Surface Water Studies. A Consultant’s Report prepared for
Chevron Australia Pty Ltd.

URS 2010b, Wheatstone Project Groundwater Studies. A Consultant's Report prepared for
Chevron Australia Pty Ltd.

URS 2010c, Wheatstone Project Lighting Emissions Study. A Consultant’s Report prepared
for Chevron Australia Pty Ltd.

URS 2010d, An Assessment of Light Emissions in Relation to Sea Turtle Nesting Beaches in
the Wheatstone Project Area. A Consultant’'s Report prepared for Chevron Australia Pty
Ltd.

Weatherzone 2012, Onslow Weather, viewed 10-Apr-2013.
<http://www.weatherzone.com.au/wa/pilbara/onslow>

25658-000-GPE-GCX-A0150-000 Security Level 2 Page 100

Bechtel Confidential. © 2013 Bechtel Oil, Gas and Chemicals, Inc. All rights reserved.
Electronic documents, once printed, are uncontrolled and may become outdated.
Refer to electronic documents in the EDMS for current versions.



Wheatstone Project LNG Piant

Works Approvai Application
LNG and Domgas Plants

Document No:  WS1-DD00-RGL-PMT-BEC-000-D0D250-000
Revision: D
Revision Date: _12-Dec-2013

10.0 DEFINITIONS AND ABBREVIATIONS

Acronyms/Terms Definition

AGRU Acid Gas Removal Unit

AGTO Acid Gas Thermal Oxidiser

AHD Australian Height Datum

aMDEA methyldiethanolamine

ANRA Australian Natural Resource Atlas

ANSIA Ashburton North Strategic Industrial Area

ANZECC Australian and New Zealand Environment and Conservation Council

API American Petroleum Institute

ARMCANZ Agriculture and Resource Management Council of Australia and New Zealand

AS Australian Standards

Bechtel Bechtel (Western Australia) Pty Ltd

Biota Biota Environmental Sciences Pty Lid

BOG LNG Boil Off Gas

BTEX Benzene, Toluene, Ethylbenzene, and Xylene

°c Degrees Celsius

CAQMP Construction Air Quality Management Plan

CAR Carnarvon Bioregion

CcCtv Closed Circuit Television

CDMP Construction Dust Management Plan

CECP Construction Environmental Control Plan

CESMP Construction Erosion and Sedimentation Management Plan

Chevron Chevron Australia Pty Ltd

CNMP Construction Noise Management Plant

COSRMP Construction Onshore Spill Response Management Plan

CPI Corrugated Plate Interceptor

CWMP Construction Waste Management Plan

CWWMP Construction Wastewater Management Plan

DAF Dissolved Air Flotation

dB Decibel

DEC Department of Environment and Conservation (WA)

DEHWA Department of the Environment, Heritage, Water, and the Arts

DG Act Dangerous Goods Safety Act 2004
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Acronyms/Terms Definition
DG Regulations ggg_lgerous Goods Safety (Storage and Handling of Non-explosives) Regulations
DMP Department of Mines and Petroleum (WA)
DMP Code of Practice | DMP have released a Code of Practice for the Storage and handling of dangerous
goods
DoH Department of Health (WA)
Domgas Domestic Gas
DOTE Department of the Environment (formally known as Department of Sustainability,
Environment, Water, Populations and Communities)
DoW Department of Water (WA)
DSD Department of State Development (WA)
DOAS Differential Optical Absorption Spectroscopy
EIA Environmental Impact Assessment
EIS Environmental Impact Statement
EPA Environmental Protection Authority (WA)
EP Act Environmental Protection Act 1986
EPBC Act Environment Protection & Biodiversity Conservation Act 1999
EPC Engineering, Procurement and Construction
ERMP Environmental Review and Management Programme
ES&H Environment, Safety & Health
GHG Greenhouse Gas
GTC Gas Turbine Compressors
GTG Gas Turbine Generators
HC Hydrocarbon
HP High Pressure
ISIRIS Optical Spectrograph and Infra-Red Remote Imaging System
kg Kilogram
kg/hr Kilograms per Hour
km Kilometre
km? Square Kilometre
KO knockout
LDAR Leak Detection and Repair
LNG Liquefied Natural Gas
L Litre
LP Low Pressure
m Metre

25658-000-GPE-GCX-AD150-000

Security Level 2 Page 102

Bechiel Confidental © 2013 Bachtel Oil, Gas and Chemicals, Inc All nghis reserved
Electronic documents, once printed, are uncontrolled and may become outdaled

Refer to electronic documents in the EDMS for current versions.



Wheatstone Project LNG Piant

Works Approvai Application
LNG and Domgas Plants

Document No:  WS1-DD00-RGL-PMT-BEC-000-D0D250-000
Revision: D
Revision Date: _12-Dec-2013

Acronyms/Terms Definition

m* Cubic Metre

MEG Mono Ethylene Glycol
mg Milligram

mg/L Milligrams per Litre
MHF Major Hazard Facility

MHF Regulations

The Dangerous Good Safety (Major Hazard Facilities) Regulations 2007

mm Millimetre

MS Ministerial Statement

MS 873 Ministerial Statement No. 873: The State (\WA) Primary Environmental Approval, and
conditional requirements for the Wheatstone Project. Government of Western
gg?:r.alia, Minister for the Environment; Water, Hon. Bill Marmion MLA, 30 August

MSDS / SDS Material Safety Datasheet / Safety Data Sheet

MW Megawatt

Mg Microgram

NEPC National Environment Protection Council

NEPM National Environmental Protection Measure

ng Nano gram

NGER Act National Greenhouse and Energy Reporting Act 2007

NMP Wheatstone Noise Management Plan

NMVOC Non-methane volatile organic compounds

Noise Regulations Environmental Protection (Noise) Regulations 1987

NO, Nitrogen Oxide

NRU Nitrogen Rejection Unit

NTU Nephelometric Turbidity Unit

OTS Operations Training Simulator

Oows Oily Water Treatment System

PASCS Process Area Spill Containment Sump

PM Particulate Matter

PMyo Particulate Matter less than 10 micrometres in diameter

PM 5 Particulate Matter less than 2.5 micrometres in diameter

ppb Pat per Billion

ppm Pat per Million

RO Reverse Osmosis

RTO Recuperative Thermal Oxidisers

SO, Suffur oxide
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t Metric Tonne

TAA Terrestrial Assessment Area

TEOM Transformer Environment Overcurrent Monitor
TIAH Turbine Inlet Air Humidification

the Regulations

Environmental Protection Regulations 1887

TO

Thermal Oxidiser

TEG Tri-Ethylene-Glycol

TPH Total Petroleum Hydrocarbon

TSS Total Suspended Solids

VOC Volatile Organic Compound

WAPC Western Australian Planning Commission
WA Western Australia

WAA Works Approval Application

Wheatstone Project

Wheatstone Project LNG Plant

WHRU

Waste Heat Recovery Unit
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Bamg Bar (gauge) —a unit for measuring pressune defined as 100 000 Pascals.
Approximalely equal to atmospheric pressure at sea leval.

BOG Beil Off Gas

BFM Best Fracticable Mezsures

BTEX Benzene, Toluene, Fihylbhenzena and Xylena

CEQ Chief Executive Officer of the Office of the Environmental Protection Autharity

CCR Ceniral Contral Reom )

CeTV Closed Circuil Television

CFR Ceode of Federal Regulations (Unitad States)

Chevran Chevron Australia Pty Ltd

CH, WMalhana

co Carbon Monoxide

E:D; ;Iarh::-un Bicxm..‘;e

Cos Carbanyl Suticle

Cth Gumml-:.u-'mrealth

DEC Department of Environment and Conasrvation (Wa)

DEH Dapanment of Ervironment and Heritage (Commonweallh)

DEWHA Department for the Environment, Walar., Haritage and the Ars [Commonweaali
= formery DEH

DLE Dry Low Emissions

Domgas Domestic gas

EIS/ERMP Environmental Impant Statement/Environmental Review and Managemenl
I_:‘rngrarnme
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EPA Ermvironmental Protection Authority (WA

EPBLC Act Environmental Profection and Bodiversity Canservation Act 1999

EPBC 2008/4469 The Commanwealth Primary Environmental Approval, and conditional
reguirements for the Whealstone Project as amended from time to tme.
Commonweaith Governmant of Australia, Minster lor Suslainsbility,
Ernwvironment, Waler, Populabons and Communities, Hen. Tony Burke, 22
Seplember 2011

ESD Emergency Shul Down
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FMS Flange Management System
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ois Grams per second

[ERRE: Gas Turbine Generator

H:S Hydrmgen Sulfide

HGC Hydmearbion

HEI High Energy Ignition {system lor lare igritlen)

HES Health, Envirgnment and Safety

HF High Pressure {such as High Pressure Flare Sysiem)

hi Haur

|[AH Inlet Alr Humidification

|CE8 Integrated Control & Saleguarding Syslam

K Degrea Kalvin

W Kilogram

.l-.'m K'ilarlll‘l.ellr.e

®] Knockout (such as Knockoul Drum

kPa Kilopascal

LDAR Leak Detection And Repair

LHE Lean Head End

LNG Liquefied Matural Gas

LP Low Pressure (sush as Low Pressure Flare Syatem )

m Melre

mg.'Nm] Milligrams per Normal culbic melre

MS 873 Ministerial Statement No, 873 as amended from time 1o fime: The State (WA
Primary Environmental Appreval ang conditional requirements for the
Wheatstone Project, Government of Western Australla, Minister for the
Environment; Watar, Hon. Bill Marmion MLA, 30 August 20719

MTRA milllion lonnes per annum

WY Megawall

NEPC Katienal Envirenment Prolection Council

NEPM Matiohal Enviranmental Protection Measura

M Ammanla

NOHSC (Australian) Natlonal Oecupelional Health and Safely Commission
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e Mational Pallutant Inventory
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Foundation Fiojec

PCS Process Conlrol System
P Particulate Matter
P s Particulate matter of diameter 2.5 microns or less
P Partinulale matler of diameder 10 micmans or less
. P Parts per millon
pamy Farts per million by volume
prmvd Parts per million, volume dry
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1.0 BACKGROUND

1.1 Project Overview

Chevron Australia Ply Ltd (Chevron} will construct and operate a mulli-train Liguefied Natural
(Gas (LNG) and domestic gas (Domgas) plant near Onglow on the Pilbara Coasl, Weslam
Australia (WA). The Whealstone Foundation Project will process gas from various fields
offshore in the Wesl Camarvan Basin, Ashburton Narth i the approved site for the LNG and
Domgas production faciity, The Foundalion Projecl reguires installation of gas gathering,
export and processing facifities in Commonwealth and State waters and on land. The
Foundafion Project will produce gas from Produchon Licences WA-4G-L, WA-47-L, WA-48-L
and WaA-489-L, 145 km offshore from the mainland, approximataly 100 km north of Barow
Island and 225 km neorth of Onslow. Figure 1.1 shows the location of the Wheatstore
Foundation Projact.

The Ashburlon North site g approximately 12 km south-wesi of Onslow along the Pilbara
coast within the Shire of Ashburon. The Foundation Project will consist of two LNG
processing lrains, each with a capacity of appraximately 4.45 millian tonres per annum
(MTPA). The Domgas plant will be a separate bl co-located processing train and will form
part of the Foundalion Project. Environmental approval was granted for a 25 MTPA LNG
plant and associated Domgas faciliies to allow for the expecled fulure expansions. The
development of the Domgas plant also includes an anshore pipeline installation 1o tie-in o
ihe existing Dampier-to-Bunbury Netural Gas Pigeline (DBENGP) infrastructure. Figure 1.2
shows the Foundalion Project Plant Layoul of the LNG Plant and Domgas Plant and adjacent
marine faciilies.

1.2 Praponent

Chevron s the proponent and the company laking the action for the Project on behall of its
Jjoint venture participants Apache Corporation, Tokyo Electric Power Company (TEPCQ),
Kuwait Fareign Petroleum Exploration Company (KUFPEC), Shell and Kyushu Electric
Power Company (Kyushu).

1.3 Objectives

The Air Emissions Cesign Report {the Report) as required by State (WA) Ministerial
Approval, Ministarnial Statemant No. 873 (M5 873) Condition 18-2, aims 1o meel the
requirements of MS 873 Condifion 18-1 to 18-3 (Table 1.1) for the Wheatstone Foundation
Praject. As set out in MS 873 Canditions 18-1 and 18-2, the Report shall:

« Demonstrate that specific design features have been implemented to minimise and
rmaniter emissions 1o air, in particular

=  Minimising emissions of volatile arganic compaunds (VOCs) and nitrogen oxides
{NOx)

= Oplimising the smokeless capacily of flares o as to minimiga the frequency and
duration of visible smoke

= Minimising non-emergency flaring of gas

¢ Demonstrate that operations managemeant measures have bean implemented to
minimise emissions 1o air

¢+ Benchmark emissions of WOCs and NOx to similar LNG Projects in Australia and

internationally.
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Figure 1.1: Location of the Wheatstone Project Area
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Table 1.1; Western Australian Ministerial Conditions Statement No. 873

Ho. Condition Section

18 Emiseions lo Alr =

The Proponent shall insiall equipment in the LNG plants and Domgas planis
181 and manage ongoing operations such thal best practce for a iquetied natural -
gasfdomestic gas faciity |5 achieved n respect o

minimising emissions of volalile organic campounds and oxides of nitrogen

g1 oemizsions:; AT
| optimising the smokeless capacily of flares so as o minimise the frequency and
18-1-il ; e 80
duration of visible smoke; ang
18-14i | minimising non amargancy flaring of gas B0
As parl of its Warls Approval spplication under Part Y of the EP Act for lhe
15-2 Foundation Preject and also for Works Approval applications for subsequent
LMEG trains, the Proponent shall provide reports te DEC showling:
1894 specific design features that have baen used o minimise and monitor amissions | 7.0, 8.0,
: g air, pursuant lo condition 18-1; a0
18240 how the design features compare with current lowest emissions for similar an
operabions and proposals internalionally and within Australia; and '
18-2-ii | a peer review report as required by condibon 18-3 16

The Proponent shall commission peer reviewsr(s), approved by the SEQ 1o
18-3 undertale the follewing, in accordance with terms of reference alse approved by | 1.0

the CEOy;
18-3- | a review of the repors referrad Lo in condilion 18-2{1} and (i}; -
18-34i | provide comment on lhe basis and validity of the conclusions in the reporls; and
provide comment cn the relevance of Ihe desoribad Australian and International
18-3-ill 7 =
standards for this Proposal
Where practicable the Froponent shall replace plant ang egquipment with that
184 which meels the besl practice standards as al the lime of replacemsnl. =
Feplacement sguipment shall nol resull i an increase in emissions or reduclion
in i qualilty
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1.4 Scope

Consistent with he objectives of Candition 18-1, this Reporl has been prepared te meel the
requirements of Condition 18-2 and addresses amissions 1o air arising from the LNG and
Comgas Plants of the Wheatstone Foundation Project. The key equipment in scope for the
Report is sted in Table 1.2, Chevron cansiders the following emissions to air fram
combustion equipment, flares and vents as described in MS 873 to ba within the scope of
this report:

NQx, including nitrogen axide (NQ) and nitrogen dioxide (NO.)
Sulfur oxides (S0x), typicaily representad by sulfur disxide (SO,)
Carbon manaxide (CO)

Airbome Particulale Matter of size 10 microns or lower (Ph4g) and visible smoke from
Nares

¢+ “OCs typically aliphatic hydrocarbans (HCs) excluding methane (CH.), and aromatic
HCs including benzene, toluena, ethylbenzena and xylane (BTEX).

L I

Table 1.2: Key Sources of Emissions to Air

Foundation Project Emission Source Associated Atmospheric Pollutants

Twelve 43 megawall (MW) (nominal capscily) GE MO, PNy, 80, VOCs', CO
LMBODOPF Aerodervallve Gas Turbines driving the
Refrigeration Compressors wiihin the LNG Plant

Four 43 MW [nominal capacity) GE LMBODOPF NO,, Py, 504, 'u'{]Csf, co
Aerderivalive Gas Turbines driving the Power
Generalors [n the LNG and Domgas Planl

One Domgas Plant Regeneration Gas Process NG, BM, SO2, VOGS, GO
Healar and Ona Hol Oil Systam Starlup Process

Heater

Three Low Pressure, Three High Pressure (wel, NG,, PMy, S0, VOCs', CO

dry gas + spare} Elevated Flares

Onae Maring Flare NCh, PMyy. 804, CO

Two Aeld Gas Thermal Ouldiser Vents within the NG, PM g, SO, VOCs"™, CO
LNG Flant and one Acid Gas Themal Oxidiser
Wenl wilhin the Domgas Planl

: YOGy rofaed fo natural gas combusion sireams [ypically contar urburrd aiiphatic HCs:
VOGS ralated ta acid gas the rmal oxidissr vants may contain aromatic compadunds.
Note, BTEX are a subisal of VOCs and have beer accounted for under WOC smis sons.

1.5 Out of Scope

Emissions from digsel generators and the submerged combuston vapariser are oul of scope
of the Report because of the infreguency of their use. Any associated yearly air emissions
will be very low. These sources are typically offiine except for the following events:

Diesel generalors used for initial commissioning of the main power generation system

Six (B) diesel generators used during LNG pliant trips cold-start procedures and for their
intermittent perodic testing (total up lo 25 hrfyrigeneratar)

+ Two (2) fire water pumps for up to 52 hrfyrfunil
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* One (1) submerged combustion vaporiser for generaling nalural gas when the Domgas
plant s shut down for periodic maintenance (up 1o 240 hrlyr, 40 days total during 4 yr).

Low sulphur diesel as sold In Western Australia {10 pom) would be used to reduce sulphur
emisgipns.

Congistent with the scoge and objectives in Section 1.3 and 1.4, air emissions arising fraom
aclivities outsida the LNG and Domgas planis of the Whealstone Foundation Projact such as
ihe emissions from shipping activities are out of scope for this repart; management of air
emissions lram these activilies will be detaiied in future operational plans according to best
practice guidance such as MARPOL Annex VI pertaining to VOC management for
condensate ship loading activities. Greenhouse gas emissions including CH.. carbon dioxide
(GO} and nitrous oxide are also culside the scope of this report,

1.6 Envireonmental Approvals

The Wheatstone Project was assessed through an Environmental Impact Statement /
Environmental Review and Management Program (EIS/ERMP) assessment process under
the WA Environmenial Protection Act 1886 (EP Act) and the Commonwealth Environment
Profection ang Bipdiversify Conservation Act 1299 (EPEC Act).

The Wheatstane Project was approved by the WA Minister for Environment, Watar an

30 August 2011 by way of Ministerial Statement Mo. 873 (MS 8§73} and as amended by
Ministerial Statement No. 903 (M3 903), Ministerial Statement No. 822 (MS 822), Ministerial
Staternenl No. 831 (M3 931) and Attachment 1 and Altachimenl 2, Details of relevant
Commeonwealth and Stale regulatory requiremenls are provided in Section 2.1 and 2.2,
respectively.

In accordance with M3 873 Condition 18-3, Chevron commissioned a Peer Reviewer,
appraved by the Chiel Executive Qfficer (CEQ) of the Office of the Envirpnmenlal Pratection
Authority (QEPA), to undertake the following, in accordance with terms of reference also
approved by the CEC:

A review of this report
Provision of commeants on the basis and validiy of the conclusians in this report

Provision of comments on the relevance of the described Australian and Inlernalional
standards for the Proposal.

The aforementioned Peer Review of this report shall be submitied to the Depariment of
Environment and Conservation (DEC) as part of the Foundation Projects Warks Approval
Application under Part W of the EP Act

1.7 Revislon of Air Emissions Design Report

The Air Emissions Design Repoard [AEDR) will not be reviewed on a predetermined schedule
and will be revised where there are:

¢ Proposed changes or modificatons 1o the plant equipmenl for the Wheatstane
Foundation Project

¢  Subsaquenl work approval applicalions for subsaquent trains (Whealstone Expansion

Project).
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To lhe extenl of any difference or inconsistency between the AEDR and the requirement of
any warks approval or licence for the Wheatstone Foundation Project, the requirement of the
works approval or icence 15 (o take precedance,
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2.0 LEGISLATIVE REQUIREMENTS

The legislation lisied below has been considered in the preparation of the Report and applies
1o the Wheatstone Project as relevant. The relevant legislation below is currant at the time
the Report is submilled. The relevant legisiation may change From lime (o Lime, in which case
Chevron will comply with Ihe relevant law.

2.1 Commonwealth

211 Environmental Protection Biodiversity Conservation Act 1999

The EPBC Act provides the Auvstralian Government with powers o provide for the protection
of matters of national environmental significance.

212 National Air Quality Standards

Through tha MNational Enviranment Protection Council [MEPG), the Australian, State and
Termtory Governmants agreed 1o the National Environmental and Protection Measura
(MEPM) for Ambient Air Quality on 26 June 1998, The measure sets air quality standards for
six criteria air pollutanis: GO, NG, photochemical oxidants {as Ozana), 50, and particias
{PMa s and PMy). The NEPM threshald concentrations are shown in Table 2.1

Table 2.1: National Air Quality Standards

Pollutant Concentration and averaging period Goal (Maximum
allowahle
exceedances)
Carbon 4 0 pom measured over an eight hour perod 1 day a year
monaxide (SO
Mitrogen dioxide | @12 ppm averaged over a one hour perlod 1daya year
(WO 003 ppm averaned over a ane year periocd Mane
Caohe 010 ppm of oZone Measunad cver & one hour period 1 day a year
(.08 ppm of ozone measured over a four hour perod 1 day a year
Sulfur Dioxide 020 ppm averaped over a one noue period 1 day a year
150,) 0.08 ppm averaged over a 24 year period 1 day a year
(.02 ppm averaged over a gne year panod Mone
Particies as. PMs | 50 ]J;g.fm:‘ averaged over a 249-hour period 5 days a year
Farticles as Advisary reporting slandard: 25 wgim” over a one day --
P25 period; 8 pgim” over a one year period
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2.2 Western Australia
221 Environmental Protection Act 1988

The EP Act requires proposals likely to have a significant effect on the environment io
underga an Envirpnmental Impact Assessment (EIA). The EIA |s then gssessed by the
QOEPA who recommend the applicable conditions, and approved by the Minister for the
Environmenl if determined {o be acceptable.

222 Wa Environmental Protection Agency Guidance Statements

Schedule 4 of MS 873 defines ‘hest practice’ as having the meaning autline in the WA
Environmental Protection Agency (EPA) Guidance Statement 55. WA EFPA Guidance
Staferment 55, implementing Best Prachice in proposals submitted fo the Enviranmental
Impact Assessment process (EFA, 2003 sets the following three relevant criteria 1o define
best practice:

i Al relevanl environmental quality standards musl be mat

ii. Common pollutants should be controlled by proponents adopting Best Practicable
NMaasures (BPM) to pratect the enviranment.

. Hazardous pollutams (hke dioxins) should be controlled lo the Maximum Extent
Achievable, which involves the most stringent measures available. For a small number of
very hazardous and toxic pollutants, costs are not taken into account.

Guidance Statement 55 furiner defines the following:

Best Practicable Measures
Best Praciicable Measures (BPM) incomporate fschnology and enviranmental
management procedures which are practicable having regard fo, amang ather things,

local conditions and circurmstances (including costs), and to the current state of
fochnical knowladge, including the avaiability of miiabls, proven fechnalogy.

Maximum Extent Achievable

The maximum extent achievable is the degree of reduction in the emission of wasfes
which iz equivalent to or greater than that which can be achieved by the application of
best avalfable lechnology or praclices. In some circumstances [t may require the
apphication of new, ariginal or inncvative control technelogy or cractices to a particular
source (EPA Victorna 2001a) and must be effective and consistent with the levef of
risk thai exists, wilhou! undue regard o costs, Maximum Extent Actieveble measures
are only intended to apply o hazardous pollutants as described above and set out in
the Victonan ERFA’s Slale Environrent Frolection Folicy for Air Quality Management
{EPA Victoria 2001c). Nor are they inlended fo apply al polflulant conceniralions that
do not pose a creditable risk,
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2.3 Regulations, Standards and Guidelines

The use of best praclice processes is relevant 1o the assessment of new proposals referred
to the QEPA under Part IV of the EP Acl, and alsa to applications for works approvals and
licences under Part V of the EP Acl. WA EPA Guidance Sfatement 55 and other national and
international standards, regulations and guidelines considered by the Wheatslone Froject
include bul nol limited to:

¢ NSW Government Gazette, Protection of the Environment Operations (Clean Air)
Amendment (ingustrial and Commercial Activities and Flant) Regulation 2010 (NSW)

& Vietoria Government Gazetie, State Envirgnment Profection Policy 2007 [Afr Cluality
Management) (VIC}

¢ US EPA 40 CFR 60, New Source Performance Sfandards, Protection of Environmeant,
Sub Part KKKK, Standards of Perfaormance for Stationary Gas Turbines

e US EPA, Alternative Control Technigues Document — NMOx Emissions from Stationary
GGas Turbines (EFAA53/R-83-007).

The NSW Pratectian of the Enviranment Operations (Clean Air) Regulation (2010} amigsions
standards are used as a reference in the AEDR as Ihis was most recently revised and
compares well with other international standards such as the Integrated Pollution Prevention
and Canlrol - Besl Available Technigques for Large Combushon Plants (2008).
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3.0 FACILITIES DESCRIPTION

31 Overview

The Foundation Project comprises of two 4.45 MTPA LNG trains utilising the ConocoPhillips
Optimized Cascade® Progess, a nominal 200 ferajoules per day (TJ/day) Domgas plant and
supporling ulilities and general faciliies. Schematic diagrams of the LNG lrain and Domgas

Piant are shown In Figure 3.1 and Figure 3.2 respectively.
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Figure 3.1: Simplified LNG Plant Block Flow Diagrams
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Figure 3.2: Simplified Domaas Plant Block Flow Diagram

The various process units, utilities and general faciliies that comprise the Foundation Project
LNG and Domgas Plants Include the LNG Plant Process Linits. Domgas Flant Units. and
Utiliies and General Facililies. The components in each are prasented in the following
sections.

314 LNG Plant Process Units

Inlel gas conditioning and condensale stablisation

Acid gas removal

Dehydration and mercury removal

Liguefaction and refrigerant compressien, including nitrogen rejection

Heavy HC removal f condensate recovery and fractionation.

* ® ® = @
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312 Domgas Plant Units

& Acid gas removal

+ Dehydration and marcury removal

& Hydrocarbon dew poinl conirol and nifrogen rejection
« Compression and metering.

313 Utilities and General Facilities
Fuel pas and recyele gas system
Power generation system

Healing madium system

Pressure releflliguids disposal

Flare and vent systams

Diesel storage and distribution

LNG and condensate products storage and export facilities
Refrigerant slorage

Process and stormwaler treatment
Firewatar system and storags

Flant and ingtrumant air

Water system

Inlet Air Humidification (1aH)

= & & # ® § ® S » S & $ »

-

Nitragen generation and supply.

3.2 LNG Plant Process Units

3.21 Inlet Gas Conditioning and Condensate Stabilisation System

The Wheatstone Onshore |Inlet Facilities are designed o condition the dehydrated feed gas
from the Wheatstore offshore platform and provide a stable process gas stream to the LNG
trains and Domgas plant. Feed gas entering through the slug catcher is separated into
process gas, HC condensate, and wastewater streams. Condensate is stabilised In the
condensate stabiliser system, which strips off light-ends 10 meet condensate vapour prassure
specifications, before sending the product o the condensate tanks. The siripped gas is
compressed and fransferred Lo the main gas feed line fo the LNG trains for processing and
wastewater is routed to the effluent water treatment unit.

322 Acid Gas Remaoval Unit

Process gas is routed 1o the Acid Gas Removal Unit (AGRU) to remove carbon dioxide and
hydrogen sulfide {collectively known as ‘acid gas’) using conventional actvated
methyldisthanalamine (aMDEA) technalogy. Some BTEX in1he process gas will also be
absorbed by the aMDEA solvent. Heat is applied lo the salurated aMDEA solulion to
regenerate aMDEA, which is returned to the absarber via a closed loop system. The stripped
gas contains approximately 83% GO, water and trace amounts of BTEX and hydrogan
sulphide (H-S). This is dispozed of through an Acid Gas Thermal Oxidiser (TQ), which
oxidises any HCs ar sulphur compounds to CQ», SOx and water, An Acid Gas TO s Installzd
in each LNG train.
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323 Liguefaction and Refrigerant Compression, including Nitrogen Rejection
Unit (Licensor Proprietary Section)

The conditioned gas then passes into the liquefaction system, which progressively cogls itlo
=-160°C. &l which point the gas liquefies into LNG . This process uses a "cascade” of
successive refrigeration steps to progressively cool and liguefy the feed gas info LNG. There
are three refrigerant services used: propane, sthylene and methane, each in their own
cireulation loops. Six LMBD00PF aero derivalive gas turbine drivers are used per LNG frain 1o
provide the motive power fo the refrigerant compressors

As the conditioned gas passes through a series of heat exchangers, it gives up heat to the
successive rafrigarants and cools. The cooled gas s then Nashed (allowed o axpand inlo a
separalor or drum) to atmospheric pressure, cooling it further. The resulting LNG s then
pumped to the insulated LNG storage tanks and stored at atmospheric pressure and =160 *C.
A cryogenic Nitrogen Rejection Unil (NEL) is used in the LNG traing to remove excess N; to
mest LNG and fuel gas specifications. Ny is cryogenically separated and concentrated in the
MREU via a series of fractionation columns. The concentrated MNewith trace amaunt of CHa
(lgss than 1.5 mal %) is venled o lhe atmosphers.

324 Heavy Hydrocarbon Removal and Fractionation (Licensor Proprietary
Section)

Condensed HC liquid fram caoling of the conditionad gas is separated and fractionated to
remave the neavier HO componéents. This preavants freezing of heavier HC compounds in the
low tamperature liguefaction section as well as satisfies heating value and composition
specifications of the LNG product. These heavy components are recoverad as natural gas
liguids ar condensate stream and are blended with the stabilised condensate fram the inlet
facities to produce the final candansate product.

3.3 Domgas Plant Process Units

331 Acid Gas Remaval Unit

The AGRU system iz designed to remove acid gas components such as GO, and H,5 from
ihe feed gas using an aMDEA system, The ramoved acid gas will be routed to & thermal
oxdiser for destroction.

332 Hydrocarbon Dew Point Control and NRU

The HC dew point requires control to prevent the formation of lquids during pipeline gas
transportation The treated feed gas is cooled and then flashed (allowed 1o expand by
reducing pressura) through a Joule-Thompson Valve (or equivalent process) 1o condanse
HC liquid and meat the product dew-point specification. The HC liquid I3 routed back to the
inlet facilitias for re-procassing.

To meel the Domgas' inert gas conlent specification, N must be removed from the gas. A
slip slream of reated gasg ig taken from the dew point condrol unit and sent to a8 NRU where
M. Is cryogenically separated from methane and then vented fo the aimosphere. The N; free
gag stream ig blended with the rest of the treated gas stream from the dewpaint control unit,

333 Compression and Metering

Once treated to meet sales specifications, the domestic supply gas is comprassed, metered
and sent 1o the dislribulion pipefine.
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334 LNG Revapourisation

Domgas availability and continued delivery of domestic gas during extended oulanes such as
planred Domgas Plant or Wheatstone Platform turnarounds requires the use of a LNG
revapourisation unil, The LNG revapournsation uni takes LNG from aither of Ihe LNG slorage
lanks to produce natural gas. A Submerged Combustion Vapouriser is used 1o regasify the
LMNG. This will be operated only when there is no feed gas available from the offshare

facliles
34 Utilities and General Facilities
3.4.1 Fuel Gas and Recycle Gas Systems

The purpose of the Fus| Gas and Recycle Gas systems is lo reliably provide fuel gas o
users throughout the LNG facility. The fuel gas system is comprised of a high pressure (HP)
fuel gas section which supplies fuel gas at about 45 barg to the Gas Turbines Drivers and
Gas Turbine Ganerators (GTGs) and a low prassure (LP) fuel gas saclion which supplias fus
gas lo the Mare pllots and purges, the thermal oxidisers, the Domgas Planl regeneration gas
heater and other miscellaneous users. The fuel gas is narmally supplied by the methane
compressor [oop. Back up fugl gas can be supplied from the outlet of the dehydration unit
and the inlet lacilllies.

342 Power Generation System

The pawer ganeration system will supply power to the twa LNG trains, the Domgas Plant
lrain as wall as lhe common ulility and offsite areas, including tha LNG and condansats
storage tanks, marine product inading facility, and the administration and maintenance areas.
Four General Electric LMBODOPF GTGs with |AH will supply sufficient power to mest the
maximum plant power requirameants over the astire site ambiant lemparalurs ranga in a load
sharing N+1 configuration. The four GTGs will egually share the plant power load to provide
adeguate capacity, stability and redundancy to mest peak demand, even if one GTG trips off-
ling. During periods of lowear ambienl lamparature or reduced power dermand, only three
GTGs will be oparated with the fourth unit off<line and available for maintenance.

343 Heating Medium System

Waste heat recovery unite (WHRLU) are Installed in exhaust ducts of each of the refrigeration
comprassor gas turbines. This systam will supply essentially all of the LNG Plant's process
healing requirements. A closed-loop, hol ol healing mediom s used (o transport haal from
the WHRUSs to supply major users, including the condensate stabilisation faciites, AGRU
reganaralion, Frachionalion reboiler, sle. Tha Heating Madium Systam doas nol raguire any
supplemental burners 1o meel plant heat demands. A small gas lired hot ol startup heater
commeon to both LNG Trains would anly be used during start up operations when tha
reffigerant gas turbing drivers are nol oparating.

344 Pressure Relief/Liquids Disposal, Flare and Vent Systems

A pressure relief and liquids disposal syslemn, wilh both wel and dry service flare syslems is
provided to support the start-up, shutdown, emergency, and maintenance depressurisation
requiraments of the process facilities, A separale marine flare is provided to handie 1he
vapour from the LNG Storage Tanks and excess boll-off vapour generated during LNG ship
loading. The LNG plant flare sysiem currently comprises a grouping of HP and LP fiare
struclures, sach conlaining, a wel, dry and a common spare flare,

The Wet Gas Relief and Flare Systerm consists of large collection header, knockout (KO)
drum, pumps, and flare stacks. & separate wel liguid header collects liquids from process
equipment during de-inventorying for maintenance and from manual drains. The liguid is
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rouled to the Wel Gas Flare KO drum where any light components will vaporise, and residual
liguid can be separated and recycled to the process.

The Dry Gas Relief and Flare System consist of a large collection header, flare stacks, KO
drum, and vapoarisers. A separate header system is used to collect dry (no water) liquids and
transpart tham dirsctly to the Dry Gas Flare KO drum, avoiding the thermal strésses causad
fram cald hgquds runming down the bottorn of the large diameter collection header,

345 Diesel Starage and Distribution

Diesel storage and distribution facilities provide diesel to many users such as essential
powsr backup systems. Five diesel engine driven ganarators (sach nominal 2 MW capacity)
will be installed to supply the essential power for the LNG Planl when the main power supply
system is fripped offline or is not available. The diesel genearators are sized in an N+1
configuration &0 that all essential power i§ provided by four units and the fifth is available as
a spare. These units also supply the power for inbal commissioning of the first GTG. An
additional dedicated diesel generator is installed in the Operations Centre to provide its
essentizl backup power to the Central Control Room (CCR) and administration offices.

3.4.6 LNG and Condensate Products Storage and Export Facilities

The LMG wil ba stored at atmospheric pressure in two full containment tanks, of
approximately 150 000 m* net capacity each. The tanks are insulated to minimise balling of
LNG and generation of Boll Off Gas (BOG). BOG Is captured by a vapour recovery system
which compresses the gas and returns it 1o the LNG plant. BOG is alsp generated during
LMG ghip leading activilies. To help reduce the generation of BOG, and keep the loading
plping systems cold between ship loading operations, LNG |s circulated through the loading
lines. Vapour recovery arms are installed o recover BOG.

Condensate will be stored at almospheric pressure in wo lanks of approximalely 120 D00 m?
capacity each, and pumped to the loading berth to transfer to tankars via the two condensats
loading arms. These condensate tanke will be axlernal floaling roof tanks 1o minimisa the
roof cavily and reduce evaporalive emissions due lo breathing and filling.
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40 AIREMISSIONS MINIMISATION PRINCIPLES IN FACILITY
DESIGN

4.1 Chevran Operational Excellence Management System

Chevron's Operalional Excellence Management Syslem (OEMS) provides a standard
approach for achleving world-class performance in Health, Environment, Safety, Reliability
and Efficency. Using a slandard appreach to systematically identify and clase performance
gaps, Chevron can continually improve Operational Excellence (OE) resulls. Using the
OEMS, Chevran effectively inlegrates OE objectives, plans, processes, standards and
behaviours into daily operations to potect people and the environment today and in the
future. Further details on the Chevron OEMS are available at:

<hitpfiwww. chevron.com/aboul/operationalexcelience!> {Cheavron, 2012).

The key OFE processes faken info account in developing the Report include:

¢« Envirecnmental Stewardship - Process for addressing potentially significant
environmental, social and health impacts from projects under consideration. Ensures all
environmental aspects are identified, regulatory compliance is achieved, environmental
management programs are maintained, continuous Improvement In performance is
achieved. and alignment with IS0 14001-2004 is achieved.

& Risk Management — Process for idertifying, assessing and mananing Health,
Ervironment and Safety (HES), oparability, efficiency and reliability risks.

+ Management of Change - Process for assessing and managing nisks stamming from
permanent or temporary changes o prevent accidents.

+ Compliance Assurance — Process for ensuring that all HES and OE related lagal and
policy requirements are recognised, implemenied and penodically audiled for
compliance,

4.2 Design and Operations Philosophy

The environmental performance standards and design features have taken Inlg account
regulatory requiremnents, including guidance noles, Project environmental commitments,
Australian and Internatinnal Standards, and Chevron requirements {Chevron environmental
performance standards). In the absence of gquantitative guidance perlaining to emissions to
air for stationary sources in the WA Sfate Environmental (Ambient Air) Policy 2009 {and
relevant WA regulations and guidelines referenced in Appendix 1 and 2 of the policy), design
emission targeis sourced from the NSW Government Gazette. Profection of the Environment
Cperalions {Clean Air) Amendmenl (Industrial and Cammercial Activilies and Plant)
Roegulation 2010 (NEW)} was uged as a reference in this Reporl,

The design and sperations philesophy provided the following guidance pertaining 10 pollution
prevention and control measuras in he design of the LNG and Domgas Plants:

¢+ Design and environmental performance requirements linked to NOx and VOC generating
activities and equipment, including flaring and venling emissions

& Procurement strategies include requirements for major equipment vendors to provide
enviranmenlal parformance information for ther equipment, whieh 15 a consideration in
the eqguipment seleclion process

+ ldentification of environmental aspecls associaled with the change and assessmeant of
polential anvironmantal impacts using a risk-based approach
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* Thermal efficiency and reliability, and energy efficlency process enhancements are key
consideralions for technology and eguipment seleclion to reduce fusel usage

& Flaring Philogophy which includes the fallowing considerations:

= The flares are designed to operate smokeless during most flaring operalions with
visible emissions of Ringslman Mo. 1 or lower (., 20% opacity or lower)

= The flares are not designed for smokeless operation for infrequent, unusual
ameargency relief scenarios such as failure of the main refrigerant compressor
shutdown system during a plant power failure.

In summary, pollution conlral measures used n the Wheatstone Foundation Project have
been identified through a combination of technology selection and assessment across a
range of criteria, including effectiveness, operability, maintainability, costs, and HES risk
assassment of the residual risks associaled with each option being considered,
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5.0 EMISSIONS INVENTORY

51 Estimation Methodology

Wendor provided performance guarantees, where avallable are used to estimate emissions.
Manufacturer emissian guarantees genarally tend lo be more consenvative than the actual
emissions. For example, NOx and CO emissions from gas lurbine and healers are calculaled
based on the manufacturer's emission cancentration guarantees (pemvd of pollutants).
Where lhe vendor guarantes % nol available, emissions are estimaled using matenal
baiance and design values, foliowed by USEFA AP-42 or Nalional Pollutant Inventory (NP1}
emission factors,

Far 80 emissions, eslimates are based on the design value of 1 ppmv H.S (normal
operations) in LP fuel gas. Reservalr characlerisation of Whealslong area fields for the
Foundatlon Project indicates low levels of HyS in the reservolir fluids significantly less than
lhe design value, however the design value was used as a conservalive eslimale. During
normal operations, the expected H,5 concentration in fusl gas based an heal and mass
balance calculations is expected to be lower. Heat and mass balance calculations were also
used to calculale flare upset emissions, based on the highesl flow rates and malerial balance
from multiple events requiring release Lo the Nares,

The VOC emissions far all equipment. and PM emissions for gas turbines, are estimated
using USEPA AP-42 factors. Plant fugitive emissions am estimated using NF| method 2
based an number of piping syslems components {(valves, flanges, pump seals etc.). There
fas been no #mission reduction credit taken for Leak Delection and Repar (LDAR) or flange
managemenl praogram in the emissions esimales.

Table 5.1 pravides a summary of emission estimates from normal operations including
routine and planned non-rautine operations (e.0. maintenance and testing). The estimates
would be validated as appropriate during operations monitering and testing as described in
Section 9.0. to ensure that manufacturer emisslons guarantees are met.
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5.2 Emissions Inventory

The emission estimates for normal operalions based on the average feed gas composition /
average ambient temperalure flowrates and assuming steady-stale condifions are presented
in Table 5.1.

Table 5.1: Emission Estimate for Normal Operations '~

PM | NO; | €O | 50" | voo | BTEX!

Equipment | Duration
EMESMON SOURSE Count | *(hriyr)
afa a's s fulk] o8 a's

LNG Plant Routine Emissions

Rafrigeration Compressor Gas Turbines” 12 5278 1.2 B .6 a1 1 0
Fower Generation Gas Turbings” 4 5,378 0T 143 3 002 0.25 0
At Gag Thomal Camenrs 3 &.278 L.o8 28 4.3 8 28 234
tanne Flame - Noamal Pkt & Purge) 1 5,760 om LS ] 03 | 0o | 000 Li|
Tiry Gas Findes - Nammal (Pt & Puege) s 5760 oong | oad a7 onom ooz 1R F
‘Wit Gas Flares - Mormal (Pilot & Purge) 2 4.7e0 009 | a4 34 .00 0.o2 0.08
Fuagnlvers - H.47H = - - = FE=] ol

Domgas Plant Routine Emissions

Bed Gas Tharmal Cuidiser 1 & B0 s 0.5 (18] (14 ] 04 032
Fusgilive Emissions 8278 : . 05 | oo
Regen Ges Heater 1 3621 a9 0z o 0005 0.02 0.025
Taotal LNG Planl Routline Emissions 41 56 104 16 11.4 286

et LT Rel 01z | 07 | o8 | o4 | vs2 | 035

Tatal Foundathon Project Routine
Emisslons 4.2 &6.7 102 .7 12,33 285

MNen-Routine Emissions

Muiine Flare (Upasi Case. Luss of BOG

compmEssot) 1 24 6.6 a4 274 | 0.0003 04 Q
1P Diy Gas Fine (Upss Casd, Blocked :
MAU Verd Outlet} 1 2 v | s | ver | ooa | 1a 1.1
LP Wl Gas Flare (Upsol Cage Thermal
Oxidisar Trig) 1 28 1 4.7 40,8 1.4 0.26 4.3
Condensste Ship Losdng - 154 - - - - 532 5.2
Start up O Hestar 1 T 04 [k 04 0oz 006 a1
DomGas Submenged Combustion i 240 0.7 15 06 0.003 0.08 0.5
Vapariner g & g :

infes:

(1) A amizsions esfimates faf are based on vendns providsd data ara prafiminany and sutyect to change. Addficoe
aasumphnne e proviced i Section 51

12 Enwssong provided ane worsh ook St enm enmissions i g%

(3 Baged an Fronl End Enginagsing and Design Cage I (varape Flowverage Temoeralvne) Heal & Materdal Satance.

¥4]  Besed on basic plant data and operabion svaisbilty for the LNG Traing (04 5%5),

{5)  Bosed on operaling losd assumpiions
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6.0 TECHNOLOGY BENCHMARKING

A survey was undertaken of LNG projects and gas processing projects in Australia and
internationally. Information was obtained from publicly available documents published on the
EPA website, on industry websites and in industry publications. Due to the nalure of large
capital projects, there may have been changes in the project scope and design that occurred
after the cited documents were published, Best efforts have bean made to use the maost
recently available documents with current mformataon.

Table 6.1 shows LNG prajects in Australia and their predicted air emissions as published in
public slatemants. Intermational LNG projecls are lisled in Tabls 6.2 with he lype of
liguefaction process and type of NOx control installed on the gas turbines. The information
compiled indicates that the largest contrioutors o NOx emissions from an LNG plant are gas
lurbine drvers for refrigeration compression and power genearalion. The Karralha Gas Plant
built in the 1980s/1900s was without NOx control on the Frame 5 industrial gas turbings. To
reduce NOx emissions, Trains 1-3 were retro-fitted with Lean Head End (LHE} liners In
2006. Additional Trains 4=5 were designed with low NOx combustors on the gas furbines.
The Darwin LNG facility approved in 1998 applied water injection and Dry Low NOx contral
technology for the refrigerstion compressaor drivers and power generation gas turbines,
respectively. Secondary NOx control technologies, e.g. Selective Catalytic Reduction (SCRY),
have nat been used by any LNG projects curently in operation, construction or design in
Australia and Internatianally,

The nomalised NOx emssions {predicted NOx amissions in lonnas divided by (he nominal
capacity of the project in tonnes of LNG produced) is the meatric used for comparing NOx
emissions. The survey of publicly available infarmation did not find published data on NOx
amissions fram intarmational prajects thal could ba compared on a consistanl basis. The NOx
and VOG emissions presented in Table 8 1 are estimated for the two train Wheatstone
Foundation Project as described in Section 5.0, The emissions are then scaled up to the full
25 MTPA developmenl wilh no allowance for fulure improvements in afficancy or emission
controls

Az dizcussed (n Sectlon 7.1, the General Elzctric LMB00OPF aaradenvative gas turbinas
have ane of the higher thermal efficiencies comparad to other drivers used n the LNG
industry, The NOx emissions shown in Table 6.1 are estimated based on vendar provided
guarantze g5 described earler In Section 5.1 and are expected 1o be consaervative estimates.
Based on the publicly available informabon presented in Table 6.1 and Table 6.2, the
technology selected for the Wheatstone Foundation Project benchmarks well against peers
in the LNG industry.
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Table 6.1: Australia LNG Project Comparison
Nominal Normalised
Size of Liguefaction Refrigeration NOx VOCs NOx Emissions
Project Facility Technology Compressors Power NOx \pp (NOx tpa per
Name Location (MTPA) Selected Drivers Generation Control Year {tpa) (tpa) MTPALNG) Reference
Northwest Burp T5LNG Air Products and | GE Frame 5 GE Frame § Refroditted | 1989 8430 1124 EPA 2004
Shelf Project | Peninsula, {aftar Chemicals Inc. with LHE (est. after
Karratha Gas | WA debollie: {APCI) Propane liners in retradfil 7
Plant nacking) | Mixed 2008
{Trains 1-3)" Refrigerant
(MCR™).
Danwin LNG Wickham AT LNG ConecoPhilips GE LM2500 Solar Taurus Water 1993, 6152 464 615 €. B. Meher-
Facl ity Polnt, {in Optimized aeroderlvative | with SoloNOx | Injection revised Homyj et al
Northem operation) Casoadeld 1 — 2002 2008
Teritory 10 LNG Process SoloNOx Il URS 2002
{total for GTG
proposed)
Morthwest Burrup Originally Shell Propane /| GE Frame GE LMB00D Low NOx 2000, 17581 219 EPA 1899
Shelf Project | Peninsulz, | 8.0 revised | Mixed TEA seroderivative | bumners to revised
LNG WA o BB LNG Refrigarant meet 2008
Expisin (CIMRY AECNHMR
(Trains 4, 5) Process with C. 1985
Waste Heat guidelines of
Recovery 70 lngle"
Pluto LNG Burrup 4.3 (initial Shell / Foster GE Frame GE Frame & Dry Low 2010 21918 587 182 Woodside
Peninsula, LNG} Wheeler CIMR TEA NOx 2007a, 2007b
WA 12.0 LNG System
4.0 Domgas
" Retro-fit was estimated to achieve 25% reduction from uncontrolled emissions of 11 241 tonnes per annum (tpa) (EPA, 2004).
2 Galeulated by difference from published 13 000 tpa for five trains less uncontrolled 11 241 for Tralns 1-3 (EPA, 2004).
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Nominal Normalised
Size of Liquefaction Refrigeration NOx VOCs NOx Emissions
Project Facility Technology Compressors Power MNOx \pp (NOx tpa per
Name Location (MTPA) Selected Drivers Generation Control Year (tpa) {tpa) MTPALNG) Reference
Gorgon Gas | Barmow 15.6 LNG APCI Propane GE Frame GE Frame 9E | Dry Low 2009 4430 295 Chevron 2005,
development | Island, WA | 3600 m® Pre-Cooled TEA NOx 2011a
condansata Miwed
300 Tiday | Refrigerant (Spiit
Domgas MR&) Process
Whealstone | Ashburion 89 ConocoPhilips GE LMB0ODPF | GE LMEDDOPF | Dry Low 2011 1681 {for G666 (for This Report
Development | Morth, WA {initial LNG) | Optimized fatl I Emi B8 MTRA) 5.9 MTPA) {includes
Cascade® diese! usage
25LNG Procass 4722 {for 1872 (for 189 and
{total 25 MPTA) 25 MTPA) Condensale
proposed) Ship Loading
Emissions)
Australia Curtis 9 (initial ConecoPhillips GE Solar Titan Dry low NOx | 2011 3380 690 183 Katestone
Pacific LNG Island, LNG) Optimized LM2500+G4 130 (SoLoNOx) Envirenmental
Project Queensland | 15 | ya Cascade® aeroderivalive 2010
Procass Australia
Pacific LNG
2010
*Wheatstone emissions also include emissions from sources that are typically offline such as emergency generators and firewater pumps.
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Table 6.2: International LNG Project Comparison

Nominal Size of
Project Name Location Facility Start-up Year Technology Selected NOx Control References
MTPA
Qatargas 1 Qatar Expansion from 6.4 | Onginal 1996-1998, APCI Propane pre cooled Retro-fitted with LHE liner’ ILyasak 2011
(LNG Trains 1o 9.5LNG expansion 2003-2005 Mixed refrige ration Sailisbury et al. 2007
1,2,3) {MCR™)
Oman LNG (Trains [ Oman 9 LNG 1999, expanded 2005 APCI Propane pre cooled Retro-fitted with Dry Low NOx Oman LNG 2005
1.2.3) Mixed refrigaration
(MCR™}
RasGas Qatar 14.1 LNG 2003-2007 APCI CIMR (Split MRE) Dy Low NOx (ratro-fit of Trains 3 MeKay 2010
Trains 3, 4,5 and 4, new on Train 5} Ras(Gas 2008
Air Products 2008
Snohvit LNG Morway 4.3 LNG 2006 Linde-Statoil Electric motor driven [iquefaction Helersted and
Mixed Fluld Cascade compressors” Lillesund 2002
GE LMB000 Power generaling gas
turbines have Low MOx Burners
Qatargas 2, 384 Qatar 7.B LNG each 2009-2010 APCI Dy Low NOx Air Products 2008
(Trains 4,567} Propane pre cooled Mixed
Ras Gas Trains refrigeration/ Ny (AP-X™ )
6&7

*LHE liners are estimated to reduce NOx emissions by 15—40% from uncontrolled levels.
° Snohvit LNG facility generates electric power and has access fo the national power grid.
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7.0 EMISSIONS REDUCTION MEASURES IN DESIGN

Faclors such as gas tield location, composition and varability, HC liquids content, ambient
aperating temperature, maximum and minimum processing capacities all play an important
rale in determining the parbcolar teachnolbgies sultable for a specific projecl. This section
deseribes the current fealures thal have been incorporated into lhe design of the key
emission sources 1o minimise emissions of VOO and NOx. The design features to minimise
visiDle smoke and nor-emergency flarning € described it Section B, The evaluabon process
applied for selecling the emission reduciion design tealures to minimise NOx and VOO
emissions include the following criteria:

Ability fo achieve or improve upon relevant environmenial (BEC and EPA} standards

Preference for primary (at source) over sacandary (end-of-pipe) poliution cantral
rhsasures (o mnimisa wasle ganeralion

& Technology Risk — proven versus unproven lechnology or process. The Chevran
Technology Qualification Process requires thal selecied technology or process has a
documented lrack record in the field, for a defined environmenl, to be considered "proven’
and of acceptable operational rigk

¢ ECnergy Efficiency — the energy efficlency is central to each design option, be it thermal,
electric or mechanical energy efficiancy. A reduction in anergy efficiency rasults In
increased fuel reguirements and congequently increased emissions

+ Operability/Mainiainability — design options that are difficult to operate or reguire high
mantenance may result in higher emissions through suboptmal operating condilions and
any additional shuldown and starl-up events thal may be experienced

+  Availability = impact of pallution control technology on combustion equipment avallability

+ HES - additional HES consideralions, including wasle generatien, use of natural
resources (e.g. water), occupational health exposures, and safe operations.

In summary, combuslion lype process equipment thal have been selecled besl malch the
requirements of the Wheatslone Foundalion Prolect because these will operale within the
opiimal combustion envelopes during routine operations, minimising emissions of CO, WYOC
and Particulate Matler (PM). Trade-offs betwean NOx reduction, and combustion and energy
efliciency, ale Influenced equipment selection. The specilic degign fealuree which have
been Incorporated into the Wheaislone Foundation Project LNG and Domgas Flants to
minimise NGk, and VOO emissions are detailed in the following subsections.

71 Gas Turbines for Power Generation

7141 Description of Equipment and Operating Regime

General Electric LMBODOPF, two shafl, asroderivative gas turhines equipped with 1AH and
Ciry Low Emisslons (DLE} combuslor syslems have been selected as the driver for lhe GTG
units. Each turbine has a site rating of 34 MW (with 1AH) when de-rated for aging, fauling and
degradation. Although three GTGs running at full load will provide sufficierl capacily 1o meel
power demand under site conditions, the aperating strategy I to have four GTGs running at
partial load in an N+1 configuration lo provide electrical power redundancy and stability. This
ensures that sufficient power will be available to meet power demands even if ane of the

(3T (5s trips off-line.

The stability of the power gupply ls ezsential in maintalning sleady-slale operations of Lhe
LNG and Domgas trains. An unreliable electrical power supply would result in the LNG
processing traing operating et less than peak efficiency, or in the worst case, reguiring an

& Chevron facirsils Sy g Campary Gonboental =ane
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unplanned shut down.The average loading of each lurbine under normal operaling conditions
is expected to vary between 50% and 75% under routine load balancing operations,

7.1.2 NOx Control Technology

Pamary NOx control lechnology typically raduces the Harme lemparature and residence lime
to limit the formation af thermal NOx whereas secondary control technology utilises a
continuous stream of catabylic material, e.g. ammonia (NHs), to remove NOx emitted from
stack gasaes. Secondary measures are typically used as a polishing slep lo reduca NO,
emissions from an already low emission rate (due to primary pollution contral being
employed) to a very low emission rate in urban areas.

Table 7.1 shows NOx cantral technalogies used in the industry. Primary and secondary NOx
contral measures aplions available for the GTGs include:

& Primary (limil formation of thermal NOx)
= |LHE Linars
= Water or Steam Injection
= DLE Combustors
¢ Secondary {remove MOx before emission)
=  Selective Catalytic Reduction (SCR)
= Cataiytic Oxidation with Subsequent Absorption.
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Table 7.1: NOx Control Technologies for Gas Combustion Turbines

Control Technology Description

Water | Staam Injection: Heduetian
of flame temperature by introducing
walersleam (. a heal sink) inlo
llame zone

Reduction in NOx
Emissions [
Residual
Concentrations”

Lip ta BO%
NOx @ 15% Oy ~42
pRmY

Comments

Requires staady SUpply of
demineralised waler, lechnology is
appropriale for vanable luel quality.
Energy penally with ntraeduchion of
heat sink

DLE: Staging of fuel in vanety of
combinations to a seres of annular
rings with pre-mixers during part
power pperalions o mainlain nearly
constant llame lemperature over the
enlire aperaling range

50-80% above 50%
engine load

NOx @ 15% O 15
25 ppmv

Ability to contral MO, emissions over
the anfire opsrating range (S0=100%
load). Peak flame temperature
reduced through Increased mixing
and hamogeneily, reduced residence
time, reducing thermal NOx
formation. No reagenl required

SCR: Invelves injecting ammenia in ~3 ppmy Requires ammonia or urea, and

the prasence of a calalyst into the exhausl tempearzture conlrol.

wxhaust slream reducing NO. 1o Reduction efficiency reduces ovar

nitrogen and waler lime with catalysl masking,
poisaning, and sintsring. Polantal
ammania ermissions

Catalytic Oxidation with ~2 ppmv Requires platinum catalyst and

Subsequent Absarption: Posl-
combustion calalytic system that
ramoves both NO, and CO from
exhaust gas using platinum catalysi
and potassium carbonate absorbant

i AP-AZ Chapler 3 data,

pelassium carbonate and exhaust
lemperalure conlrol, wasle sludge
recjuive disposal. Reduction
efficiency reduces over lime with
catalyst degradation

Table has been consolidaled from GE techiecal rapons, Paviland Moose, 2001, Davis and Black 2000, and

NOx emissions reduction from uncontroled combustion emissions at ~150 ppmv (USEPA; Allernative Confral

Techngues Documenl = NOx Emissions rom Slationary Sas Turbines, EPA-453/R-93-007),

The NOx abatement oplion preferrad by Chevron for the Wheatsione Foundation Project is
1o use primary control lechnology over secondary control technology. Tha key trade-off in
selecting the most appropriale primary NOx control measure i the impacl on GTG thermal
efficiency. By lowering the flame temperature and residence time of combustion {o reduce
thermal MCx farmation, turbine thermal efficiency and combustion efficiancy will be reduced,
leading to increased GHG emissions, and YOC and CO emissions.

While there is some impact an the overall efficiency of the turbines, primary control
lechriologies do nol require additional unil eperalions and the continuous supply and
handiing of hazardous material on site. In addilion, the slorage and disposal of hazardous
materal, e.g. ammonial ammaonium salts, potassium nitrate sludge, pose HES risks to the
project. Thus, the benefitz in NOx emission reduction offered by secondary mitigation
techrology must be weighed against the following:

¢ Technical risk of attempting secondary mitigation measuras in a first of a Kind service ina

LMNG plant

¢ Increased compiexidy and cost of the power generalion and emEsion conbrol system
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* Increased HES risk related to the storage. handling and disposal of hazardous chemicals
and heavy metal catalysts

& Air quality impact caused by emissions of ammonia and ammanium saits

In highly populated urban areas in California, USA, such as Los Angeles, San Diego and he
San Joaquin Valley where the ambient air may have elevatad levels of NOx or ozone, the
risks of implementing secondary contral tschnalagy in additian to primary contral technolagy
could be justified to ensure the ambient air guality of the region does nal pose a risk to
human health. New projects in these areas often require the instaliation of secondary contral
techrology 1o limit emissions of pollitants thal cantributs 1o non-attainmant of air gualty
standards (Baez, 2000). SCR can achieve NOx levels <3 ppm in some cases — but this is
typically achieved by over injection of NH,. Residual or fugitive NH. emissions are a freguent
CONCErm,

Tha Wheatstore Foundation Project g in a sparsely popuiated area with low ambiant levels
of NOx and O,, and withaut heavy modor vehicle traffic to contribute to precursors of
photochemical smog (SEWPaC, 2010), The main concern related to ambient air quality is
penodic wind-blown dust. Air emission modealiing has shown that the cumulative local
ambignt air quality for NOx and Oy will not excesd the ambient air quality standards for the
full 25 MTPA propasal. Consequantly, while primary NOwx reduction technology will be
implemented, the aperational complexity and higher cost of add-on, secondary NOx
1echrnology is not justified or necessary and was not further considered during LNG plant
concept selection and equipment spacification.

713 Emission Reduction Measures

A number of alternative power genaration systems and conflgurations ware avaluatad to
meet the required power load profiles of the Wheatstone Foundation Project, The
comparisan considered seasanal variation of ambient conditions, system stability and
reliability neads, required spinning reserves, thermal efficiency, greenhouse gas emissions
and cost.

The General Electric LMEOUOPF aeroderivative gas turbines have one of the higher therma!
afficiencies compared fo other drivars used in the LNG industry for power generation. While
higher thermal efficlencies could potentially be achleved using larger asroderivative gas
turbines such as the LMS100, the LM5100's higher power output would result in operaling
these turbines routinely at low loads below 50%. resulling in fow thermal efficiencies and
consequently, higher emissions to air. In addition, the LMS 100 have never been used in
LMG plant service, or selected for a LNG plant under design or construclion and thus, pose a
significant lechrnology risk 1o the Project

The gas turbines are equipped with |AH, which uses evaporative cooling to improve the
averall lhermal efficiency and power oulpul during high ambient temperalure condibions.
Turbine powar oulput & a stmng function of the amblant air tamparature and inlet cooling
boosts power by 0.54-0.9% for every 1 "C of cooling {Meher-Homiji et al. 2007). Weather
carditions in Onslow are typically hot and dry, with a mean annual mazimum temperature
above 30 "C and mean relative humidity ranging from 44-57%. |AH Improves turbine
sfficiency by approximately 4% at nominal conditions and up to 15% at high temperature
cornditions; 1AH helps maintain consstent power autput at high ambient temperatures,

Gas turbines are typically low emiliers of exhaust pollutants bacause the fuel is burned with
ample excess alr to ensure complete combustion at all bul tha minimum load conditions or
during starl-up. Emissions of CQ, PM and VOC arise from Incomplete combustion, such
as insufficient gas molacule residence time at high lemperature or incomplete mixing in
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combuslion chamber. Fuel gas supplied to the GTGs containing minimal concentrations of
H-5 as discussed in Section 5.0, will result in negligible emissions of S0x (note that a
nominal value of 1 ppmv H-3 15 used o estimate SOx amissions ta ar m the amissions
invenlory, Table 5.1, as a consenvalive esiimale).

The gas turbings must alsa be lunsable for maximum opsra bilil‘y over the load range
50-100%, and be able to prevent cambustian cantral upsets fram potertial swings in fuel gas
composition, ieading to stage down events DLE was the mast applicable NOx contral
technology for the Wheatstone Project because of its effectiveness over a wide range of load
and fuel variability. & comparizon of estimated NOx emissions (exprassed as kg/hr of NOx
per MW of power output; Figurs 7.1) shows that the LMGOOOFF equippad with DLE has the
lowest emissions over a wide range of power [oads under similar test conditions, when
comparad with:

¢ Frame 7EA indusirial gas turbine with Dry Low NCx combustars (used at the North West
Shalf Project Train 4 and 5 expansions, Pluto and Gorgon)

¢ LM2500+CG4 with DLE combustors {used at Darwin LNG and in proposed Curtis Island
LNG prajects),

Mote that Figure 7.1 has been obtained from manufacturer proprietary information. General
information on the LMEODOPF and DLE technology can be found at the following websites:

and

Estimated NOx Emissions

(kg/MWh)

=

-
e

/
/

NOx Emissions (kg/MWh)
B =
F

04 = : e,
02 - - - 2+ -8
0
4009 50% 6% 70% 0% 0%, 100%

Gas Turbine % Load
sde=Frime TEADLNT  =@=LM&MOFF DLELS == LM2500+G4 DLELD

Figure 7.1: Gas Turbine Estimated NOx Emissions
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While the LMGDDOPF utilises DLE1.5 to provide a guaranteed MOx emission level of

15 ppmv, this operates on a narrow fuel gas specification and requires a moare siringent
mantenance regime. Stability and effciency issues assooiated with mesbing the 15 ppmv
specificalion will potentially lead lo more frain trips and flaring evenls, which significantly
increase reliabilty, maintenance and operability, and efficiency risks to the Wheatstone
Project. Due to lhe need io opaerate over a wide load range and a larger varance in fuel gas
specificalion, and the objective o minimise stage-down evenls, the LMBODOPF DLE1.5 was
detuned 1o 25 pprv, guaranteed for routing operation 10ads between S0=100%.

A number of measures were implemented to improve the ability of the DLE systems o
handle changes In fusl gas compasition, and contral any stage down event leading 1o a i0ss
of power. Dynamic simulations of the fuel gas supply system conducted, including the
rasponse times of the fusl gas chromatographs and the Wobbe meters, will be used to tune
ihe DLE system performance. Mapping will be performed during the commissioning phase,
after gach major maintenanca overhaul, and as required to determine the optimum operating
boundary conditions. Remole monitoring and remote DLE mapping will also be avaluated.
To furlher improve gas lurbine avallability, two oul of two and two oul of three voling and
control logic have been utilised. The inlet air filters system is designed to reduce the fouling
of the GT axial air compressor; thus periodic starlup and shuldown of the GTGs for off-line
waler washing can be minimised; waler wash would only be performed during routine
turnarcund activities.

In summary, the evalualion process identified that four GE LMB0DDPF equipped with |1AH
and DLE guaranteed to 25 ppmv NOx, operated in a 3 + 1 load balancing configuration,
provided Ihe besl oulcame in lerms of oplimum overall power aulpul, MMiMisng emissions
and meeling reliability and flexibilily requirements for the Whealstone Foundation Project.

71.4 Design Emission Rates

The design emission rates calculated for the GTGs and the design emission targets are
preserted in Table 7.2,

Table 7.2: Power Generation Gas Turkine Emissions during Normal Operations ’

Design Emission Design Emission Design Emissions
Component Rate (g/s) Concentration’ (mg/Nm”) | Targets® (mg/Nm®)
MOx 14.3 46 ™
PMI0 0.7 25 50
s02 0.02 0 08
VOC .25 09 40
co 24.3 B3 128

Emissions shown in Lhe lable are for tolal of four (4] lurbines.

For gas Tirgd (urbings, refarence condilions am dey, 273 degres Kelvin (IK), 1013 kPa al 18% Oy
Design amission targats are sourced from the Mew South Wales [NSYW ) EPA Protection of the
Enviranmant Cparationa | Glaan Air) Armandmant (Indesteial and Cammancisd Activilios and i"‘lant)
Regulaton 2010 {Government of NSW, 2010} The NSW emission targats are used fr eomparison
purposas in absence of numercal slack standards from WA DEC.

G Ll

7.1.5 Deviation from Normal Operations

The four GTGs will equally share the power load during normal operating condiions. In the
event of a single generator trip, the remaining generators will share the shorfall in the load
by increasing the individual machine loading, while still maintaining NOx control effactivenees
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al 25 ppmv. Transient conditions are likely o occur during shutdown, start-up or significant
changes in fuel gas compositions. Dynamic simulations of the fuel gas systems were
conducled to assess the vanabilily in heating value and Wobbe index while changing
belween different fuel gas sources. The resulls indicate thal variances in the fuel composition
will meet the specified GTG design and potential risks with unstable operating conditions are
rmin s ed.

In aceordance with the manufacturer's recommendations, the | MB0D0OPF GTGs are
expacted 1o be periodicaily shut down for maintenance as per the following schedule:

& Every three months for 12 hours for off-line water wash (This task Is expacted to be
conducted during inspeclions, based on the design of the inlet air fitration system)

Every six months for 18 hours for boroscope internal inspection

Every 18 months for 30 hours for variable slalor vanes brushing stage 3 lo 5
Every three years for 54 hours for hot section replacement and DLE mapping
Every six years for 54 hours for depot mainfenance and DLE mapping.

. # & B

Where practicable, GTG maintenance shutdowns will be scheduled to coincide with ather
planred maintenance shutdowns in the LNG plant, ar during periods of lower electrc power
demand (between ship loadings) or low ambient temperature (wirder manths),

7.2 Gas Twurbine Drivers for Refrigerant Compressors

7241 Description of Equipment and Operating Regime

The Wheatstone Foundation Project has selected e General Electric LMBOUOPF, twa shaft,
asrodervative gas turbing as the drver for the main refrigeration compressars. The gas
lurbines are eguipped with IAH and DLE NOx control technology, similar {o the GTGs
described in Section 7.1. Two 50% gas turbines drive indepandent propans, ethylens and
melhane refrigerant foops in paraliel per train, Le. all gas turbine drivers oparate normally at
full capacity. The gas lurbines are conlrolled simultangously by a load balancing contral
program, which allows the gas turbings {o be started, shutdown, or placed on recyele without
significant upset ta the system by adjusting LNG production throughput.

T.2.2 Emission Minimisation Measuras

A number of alternatives ware evaluated for the liquefaction comprassar drivers to daeterming
the maost suitable driver for refrigerant service. The list of nine refrigerant compressar driver
corfigurations for aach LNG train evaluated during the conceptual dasign phase was refined
1o the following four confligurationg!

Sever LM2500+G4 (34 MW Aero-dervative gas lurbines)

Six LM&000 (43 MW Aemo-derivative gag lurbines)

Two Frame 7E (87 MW) and twa Frame 5D {33 MW) gas turbines
Savan LM2500+G4 with 1AH.

- ®* 8 =

The aralysis considered the range of LNG production rates, power margin, thermal
efficiency, greenhouse gas amissions, rellability and the lfecycle cost of the alternatives. The
evaluation process idantified that the GE LMGOODPF asroderivative gas turbine fitted with
IAH and DLE NOx control lechnology was lhe most suilable compressor driver wilh Lthe
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highest thermal efficlency for the LNG Lrains. A lotal of 12 compressor gas turbines would be
required to drive the Wheatstone Foundation Project LNG trains refrigerant circuits.

For reuline operations, e refrigerant comprassors will operate over a speed ranges of
approximately 95-105%. They are desigred for a speed range of B5-105%. The DLE
combuUstors aré optmised over this spead range to &nsure & guarantesd NOx amission
concentration of 25 ppmy; details of NOx cortrol technolages considered are described in
Sectigns T.1.2 and 7 1.3 Based on engine testing, typical NOx emission levels are expected
10 be in the 18=20 ppmv range tor the compressor gas turbines.

To improve the overall energy efficiency of the LNG trains, WHRLUSs are installed (o recover
waste heat from compressor gas turbine exhaust slacks for use as process heat within the
LMNG trains. Several other energy optimisation techniques were also deployed within the LNG
trains, including but nat limited to:

¢+ Optimised approach temperature an the propane refrigerant condansars to reduce
OQOMPIEssion power requirements

and

& Ircorporated expander-genzratar in the LNG process train confiquration to ool the gas
by extracting enargy to generate alectricity (7 MW alactricity per train is racoverable),
thus improving the tharmal efficiency of the LNG production process and reducing the
laad an the GTGs; expander-generator atso improves LNG praduction rate by 7%,

In summary, lhe selecled compressor lurbine configuration provided the best overall power
outpul, efficiency, reliabllity and flexibillty while minimising greenhouse gas emissions for the
Wheatsione Foundalion Froject.

T7.2.3 Design Emission Rates
The design emizsion rates for the relrigerant compressor gas lurbine drivers are presented in
Table 7.3,
Table 7.3: Refrigeration Compressor Gas Turbines Emissions during Normal
Operations
Design Emission Design Emission Design Emissions
Component Rate (g/s) Concentration® {mg/Nm?®) | Targets® (mg/Nm?)
M= 38 49 7O
BM,q 32 3 50
20, o 01
VOC 1 1.0 40
CO 65 B3 135

3

Emissiana ahown intha tabie are for tatal Twalve [12) lurbines.

2. Forgas fired lurbines, reference condilions are referonce condibions are dry, 273 K, 101.3 kPa at 15%
O:

3. Dezign emssion targeis are sourced from ine New Sowth Wales [NEW ) EPA Pratection of the

Environme nt Dperations (Clean Air) Amendmeant (Indusirial and Commercial Activities and Plant)

Regulabon 2070 (Government of NSW, 2010) The NSW emission largets ane used fr comparnson

purposas in absenoe of numencal slack standards from Wa DEC,
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724 Deviation from Normal Operations

The Refrigeration Compressor Gas Turbines will be subject to Ihe same Iransient conditions
and maintenance schedule as described in Section 7.1.5 for the Pawer Generation Turbings.
However, the comprassor drivers may also be affected by olher non-routing operaling
scenarios. During normal operating conditions. all compressor drivers are expected io be
runring at full load for maximum LNG production. If any one of the compressors shuts down
or trips, the affected LNG traim will ramp down at a controlled rate o ensure agquipment
inteqrity s maintained. Rigorous dynamic maodeling of the refrigerant compressors will be
conducted to ensure a smooth transition when taking one compressor string off-line and
restarting one compressor string. Excess emissions caused by the lransient of onea
compressor tripping and restarting will be minimised as a resull of implementing the above
mentioned better operaling praclices.

7.3 Process Heaters

7.31 Description of Equipment and Dperating Regime

5as fired process neaters will be used for two services in the Foundation Praject facilities:

e Domgas Plani Regeneralion Gas Heater — Perlodically heats a slipstream of processed
gas to regenerate the Domgas Plant mol sieve dehydration units and will run
continuously only during the healing phase of the regeneralion cycle

¢ Hot Oll System Start-up Heater - Lsed only during initial plant start-up or ather periods
when neither of the LNG trains is oparating. Hot oil as a process heating medium must be
provided for the inlet facilities, fuel gas systam and/or Domgas Plant.

The Domgas Regeneration Gas Heater's normal oparating cycle involves daily automated
swilching between full firing, deep turndown/standby and shut-down modes. This heater will
be in standby mode for 30-50% of the time during a normal aperating year. The Hot Ol
Start-up Heatar only operates for imited periods during a typical calendar year, may need io
operale in low firing f standby mode, and is typically shut down when either LNG frain is in
normal operation. It is designed to be used anly during plant start-up and when the Domgas
Plantis running at full capacity with both LNG traing shut down. Once the gas turbing
compressor units are in normal aperatian, all process heat will be gererated using the
WHRUSs on thase turbines and the Start-up Heater will be shut down,

7.3.2 NOx Control Technology

The key NOx contral technalogies that the project considerad far small fired heaters, burning
natural gas fuel are listed in Table 7.4,
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Table 7.4: NOx Control Technologies for Process Heaters .

Reduction in NOx

Control Technology Description Emissions Comments
Ultra Low MOx Burners: A combination of | 82-90% Typically uasd in continuousty oparated
Flue: Gas Reciroualion and Low MOx NOx @ 3% O process heslers
Burner teehnninglies 25 P
Low NOx Burners; Staging of fusl arair in | 40-85% Typically used in conlinuousty operated
2 wariely of combinations 1o parhally detay | o @ 3% O froenss haalars
the combustion process, resudliing in a 60 pamy
cooler flame.
Flue Gas Recirculatlon: Porion of fun S0-60% Typically used in continuousiy operated
gas i reeyeled from stack o bumor nroceas heslats. Unzsulanks ine procoss
wiridhaos and @& e wilh combalion ar Neatars prowicing vanabde heal duly

price o being fed 1o buener. ‘Insd’ stack
gases acl as diluents and also reduce Oy
cancentrabon n combushion i,

Combustion Tuning: Optimialian of fusl 10-30% reduciion fram Spacific nnly tn design lead of heaters,
to &ir equivalence ratin a1 humers. uncontralied emissions L8 pwer namoe perational range.
&

Eummﬁr}- el M0= Condral Téchnanuz-i Aummimacided Irmod vandus Sources mc!udmg_ APas Ehapler 1=
seclion 1.4 [5lh Ed), and manulaclurner data.

T.3.3 Emission Minimisation Measures

Opportunities lo improve the LNG train energy efficiency and consequently, raduce
emissiong lo air, wera evaluated and integrated into the decign of the LNG trains. It was
determined that all the routine process heat requirements for the inlet facilities, LNG trains
and mast of the Domgas Plant systems could be met by capturing the wasta heat fram the
exhaust gases from the compressor gas lurbines using WHRUs. The use of WHRUs
precludes the need far the routine use of fired heatars or bollers to provide process heat
within the facility, and thus, reduces the emissions of combustion pollutants.

The overall heal imegration around the liguefaction process has been maximised to reduce
process heating requirements by using a number of dasign features, including a propane
subcoolerfeed gas heater, and methane gas recycle streams to haat some of the reboilers in
the fractionation and MRU units. In addition Lo the use of a wasta-heatl based hot oil system
for process heating, selected WHRUs on the compressor gas turbine drivers in each
liquefaction train are being fitted with separate heating coils to heat the treated gas stream
which s used (o regenerale the molecular sieve beds in Ihe dehydration unit in each LNG
praduction train.

The option of coupling heat recovary for he Domgas Plant has bean considerad. Howeaver,
the coupling of both the Damgas Planl and LNG lrains would significanlly decrease (he
reliabllity and Increase operational risks — trips to the LNG trains will also trip the Domgas
Plant and impact on Domgas availability. Conseguently, coupling of the Gomgas Plant ta tha
WHRL! system was not @ feasible option for the Wheatstone Foundation Project. A separate
stand-aloneg fired healer was selected for the critical molecular sigve regeneralion componanl
of the Domgas Plant,

The Domgas Regeneration Gas Heater's normal oparating cycle invalves daily automated
ewitching betweasn full firing, deep turndown/standby and shut-down modas. The Ulira-low
MO« burner technalogy could achieve the lowest emissions outcome for the process heaters
at 25 ppmyv NOx but would be a safety risk for the Regen Heater application. This riek is due
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1o daily on and off firing rate changes requiring a stable flame over & wide turn down range
without manual adjustments. Cold fire boxes, uncontrolled excess air at turndown, and large
increases o finng rales are a known safaty nsk with Ultra-low NOx burner (AP, 2006).
Implementing Witra-Low NOx burner technology would require lhese healers {o be operated
continuously at nominal heat duties, resulting in significantly higher emissions to air.

Lew NOx burner lechinology provided the best outeome in terms of minimising emissions,
angd meeting the flexibifty requirements for the Wheatstone Foundation Project. The selected
process heaters with Low NOx burner technology are guaranteed at NOx conceniration of
80 ppmv at 3% Oy and maet the referenced emission targets shown in Table 7.5 and Tabie
7.6

734 Design Emission Rates

Design emission rates for the Domgas Regenaration Heater and Hot Oil Start-up Haater,
respectively, are presented in Table 7.5 and Table 7.6

Table 7.5: Domgas Regeneration Heater Emission Rates during Normal Operations

Design
Emission Rate Design Emission Design Emissions
Component {gls) Cohcentration’ (mg/Nm’) Targets® (mg/Mm?)
NOD, 0.2 102 350
Fhlyg 01 50 50
50, 0 0005 02 D
(ats] 002 7 40
co 0.1 52 125

1 Forgas lited process heaters, raference condilang are al a lempesaiurs and pressurnool 2T K and
101.3 kPa, respoctively, and 3% O,

2. Design emission langels are sourced rom (he New South Wales (NSW) EPA Protaction of lhe
Envimonme nt Oparations (Clean Air) Amendment {Indusinal and Commmercial Activities and Plant)
Regulaton 2010 (Governmenl of NSW, 20101 The NSW emissien targets are used [or companson
purposas i absence of numencal stack standards from Wa DEC.

Table 7.6: Hot Ofl Start-Up Heater Emission Rates during Project start-up

Design
Emission Rate Design Emission Design Emissions
Component (gls) Concentration’ (mg/Nm”) Targats® (mg/Nm?)
NO, 09 102 350
PMys 04 50 50
S0; 0.002 02 -
Voo .08 7 A4}
co 04 42 125

-

For gas fired process heaters, reference conditions are dry, 273 K, 1013 kPa at 3% O,

2. Design emssion largels are sourced from the Mew Soulh Wales [NSW) EPA Prolecbon of the
Enviranmanl Operalions ( Claan Air) Amancmant (Indusirial and Commaercial Acotivities and Plant}
Regulaten 2070 (Govarmmeant of NSW, Z010) The NSW emissinn targats ans dsod for sompanasn
purposes in absence of numencal stack standards from WA DEC.
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735 Deviation from Normal Operations

The Domgas Regeneration Heater will be used peripdically during normal operations to
regenerate the molecular sieve dehydration units in the Comgas Plant. The Hot Qil Start-up
Heater s nol planned to be run during normal operations, sinee all the heal required by Ihe
hot ol system will be provided by WHRLU s located in the exhaust of the gas turbine drivers n
the LNG trains.

Durnng parnods whare tharé are upsels in the molecular seve dabiydration gsystem, it may bea
necessary to extend the time periods the heater is in full firing mode to completely
regenerate the molecular sieve beds. This would not increase the emission rates shown in
Table 7.6, bul could incraase tha durabon of healer operation by 10-20%.

The Hot Qil Start-up Heater will be used when neither of the LNG trains is operating and hat
oIl must be providad for the process needs of tha inlet faciities, fuel gas system andfor
Damgas Planl. s primary use will be during mitial start-up of the LNG plant and during and
after a planned nspection [ maintenance shutdown of hoth LNG trains.

When a process heater is being initially heated up and during periods of refractory (firsbrick)
dry-out, the operating temparatura must be increased In slow incramants 10 maintain the
inteqrity of the internals and prevent damage until it reaches full process operating
tarmparature. During this time, the firebax will not be hot enough for complete destruction of
CO. Diffarent burnar tips may be used during heat up to maintain stable oparation. The
emissions of NOx and CO may be higher during heater commissioning/start-up ta ful
aperating temperature. At all times, the heaters will be aperated in a mannar consistent with
good praclice for minimising emissions.

7.4 Acid Gas Thermal Oxidisers

T.4.1 Description of Equipment and Operating Regime

Each LNG train and the Domgas Plant are fitted with a Recuperative TO (o abate VOC and
H.5 emissions o air arising from the AGRU regereration process in the Wheatstone
Foundation Projact. The AGRU removes the acid gasaes from the feed gas during the
absorption process and produces a concentrated acid gas stream during the regeneralion
process. The waste acid gas consist of greater than 29% CO; (dry basis) with low
concentrations of Hy5 and WOUs on a dry basis. The Recuperative TOs oparats at a firing
lempearature greater than 7E0°C and more than one second residence lime (o achieve a
destruction efficiency of greater than 99% for BTEX and H.S, The VOCs and H,5 are
oxdised in the Recuparative TO= to mainly GOy and 5., raspacthively.

T.4.2 Emission Minmimisation Measures

The key function of the AGEU is lo remove acid gas from 1he feed gas stream. Several acid
gas disposal design options were evaluated by the Whealstone Foundation Project to
dispose of acid gas stream canlaining greater than 9% CO, (dry basis) to minimise
emissions of VOCs and H.S. Also, a briel evaluation of lypes of TOs that could polentially be
applied for VOC and H;S control was considered (Table 7.7). The evaluation considered
associated environmental, erergy and economic impacts such as dastruction efficiency,
energy efficiency, greenhouse gas emissions, reliability and the lifecycle cost of the

alternatives.
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Table 7.7: Acid Gas Disposal Technologies”

Destruction

Technology Description Efficlency Comments
Thermal Oxidisers
Lirect Fired: 98 — 90.00+% Energy intensive methed as no heat
Combuslion’exidation of VOCs and recovery system implementes. High
H,5 al high temperaturas. Mo enargy fuel consumplion and greenhouse
recovery Method is sultable for gas foolprinl Vary high desbucton
procassing any wasle ges or liquids sificiency.
Catalylic. a5 — 99% Energy recovery possible. Good
Catalytic asaisted oxidatian of WOICs desatruction effislency. Catalyst easily
2l relatively low lemperatures, Method vegraded by H:5 Moderale lo low
i suitable for processing lean wasle greenhouse gas footprint
oases
Recuneraiive: 95 -98.94% Stack fitted with WHRUs o recaover
Combustion/axidation of YOCs and energy 1o preneat feed gas o TG,
H-S al high temperatures. Energy reducing fuel reguiremant. Very high
recovery systern implemented. Melhod destruction efficlency. Moderate
is suilable lor processing lean waste greenhouse gas footorinl
gases
Hegengrative, 90 - 99% Sensitive to variation in HE
Oxidafion of YOCs and H.8 In heat concentration. impurites can plug
exchange bad media. High heat heat exchange media High
recovery requiring litle or no destruchon efficiency. Low
additional fuel gas. Method is suitable greenhouss gas footprind
for processing lean waste geses
Re-injection; Disposal of acid gases B Sullabie geological lormations
into depleted olllgas well farmalions: required for disposal Energy
GO anhanced oll recovery. Intensive process to lransport and

store acid gases under supercritical
conditions

Su.'nn'lary of NOx Conlnl chhnnbgics summarized rom vanous sources mcludmg, aPazZ Gf‘laplﬂf 10,
gaction 1.4 (5" Ed), and manulasturar dats,

The assessment process dentified the Recuperative TO o be the most suilable acid gas
disposal option for the Wheatstone Foundation Project, providing the best trade-off between
energy efficlency, reliability and destruction sfficiency of VOCs and HeS. Recuperative TOs
can handle large variations in the acid gas HC content between routine operations and
poienlial upsel conditions, maintaining a destruction efficiency of greater than 98%. The
glack haight of the TOs are spacified to a height of 3% m & assist with the dispersion of
formed SO, and any remaining VOC/H-S to ensure ground level impact on air qualily is
mirimal. Addilicnally, a first pass USEPA SCREEN3 air modelling was performed o ensure
that Benzene emissions from TO stack maet National Occupational Health and Safety
Commigsion (NOHSC) shorl and long term exposure standards. It should be noted that in the
event of a fallure to a Recuperative TO ar shutdown for mainienance, the acid gas Is
automatically diverted to the LP stack of the wet fiare system.

Solvent selection also plays a role in reducing the amount of dissolved or entrainad HCs
requiring disposal via the Recuperative TOs. BASF aMDEA has one of the lowest affinities
for HCg, reducing the amount of dissolved or enltrained HCs within the circulaling solvent
requiring disposal, The AGRU Rich Aming Flash Drum, designed for LP operation and
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extended residence lime, further reduces solubility and entrainment of HCs wilhin the
circulating solvent. LP flashing removes most of the entrained HCs prior to solvent
regeneration and s recovered for use as fuel gas. Thus, lhe volume of enirained HC in the
acid gas siream requinng disposal via the Recuperative TOs is reduced, Best burner
(combustion tuning) technology has also been specified to achieve relatively low NOx
concenlrations for acid gases conlaning 99+% COy, (dry basis).

T.43 Design Emissian Rates

The design TQ emission rates for the LNG frains and Domgas plant based on manufacturer's
emission guarantees are given in Table 7.8 and Table 7.9, respactively.

Table 7.8: LNG Trains - Acid Gas Thermal Oxidisers Emissions Rates - Normal

Operations
Dasign Emission Dasign Emission Design Emissions Targsts®
Component Rate (g/s) Concentration’ {ma/Nm’) {tma/Nm’)

NG, 28 113 350

Pl 0.0% P 50

50y 1.8 &1

YOG 25 2 20

oiy? 43 171 125
8TEX" 233

H:5 ° 0.008

1. For tharmal reatmenl plants including TOs, rofornca condiions ara dry, 272 K, 101.3 kPa al 2% Qs

= Deglgn amission 1:-1rge15 are sourced from the Mew South Wales [NSWJ EPA Protaction of the
Envimanment Operations {Claan Air) Amendmant (Indusinagl and Commencial Aclivilies and Plant)
Roguiation 2070 (Governmant of NEW, 2010) The NSW omason targols am osod o sompanann
purpaass i absenee of numencal stack standards fram Wa DEG

3. CO emissions concenbiabion is based on vendor guaranteed concenlraton {150 ppmv) and exhaus| gas
fiew. The axpoctad eoncordmbion a2 stated in verdor propoeal B 100 ppme (<128 mam ), ot et
Ine fead gas to AGRU TO @ 99% GOy (dry basig), which limils the conyve rson of YOG 10 COy

4. BTEX and Hy5 emessions usa a vendor guarantesd destruction afficiency of 39%. The expected
deainsction efficiency of 99.9% has baen atated in vandor proposal
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Table 7.9: Domgas - Acid Gas Thermal Oxidiser Emissions Rates - Normal Operations

Design Emission Design Emission Design Emissions Th‘gaisz
Companent Rate (gfs) Concentration’ (mg/Nm?) {mgiNm’)
ML 06 110 ae0
Phisy 0.5 140 541
80, a1 242
VO 0.4 20 Z0
ot 0.8 168 125
BTEX? 6.32 .
Ho5 " 0 0004 -

1. Forthermal freatmant planis including TOs, relernce condilions ara dry, 273 K, 101 3 kPa al 3% O

2, Dasign aminsion iargels are sourced from ine New South Wales [NSW) EPA Protaction of the
Enwiranment Oparations (Clean Ar) Ameandment (Industral and Commearzial Actvibes and Flant)
Regulaton 2010 (Government of NSW, Z010). The NSW emission targets are used for companson
purpases iy absence of numencal stack standards from Wa DEC

3. CO emissions conconualon is based on vandor guaranleed concanteation (150 pprv] and oxhaust gas
flow, The expected concentratinn as stated in vendor proposal s 100 ppmv (<125 mgiN rnl.l Maie that
L Teed gas o AGRU TO = 29% CO: {diy basis), which limis the conversion of WOCs bo COg,

4, BTEX and H:3 emissions use a vender guaranleed deslructon effliciency of B8%. The eapedied
destruction efficiency of 29.9% has been staled in vendor praposal

T44 Deviation from Normal Operations

AGRU upset events typically lead to HC spikes and composition changes to the waste acid
gas stream requiring disposal, A key factor in the selection process was the robustness of
the Recuperalve TOs to handle these upset events and maintain the same destruction
efficiency during upsels. In the event of a fallure to a Recuperative TG or shutdown for
maintenance, ihe acid gas is automatically divertad to the LP stack of the wet flare system.

The flare system has been designed to accommodate the high inert gas content of the waste
acid gas stream. Secondary disposal via the flare system is expected to provide a
dastruchion efficienscy of 88%. I addibon, the Whealstone Foundaton s baleved o be the
only LNG Project/Asset in Australia that does not vent waste acid gases to atmasphere
during TO failure / mairtenance, which reduce praject emissions af VOCs and H,5.

7.5 Fugitive Emissions

Fugitive emissions arise from HGs that escape fram, including bul not limited to HO storage
tanks, valve packing, comprassor seals, pump seals, flanges, and cannectars. Fugitive
amisson reduction measuras adoplad by tha Wheatstone Foundaban Projest includes:

+ Installation of full capacity BOG vapour recovery system for both LNG tanks and LNG
Inading facilties

+ Fitting of external floating roof with primary and secondary roof seals to the two
120 000 m* condensate slorage tanks

¢ Control of condensate vapour pressure and temperature via stabilization and
fractionation systems, with secondary wet-surface air cooler lo maintain condensale
temperature and vapour within desired boundaries
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* All HC service valves are specified as low emission valves, which meets a leakage
reguirament of less than 100 gpm CH, (above background at 1 cm from valve leak
gource gg per US EPA Method 21, ag direcled by the WA EPA)

« Pumps are specified with mechanical seals to arrest lzakage to the enviranment, with
dual seals for mora volalile sarvices such as Ethana, Propans, Bulans and Ethylane

‘Can’ pumps with no fugilive emissions are used for LNG service

Main Refrigerant Compressors are desigried with dry gas seais and seal gas recovery
systems

& Use of welded joints inside the Cold Boxes (2 few flange connections isolated In the valve
boxes for servicing purposes are used) to limit fugitive emissions. The Cold Boxes in the
LNG trains and Domgas Plant are purged with nitrogen; thus very small HC leaks can be
easily detectad

¢ Nilrogen blankets are installed an fixed roof atmospheric AP tanks containing HC
+ Covered corrugale plata inferceplor separator for waste water system

* Open ended lines are designed with caps, plugs or a second valve at the open end.
Sample connections are designed to be closed loop, f possible, and retum the flushed
fluid to the process or to the flare system, where necessary.

DCurng initial commissioning and after major turnarounds, the Nitragen/Helium leak detsction
method will be used to ensure system tighiness. This lechrique enables detecton and
quantification of leaks at very low levels {between 5-50 sofiyr).
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8.0 FLARE DESIGN AND OPERATIONS MANAGEMENT

81 Flare Design and Operations Philosophy

Flare systems are designed 1o safely and reliably collect and dispose of waste HC vapour
and recover liquids produced during activities such as plant start-up and shut-down or during
unexpecied evenis, e.g. trips and equipmenl breakdown. The Whealstone Foundation
Project is committed to a ‘no routine flaring’ policy. I.e. no continuous, operational flaring of
HC fugl gas abave thal required for safe operations is permitied. All sources of HC emissions
will be caplured and redirecled back into the process. or recovered for use as fuel or product,
where praclicable,

Greenhouse gas and atmospheric pollutant emissions from flares are reduced through a
series of design features and operational practices. These include the following hesl
practices for flare systems outlined by the Eurcpean Commission document, /ntegrated
Follulion Prevention and Control, Referance Documen! for Best Available Technigues for
Minars! Ol and Gas Refinarigs (EC 2003):

Use flares as a safely system (start-up, shutdowns and emergencies)
Ensure smokeless and reliable operatian
+ Minimise flaring by a suitable combination of:
* Balancing the fuel gas system
= Installing & gas recavery system
= Lising high irtegrity relief valves
¢ Reducing relief nas to flare by managementgood housekeeping practices

L

Thess practices have been incorporated into the design features and the proposed
managernent of oparations for the LNG and Domgas facilitias.

8.2 Flare Description and Design

821 Flare Description and Operation

The flare system must be capable of handling a wide range ol design cases ranging from
very low volume gas streams during rouline operations to relief cases involving large
quantities of HCe, which could occur during infrequent upeel conditions or emargencies such
as power failure. In each of Ihese cases, there needs lo be sufficient healing value in the gas
1o support efficiant combustion at the flare tip and good mixing with air and turbulence in the
combustion zone to minimise formalion of smoke and particulates. Tha flarg system must
alse be able 1o disperse unburnt VOCs and HaS routed from the AGRUSs in the evenl of TO
maintanance or failure.

Elevated flares were selected by the Wheaatstons Foundation Projact as they reduce the
amount of fill required Lo sufficiently elevate the area to protect against storm surge flooding
for ground flares. These also allow for belter dispersian of unburnt VOCs and Ha5 in the
event of a TO failure, and also reduce Ihe possibility of thermal radiation exposure 1o the
workforce and facilities. There are three flare derricks to support the Wheatstane Foundation
Project safety requiremeanis:

¢ LP with three flare risers (wet, dry and spare)
¢ HP with three flare risers (wel, dry and spare)
¢ Marine Flare,
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A slack height of apgroximately 35 m, 45 m and 45 m for HP, LP and Marine flares,
respectively, are based on Imiting radiation intensty at the sterile area boundary. The wet
flare systam handles gases thal conlan HCs with water or waler vapour while the dry flare
system handles HC vapour lhal does nol contain any water. The wel flare syslem typicaily
handles gases from plant systems which are ‘warm’ while the dry flare system handles gases
from process systems which operate at cryogenic femperatures or where temperatueres drop
o eryogenic levels if the equipment is depressured. The wet and dry lare systems operate
Indepandently of @ach other,

Each of the wet gas and the dry gas flare systems consistz of a large collection header with &
zeries of laterals into each plant area, a liquid KO and pumps, and demountable fiare stacks
with specially designed burner tips. Separate ‘warm’ and 'cold’ liquid collection headers are
installed in parallel with the wet and dry flare headers to avoid bwo phase fiow in the main
flare header piping. A spare flare KO drum and flare stacks are provided to serve ag a
common backup system to both the wet and dry flare systems; this will allow these systems
to be laken out of service for inspection and mainlenance,

The marine flare only handles vapour from the LNG storage and Inading system. The marine
fiare system will support safe loading of LNG carriers. It is designed to allow the cool-down
and displacement of inert gases from LNG carners which arnve at the (opading berth in a
warm condition or which are returning to service after dry dock inspection. Since no liguid
condensalion is possible in this flare header, liguid separation/collection/disposal facilites ame
nof pravided in this system.

Warm LNG carriers arriving from dry dock are often filied with inert gas (carbon dioxide or
nitrogen) whils in transit. During Ioading, as the ship's tanks begin to cool and fill with LNG,
this inert gas combines with the BOG and is displaced Into the BOG vapour return system.
Thiz gas mixture must be flared until the concentration of inert gas has decreased sufficlently
10 allow the BOG to be redirected back into the LNG trains for recovery,

Dual ignition sources are provided for the flare system: high energy ignition (HED electronic
igniters are used as primary source and a flame front generator (FFG) is used as backup. A
dadicated FFG ignition line will be routed to each pilot. A flare managamant systam will allow
both ignition sources (HE| and FFG) to be controlled by the local control panel ocated a safe
distance from the flare stacks. The paneal [ogic will be designed for automatic re-ignitian of
pilots plus manual oparation, Each plot is also monitored with two duplax thermocouples to
manitar the flame to ensure pllots remain (it

The flares are designed according to American Society of Mechanical Engineers | American
Maltional Standards Institute and American Patroleum Institute codes and standards, They
are structurally designed to Australian Standards. They are bullt to withstand the wind forces
and remain operational in a majar cyclone, including up to Category S conditions. The pliot
1ips are performance tested at the design wind spead of 274 kmihr to ensure flare system
operahilty and mechanical integrity during major eyclona event. The flare tips are designed
witn industry accapted practices to prevent flame ift off and flamea lick.

822 Emissions Reduction Measures in Flare Design

The flares are designed o operale smokeless during most faring operations with visible
emissions of Ringelman No. 1 or lower (.2, 20% opacity or lower). The flares are naot
designad for emokelass operation for infrequent, unusual emargency relief scenarios such as
failure of the main refrigerant comprassor shutdown system during a plant power failure.
Measuras te minimiss smoky emissions during flaring operations include:

« Ajr assisted flares In the first stage of LP wet and dry flares, and marine flare
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= eguipped wilh vanable flow controlled air blowers which provide "air assis{” 1o aid
*smokeless” combustion and operation

= HP flare tips generate sufficient turbulence at the flare tips to ensure good mixing of air
and HC and thus, does not need air assist fo aid combustion; high efficiency flares will
reduce smoke formation, particulate build-up and emigsions of CO, VOCs and parially
combusted HCs

¢ Slaging of flares to handla the large range of relisf lowrates from ke LNG lrans and

Domgas unit (Mote: the marine flare do not require staging as it handlas only vapour from
LP sources)

= Staging of flares maintain sufficient back pressurs to provide sufficient driving force
far mixing at flare tips for wet and dry flares

& Flares are designed with velocity seals to help reduce the purge gas volumé required 1o
protect the stack against air infiltration

=  Continuous purging of flare headers with fuel gas s required to prevent flash-back,
and maintain combustion efficieéncy and ‘smokeless’ performance during flaring of
gas with low heal content,

During routine operations, the above controls will minimise smoke emissions to 20% opacity
or lower, Emissions of HC from various sources are recovered and reused as fuel gas or
product where praclicable. This reduces the amount of HCs thal are venled lo flare and
reduces overall emissions to air from flaring activities. Examples include:

« HC separated inthe AGRLU Rich Amine Flash Drums is recovered and used as LP fual
gas

¢ HC vapour generated in the LNG storage and loading system is recompressed by BOG
comprassors to the methane refrigeration loop:

= The BOG compressor systam congisis of three slectric molor driven BOG
compressors. Two of the compressors are conbinuously operaled during holding
mads (no LNG carrier is loading), with the third operated during loading mode. All
compressors arg sized 1o handle 110% of the maximum BOG lawrale expecled

= BOG compragsion capacily is sufficeent 1o avaid rouling any BOG lo the marine
flare. However, warm LNG carriers require de-inerfing prior to lnading. LNG Is used
to cool down these vessels with a portion of the BOG generated routed to the

marine flare until such a time where the producl specification is met for recyclie 1o
the LNG traing

¢ Suitably sized KO drums in flare systems prevent carryover of liguid HCs to flare: liguid
HGs are routed back to procass for recovery whara practical.

8.3 Minimising Non-Emergency Flaring

Cwerall LNG trains and Domges Plant design and operation philasophy will significantly
impact on the amount of flaring. The integrated approach to design undertaken by the
Wheatsione Foundalion Project reduces the amount of flare gases during planned nan-
routing activities such as maintenance, The Wheatstone Foundation Project is committed to
a no rauline flaring policy, flaring should anly oecur during unuaual siuatiane such as
emergencles, process upsets, plant starl-up and shutdowns.
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Examples of aclivities where gases lo flare are nol practicable for recovery and will be flared
include:

¢ “enling from process equipment — fugilive emissions, small purges Trom sampling
connection, flare purge fuel gas reguirements

¢ Cooling of warm ships during LMNG loading.

The flare headers have cantinuaus flow manitering, and on-line overall plant and systems
mass balances will be performed. As a resull. leakage from pressure relief valves or
blowdown valves inta the relief system can be detected and the source identified and
corrected. All Pressure Safety Valves (relief valves) have spares and can be indepandently
isnlated and taken ol of service to allow for proper operation (except for small thermal refief
valves on liguid filed piping).

B8.3.1 Design Features to Minimise Flaring

Cesign features fo minimise venting to flares include utilising dry gas seals in the main
refrigerant compressors. Gas escaping from the primary seals s first routed back o the LNG
liguefaction procegs o minimize refrigerant logges and continuous emigsiong. Only in the
event of a high operating pressure In the process loops would seal gas be routed to the flare
system, which is required for safe disposal. Where practicable, all routine sources of HC
emissions will be recycled back indo the process. recovered for use as fuel or product. Build-
up of non-condensable gases (primarily light HC) in the closed loop propane refrigeration
circuit s purged to the fuel gas system and not flared.

The LMG Plant will be provided with an Integrated Control and Safeguarding System {IC35)
that enables canbnuous monitonng, canlrol and safeguarding of plan! specific processes,
The ICSS will be the primary interface for the Operators io monitor and aperate the Plant
using a senes of operator display and control consoles in the CCR, This control system will
facilitate monitaring and controlled operation of the plant during starl-up, normal aperalion,
reduced rate operalion and upsets. Safely features wilhin the control system will provide
protection for the plant via controlled trip actions and emergency shutdown (ESDY. Major
components of the IC5S Include:

+ Process Control System (PCS) — Provides the primary control, monitering, and data
acquisition furctions for the plant.

¢ Safety Instrumented System (515) = Provides for the detection and actuation of devices
concernad only with placing the plant into a sefe state, The SIS |s for the protection of
personnel, environment, and aquipment,

The PCS is designed to perform basic regulatory, advanced regulatory, sequential contral,
non-safety related inleriocks, process monitaring, alarm managemaent, data archiving,
trending and reporting, Continuous an-line performance and eondition manitornng will be
implementead for critcal equipment, such as motors and turbine drivers of mare than

500 horsepower {372.85 kW), Performance data will be sent to the Machinery Suppart
Centre, which is staffed by Chevron Energy Technalogy Company and General Electric
personnel 24 hours daily, Conlinuous condition monitoring includes vibration, bearing ol
temperature. and critical process paramelers, which are used 1o delect polential equipment
failures before a trip or breakdown occurs.

Key systems and equipmenl are filled wilh inspection ports lo permit remote digilal video
inspection of the Internal condition of the vessels and piping. This will both enhance the
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maintenance of averall syslem integrity and avold the need to completely depressure and
purge the eguipment to flare before conducting an inspection of the irfernal condition,

The plant process and equipment have been designed lo operale for four years between
major maintenance shutdowns/turnarounds 1o minimise start-up and shutdown periods. The
design configuration of the plant uses two 50% parallel comprassor systems in the
refrigeration cireuils within each hquefaction tran to allow eontinued aparation (al reduced
rates) during periods of planned and unplanned gas turbine and compressar maintenance.
This reduces the number of full plant shut downs and start-ups. The LNG train configuration
and compressor design also allows the process refrigerants 1o remain contained within the
rafrigeration system during shutdown and restart, Use of defrost gas for drying out the
cryngenic heat exchangers within the refrigerant systems prior to restart results in shart
periods of flaring. The refrigerant compressors do not nead to be partially depressured to
flare to permit startup, enabling much faster plant restarts and lower emissions,

Itis necessary to ensure the safety of the oparations staff in the gas processing faciity by
depressunsing and purging the HC gas contained in thase parts of the facilily where
equipment must be opened for inspection during a process train shut-down for mainienance
or inspection. To avoid loss of refrigerants and minimise flaring, propane and ethylena
storage drums are provided, with sufficient capacity to store the enlire refngerant imventory of
one LNG train, plus additional capacity far refrigerant makeup. De-inventory pumps will be
inslalled n each LNG train to facilitale the ransfer of thess refrigerants (o the storage area.
As part of the shutdown procedure, aperating pressures will be reduced and HE gas in the
systems being prepared for shutdawn will be routed 10 recycle or fuel 1o the maximum extent
feagible, Some HCS will be senl (o the flare system as he systems and equipmenl are
depressurized to atmospheric pressure and purged prior to opening or entry.

832 Startup and Commissioning

The Initial commissioning of the plant requires purging {of air) and leak testing of all systems,
followed by dryout and caol down of the liquefaction equipment and refrigeration circuits. All
these activiies require flarng of small volumes of gas for several days. Heated defrost gas
will be utilised inslead of feed gas to dry out the cryogenic systems mare guickly, reducing
the valume of gas Haring.

Delailed commissioning and starl-up plans wil be developed 1o reduce star-up lime to
minimise flaring including:

& Starl the Regeneration Gas Compressor early 10 recycle regeneration gas 1o the
upstream AGRL

¢ Send dry gas down the LNG lrain as soon as possible inslead of flaring

& Perform cool down of several plant seetions simultaneously.

For each plant area start-up, limited flaring will be necessary at the following locations until
the product gas meets the spacifications required by downstream processing units:

¢ Sweel gas. al the AGRLU Absorber overhead (0O, and H.8 condent specification)
+ Dry gas, downsiream of Mercury Remaoval beds (water and mercury content

spacification)
¢ (Cold gas, al the Heavies Removal Column averhead (high freezing point HC content
spacification).
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For the inilial start-up, the plant will be starled and off-spec gas fared unlil the gas is suitable
for processing in the LNG trains. There are technical risks and possible eguipment
malfunctions dua to uncerdambies n equipment and piping dynamics f a lower stad-up
flowirate is used. (Note: Planl syslems are designed lo operale al a lurndown Nowrate of 35%
of normal operating flow, startt-up flowrates are expected to be significantly less than this, but
must be reviewed on a case by case basis). After each plant area starls up, equipmenl data,
lab: analysis and flaring lime will be reviewed and procedures will be adjusted 1o reduce
future flaring volumes,

8.3.3 Operations Management

Delailed operational procaduras will be devalopad wilh a focus on raliable, elicenl and
optimized operation to reduce flaring and venting. QOperalors will be trained in procedures for
safe start-up, normal operation, and shutdown, and consequently, minimise flaring. In
addilion to customary classroom and in-plant training, a computer based Cperalions Traming
Simulator (OTS) will be developed, which will emulate the actual dynamic behaviour of the
process plant systems and the distributed contral & monitaring system. Operalors will uge
the OTS o become familiar walh how 10 start-up systems, respond to operating vupsesls, and
shutdown, while avaiding overpressure conddions or trips which cauld result in flaring.

The gas supply pipeline fram the Wheatstone Platform could be opearated in a HP ‘packed’
aperating modea to minimise fluctualions in gas supply lowrate: thus mirmising LNG lrain
upsets or downtime. Routine HG skimming in the AGRL equipment will be perfarmed to
avaid faaming incidents or off-spac amine, resulting in unit upsets and flaring. The LNG
lanks will be provided with a predictive rollover managament systarn, wilh continuous density
manitaring at varions liquid evels, praviding an early warning, 1o frigger operator intervention
to prevent excessive LNG vapour venting.

Systematic mainlenance plans and proceduras will be implemented 1o allow the LNG Plant to
operate to maximise efficiency and produciion, while minimising upsets, breakdowns or
unplannad shutdowns, resulting. in reduced air emissions. This will include implementing
Reliability Centred Mainlenance (RCM), a process for determining equipment criticality and
proaclive mairtenance tasks. In RCM, equipment criticality [Iikelihoad and consequence of
failure) is ranked o assistin the managament of reliability and intagrity. A process will be in
place to datermine spare parts requirements, based on considerations such as failure rate
and criticality. This process will ensure thal the corréct parts and quantities are available on-
site, or at an appropriate storage depat. Instrumentation will undergs régular preventive
maintenance and lesting.

If & flaring avent occurs, it will be detected and recorded by the cantinuous flow monitaring
system on the flare header(s) and the information will be immeadiately displayed in the PCS
on he operations consales in the CGR. A Cloged Gircuil Television [CCTV) camera system
will aiso allow Control Room staff 1o monitor the appearance of the fiare. After any significant
flaring event (8.g. process upsat, equipment malfunction leading to increased flaring), causal
analysis will be conductad (o identify future actiors which can be taken 10 maintain plant
stability and reliabllity, reducing the llkellhood of recurring incidents which could cause
potantial flaring,
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8.3.31 Emergency Flaring

Depressuring during an emergency siluation will follow API521 guidelines (AP1, 1997). The
depressuring valves are sized and strateqgically located to guickly lower the pressure of
specihic isolated sections of the plant. The valve sizing is basad on a depressuring rale that
will reduce the pressure of the planl seclion selecled to 50% of the sysiem design pressure,
ar 6.9 barg, whichever is lower, in approximately 15 minutes.

An excapbon s the nlel slugcalcher, whara a large valume of HP gas and HOC condensate is
contained in the large diameter pipe array. The slugeatcher is arranged in two halves and
each half of the slugeatcher will have its awn depressurization valve configuration.
Depressunzahian of the slugsatcher will nol excosd the capacity of (he lar system. The
design pressure of the slugcatcher is the same as that of the gas supply pipeling, which
should minimise the lkelihood that the pressure relief system on the slugcatcher will be
triggerad in the evenl of an ESD of one or bolh LNG lrains.

To minimise flaring during an ESD event, tre ESD control philasaphy is 1o first isclate the
plant area where the emergency condition has been detected, using a netwark of ESD
valves and to shuldown rolating equipment and fired healers. Then depressurization to ke
flare system can be initiated, if required, by the aperations staff, using a specific control
subsystem provided for that purpose.

Tao avoid ESD evants, the 815 is configurad with a valing logic so that automatic shuldown of
a LNG train or of the refrigerant comprassor system is only triggered i two out of three
ctitical process sansars datact an unsafe, abnormal condition, For example, a high
tampearature shutdown of the main refngerant compressor would require two oul of threg
iemperature indicators to signal that excessive temperatures were present. The plant design
provides redundant instrumentation for these critical shuldawn sensors, to allow this vating
system Lo funetion. Experence wilh such systems in other major facilities has shown they
can significantly reduce the number of spurious trips and shutdowns.

8.3.3.2  Flare System Design Emission Rates

The design emission rates for all flares based on the estimated plot and purge, and streams
io flare are given in Table 8.1, Table 8.2 and Table 8.3 for the dry gas, waet gas, and marine
flare, respectively. The estimated emission rates for the worst case upset scenarios include
blocked outiet of NRU vent which is rauted to dry gas LP flare duting valve failure, thermal
oxidiser trip for one LNG train whare the acid gasas from AGRU are routed to the wel gas LP
flare. and loss of BOG compressor due io partial power failure for marine flare. Several other
likely scenanos were considered and waorst cases have baen presanted in tables in this

section.
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Table 8.1: Dry Gas Flare System Design Emission Rates

T

Coimponent Design Emission Rate, Design Emission Rate,
Routine ' (g/s) Upset ® (gis)
MO, 0,43 2.1
Fhlyn .09 1.8
o 0001 0.08
e 0.0z 118
Cco ar 781

Estimaled enissions from fares during touling operabions (pilol + purge).

2. Upsat scanario based ona blocked NRL vent pullpl
Table B.2: Wet Gas Flare System Design Emission Rates
Component Design Emission Rate, Design Emission Rate,
Routine * {g/s) Upset * (uis)

MO, .44 4.7

P s 0.09 1

S0y o o0 14

(alw 002 25

co .8 40.5

1. Estimaled emissions from lares during roubine operations (pilol < purge).
2. Upsol ssanario based on a tharmal oxidisar trip event.
Table 8.3: Marine Flare System Design Emission Rates
Component Dasign Emission Rate, Design Emission Rate,
Routine ' (g/s) Upset * (gfs)

NQ, 003 e

P14 .01 66
S50y 0001 00003

woco 0002 04
co 0.3 278

1. Esimated emissions from flares during routine operations (pilot = purge).
2. Upzelsconario based on a lnas of 8 BOG compressorn,
Pane B
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9.0 EMISSIONS MONITORING, TESTING AND VERIFICATION

Specific design fealures to minimise emisswons to air from the Whealstone Foundation
Project have been discussed in Sections 7.0 and 8.0, Validation of these design features wa
manitaring and lesting durng steady-stale operations are required o ansure that Lhe
equipment meet guaranteed emisslons values and validate resulls from the ambient air
quality madelling study ¢conducted during the EIS/ERMP.

Air emissions dispersion madeling was conducted as part of the EIS/ERMP, 1o predict the
cumulative Impacts in the Ashburton North Strategic Industrial Area by the Wheatstone
Project {25 MTPA LNG facility) on emblent air quality. Design emissions values similar to the
emissions inventory provided in Section 5.0 wera used (emissions values have been updated
in Section 5.0 based on manufacturer (nformation). The results indicated that ambient air
quality standards would be met and thus, ambient air quality for the two-train Wheatstone
Foundation Praject would also be met, The emissions inventary will be updated during
operations annually and compared to the design values to ensure that the initial input to the
air emissions modealing remains valid.

9.1 Testing and Verification

Equipment will be lested during the commissioning phase lo verify lhal the equipment meels
manutacturer guaranteed emission levels, design emission rates, or betier, Quarterly source
lesting using Ausiralian Standards and/or using US EPA Maethods or equivalent will be
conducled on selected sources during the Tirst year of Project operation, lo ensure continuing
afuipment paformance. If the first thréee consecutive s81s of tests are satisfactory, the
source lesting frequency will be changed Lo annually or more thereafler. Interim monitoring
using portable analysers will be conducied for major point sources excepl flares, on at least a
quarterly basgis far the first year (Chevran, 2010).

911 Gas Turbine Drivers and Power Generation

Al gas lurkenes undergo a Tull il performance test, conducted by the manufaclurer, to
verlfy that the power produced meets or exceeds the predicted power at a heat rate equal to
ar l22s than the rate quoted in the guarantee. Thiz perfarmance test pravides the infarmation
nesdad Lo determineg if lurbing efficency s greater than or equal 1o thal agreed at the time of
purchase. Each gas lurbine and GTG sel will be tested for NOx emissions at full load and at
reduced loads to ensure it meetz quarantesd levels,

Source lesting will be conducled on site to demanstrate that the gas turbines can operate
within emissians targets at field conditians. For gas turbines, testing for NOx concentration is
perfarmed using US EPA Method TE ar 20 (US EPA, 2012) or equivalent and consists of
three ane-hour runs using a continuous instrumeanlal analysar. Tha flua gas low rate,
maisture content and oxygan cortent are determined using EPA Methods 19 and 3A (LIS
EPA, 2012) or equivalent. The NOx concentration in the stack gas is then caleulated on a dry
bass and corrected o refarence axygan concantralion for comparison lo lhe design
emisson tangets.

An emissions factor is calculated from these source testing results to represant the mass
emissions of NOx per unit input of fugl. The emissions factor s updated whenever a new
source lest is performed. Fuel usage by the gas wwrbines |5 cantinuously tracked in the PCS
lo calculate emissions fo air during aparations.

9.12 Recuperative Thermal Oxidisars

A poriable VOC and CO analyser will periodically measure the VOC composition at the stack
of the recuperative TOs to validate the destruction efficiency of VOCs against manufacturer
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guarantees. Emission faclors from the recuperative TOs will be calculated based on these
tast results to represent the mass emissions of VOCs per unit input of acd gas. The acid gas
and fuel gas flow rates are continuously tracked in the PCS to calculale emissions to air
during operalions. The fraction of BTEX present in WGCs will be calculated from HC
speciation data and verified periodically with sample analyses,

913 Process Heaters

Source esting will be conducled an gas fired process healars using US EPA methads similar
1o those used for gas turbines {see Saction 9.1.1). An semissions factor is determined from
the source test resulls to represant the mass of NOx emitted per unit of fuel consumed.
Usirg this amssions faclor, tha ongoing emissions arg aslimated from (he fusl usage rate
and tracked in the PC3. Source testing will be conducted initially on all fired heaters. One
additional sourcs test will be conducted on each conlinuously running heater(s) during the
first three years and every six years thereafter. Testing will nol be repealed for the start-up
heater since it is zeldom in operation.

91.4 Flare System

Samples o check the heat content estimate are taken at least annually fram any of the
primary sources of flared gas and analysed for composition. Using the measurad flow rate
data and estimated heat content, the total heat input and estimated emissions can ba
cortinuously calculzted in the PCS (US EPA, 19935). Flare emissions are calculated using
AP amissions faclors raprasentad as mass of pallutant per urit haat inpul 1o the fare, Tha
flow of gas to the flare Is continuousiy recordad in the PCS. The heat contant of the gas is
estimated from engineering analysis of the saurce of the flare gas or from historical sample

data.
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9.1.5 Source Testing Schedule

i Bl 0 1 E R P Tl 00000 107 000

1

Source testing which directly measures emission concenlrations and olher paramelers
validate calculated values obtained fram monitared parametars. A sample source testing
schedule is autlined in Table 9.1

NOw concentration — USEPA Method TE or 20

Table 9.1: Source Testing Schedule 1"
Equipment [ Source Testing
Source Source Testing Method Frequency
Gas Turbines Thermal eficiency - manulacturer testing Commissioning

Flue gas fiow rate. maoisture content, cxygen Quarterly
content— LISEFA Method 19, 34 or equivalent
Recuperative YOO and GO - Calibrated porlable analyse Cuarterly
kit Acid gas compasition Annually
Process NOx soncenlration - USEPA Method 7E or 20 Annually for brst 3 years;
Heaters followed by tasting avery &
Fiue gas fiow rate. moislure content, oxygen s y g ¥
canlent - USERA Methad 19, 3A aor equivalent ¥
Flares Cempesition of major straams vaniing to flare Annually
header
Fuaitive VYOG emizgsions — Ramaote Imaging, handheld Quarterly ts Annually,
Emissions irfrared camera depending on source and

frequancy of leaks

1. This table (& provided 25 an exampk seurcs WBslng program.
2. A more dalailed source lesling program would be developed during the nexl phase of the prgjecl.

8.2 Monitaring
Major point sources of air emissions monitored include the power generation plant GTGs,

refrigeration compressar gas turbings and the recupsrative TOs. All major paint sources of
air emissions will be monitored Tor important parameters 10 ensure proper functioning of the

equipment. Emissions will be calculated based on fuel usage and emission factors to
daterming if manufactursr quaranteed smissions performance levels are achieved, The
calculated emissions levels will be verified on a set schedule using standard sampling

analytical procedure as deseribed in Section 9.1, An example of parameters monitored for

each aquipmeant / souree is autlined in Table 8.2,
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Table 9.2: Source Monitaring Program

Equipment Monitored Parameters (continuous) Comments®

Gas Turbines | Fuel gas flow rates 1o gas turbines
Online compaositional analyser

Recuperative | Metering and totalizing of all gas flow

TOs rates to recuperative TOs
Combustion chamber temparature Ensure temperature is
Oxygen monitaring in flue gas maintamed above 760 C for YOO

destruclion

Process Metering of fuel gas flow rates to

Heaters process heaters
Cxygen monitaring n flue gas Dptimise combushon efficiency al
Correcl flame paltern f firebox Dy
temperalure range

Flares Metering and lotalizing of all volumes of | Adjustment of purge gas
gases from various unit operations reguirement to avoid flashback;
vanting to flare header. Pilol gas and Alerl operalors (o possible non-
purge gas flow rates also be metered routine venting to flare headers

and address rool causes
Duplex thermocouple for each
pilot and aulomatic re-gnition
provided to ensure flama
pregence

CCTV cameras Allow operators to monitar and
detect increase in visible
emigsions from flares

Fuel Gas Composition at the main High Pressure
(for turbines) and Low Pressure (Flares,
Heatars, ate.) fuel gas headers

1. This lable is provided as an example.

2. NOy, PMyg, 302 WOCs, CO emissions will be calculated using emission laciors derived lrom source
IRsling program.
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921 Fugitive Emissions

A LDAR Program will be developed for the planl, consisting of perindic monitoring o detect
leaking components, followed by repair of the componenis and retesting 1o ensure that the
leak has been corrected. Process syslems with polential leak sources of BTEX or VOCs will
be identified on a plol plan of the site. Potential leak sources will be monitared on a
frequency ranging from quarterly to annually using & remote imaging technology such as a
hardheld Infrarecd Carmeara (IR camera). If a leak is found, it will be identified and lagged in
the tield, The leak is repaired or the component is replaced, If practicable, or the leak s
mirimised by tighterning a valve packing or flange, or applying a sealant, or other method, if
repair would require a shuldown. The emissions poinl is rechecked lo ensure Ihal it s below
the leak threshold. Records of leak sources are kepl lo assist In evalualing performance of
componenis,

Durnng mitial construction and all major turnarounds, a Flange Management Systam (FMS)
will alsa be implementad to track the status and condition of all flanges. The FMS will
address the use of proper gaskets, balt torquing, leak testing, dates the flange was
apenadiclosed, ete., o prevenl lBaks and assure the long term integrity of the flanges.
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Air Assessments

IJH Holdings Pty Ltd ACN 101 £52 505

astrusiea for NKH Famiy Trust
ABN 21 T96 617 234

Chevron Austraha Pty Ltd
GPO Box 51580
PERTH WA G849

Altn: Mr Dan Wedlem

Dear Su

WHEATSTONE AEDR - PEER REVIEW
TO SATISFY CONDITION 18.3 OF MINISTERIAL STATMENT 873

Please lind aftached my review of the “Wheatstone Projeet - A Emussions Design Report™ dated
11 June 2013 in accordance with the requirement of condition 18.3 of Mmisterizl Statement No. 873
*Wheatstonz Development - Gas Processing, Export Facilities and Infrastructure, Shire of Ashburton
and Roebourne™,

If you should have any querics with the review, please do not hesitale 1o contact me.

Vinesatstone _AEDR_Review_VU Pags 1018 At Assessmants
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Whentstane AEDR - Peer Review
To Ranefy Condinon 183 of Mimsterlal Staterment 873

WHEATSTONE AEDR - PEER REVIEW
TO SATISFY CONDITION 18.3 OF MINISTERIAL STATNENT 873

Review

This report provides # peer review of Chevron's “Wheatstons Project - Air Emissions Diesign
Eeport” daled 11 June 2012 in accordance with the requirement of condilion 183 of Minssterial
Slatement Mo, 873 “Wheatslone I)&".'ulnprm:nl —{7as I-’rrag:,t:.ssing) E‘:xpurl Facihties and Infractrectore,
Shire of Ashburton and Rocbonine",

Condition 18 15 reproduced in full below. with this report salisfving condition 18-3.
I8 FEmissions to Air

181 The Praponent shall insrall equipment i the LNG plants and Domgas plants and
mranage ongong cparations such that best praciice for a hiquefied natural gas'domestc
pas facility (s moliioved in respect of!
& mnimasing ennssions of volarde organic compounds and oxrdes of nitrogen
emiissfons,

i, optimising the smokeless capacity of flares 5o as o minimse the fFequency and
duration of visible smoke; el

1t FRIPHIES I non emer'gmc_vﬂarm.fg -:?fgd.'i‘

L8-2 As part of iis Works Approval appdication upder Part V oof the BFP Act for the
Foundation Project and also for Weorks Approval applications for subsequent LNG irains,
the Proponent shall provide reperis to DEC showing:

L specHic design featires that have been wsed to winimise and monior epssions 1o qair,
pursuam to vondition 18-1,

1. how Be desrn fealures compare with current lowest emissions for similar
operations and proposals imternationally and within Australia; and

Hi, @ peer review report as regudred by cendilion 18-3,

183 The Prufw)lzarui sherdl cominriss fon [reer reviewer(s), appr'ul'rd hy fhe ("B o
underioke the following, i accordance with terms of reference also approved by the
CE,

i a review of the reporis referved fo in condition 18-200) and (i}

i, provide conmment on the basis and validity of the conclusions in the reporis; and

iF, provide comment on the refevance of the described Avsiralian and inivenations!
standards for this Proposal,

Whaatatone AEDR_Review W0 Page 2 af 8 A Agsessments
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Whentstone AEDE - Peer Reéview
T'o Satisly Condiion 18.3 of Mudsteral Staterent 873

13-4 Where practicable the Proponent shall veplace plant and equipment with that which meeis the
best praciice standarels as at the time of replocement. Replacement equipment shall not veswlt in an
THCTEGRE T EMISSIONS or Pedichion 1 o qriality.

Summary of Conclusions

Onerall it s conclnded that the ARDR report meets the requirements of condition 18.2 and has
gulliciently demonstrated the speatie desien features that have baen used to mnmmise and monitor
smissions o air and how the design features compare with current lowest emissions for similar
operations and proposals internationally and within Australia.

It is noted (hat some equipment have been considered ont of scope in the AEDR, including the starl
up diesel gencralors and submerged combustion vaporiser which are wsed generally very
mfrequently. Also considered out of scope are shipping emissions, inchiding VOU emissions from
loading condensale (o ships. which the AEDE slates wall be covered inder MARPOL Annex VI
protocels.

For the plant &t is considered that the design philosophy involving the consideration of (and
sometimes irade ofl’ between) the use of Towesl practicable emissions equipment, achieving high
sfficiency (and therefore reducing gas consumption), and ensurme rehabibity and safely m
operations, results in the overall emissions being minimiged. This philosephy is critieally important
for I.NG plants as nen routine events from small equipment trips and fhilures can lead to large plont
rps and the resullant venting of large amounts of gas to the flares, Therefors in design, a high
prierity 15 placed on the requirement for celiable, demenstrated technolegy, such that equipment
failures and trips are momimnsed. Additionally, the above demonstrates the noed not joat to focus on
il ppe cmissen values only, but assessing the emmsions per aml of oulput = oflen more
meaningful i comparing equipment and controls.

Therefore considesing these factors. in particular the selection of high efficiency GTs with the
asgociated efficiency measures. (he desizgn of AGRU gas sircam treatment with no direct venling to
air and the desipns 1o minimise faring, it s considered that the Whealztone Project meets the
objestives spesified in condition 18,

Maore Specifie Details
With regards to points requested in acction 18

Specific desizn featwres that have been used to minimise and monitor emixsions w0 air, prersuaed
to condition [8-1

The AEDR provides reasonably comprehensive details on the raticnale for the specific desion
features of the LNGF and Domgas plants. Some of the more important feahures are:
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Gas Turbines

Gas turbines (GTs) are used for power generation and for the compressor dovers on the LNG
refrigeration trams and are the major source of NOy cimigsaons from LNG plants. For bath the GTs
for the LNG brain compressor drivers and for the gas lurbine generators (G10Gs) for clectnaty
generation. high cfficiency acrodermvative GTs with dry low emission (DLE) combustor systems
puaraniced lo meet 25 ppm have been selecled,  Acrodervative turbmes bypieally have o higher
capital cost, bul have higher efficiencies than the heavier, larger Frome machmes, such as wied on
the Gorgon Project and Plute LNG plant.

For the GTGs. additional to the selection of acsroderivative GTs, inlet ar humadification (TAH) has
Irexn selected to improve the elficiency of the turbines and reducs further the gas conswmplion and
therefore emissions. TAH by cooling the inlet air using fogoers, can increase the efficiency by 4% al
nommal conditions, to a5 gh as 15% at lagh temperatores. [t = undeestood that the Wheatstone
Project will he the first TG plant in WA 1o nse such lechnology.

The DLE combustors selected can achicve NOy emission concentrations of <25 pp down te $0%
load which 1s generally the lower operating range for DLE systems on GTs. This cnables preater
fesibility in the (TG operations whlst stll ensurmg fow emissions. The choee of other NOy
contral options with lower MOy cmmssons 5 nol considersd prachical as they morsase lhe
unrcliability in the GTs due to a lesser ability to handle, rapid changes in the load and gas gquality.

For the compressor devers. addinonal major cnerey efficiency measures include the use of waste
lecal recovery on the exhausl air for use as process heal within the LMNG rains and expander-
generatons in the TING process o cool the pas, These can penerate T MW per train and improve the
LNG production by T

Frocess Henters

Emissions from the Process Healers have been mimimised primarily by minimising their usage by
wlilising heat from other sources {e.g. the waste heat recovery unit ( WHRLU) en the LMG trains) snd
seoomdly, through the cheice of low N0y bumee technology. Utilising heat from other processes
e ther use al near full load o only a small percentage of the tme, with the majority (30 1o
S0%) of the time being m standlby mode, Tow NOy burneis are considerad preferable to the lower
ultra low MOy, bumners as the latter increase the safety risk as the heaters are required (o operale
automatically ever a large range - gas fring and excess air rales,

AGRU Emissions

The Wheatstone Acid Gas trealiment system s considered best practice withm the LNG mdustry,
This 15 achieved vsing sMDEA solvent to mimimise VOCs caplure from the gas. therefore
minmising the amount reporting mto the acid gos stream and importantly casuring that the acid gas
stream 13 combnated 100% of the time through either a recuperative themal ssadiser (RTO) or when
this 15 nol available, with the gas dirscled Lo a flare,

A RTO svelem was selected as this 18 argued 1o provide the best bade off belween encrgy sfficiency,
reliability and destruction efficiency of VOCs and IL,S, When the RTO is not available, directing
the AGRL o the Nare w consadered best p'!".!i_{h_'e and will therelore mummse the emssions of
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BTEX (benzene, tolucne, cthyl benzene and xylenes). Other existing and under construction LNG
plants m WA (the Karratha Gas Plant (KGP), Plute and Gorgon Project), all vent the AGRIUS
comisstons lo g whenever the thermal oxidizer svstems {or i the case of Gorgon — re-injection
systems) are nol avanlable,  Therefore VOO and BTHX smissions which can be a significant air
quality msue (soc the proposed Browse assessment, EPA, 2012) are less than from other WA LNG
plant {(sco lnder).

Flaring

The flare system is constdercd best practice with a commitment for no rovtine waste gas streams 1o
be flared (apart from the small qoantity of gas for the pilot and purge pas treatment]. Non routing
Maring will include Naring acid gas when the KT we not available, and the bail off gas from warm
L.NG ships. but these are velatively infrequent. The report lists design features including:

e Caplure and rense of gas leakage Irom seals such as from refngeralion gas compressors:

= [mplemeniafion of control sysiem o momior equpment o detect poeible Bnlwes and
mntiale mamicnances, This meludes momtorng bearme ol tsmperatures and other process
parametcrs,

»  Design of mspection ports to reduce the need Lo de-pressure and purge the equipment 1o flare
before conducling an intemal nspection;

& Design of refrigeration train to allow maintenance of parts of the svatem c.g. compressors
withoul shutling down the tinn and therefore Marmg;

= Ability to store all propane, and ethylene refrigesant during a train shutdewn and thercfore
minimises Maring; and

o Use of healed defrost gas ustead of feed gas to dry oul Lhe aovegenic systoms more quickly.
reducing the gas lanng during a slarl vp.

Muonitoring

The AEDR has provides defail on the proposced monitoring program required to verify emissions and
lo emsure comphance with any regulabions,  With respect o momitonng, the frequency Lhat
monitoving i required should be largely dependent on the variability in the emissions, with
processes which are relatively stable when aperating requiring less frequent monitoring, whilst
processiss which shew greater variability and with potential discharges al levels that are of concen
tequiring more frequent and even conlinuous monilonng.  For example, GT emissions are
conzidered to be relatively stable over the normal operaling range.  (ther processes which may be
maore vanable, and with relatively agh emissions, requinng more frequent momtoring.

For the Wheatstone project GTs, afler the itial manufacturer testing (to ensure compliance with
spectheations ), guarlerly stack leshng of NCk s proposed. This s consudered adequale as staled
above becanse T cmissions are reasonably consistent and also as total MOy enussions from the
plant are low and the plant 15 sited in a reasonably remofe area.
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Swnilarly the proposed process heaters testing at an annual frequency. being a small soaree, 15
considered adequate.

Fot the RTO, quarterly testmg of VOO and OO0 @ the exhaost and annnal acid gas composition
lesting, with contmuous monitonng of combustion chamber lemperature and the Oy m the sxhaust s
proposed.  This sppears adequate, though possibly more frequent testing of the composition of the
nend gay stream 1 required Lo determme the vanability of BTEX and thal contimous menitoring of

0 15 required i the exhawst as a heller measure of high VOU destruction,

The menitoring proposed for flares appears adequate with the totalising of velume of gas from the
varions units of operations.

How the devign features compare with current lowese emissions for similar operations and
preposals internationally and within Anstralia

The follewing comments on the three mest important air pollutant emission sources:
sas Turbines

The adoption of DLE to meet MOk levels of 25 ppm s considered best practice n the LNG industry
with this being adopted for all recent LG plants that T am aware of in Australa and overscas, No
ol bematree lminmlng}- other than DILE 15 konown o have been ml.ﬂpl:d for LM (3T COTNPTEES 5.
Additionally. as noted the combination with high efficiency seroderivative GTS with waste heal
recovery or LTAH is considered best practice.

Acid Gax Destruction

The combustion of acid gases for 100% of the AGRIT up time is considered best practice. As noted
previous |y, thie will be the st LNG plant in WA to meorporale this design,

Flaring

The list of desipn features are detailed in the report and summansed before and the commitment to a
no routine flarng policy is considered Lo be best practice within the industry,

Comparison to other Facilities - Emission Benchmarking

The AEDR provides a reasonably comprehensive comparison of the annual emissions on a per teane
of product basis. This has some limitations due to the difficully in oblaining complete. accurate
mformation. The data however, shows thal the Wheatsione LMNG project will emit 189 tpa NOw ke
Mipa LMNG, which is just above Plute (182), Australia Pacific LNG (183), but below KGP 4 and 5
{219) and Gorgon (295). Mote Gorgon have compression for CO) re-ingection whach contribute
somewhat to this higher fipure. The emissions are slightly highee than provided for Phate and
ALNG, but 1f 15 nofed these for Ihe other projects me estmates only, with full detals on the
assumphions used nol provided. It is expected based on the technology, high efficiency (6Ts, TAH
and waste heal recovary that the technelogy should result i lower cmissions than frem Plute and
theretore the numbers quoted should be scen with some imceriainty. The higher Wheatstone valuss
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may be partly explained by the assumption that four GTGs are considered at full load, when 3 o
fenr ar part load will be used. and a high assumption of the amaunt of bypass of the compressor (G4
cxhausis, Also, cmissions Irem plant m hol eovironmeents will also be lugher than in cold chmales

as GT efficiency decreases reasomably rapadly with agher ambient lempsratures,

In terms of VOCs data for comparison. less data was available, but it 15 noted that the VOO
emmssions for the Wheatstone preject are estimated at 123 g/s compared to “measured” 440 o/s of
VO for the KGP fom the 200172002 NPL Alse total LNG plant BTEX emissions are eshimated al
295 gls (using conservative guaranteed [ow destruction efficiency of 99% and not the cxpected
dextructhion ::ﬂ‘iL‘.imc‘_l.' of 99 9%), t[srripared lo the messured emissions from the KGP (201172012
NP1 hgures) of 27 pis of BTEX.

FPravide comment on the refevance of the deseribed Australion and international stondards for
tiiy Prapasal

The report uses for companson the emmission values m the NSW 2010 Clean Awr Regulations. These
are the most recent emission guidelinegs i Australian and are generally the most stingent,  COF most
relevance for this project s the NOy emssion level for pas turbines. The NEW DEC specify a NOy
expressed as NOy) emission limit of 70 me'm® (dry. 15% Oy, 1013 kPa). This is approximately 33
ppm.

These repulations have generally been used i the Queensland LNG projects to set “design™ limits,
The Australia Pacific LNG (2010) references the NSW regulations, but also noted a lower project
standard for MOy, from G of 25 ppm { Australia Pacific, 2000, Sschon 13.4.3),

Intemationally other MOy, emission standards for gas mrbimes melude:

s The USEPA 2006 New Source Performance Standards (N5FS) (40 CFR 60 Standards of
Performance for Sationary Combustion Tul'bi.ﬂh"-ls;_]] which hasa 25 ppm limit for new
atationary gas turbines firing rotoeal goe with o heot mpot ot peok lead greater than 50
M E b and less than or equal o 830 MMBiun/'hr - the range applicable o the Wheatsione
GTs. These have been used to set desipn values for the Sabine Pass LNG expont facility in
Lomistana that was approved in April 2012 as the first LNG plant to be built in the TTSA
whach 1 stated ag mestmg the NSES For KOy (FERC, 2011, and

s  Furopean Commission (2001 and 2010) emission standards.  This speeifies GT emission
limits (above 70% load onlv) of 50 mg/m” for gas turbines, with a limit of 78 mg/m” for pas
rbinis used For mechamcal dives and combmed eyele grenler than 33% efficieney and
combined heal and power systems with etheiency greater than 75-%.  For smgle cyvele
furbines having an efficiency greater than 35% - determined al 150 hase load condiions —
the emission limit for Nk shall be $0n/38 where v s the efficiency cxpreseed as a
percentage. These have apparently been used for desipn for Snohviat (Statoil, Nerway) whe

" Availahle at hitp: e epngowtmatwnspe urbine murhnaps bl
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installed LALBOOD with DLN  achieving 25 ppm. Sakhalin (Russia) 2007 used the European
200 L diwective for setting air quality cmseions (note 2001 is the sane as 2010 limits)

Therofore internationally, there are lower GT NOy emission standards for power generators. though
the N5W regulabons ars i lme with the Furopean Commussion standards himils tor GTs wsed e
mechamical drves (compressors). It s understood that at TNG plants, the large varations,
particularly m the pas quality semetmmes makes it diffienlt to alwavs achieve 25 ppm. GT
manufacturcrs suarantoes for gas turbings are defined i teny of the ambient condilions (less than
40 deg C and higher than 40% relative humidity) and m terms of a specificd Tuel quality,  As such,
considering the variability in foel quality, though the specifications for equipmenl are to meet 25
ppm al the sandard conditions. in lerms of seiting licence limits, the NSW valug of 70 ma/m’
consistent with the Furopean Union limit of 75 mg/m” may be more appropriate.
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Executive Summary

Chevron Australia Py Ltd {Chevron) will construel and operate s multi-tram Liguefied Natvral Gas
(LNG) and domestic gas (Domgas) plant near Cnaslow on the Pilhara Coasl, Western Australia (WA).
The Feundation Froject will consist of two LNG processing trains, each with a capacity of
approxzimately 4.43 million tonnes per annumm (Mipa) and a Dompgas plant, Envirenmental approval has
been granted for o 25 Mipa LNG plant and assocated Demgas facilies o allow for the especied fulure
expansions.

The atr quality modelling for the 23 Mipa environmental approval Sk, 2010) was conductad using:

MNotwithstandmg that the 25 Mipa plant was approved, A Assessments (2010) noted a number of

The meadel TAPM, with concentrations predicted for the Incal region (<20 km) for nitregen
diceade (MNOy). sulphur dicsade (504) parbeulate matter below 10 pm diameter (Phy) and
beniene, toluene, ethyl benwene and xylenes (BTEX )

The model TAPM and the Greneric Reachon Set (GRS) mechanizm to model the regional ozone

concenlrations, and

Prelimunary genene emissions.

potential limitations with the air quality modelling, notably the:

smaog modelling used a simplified, sereening smog sysiem wilh o smog reactivity that was likely
1o he toa low:

Mol 'i,nx:]uding fires m a cumulative smiog assessmenl; aned

The mpor souree of VO from the priyect ergsiond rom condensale uh]p ]:mdmg. lhullgh

very wiliteguent m occurencs, was nol assessed.

Therefore as detailed design information i= now available, this report provides an updated assessment
that also addresses the sbove potenbial hmitabions, T sssesament ubhses fwo models - AERMOD Tor
predicting local mpacts on & scale oul to 13 km from the plant, and TAPM-CTM for predicting regional

seale oxone and N,

The resulls from the lecal AERMOD medelhng, including the Foundabion Project and the existing
sources (the Macedon project and Onslow power station) indicate that:

L

The predictsd concentrations oulsids the lesse boundanes are relatively low compared to ther
respective criteria, with the [-hour N0, concentrations being closest, up to 21.5% of the refevant
ariterion, and all other pollutants contributing less than 5% of their respeclive crileria,

For all the Wheatstone operating seenarios assessed, there is generally little variation in the
predicted concentrations apart from the ship loading condensate scenario — case 5. That the
emissions from the varions lafing seenarios do not significantly change the predicted
concentrations 18 a tesull of the very large amount of heat released and subsequent large plume
rise from the Nares, For the condensate loading case, though the concentrations do ineresse they
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are still low. at most 3.6% of the annual average benzene criterion and 0.65% of the 24-hour
aylencs criterion outside the lease boundary on land.

The results from the regional TAPM-CTA modelling for the modelled vear (2009) indicates that:

L]

Mlaximum cxisting azome concentrations at isolated arcas in the Pilbarn are relatively high, with
the majer conimibulor bemng emissiems from bush Tres. The makimum exsbing osons
concentrations predicted amywhere on the model grid are 87 and 95% of the | -hour and 4=hour
ozone standards rospectively, Using whal is considered the more appropriate second highest
comeeniration when meloding natural sources, the predicled concentrations are 74 and 86% of
the standard;

With the addstion of futwre industry and the Whealstone Foundation Projecl. the maximum
ozone concentrations predicted anywhere on the model grid remain essentially unchanged and,
for some stabiatics and averagmg periods, will even decresse. The minor impacl or even
reduction is due both to fires being the dominant source and the non linearity in the almosphenc
chemical reactions, where additional NO; can (in some circumstances) reduos ozong
coneentralions:

At rosidential locations, the predicted maximum 1-hovr ozone concentrations for existing
sources are between 43 1o 60 ppb. With the additwon of Tuture mdustry {exeluding the
Wheatstene Fovndation Project). these maximums are predicted to mercase enly marginally,
typically less than 1 pph.  The exceptions to this are al Barrow [sland where a large increase in
ozone levels 14 pradicted dug (o the Gorgon Praject and for Mardie where there 1 a sigmificant
reduction in the maximum and second highest 1-how ozone concentrations, This redustion at
Mardse 18 due to the industral sources impactng on a smog event due to Fire emizsions, where
the additional NOy s predicted to reducs the ozone formation: and

Waith the addition of the Wheatztone Foundation HD]I:.LL under rontme operabions there 15
predicled to be neghigible change n the concentrations al residential siles fme ludng Onslow)
apari from the Minderoo station with mereases of no more than 1 ppb. For the non routine
seenarios, he above resull applhies, except for the ship-loading condensale case where an
merease of up 1o 3 ppb w the 1-hour concentrations al Mindsroo station 15 predicted, though
with the concentrations still being only 45% of the l-hour NEFM standard. That the
Wheatalone Foundation Project has such & momar impact on ozone concenlraiions s due to the
emissions bemng relabively small, estimated Lo compnse only 013 1o £.9% ol Tuture
anthroposenic emissions in the Pilbara.  Therefore overall impacts on regional air goality from
the Wheatstons Foundation Project are small,
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1 Introduction

1.1 Background

Chevron Australia Pty Ltd (Chevron) will construct and operate a multi-train Liguefied MNatural
g (LNG) and domeste gas ( Domgas ) plant near Omslow on the Pilbara Coast, Western
Austraha (WA). The Wheatstone Foundation Project will process gas from various fields
offshore in the West Carnarvon Basin. Ashbuiton North ix the approved site for the LNG and
])0[!13.‘-15 p‘mdl.h;liun I‘.‘luﬂﬂ}'_ The I oundation P‘r{ljﬂ.‘l r::_]uht:.\i installation ni‘ga.\- path L‘.]'.II'IE,,

export and processing Facihbies in Commonwealih and Stale waters and on land

The Ashburon Noith sile & approsimately 12 km sonth-west of Onslow along the Pilbara
coasl within the Shire of Ashbwiton. The Foundation Project will consist of two LNG
provessng rames, sach with a capacily of approxamately 4.435 mullion tonnes per annum
(Mipa). The Domgas plant wall be a separate. bul co-located processing tram and will orm
parl of the Foundation Project.

Environmental approval for the project has been granted for a 25 Mipa TNG plant and associated
Diomgas Facilities to allow for lhe expecied future expanzions. The air quahity modelling was conducted
for a fve train Facility by SEM (20 10} using:
¢ The model TAPM. wath coneemtrations of miroeen diosnde (NOL L sulphur drosade (SO,
particulate matter below 10 pum diameter (PM,) and benzene, toluens, cthyl benzene and
sylencs (BTEX) predicted on a 1 km pollution grid 1o assess local impacts: and
*  The model TAPM and the Generie Reaction Set (GRS} mechanim to model the repional orones
cencentrations on a 3 km pollntien grid.

Thas report was reviewsd by Air Assessments (2010a) which identificd a number of arens where the
modelling could be improved (see Appendix A for a luller hsling), notably:

¢ The sinog (czenc) medellmg chomical resclion equations used are micoded enly as a scresning,
conservative approach. Though i themselves they are hkely to be conservative, the reactnaly
ol the VOU emssions 1s considered to be understated, and as such the ozone levels [rom the
project would also likely be under=predicted;

e The assessment nchuded the LNG plant and most major @amission sources ol the time, The
modelling did not however include emmissions from lires which is the major source of precursors
Lo orone in the Pilbara and as such a cumulative assessment was not presented, and

& The major source of VOU from the project — emissions from condensate ship loading, though
very infrequent in occurrence was nol assessed.

Therefore, noting the potential limitations with the previous modelling and that Chevron have now
more detailed emigzion estimates, Chevron have ﬂ‘:rlgag::d Adr Assessments to Trml'idd: an ttpdﬂir_:d ar
qualily assessment of the Foundabion Projeel (2 frams, 8.4 Mipa LNG production).
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1.2

Scaope of Work

The following Scope of Work was agreed.

Develop an updated smission inventory for the region mcorporating all major industrial
sOUTCEs;

& Determine np to dare background pollutant levels for the region and summarise this in the
reporl;

o Underlake local modellmg of NOk, S04 CO, PMy, PMy., BTEX and Hi5 for a lotal of six
scenanos for the Foundation ]“rnju:'!',

o Underfake regional modelling to predict concentrations of owsone and NO, incorporating
emussions from fires. Fire emizsions are to be meorporated nsing the methodology as used m
the Gergon Progeel developed by CRIRO with the modelhng conducled vamg TAPR-C TR
This modelling system with the mcorporation of emissions from fires and Pilbara industry was
shown Lo provide very goed agreciment with the observations (see Pitls o of, 2011 %

®  Addross the concerns raised in Awr Assessments (20104) and provide a comparison of the 2010
and updated 2013 emissions, a5 well as compare the 2010 and 2013 predicied concentrations,
and

& Present the resulls m a stand alone report, detmbing the methodology used and mpul data.
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2 Atmospheric Emissions

2.1 Intraduction

Thas section provides detals on the almesphene sonsaons of concern from the bwo tram (8.9 Mipa
LNG) plani as well as the cmissions from other sources in the region.

22 Wheatstone Gas Development Emissions

221 Sources

The primary emission sowrces from the Wheatstone Foundation Project mclude the:

#  Twalve compressor gas turbines on the two LNG trains (six per LN ram ). Thess (s ans
General Electric LMBOOUFPF aero-dervative gas tunbines fitted with Infel Air Humidification
(TATT) and Dy Low Emissions (DLE) combustor systams, Enussions of concern are primarily
Ny

= Four power stalion gas lurbines generators (GTG) These are also General Electric LAIGOOOFL
aoro-denivative gas turbanes Atted with TAH and DLE. Emissions of concern are primanily
N0y

o Two recuperative theomal oxidissss (RTO) used to combust the acid gas from the acid gas
removal units (AGRTD) from the two LNG trans, with one RTO for the Domgas plant acid gas
stream. Emissions from the ETOs are pnmanly MO, and 50, with residual enmssions of
BTEX due (o incomplete destruction by the oxidizer:

*  The repeneration pas process healer (one) and hot onl start wp (twa) process healers. The
emissions of concem are primarily Nk,

& Flares. Under routine opevation, the flares will operate with pilof and purge gas only and
therefore will have low emmssions. Under non rontine condibions however, large quambities of
gas are Hared which will resulil i significant quantibies of MOk, OO, VOCs (meludme BTEX)
being emitted, The flares include the main plant high pressure and low pressure flares (each
handling wel and dry gas sircams)} and the marine Hare for boil ol gas (BOG).

As well as these sources from the LNG and Domgas plants, other significant enissions associated with
the priqect melude that have been meluded i the modelhng are:

s VOO emissions from condensate ship loading. These cccur as the VOC-rich vapour in the
shaps hardd headspace w displaced during loadmpg. This i o very infraguent tpesation,
anticipated o occur with up to 12 condensate tankers per year with loading occurring for 13
hours each, That is, a total of 136 hows per vear or 1.8% of the tine; and

& Ship combustion sources from the LNG and condensate camicss and tugs. Major cimissions are
N0y and also for the condensate carrers that wee heavy foel oil with high sulphur conlents,
80y

Cither sources, thal arg not meluded m this modelling assessment include:
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222

VOO emissions from fugitive releases from hydrocarbon storage tanks, valve packing,
compressor seals, pump scals, fanges, and connectors. The propesed plant has been designed
wilh besl practice and fugiive ermasions of VOUs are expecied (o be low,
Eelatrvely small and infrequent sources. These includs:
o Six diesel generators used during LNG plant trips cold-start precedures and for their
mtermittent pertodie testme (lotal up to 25 he'yr/ senerator);
o Two fire waler pumps for up to 52 he/yr/uml; and
Oine submereed combustion vaporser (or generalme natural 2o when the Diomigas
plant is shut down for periodic maintenancs (up to 240 hriyrl.
Motor vehieles as these arc o relatively small source m terma of emisswons, though they con
result in relatively high sround level concentrations immediately adjacent to highly trafficked
roads under atable, light wind conditions; and
Emizsions during construction, such as particulate matter from construction activities and
gascons emissions such as from femporary power stations. The power stations di have siveable
Ny emssions, bul these will not operate durng the LNG plant operation snd have been

addressed in ther own modelling assessments.

Emission Scenanos Evaluated

For the assessment of the Wheatstone Foundation Project, Chevion reaaewead the range of possible

eveal scenanos with six scenanios selecied lo cover the range of likely events, These sccnancs aie
ligled in Table 3-1 and ave for;

1
2

3)

4]
5

6]

Normal Operations,

Begenerative thermal oxidiser trip for ene LNG train where the AGRUs vent gas is direcled io
the LF are;

Blocked Nitrogen Rejection Unit (NRU) oullet vent, The gas siream emitied consists of
comeentrated X, with trace amount of methane (less than L F mol %) which 13 vented dirgctly 1o
atmosphere,

Loss of BOG compressors, where the boil ofT gas from the LNG tankers will be routed to the
marine flare:

Loading a condensate ship., where VOO rich vapours are displaced from the ships hold. This i3
estimated to occur for only 156 hours per year; and

Start-up of an LNG train with use of a start up oil heater and non routing flaring to the LP flare.
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Table 2-1 Wheatstone Foundation Project (8.9 Mipa) — Emission Scenarios Modelled

Mo, | Scenarin Definktian Anticipated Canmenis
Frequency of
Scenario
1 Mormal Operaiinng Upte®43% o o Two LNG muins operating o full load

!-u Twelva LM&0O00 PF GTs operanng the propect w One Domgas plant aperating at fill load,

!- Three LMGEDOPE GTGs are operating tor 50 % of the time: uptime o Althengh three GTGs nmming an fiall fead wiall

| [4.13% hr) provide sulbaent vapasnty o mest power

lo Four LM&00D PF (FTGs oporatmg for 50% of the time dermimed undes site conditions, the operating |

(4,139 hr) strabegy 15 to have four GT0s nnning at partial |

& L0 and HP weirh theea flare dazes anch twar, drye and load (<70 ") in an M+ 1 eonfigumticn

spare) opersting on prlots and punge gas, no non-routing provide dlectrival pover tediiudaney and
flaring. stubility: This ensures that suffcient poser

» Dine Manne flare operating on pilols and paigs gas, no _W'l.l.l. ke m‘aﬂahle?c- D.:::l.‘:t DCM'IGI demands even |

non-ravtin flating |fq'|:.nf1'hr GG i aff-'lm: Peak _

= Two Acid s TO for LNG phust und o for Domgas Sl S SO e BT A

plant prewicad A .

# Domges Regeneration Healer operstimg (1,621 hoa, G Lmﬁ:ﬁ;?gf:’:;r::;:ﬂ;iﬁud
Ead to regenorate the Domgas Plant mal seve
deltydition units and will sun continuously
only dunng the heating phase of the
regensrabion vels,

» The spare flare will be isolnted and nof used
turing normal pperntions, |
[2 Therml Oxidizer Trip for Gee LNG Traln | eventayear |o Tring this soenario, rest of e unlts and

» Twelvr LM60DU PF GTs openating. for & duration gt pament will be operating inghiding AGEL,

I. Four TME000 PF GTGs aperating of 35 hows however, the aci,i;l_gas stremn will berouted lo

b LI wet flare operating in nan-renine mods. thes Wel Cias P Flac

!. LE dlry sl M (dlry andl wet} fares opeating on pilots » Flow from the wut mq’gn?meﬂ with fissl pasfo |

anid purge pas. ne pon-routine fanng. mm heating valuz of 300 Bhw'sef,

lo Cna Maring flare operating on pilofs emd purge gas, no hmmm]:‘ Ht.ba“d i ﬂWT:::;’.ld

neAiculine Bacis compostion for angmented eondition

= (e Acud gas TO o LG plard and ane for Domgas

plant

* [omps Regenerstion Heater operating (3,621 hror).

3 Blocked Outlei of NRU Vend (Tfor ene traluh 1ovent o vear, (o MRU venn with high nitrogen confent, routed

}
5

 Twalva LM&000 PF GTr operating

® Four LMe03D PF GTOs oparaing,

& LD riry flnre apcsanng 10 non-rounns maoda

L et and HP (dry and wet) Haros opearoting en palots
wul purge gas, no non-routine danng,

* Ome Maring flare operating on pilots md punge gos, no
non-roatine faring

i Twe Ackd gas TO for NG plant and one for Donmggas
plant

te [homges Regeneration Heater operoting (3,621 has/yr).

i' Lass t;f"ﬁ'ﬁﬁif'nmpmrn -hn.m P'Iﬂl:IIMi!r Fa;llun

:I Twelve LMa00d PF GT= oparating

& Foor LME00D PF GTOs ofrerating.

fo LE and HE with e Dace sers each (wet, dry and
apara) aperting on pilots and porge gas, no non-ranting
Nanmge.

+ (Onz Monne flare operabing in nen-routine mode

la Toee Ackd gas TO for LNG pliantand one fa Doimgas
plant

» Domgis Regenerstion Heater operating (3,621 how).

Condenste sﬂp Lamding S -

| 12 sl s et

[raticr af 22
hours

TReva 1t5: s
year, Diation
of 12 hr per
avenl

la the dry gas LB flare dusing valve B lure.

» Flow from the wnit angmented wath ficl gasio |
maintmin heating valone af 300 Bhvsef

o Ermsaom are based on Howrate and
empestiion for angmented sondition.

® Durinz this seenorio, tast of the Unis and
equiprnent will be opetabng; however, the
LNG ship Ioading vapours will be ronted to the |
Marine Flarg. |

s 12 ships 0f 73, 000m capagity per yur for tha I
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i-l Twelve LM600U PF GTs operating. }ulurulllﬁ h:rs Frundation Project have hezn assnmad
i- Foun LMEGGH PF GTOs orerating, ol lowling tirne | Total slup boading e of 13 hows at o lf.l.]duu;
o LI and HP with three flare risers each (wer, dry and s S rate of S TEY o/,

spare} operating on pilots and purge gas, no non-routing | | TERAT & Enzssiors caloslabions are based on aquation

faring, provided in LLE, EFA AP-42 Erission Factogs, |
= Db Manne flare operating on pilots afd plings gis, na [
| non-rotine faring
i- Two Acid gas TO for LWNG planl and one o Domgas
plant.

» Dompas Regenemmbion Healer aperating (3,671 by

L- Condensate Slup Loading (1 56ha've),
A | LNG Treain L Start-up | ewent for 2% |& Peak emession rabss hive been providad foo the |
[e Bix LMAO00 PF GTs operuting days medzlling purpos:

él Twa LMEUDD PF AT O operaling
il Thard [ME000 PF OTG cn]lnnll'i]g af =571% 1o
w LP wet lare aperating in nonsionins tiode.

i LP dry and HP (drv end wat) Dares operating on pilols
and purge gas no non-routine fanng.

w (e Maonne flare operafing on pilﬂh nre] puange: gas, no
nexn-ranting flaring

o Oz Acid gas TO foc LNG plagit and one [or Dormgas

| Fiant.

The ¢mission parameters from the normal operation seenario are presented in T'able 2-2 with Table 2-3
presenting o summiary of the sources thal vary for the non routine operations and the resultant (ol
emissions. A schematic of the plant layoul is also provided m Figure 2-1.
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Table 2-2 Wheatstone Foundation Project Stack Emissions Parameters - Normal Operations — Scenario 1

Stack | Stack Exil
ey g'nﬂi %w Helght| Tip | Buh, l;.:::" Temp. wa ;‘n;l) Ng&" €O | 50: | VOU | Benzene | Toluene nm Xylene m
(m) m) (m) D;:‘;‘ Fact (m) (deg K) s & @ (@9 [ &9 @9 gs) (@) ) @)
LNG Train 1
Acid Gas Therm Oxidizer-1 1H-1901 [ 29340 [ 7309675 | 35 | 203 | 1 | 213 | 7o) | 135 [o026 [1am [ 2032 0732 [ 1247 oas7 [ o3t | e0ss | 03w .
Comp. Turb. Driver 1FMBypass) | IW-311 | 203,202 | 7,590,651 | 507 | 36 | 129 | s27 | 741 24 | 0026 0316 | 0.538 | 0.001 | 0.008 [1.99E-07 |5 85509 [ 625512 [ 240511 0.002
Comp. Turb, Driver IEYWHRU) | 1W-3411 | 203,289 | 7399680 | 507 | 306 | 159 [ g1a | ss4 | 205 [0237 [ 2340 | 441 [ 0007 | 0075 [1798-06 |5 27E08 562611 [224E-10] 0021
Comp. Turb, Driver 2F)Hypass) | IW-321 | 203,306 | 7.590.647 | 507 | 36 | 129 | s27 | 74l 24 | 0026 0316 | 0.538 | 0.001 | 0.008 [1.998-07 |5 85509 625512 [ 240511 0002
Comp. Turb, Driver 2PMWHRU) | 1W-3421 | 203303 | 7.399,637 | 507 | 306 | 159 [ 614 | ss4 | 295 [0237 [ 2340 | 4341 [ 0007 [ 0075 [ 179805 |5 27608562511 [224E-10] 0om
Comp. Tuib, Driver 3E(Bypass) | LW-3412 | 203319 | 7,599,644 | 507 | 36 | 129 | s27 | 74l 24 | 0026 0316 | 0.538 | 0.001 | 0.008 [ 1.908-07 |5 85E-09 625812 [ 240811 0002
Comp. Tuib. Driver SECWHRU) | [W-3412 | 203316 | 7599633 | %07 | 306 | 159 | g1a4 | S84 | 205 | 0237 | 2840 | 484 | 0007 | 0078 | L9606 | § 27E-08 | 5 62E-11 | 2 24E-10| 021
Comp. Turb, Driver 45 (Bypass) | IW-3422 | 293333 | 139,640 | 507 | 36 | 129 | sz7 | 741 24 | 0026 | 0316 | 0538 | 0001 | 0008 | 199607 | 385609 625612 249611 | 0.002
Comp. Turb. Driver 46 (WHRU) | [W-3422 | 203330 | 7599629 | %07 | 306 | 159 | 614 | <84 | 205 | 0237 | 2840 | 484 | 0007 | 0.07% | L719E-06 | § 27E-08 | 5 62E-11 |2 24E-10| 0021
Comp. Turb, Driver SM (Bypass) | IW-3413 | 293346 | 7399,636 | 507 | 36 | 129 | sa7 | 741 24 | 0026 [ 0316 | 0538 [ 000 | 0008 |1 o907 | 585E00]62sE12] 220501 | 0002
Comp. Turb, Driver SM (WHRL) | IW-3413 | 203,343 | 7,500.626 | 507 | 306 | 159 | g1q | 584 | 205 | 0237 | 2840 | 4841 | 0007 | 0.078 [ 179606 | $ 27E-08 [ 5.625-11 [ 2.24E-10] 0.021
Comp. Turb, Driver 6M (Bypass) | 1W-3423 | 293360 | 759,633 | 507 | 36 | 129 | sa7 | 741 24 | 0026 [ 0316 | 0538 | 0001 | 0008 | 199807 58509 625E12 240811 | 0002
Comp. Turb, Driver 6M (WHRL) | IW-3423 | 203357 | 7,500.622 | 507 | 306 | 159 | g1q | 584 | 205 | 0237 | 2840 | 4841 | 0007 | 0.075 | 179606 | $ 27E-08 [ 5.62E-11 | 2.24E-10] 0.021
LNG Train 2
Acid Gas Therm Oxidizer-2 JHA001 | 203,078 | 7500441 | 35 | 213 1 113 | 1670 135 [ 0020 [ 1400 [ 2232 [ 0732 [ 1247 | 0157 | 0579 | 0054 | 0374 -
Comp. Tuib. Driver LP)Bypass) | aw-3411 | 203230 | 7599417 | 507 | 36 | 129 | sa7 | 741 24 | 0026 [0316 | 0538 | 0001 | 0008 | 199807 | 385E-09|625E12 | 24081 | 0002
Comp. Turb, Driver (FYWHRU) | 2w-3411 | 203,227 | 7.590.407 | 507 | 306 | 159 | 614 | 584 | 205 [0237 | 2840 | 4841 | 0007 | 0.078 [ L79E-06 | 5 27E-08 [ 5.62E-11 [2.24E-10] 0.021
Camp. Tutb UPNBYPIsS) | IW.MII | 203243 | 7399413 | 507 | 36 | 120 | sa7 | 7L 24 | 0026 [ 0316 [ 0538 | 000 | 0008 | 199807 58500 625E12] 24081 | 0002
Comp. Turb, Driver 2P)WHRU) | 2w.3421 | 293240 [ 7590403 | 507 [ 306 | 159 [ gua | ssa | 295 [0237 [ 2340 | 4341 [ 0007 [ 0075 [L79B.05 527608562611 [224E-10] o
Comp. Turb, Driver SEBypass) | 3W-3412 | 203257 | 7500410 | $07 | 36 | 120 | sa7 | 741 24 | 0026 [0316 | 0538 | 0001 | 0008 100807 |5 8sE00 |6 2sE12 200501 0002
Comp. Turb. Driver SEOWHRU) | aw-a12 | 293254 | 7399399 | 507 | 306 | 159 [ 614 | ss1 | 295 [o0237 [ 200 | a3 [ 0007 [ 0075 [ 1798055275085 62511 [224E-10] w021
Comp. Turb, Driver 4 (Bypass) | 3W-3432 | 203270 | 7500406 | %07 | 36 | 120 | sp7 | w41 24 | 0026 0316 | 0538 | 0.001 | 0008 100807 s 8sE00 |6 2sE12 2005 11| 0002
Comp. Turb. Driver 4E (WHRU) | aw-3422 | 293267 | 7599396 | 507 | 306 | 159 [ 614 | ss | 295 [0237 2890 | 4341 [ 0007 [ 0075 [ 179805 |5 275085 62511 [224E-10] w021
Comp. Turb, Driver SM (Bypass) | aw-3413 | 203284 | 7590403 | 507 | 36 | 129 | s27 | 741 24 | 0026 0316 | 0538 | 0.001 | 0.008 | 1.908-07 |5 85609 625812 240811 0002
Comp. Turb. Driver SM (WHRU) | 2w-3413 | 293,281 | 7599392 | 507 | 306 | 159 [ 614 | ss4 | 295 [0237 [ 2340 | 4841 [ 0007 [ 0.075 [1.79E-05 |5 27608 [ 5.625-11 [224E-10] 0021
Comp. Turb, Driver 6M (Bypass) | aw-3423 | 203,207 [ 7590300 | 507 | 36 | 129 [ s27 [ 741 24 | 0026 0316 | 0538 | 0.001 | 0.008 [ 1.998-07 |5 85E-09 [ 625512 [ 240511 0002
Camp. Turb. Driver 6M (WHRL) | 2w-3423 | 203204 | 7599388 | 507 | 306 | 159 | 1a | 584 | 295 [0237 [ 2890 | ass [ 0007 | 0075 [ 179806 |5 27608 562511 [224810] 0021
DomGas
Domgas Regen Gas Heater-1 IH-6532 | 203,618 | 7599725 | 397 | 119 | | | 140 | 467 33 | 0108 | 0221 | 0112 (00005 0015 | 0004 | 0012 | 00M | 0007 | 00002
WS0-0000-HES-RPT-CPM-000-00002-000_doc Page 7 Air Assessments
Wheatstone Foundation Project
Arr Quality Assessnent
g:";‘:"z’;j‘:'d Gas Thermal IHesol | m61s | Tsseia | 3 | 1s2 | 152 | @08 | 108 | 0008 | 0503 | 0765 [ 0017 [ 0304 | o7 | oass | oois | ol -
Flares
HP Flare (Wetgasand dygas | OKAS0L+ o) oo | et | 060 | 1 06 | 1213 20 | 0010 [ 0005 | 0m13 [ 0000 [ 000s | 0007 | coos | oom | oom | o0
pillat + purge) OK-1902 ) )
Marine flare-1 OK-1903 | 203,087 | 7600494 4617 [ 03s% [ 1 | a3s | 1am 20 | 0006 0032 027 0001 | 0001 | oo 00 0.0 00 0.0
LP Flare (Wet gasand drygas | OK-L9L+ 0K\ o) 00 | 2 c0 308 | 5667 | 1727 | 1 172 | 1 20 | 0157 [ 0774 | 6630 | 0002 | 0038 | 0060 | 006l | 0006 | 0032 | 00
pilot + purge) 1912 ! !
Power Generation
GTG Turbine Driver-1 0TG3101 | 202885 | 7598375 | 35 | 328 | 122 | 442 | 737 | 277 | 0219 | 3569 | 6083 | 0.007 | 0.063 | L50E-06 |4 39608 |4 69611 | L86E-10| o017
GTG Twbine Driver-2 0TG3107 | 202,070 [ 7590320 | 38 | 328 | 122 | w4z | 737 | 277 [ 0219 [3.369 [ 6083 [ 0007 | 0063 | 150806 [430E08 469811 | L86E-10] 0.017
GTG Turbine Driver-3 0TG3103 | 202855 | 7599263 | 35 | 328 | 122 | 442 | 737 | 277 | 0219 | 3369 | 6083 | 0,007 | 0.063 | L50E-06 |4 39B-08 [4.69E-11 | L8eE10| o017
GTG Twhine Driver-1 0TG3104 | 292941 | 7599210 | 35 | 328 | 122 | 442 | a7 | 217 | 0219 | 3369 | 6083 | 0007 [ 0063 | 150506 | 139608469611 | 186E-10| 0017
Total 439 | 566 | 1017 | 171 | 421 | 0433 | 13%4 | 0130 | 0890 | 0.346
Motes:
1) Values in brackets usad in madelling to account for heavier than air offects (See Section 4.9).
2] Neis the phume rise enhancement fuctor ses (Section 4.7) with the effective diameter is based on the diameler increased by the enhancement faclor
3) Flare parameters are the effective release height and diameter and exit lemperature and velocity bused on using the model AERMOTY using the net heat release during flaring. The
actual heights of the flares are; HP Flare (93 5 m). marine flare (44.3 m) and LP flare (4.2 m).
4) Emissions of H;8 not included above are 0 004 g/s from the LNG trains Thermial oxidizers each and 0.0006 g/s from the Domgas Thermal Oxidizer
WSI-0000-HES-RPT-CPM-000-00002-000 doc Page 8 ir Assessments
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Table 2-3 Wheatstone Foundation Project Stack Emissions Parameters Summary — Seenario 1 to 6 I

Scenario Stack | Stack | Exit BM Forn HS i
Source | Helght | Tip | Temp. v:'“ P Ngg:’ €O | 50, | VOC | Benzene | Taluene | 09! | xypene | ol !
m) | Diam. K) s) 5] 5] '
(m) . (deg i @& &% | @9 | @9 | @5 (g's) @s) @&s) )
Seenario 1 - Routine Ops - Total 439 | 566 [ 1017 | 171 | 421 | 0433 | 1394 | 0130 | 0890 | 0346 | 0.009
;
Scenario 2 -Thermal Oxidiser Trip '
i
Acid Gas Tham Oxidizer-1 toffline) | 1H-1901 | 35 | 2.3 [ 0 0 0 0 0 0 [ 0 0 0 [ 0 :
L1911 + H
LP Flare u;;f;;z 648 | 42 | 1273 200 | 1035 | 510 | 4375 | 134 | 0261 | 0639 | 216 | 0200 | 140 00 | 0006 |
Total 524 | 595 [ 1367 | 232 | 318 | 0855 | 292 | 0271 | 188 | 0346 | 0.011
Scenario 3 - Blocked NRU Outlet
OK-1011 +
LF Flare oclony | TV | S0 | 1w 2 193 | 951 | 815 | 0081 | 116 | 0190 | 0569 | 0059 | 0298 00 00
Total 616 | 653 [ 1766 | 179 | 832 | 0562 | 190 | 0483 | L1% | 0346 | 0.009
Scenario 4 - Loss of BOG Compressor
Marine Flare G103 | 4 [ 111 | 1273 2 657 | 324 | 278 | 0.0003 | 0400 | 00 00 00 00 00 00
Total 1095 | 889 | 379 | L71 | 460 | 0433 | 139 | 0130 | 089 | 0346 | 0.009
Scenario 5 - C Ship Loading
Condensate Ship Loading 0 0 0 0 | 51| 143 249 | 0208 | 103 00 00
Total 439 | %6 | 107 | 1T 537 1.87 389 0336 192 0346 0.009 .
H
i
Scenario 6 — Plant Start Up i
One train and TO offline
OK-1911 + 30
LP Flare oicion | 790 | T2 | 12 20 301 | 163 | 897 | 00M4 | 147 | 0142 | 0276 | 0028 | 0155 | 0000 | 0001
Total 574 | ST [ 1504 | 0969 | 172 | 0355 | 103 | 0099 | 0642 | 0208 | 0.005 i
Notes: Sources listed are those that vary from Scenario 1
i
|
i
i
i
|
WS0-0000-HES-RPT-CPM-000-00002-000 doc Page 9 Air Assessments !
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Table 2-2 and Table 2-3 indicate thal:

e Tolal erussions from the rowlne case (scenano 1) will be 56.6 gfs of NOy and 4.2 g/s of VO
inclnding 0.433 g/ of benzene:

+ Forscenario 2 (the thermal oxidiser trip for ene LNG train), the emisgions merease from the
routine cose due to the AGRL s gas stream bemng routed to the LE Noave.  Under this cose,
there 18 a slight incréase in NOy with a more significant increase in BTEX, incliding benzene
emissions inereasing to (L8355 gy,

& Tor scenario 3 (blocked outlot of NELU vent), the smissions ars the same as per scenario ong,
except with the LP flare flaring at a much greater rate. This results moonly a shight morease in
most enussions:

o Forscenano 4 (loss of a BOG compressor), there is large Harmg of BOG gas (o the marme Pare
with significant increase of MOy and CO emissions to 88.9 and 379 g/s respectively, but with
ne change to the ficility’s BTEX emissions as this gas stream contamns neghgible BTEX:

*  Forscenario § with condensate loading occourring there i 2 significant merease in the VOO
emigsions with emissions of L87 p's of benzene, the highest for any scenario; and

*  For scenano f (slart up ofan LNG tram), the smssions mercase for PAM, VO and ©O, but arc
lowver for the other specics, due to one train being offline.

2.23 Other Sources in the Immediate Region

Macedon Project

Emission data for the Macedon Project are pravided in UTRS (2010) and the works approval
documentation. The 201 asscssment was however, only a prehiminary screening level assessment and
the data s considercd meomplels as, no power generation sowrces were given and the emissions from
the sales gas compressors were oo high (based on comparison to the actual equipment specification
sheets). Purther data was sought from the Macedon Project, bul this was not available. As such. in thas
assessment, (o provide more accurate data, emxsions from their equpment specificahon data sheets
were used for

s The thres sales gas compressors (Taurng 70 G Ls, eachraled 7.5 MW al 15 deg O} wath two o
e i operabon at any one me using DL combustors {<25ppm WO,

#  The three wet pas compressors (Mars 100 GTs, each rated at | 1.4 MW at 15 deg C) with two to
be in operation at any one time using DLE combustors: and

#  The four Satum 20 GTs for electricity generation with three GTs taken o operate at any one
titne. These have no NOk control as these are not available for these small GTs.

All emission parameters were obtained at 30 deg C (bypical ambicnt temperature).
Onslow Power Station

The present power stalion congist of gas engines with o total capacily of 3.6 MW with 3 MW of
emergency diesel enerators that are located on the Dampier Sall leage (WAPC, 2011), The gas

PThe T sizes quoted i the woeks approval appeat B be quoted af very tugh temperatires at srotnd 45 deg &
¥ ‘[here is 4 more pacent veesion of AERMOI Version 12145 [year 1012, day 345y or relensad on 17 Octpber 2012, This iatha
WRII000-HES-RPFT- CPR-000-00 00 2-600. doc Pagell 417 Assesoens
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enginés comprise six 600 KW MW TBG6 16 reciprocaling gas enpines.  As data was nol available for
these engines. the exhaust parametas were scaled ofla 900 KXY catermilar engine. Fmission rates of
Mg were derrved from the avesage annual value i the NP1 of L6 gis with the emmsions split between
two units,

Talde 2-4 Summary of Emission Parameters for Nearby Sources

Eastling| Noriling | Release | Exlt | Tolernal Exhi | NOy | CO 504 L
Source {mj (mj | Aeight | Temp | piameter | VROOity | o | (am | (s | (29
(o | (degC) |y (e}
Macedon Project |
Sales GGas 1 (Toures T0)
o [2RLDRY ) TERE A ¥ 2 :
Pallutart Emissions for 2 4T3 (ZELIMG I8 54 13 498 18 f 2 b i nr
el Gus | (Mars 100) | !
Wet Gas | (Mars 100) a0 168]7505446 | 208 | 28 | 2 w0 | 296|503 | o Y
Pollutant Emussions bog 2 (37 |
Power Gen 51 (Satum !‘i}) I I &
% | 1 1,395,947 3 5 a5 2 153 F 2%
Palltant ermissions for 3 GTs (201,199 | F24AA " * e Bl ¥ A
Onslow Power Statlon
Lhut | [303,300 [ 7,603 R0 ] 450 3z 15 078 | 050 | D0BOT [4,0000T
Lhat 2 (303,300} TH03 R4 3 450 a2 15 078 | 05D | 00007 | 40.0000T

Kotz Emission parameters for the Macedon Cil's given fior a single GiT, thaugh the pollutant amissions are fer the total of
eithar two of irse sale pas wal £as OF powal Leneration Gls:

It 15 understood that there are plans to construct a new 9 MW power station at Onslew (WAPC, 2011).
Detaile ol thiz are nod available az ver

2.24 Condensate Ship-leading Emissions

During loading of the third party condensate cacriers with condensate, the VOC -rich vapowr within the
ahp’s hold w displaced and 1s released do aw through o mast viser siluated af leasl 6 m above the ahup’s
deck or by a pressure release valve that ensures an exit velocity of al least 30 mfs, Estimates of the
VOC cmission rates and their frequency for the Wheatstone Foundation Project are summarised n
Table 2-5 along with estimates from other condensate loading operations as provided in Air

Assesamenlts (2017),
WRIDO00-HES-RPT-OPM-000-00002-000 doc. Page 12 dir Asiesonenis
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Table 2-5 Fstimates of VOC Emissions from Condensate ship Loading

Paramaier ity Cargan Wheatuinne WOl Karratia Phtn
2 Traln BW1 GasPlant | 2 Trainy
Operatins
LN G Prevlietion I 1l o : il 163 | 1M
Freguency of Operations Fregusney 0:11- ;:1:}. | per meonth EIEEIPN D;v'?‘;";ry ngﬁ;';iw
Modelled Frequency per month 2 1 1 ] 2
.l.:Je:dm:_;_J, Rale {m'/hr} | T 5768 2000 i [ .
Time -n-l;]ral'lu'u,r {hesrsf ! 28 13 I il B [ -
BN {g'a) L2in 532 | 7 300 apn
Rz [ | .4 145 | 1.4 b | a4
Tolien: @ | 181 r9 | iz | a1
Hudanes @) | 66 183 | o032 oM | 044
Lthwl benzane i we) | [ 1.1 [ (] Weal [ el
Meies

1) Wheststone emissions are hased on 12 ships of 75,000m’ capmeily poy vear for fhe Fenmdation Projecs
Total ahip Inading rme of 13 heurs ot a losding mita of 3,769 m'hr. Emissions ealoulations ara hasad on
emqution provided in 118 EPA "AP-AT, Fafth Edition, Voluma 1, Chapter §

2} CGither sormroe ermissions. ham Alr Assssements (2012)

Shipping combistion emissions for the Wheotstone Foundation Project were estimated based on the
following:
- ﬂhip and Tugs, LMNG Sh'il'ii were exbmaled al 3 per wesk, which was sealed From the 7
catimated for the 25 Mtpa facility (Cheveon, 2000} The numiber of condensate ship per month
were estimated at one based on the 2 per month provaded for the 25 Mtpa plant m Chevron

(2010},

» Both condensate and 1L.NG ships were agsumed at berth for 24-hours, though ship loading times
wonld be less than this:

+  Time in the shipping channel was based on an gverage speed of 10 knots (accounting for slow
down near berth,

# Tug operations were based on two tugs accompanymg the ships te half way sleng the shipping
channel af the abeve speed. Four tugs wore assumed i berthimg which was sssumed lo fake
half an hour, and

®  Slup and ug ennssions wee as per A Assessments (2012} lor the Georgon Projecl,

2.25 Other Regional Industrial Seurces in 2013

A sunimany of existing and approved ndustrial cmissions in the region is summarnised in Table 2-6.
This has been developed Irom the list in Adr Assessments (20 12), bul updated with recent projects,
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Table 2-6 Summary of Major Anthropogenic Sources {g/s) of Atmospheric Emissions in the
Modelling Region for Future when the Wheatstone Foundation Project Is Operating

Souree Graup | Souree Reforonce | NOp | CO | 80, | M | Benene | Xylenes| Tolurne]
Exdvling |
SEM (1006) ‘
Karmeti Gas Plant and AA(2012) | 412 47| 234 | 214 £3 43 94
Uyrrap Fertilisers AA(2011Y 8 0 o4 0.3 I oo nn
Vinralyd Mave PS SKM (2008a) | 30 8 13 | 14 | oD W ol
[West Filbara P5 - Karmatha PAL (1008) I [ o4 | 07 | oa wo | 0o
Plutn LG usﬁ;lj' | truin installecd, AA L) | I I
modelled as 2 1N Trains) #9 13 | 97 | 34 042 | o ‘ B2
Ctler sammall operations in Cape Lanbert MPL | ) |
Dramgiar e ] i ol L] [IEE] an R
WA Cul - Barrow lsland AAINID) 9 0 | op | o0l 0 oo | oo
Ot Ovetowater Souees N {86 | 163 | 178 | &4 | 03 R | 20
Cither Crverland Sourees NPL | 961 | 370 | 9@ | WE | 24 | 24 | 2]
Tatal N NFL | 1705 | 883 | 41 | 78 | 94 76 | 138
Faidimg (ther Sawces Increased in [
2020 Esinates |
Pilbare Towns AAC0ID) 51 A6l 124 TA B g1 | w2
Slhmppiigy = Porls al Chanmels AA {'.H.Il':-} 177 ; 'EG:I LR A | 1] ” [ ne I.I.r.'. i 0z
Conid ersate Ship Louding AAZOIT) | 0 0 08 | 00 | x5 0e | 22
Tatal 261 | #5 | 97 | M | 80 | &8 | 113
Futore Industry | |
Ciomgon LNG (4 Train) | AGRU AA(2012]
venhing contmousfy 177 T4 0.l L - b e 152 00,3
Wheatstone LRNG (2 Train) This Stady N7 102 E? 44 | 008 013 LIAN
Cape Lambert PS (New) AAC201T) L5 1 (R [ 0.0 0.0 .
Sino Iron Projact PS {eommissioning) AN (2008 k| 46 e aa | an (R} 0.1
Sino Iron Project approved Pellet Plants | AA(2008) | 283 | 192 | 452 | 75 | 00 02 08
Balimoral South B8 and Pellal Plins AA(1008) 307 | 195 | 484 | %40 | 00 i b6
Dovils Crack Gas Projoet SKM(2008D) | 5 T | ti6 | oU | o0 00 00
' ENVIRON | '
Andiotall Prine 18 anay 30 11 15 | a0 o o 0.0
Macedon Domestic Cas This Sty 7 13 0f | 04 | oo o | oo
Tamgier Hitrogen GHD (241 1) 5 3 0l 04 o wo | oo
Hurmp Nitratss - (LANFF) BNPL{2010) | | o0 | L4 | oo oo | oo
Sano lron Project- Mine Yelucles AA 00D 1] 17 LU 73 | bl 0L | pd
Halmoral Smuh - Mine Vehicles AA(T00E) ) 5 0 4.7 0.2 gz | i
Cape Lambert Port B - Mine Vehiclss | AA[2002) 3 I of | 02 | ob | oo | 6@
Anketell Port - Vehicles AA[2002) S I @ | az | 60 | o6 | o4
Vurunus inclisding the Expendion Apache (2012) ;] 3 0 0.2 0.0 00 ! 0.0
TFutore Total (25 1064 721 118 157 | 162 e | 6l
|
Talal [rom All Seurce Groups (g's) 3,030 | 2,086 | 233 37 | 4 AT | 87
Tatal (rom all seurce groups incl.
Wheststine Founstatian Praject (tpa) eSS4 (65791 7978 | 7450 | 1302 | 1155 | 2959
Wheatstone Uoandation raject
coniribution (o Tatal (%) 19 9 | a7 | 1 0.2 04 | o1
Miodas:

13 MPI refers o data obtumed om the NP1 websila

2}  PM refers to combostyon particalalz only and neglects particulate. from orustal sowrces.

31 Condensate ship-loading inclades that from Kamatha Gas Plant, Gorgon, Wheatstone, and Pleto LING plants and also
inglides WA Oil BWT Gperdtions Thevafora the plant emdssiens for thess facilitnes exclnds tis
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The emissions i Table 2-6 have boon oblained from the referencad sources in the second column, with

the following specific comments made for major sources:

Kavratha Gas Plat with # LING reains. The emizsion parameters were based on the emission
estimates provided m the 2006 Philo modellme assesamenl (SEAL 2006), Emmsionsg of CO,
P, and VOU speaies such as formaldshyde that were nol provided were Ailled in based on NFL
emssion factors for gas turbines and flares. BTEX emissions from the AGRUs were based on
the NP1 emiagion estimates for 20002010 and added to the KT1430 vent emizeions haged on
the percentage of Rsmog valuge from these sowrces i SKM 2000). The 5O, emissions in
SEM (2006) wers reduced by a factor of 5 1o be consislenl with the latest NPL figures as it is
understood that the earlher 50, ermisions were overstaled. Emissions from fugihive sources
(primarily seals) were Laken from the W reporting fir fugitive (non point seurces) and
assigned a near surface source as per SKM (2008). The resultant emissions were compared to
the latest reported NP emissions and found 1o be consistent:

Plute LHNG Project. Enuissions were a8 per (SEM, 2000} with CO and VOC that were ot
provided filled m based on NPL emassion factors for gas torbines and flares. A two framm
develepmenl was modelled, though anly one train haa been bualt lo date,

Damprer Power Stahon, This has closed and s replaced by the Yurallaya Maya power stahon.
Therefore il has nol been included m the tubwe modelling,

Cld Cape Lambert power station. The old gas fired boiler power station at Cape Lumbert with
three 35 MW botlers was nol modelled as this has now closed, being replaced by a new
combined cyvele power station;

New Cape Lambert Power Station, This consists of two 410 to 45 MW GE LMG000 FF Sprint
GTswith dry low emissions that can run in combined eyele mode (PAE, 2011), Emissions
wore sonresd from the modelling assessment:

Yurallayi Maya Power station, near the Dampier Salt facilities, with four open cyele 46 MW
LA gas lurhines constructed with another two umits approved. For modelling. the six
unils with total power generation of 276 MW was modelled;

West Pilbara Power Station (Aten Power) with two 46 MW apen cvele pas turbines near the
Karratha Light industral avea;

Varamus [sland. Hmsson estmates for the present {aealibies were dermved lrom the NP
estimates. Tata for the new, approved upgrade, incloding two Solar Mars 100 gas turbine
compressor unils and one centaur 40 gas turbine powered generator unil (Apache 2012} were
nit available and were therelore derved from the equipment speeilications tor these onits;
Thevenard Island. This is te be closed in 2014 and therefore has been omitted from the future
case madelling:

Regiona] Power Karratha, This consists of one 20 MW GE TM2300 open cyele turbine that

can operate on cither gas or dicssl. This is 4 small conission source that is intended for only 5
yenrs and therefore has been ommtted;

Aniketell Porl was modelled as the worst case presented in the impacl assessmenl, with 6 pas
nnits aud oo dicsel unit operating, Note in Al Asscssments (2012) this was incorrectly
muadelled with 6 gas units and 4 diesel units which is the emergency case;
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e Proposed Sino Iron Project (stage 1) and Balmoral South operations with Pellet Flants and
puower stations. Note that stages 3, 4 and 5 with forther mings and farther Pellat Plants have
nol been meluded m this modelling as the Pellet plants wath total production of 28 Mipa of
pellets arve consdered very unhikely to proceed, and

e Chnslow lown Tor the future was assimed a pepulation of 2200 with lewn and suppor
emissicns scaled to this [rom the estimates for Karratha (see Ar Assessments, 2012),

Cotiparisen of the total regional inihrepogenic emissions in Table 2-6 indicare total future emissions
of 3,030 /s of NOw and 233 /s of 5O, with the Wheatstone Foundation Project comprising between
0.2 to 3% of the Pilbara emissions.
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3

31

Impact Assessment Criteria

Ambient Air Quality Criteria

For assessing ambient ground level concentrations, the WA EPA does not have state-wide standards,

but are m the process of mplementing o Statewide Emvironmental Pohey (SEP) with a drafl pohey
relsascd for pubhc comment in June 2009 (EPA, 2009a). The policy ohjective is Lo meel environmenlal
quality criteria with these being the

Agpproved National Environmental Protection Measure (NEPM) standards; and

Stimalards or pindelmes Tor Local Pollutants that are nod part of an spproved mr related NEPM
and are published ag guidelines by the Chief Execulive Officer of the Department of
Environment and Conservation. Al present there are no Local Pollotants defined.

These criteria are (o apply to the whole of Western Australia, excepling for the following:

L

Where an Ambient Air SEP pollutant is covered by an Environmental Protection Policy (EPP).
There are eurrently twa existing EPPs: the Kwmana EPP which cover 800 and total suspended
particulate and the Goldfichds Residential Arcas EPF which covers S0,;

Within the boundary ol mdustral premises;

Within defined industrial bufter areas. These are to be recopnised resident-free bulfer arca
which are seoured by the planning system. Examples of vesidenee free bullers are the
Kemerlon, Cakajee and Boodarie Resource Processing eslates:

Within the boundary of a road: and

In am area where there are no sensitive receplors as determmed by the Chied’ Execntive (OfTeer

of the Departmeni Environment and Conservalion (EPA, 20019a),

{fan industrial premises exisis in a venote areq where there is & reasonabie fikeliliood
thet mo sensitive recoptors will be proseai, other than an a lemporary basis, i oy be
deternmned that there s no need for the environmental qualiy crilenig to be achieved
ar the premives bowndary, There s on expectation however, that the environmental

ety eriteria will be achioved af the nearest seasiive recepior,

It iy imporiant to remember the term ‘sensitive receptor” exterids beyond o location
where umany ave likely fo reside and includes areas of cultvral or eavironmenial

sigmificance, wcluding environmenially sermsitive areas declared wnider the act.

It 15 afro expectad that mdusiry adapt and achieve best practice nomagement of g
operation and emissions controfl, which may require emission fimits o be el ard
H-?mu.r.rarjng i the souwree,

The NEPM standards are listed in Table 3-1and Table 3-2 these being for:

e Ambient A Quaslily NEPM Standards { 198 covenng 6 enilernia pollutants with the goal o
achieve thess standards by 8 July 2008;
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o Ambient Ar Cuality NEPM Advisory Reporting standard (20035) for PA, « with a goal (o gather
sullicicnt data nationally Lo Lacilitate a review: and

o Air Tomics NEPM (2004} with a goal te gather sufficient data nationally to facilitate
development of standards for air toxics,

For gascous pollutants these criteria are given i parts per million (ppm) or parts per billion (ppb) as the
in this form the concentrations are invariant wilh temperature and pressure. Table 3-1 and Table 3-2
also provide (hese in terms of mass per volume of afr. These have been converted as per the NEW
punidelines for the criteria pollutants at standard conditions of U deg C and 101,3 kPa and for the air
toneics at 25 deg O and 1013 kPa.

Table 3-1 MNational Environmental Protection Measure - Air Quality Standards and Goals

Moxisum Condentiation |
Pallutant ﬂnrag:q, e ---—-----——-—i Caival
Perlo (ppml | (wgnr)
Waximuem allowable exceedances
within 19 vears
Carbon Monoxide £-hom ] 11240 I day o yer
s | -k 0.1z 2 I diy year
Nitrogen Dnoxide i i i3 w3 Hane
Pl Qxadanis 1T 0.0 J14 I duy o yer
(s oeong) {-tuouss 0,08 171 I day a v
| <temar i imn | day a year
S|L|||||1l [hentick= Haclay [T 224 Idaya VP
L=yea 0.0k il Hane
Lead | =y - 0.5 Hatie
Particlaa a3 Ph 1-dny - 1] 5 Aovs o yoar
Adtvisary Reporting Stundards and Gaal
Lo Geal 5 1o gather suflicionl data
I-duy T 15 pe'm nationally o fiolitate a review of
Particles s PM. e acdviscry Reporting standard s
Leyeaz = § g’ part of e raview of thos Meusure
schedulod te enmmenes in 2005

Mok Coneentrations of gasenas pollotant= m dalies Fave been converted from the WEPM dandsnd quetad a1 0 dea O wnd
103.3KPa as pey the 3 SW Guideles [DEC NSW, 2003,

Table 3-2 Natianal Enviranmental Protection Measure (Alr Taxie) Manitoring Investigation

Levels
Polluant Averaging Perind Manitnring Edquivalont Ceneentration
Imvestizatinn Level at WL KPa and 25 deg ©
(pph) (pgii'y
Banzene Anmiul Average | Jppk LY
Berwo (u)perens s o mrrker lor Amnual Avsrape . 0.3 ng‘m’ NA
Pelvevelic Mmoot ¢ HydroeirTons
.I-mnml.:l: e A howrs [ Al prph E ]
Toluze 24 hours I 1000 pg.\h- i
Armual Aversge 100 ppl 377
Mylanes [as total ot orthe, mata and XA heours : 250 ppb Ltli-lf-
[ il s) Ammual Averuge 200 ppb 308
Ntz The $-vear goal ddate 20 12} of the gir toxics NEFM 1is to gather sufficient data nationally to Bcilitate development of a
standtard
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In modelling assessments the DEC requares Lhat the NEPAM criteria be compared 1o (he predected
maximum for that averagmg period, That s, the predicted maximum 1-hour ozone level is 1o be
compared to the standard and not the predicted 2™ highest hour, The DEC modelling guidance (DoF,
MY s rmmimq that 1'|Im]1:||'|1‘|[:I bhe ]uﬂ:u.."r‘ll‘ui for m(iﬂimg_ concentralions, the prnpi]:-icd I'En:'rlir}' alone

and enmulative (exsting and proposed faciliby),

OF the above standards and investigation levels il is noted that for benzene lower international slandards
have subsequently been introduced. wilh the new European Union segulstion tcommenced ¥ Janmary
2010) specilyving an annwal mean of 5 wp/m. This is being adopied for England ftem 317 December
2010 whilst a lower value of 2.25 pg/m” is to apply for Seotland, Northern Island and Wales based also
on & sineler rolling annual average (DEFRA, 2007, This value of 3.25 ppim’ (approxamately Ipph) s
about 3 mes lower than the Adr Toxic NEPM investigation level, For this study the new Ewopean
Union value or English value of 5 pg/m’ has been adopled.

For the other NEPM air togics pollutants, some assessments have used other Australian guidslines to
determing the acceptability of impacts, For example the Pluto LNG and Gorgon assessment vsed the
NEW Gidehne (Vietena Govt Gaeette 2001, DEC NSW, 2003) for folueme, ethyl benzane amd
xylenes. T is however considered that these may be overly conservative as based on health criteria
which have been converted by the application of large, uncertainty correction factars, For cxample the
NSW benzene guideling (9% highest 1-hour level of 29 pg/'m™) is significantly below the acute reference
exposure level of 1300 pg/m® for 6-hours derived by the Califormian Office of Environmental Health
Hazard Assessments (OEHITA) This Califernian acute value is based on the no observed effisct level
for reproductive/developmental toxicity i rats and reduced for application for humans using an
uncertainty facter of 100, The Calhiformian aculs crileria has been used i many studies within Australia
(instead of the NSW puidelines) including the Worsley Alumina refinery expansion { Texikos. 2005)
and Manpimup biomass power station asscsament (Toxikos, 2008). As such, 1t 13 considered move
appropriate for toluene, xylenes and formaldehyds to use the WEPM air toxics investisntion levels as
they have been more rigorously derived. These were also used in the 2010 Wheatstons assessment
approved by the FPAL

For hydragen sulphide the criteria recommended for the Browse TNG by the WA EPA has been
adopted as reflective of the DECs current position. The EPA repart tecammen ded with regards to

futvre Browse Procinel odour assessmonts (EPAC 2012, page 145). This & lora

{ havr average 99.9th percentile concentration limt of 1.6 on (CH28, Thr=1.6 on) at
serisilove r(,'c«ly{:rrl.' sl oy the aoconmrodal ion zone,

The above critenion s undesiood Lo be based oo a proposed new DEC odour critena, which has not
been formally released to the public Tor review and comment. This eriterion of 1.6 o is understood to
apply only for elevated stack sources based on o 8.0 ou eriterion for a surface area or sipgnificintly wake
affected emission of [-hour average 8.0 ou, 99.9" percentile, by dividing the odour concentration by a
Factor of 3. The faclor of 5 15 baséd on the ratio of the tall dack 1o area (or wake affecled) source arilena
nsed in the Cueensland odone regulations (Chicensland Gont, 2009),
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For hydrogen sulphide the DEC and EPA recommended a hydrogen sulphide odour defection threshold
of 115 ppb that was based primarily on a sidy by Moi¥inley and MeGinlay (20100°  Therefore 4
hydrogen sulphide odour criterion would be 1 hour average 99.9" percentile L8 ppb, As 1 ppb H,5 i
equal to 139 poim’ (at 25 deg C and 1013 kPa), in mass per vohume the criteria is equal to 111 pg'm?*
of H; 5 at 25 degrees O
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4 Atmospheric Dispersion Modelling

4.1 Introduction

This section provides a summary of the important atmospheric dispersion processes that need to be
mirdelled and the rationale for selection of the models and the model set ups,

4.2 Sources to be Modelled

The major sources and pollutants from the Wheatstone T oundation Project (sez Section 2.2.1) are.

o Compressor gas lurbines with slack heaghls of 50 m amittme buoyit plmess thal wall typically
nige 75 lo 250 m above ground level, with the emission of mest concem bemg NOL;

#  The Thermal Oxadizers with buovant plumes that will rise typically to 75 to 250 m with N0y,
and BTEX and 5C.;

*  Stack flares with very varable emissions with pollutants of concern being WO, PM and VOCs,
For the large flarng cvents, the very large dtount of heat relaased will result i a very Buovant
plume that will rise hunedreds to a thousand melres above ground level,

e Ships engine emissions. These are less buoyand and under stronger winds will be subject to
plume downwash due to the airflow around the superstructore of the ships. Lmissions from
ships al berth and m the shipping channg] near the island have been considercd: and

s Vapour emissions from ship loading. Thiz eccurs when the VOC rich air in the headspace m the
tankers holds is displaced dwmng shap-loading, This vapoeur 15 heavier than air and will have a
tendency to descend to ground level under Light winds,

Besides the Wheatstone sources, othar sources iehidmg the Macodon Project and Cmslow Power
station sewrces which have smaller buoyvant point sources alse need to be ncluded,

4.3 Impartant Dispersion Processes to be Modelled

The relavant dispersion processos aro dependent on the type of sourcs, the lepography, lind wse
variations and gencral wind patterns. For the sources considered above in a coastal smaronment in a
substropical region, the following imetcorclopy and dispersion processcs are mportant:

Plume Hise above the Stable Boundary Layer

Generally the buoyant plumes such as from the gas lurbines will penetrate any low inversion and
remain above the inversion. As such. at night when there are low winds, the ground level
concentrationa should be neghaible.

Morning Fumigation

This oecnrs in the moming when the moming mixed layer grows to the plume height and the plumes
can be mixed rapdly to the ground. In modelling by Hurley et al (2003) for the Karratha Gas Plant, this
phenemmenaon wis considesed (o lead (o the hieheast concentraliony fr distances gresier tham 5 (s 10 km
from the sources,
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Onshore Winds and the Thermal Internal Boundary Layer

For oashore winds the temperature of the sea s often cooler than on the land during the day, In sich
cases, the onshore How is relanvely stable and plumes enutted mto this ar fow will disperse relanvely
slvwly, When this air passes over the hotter land surfoce o growing region of thermal dispersion oceurs
{termed the Thermal Internal Boundary Layer, TIBL)Y The TIBL is mmportant for dispersion near the
coast and for tall stacks and'or very buovant plumes as it can lead to funugation of the plume to the
ground at distances of several to ten kilometres downwind, leading to higher concentrations than would
otherwise oceur {see Figure 4-1),

warm, rough Land

Figure 4-1 The fumigation process due to the presence of a thermal internal boundary
layer (from DCE, 1982). Note the plume from the rall stack on the eoast is undergoing
Tumigation, whilst the shorter stack inland is just trapped.

Alternatively for short stacks and less buovant plumes. the plumes will stay below the TIBL. wath the
TIBL acting to restriet the vertical dispersion of plumes therefore acting to increase somewhat the
ground level concentrations further down wind. For the sources here, 2103 km from the coast, with
generally shon steks (excepung the stack flares which nre 3 km Tron the ¢oast), the plumes will tend
to be trapped within the TIBL as per the smaller stack to the nght in Fipure 4-1.

Plume Merging with Nearby Plumes

Plumes that are sufficiently close together may. 1n the process of nsing, starl to merge. resuliing i an
overall greater plume rise tor cach plume than would otherwise occur. This process 15 especially
important when there are many, closely spaced plumes such as at power stations.

Plume Downwash due to Nearby Struciures

Dawnwash oceors when plumes are moxed by the turbulent eddies that develop when air lows over and
around bnldings. This process will lead to plume being mixed to the ground more quickly and closer to
the stack, resulting in higher ground level conventrations. Tlhis 15 espectally important for the enussions
troom the ships with stacks just above their superstructures.
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Maodelling Heavier than Air Releases

The vapour emissions displaced from the ships hold when loading condensate are hosavior than mir due
to the high molecular weight of the vapours. They will thersfore have a tendency to descend hence the
inilial plame path and dispersion cannot be modelled by normal regulatory arr polletion models,

Conveclive Dispersion
During the day time, the heated carth’s surface will generate convective cells of rising and descending
air which can bring any plume Lo the ground within several lundred mefres of the source.

Terrain Effects on Airflow

The topography in the local modelling domain 15 reasonably flat with no rises above 20 m within 10
km. Therefore lopography aflects will have munimal impact on dispersion for the sources (o be
modelled,

Madelling Photochemistry

Of the polhutants smitted, NOy will react with VOCs in the presence of sunlight and creale ozone and
other secondary pollutants, Therefore, given the significant emisaions of NOy i the region, modellng
of chemmeal tramsformnation 18 regqumsl. As maxamum ozome concentratoms ceeur bvo to five hoars
afler release, the modelling must be on a regional basis and not just for the local area. With the location
of the Wheatstane LNG plant 210 km SW of the Burmup Peninsula, it i8 considered that the Wheatstone
Foundation Project may contribute to an merease in existing pollutant levels there. As there have been
coneerns raised reganding potential an pollution impacts on the Burrup Peninsala, it i considered that
modelling should predict this Project’s contribution at the Burrup, Thersfore predicting the winds.
wind ficlds and pollntant transport m the larger Pilbara region s important.

Inclhusion of Existing Concentrations — Cumulative Assessment

Where theve are significant background levels or other nearby sigmificant sources, a cumulative impact
asscisment is regquired. IF pradicting crustal pariculates, as i the case of mining stadics. the
background paticulate concentrations are simply added to the predicted particulate levels. For
pollutants such as Nl ozone and CO however, the resultant concentrations depend on chermcal
reachons of the ermssions with the background concentrabions ina complex manner. Therelors,
cumulative predictions for these pollutants require models that predict the chemical reactions.

44 Previous Modelling for the Wheatstone LNG Project

Maodel hng lor the Drall Emvironmental Impact Statement (SEAL 20 140) was condueted usmg TAPM For
the local modallimg and TAPM with the genenc reaction sel {(GRS) mechanism for the photochemical
modelling.

For the local modelling, TAPM was selected for s alnhty 1o model convective dispersion, the affect of
TIBL: and the miluence of buildings and structures, For modelling regional czone, TAPM wilh the
GRS scheme was used as had been vsed for a momber of LNG plant assessments from the 2000

enwards i the Palbara. [na review of this modellmg (see Appendix A), a nomber of mmor concerns
wire rased wilh losal merdellime, as well a8 o number of other hmaations meludhme the denvabon of
Fsmog which is an important compoenent of smog Formation and the section of other medel oplions
found. These are detailed more [ully in Appendix A with it now being considered that the use of the
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GRS scheme, the simplifications it uses and the need 1o include emissions from fires preclides its use
For more accuralo assessments.

4.5 Models Selected for this Study - AERMOD, TAPM and TAPM-CTM

For the mmportant processes described in Section 4.3 and the sources and pollutants to be modelled mn
this sty (MO, OO, 80y, PMG, Phg., BTEX ind ovone), the models AFRMOD and TAPM-CTM
have been selected.

451 Local Modelling - AERMCD

For the range of dispersion processes to be modelled in Section 4.3, the model AERMOD has been
sclected T |'|1L||.IL:"mg all local mnd:;”ing HCCTATIDS, exeept the condensale I{:Eld"rnz.'r. seenano.  {Other
possible models considered were TAPM, ADMS, CALPLFF and AUSPLUME. Of these:

o AUSPLUME was discounted as 1t can nol model convechive processes Tor stacks less than 100
mt lailz

*  UALPUEFF does nol have regulatory approval for near field modelling (except on a case by case
hasie for complex metecrelogy) and there are concerns with predictions from taller stacks (see
Eayner, 2008,

o ADMS the UK regulatory model docs model all the dispersion processes. bul to our knowledge
has nol been used lor a Fulrlu: assessmenl i Australea and the 11:E'uial.¢'}|s have liltle or no
experience with this model;

= TAPM as vsed inthe last assexsment has for the latest versions shown issues with significant
over-prediction on occasions from Laller stacks as shown by Rayner (2011). There were also a
number of techmical issues raised in tenms of

= The change-over from Lagrangian to Eulerian dispersion,
o Under-predicts the wind speed for stronger winds i the surface. though it models well
the winds higher up (above 30 m); and
o For short releases, TAPM over-predicts concentrations as shown by Luhar (2011).
This eccurs oy TAPM eatimates the ground level concentration as the aversee over tho
lowest 17.5 m. If a plume centreling 15 less than this it may be mcorrectly assumed to
Ire muxed to ground near to the source for night time stable conditiens.
The advantages of this model however, is that it does model the full range of dispersion
processes (exeepl hemvier thim o relenss)

Therefore ALRMOD, the US EPA near ficld or local dispersion model. has been used. This can model
all the dispersion processes exeepl, il does nol have an explieil irealmenl For the elTest of the TIBL and
is nol appropriate to model the heavier than sir emissions and dispersion over water of the VOO
emissions from ship loading condensate, For the affect of the TIBL as described in Sectivn 4.3, the
plumes to be trapped. To account for this trapping, the mixing heights have besn modified within the
meteorolomenl files as doscrbed m Section 4.6.1.

462 Local Modelling - VOC Emissions frormn Condensate Ship Loading - TAPM
For modﬁ"ing rhr:‘\'ngmum emitted dl.u'ing Rhip |i;|:|d|'ng, the impm‘lnnt procesacy o be modelled are the
heavier lhan ar releases. dispersion induced by the ship structure and over water dispersion. For

midelling this special case, the model TAPM has been used as 11 can model the latier two effiscls, with
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it considered thal the induced torbulence from the ship stroctures for most wind conditions will
dominate over the slight plume slumpng effocts. TAPM importantly has also been wsed (o model the
same condensale tanker filling operations at another LNG faciliy and found to predict reasemably well
the l-hour and annual average concentrations 1 to & km downwind,

4.63 Regional Modelling - TAPM-CTM

For regiomal modelling. TAPM-CTM was selected. TAPM-CTM utihises the meteorology predicled by
TAPM bt instead of the normal dispersion options available within TAPM, TAPM-CTAM predicts the
dispersien and photochemistry using the Chemical Transport Model

TAPM=-CTM has been used as:

o TAPM can penerale the regional wind lields requimed for CTAL Other altemabives are o use
another prognostic moedel or nse o diagnostic model. A diagnestic method was nol considered
due to lack of upper an data n the region;

& CTM was selected as it has one of the best photochemistry schemes available, CTM uses the
Carbon Bond 2008 (CBO%) reaction mechanism which i3 a state of the art chemical
transformation. mechamsm which has recently been released by the US EPA (Yarwood et al,
20051 In the modelling here, 62 gaseous and 28 aerosol species were medelled,  Organic
species arc lumped according fo their carbon-carbion bonding type.  Orpanic species treated n
CRO% include alkanes. ethene. ferminal and  internsl-honded  alkends, tohens, sylens,
formaldehyds, higher aldehydes, 1soprens and lerpenes,

»  TAPM-C'TM doss not require the estimation of Bsmog as m GRS which = hughly unceriain;

o TAPM-CTM has been shown o provide very geod agreement for medslling Filbara sourcss
(Pitts et al. 2011) where it wos shown to be superior to TAPM with the GRS scheme, The
vihdation study found very good aereement with the observabons al karatha and Dammmer
with the comparison of czone concentrations at Dampier in 1999 presented in Figure 4-2.

BOD

0 A —+—Dampler Observations
B0

~a-TAPM-CTM [3kmgrid)

g

1-hour Ozone Concertration (ppb)
]

30
20 \\"‘
in
0 :

L LF T TS
o

Statistic
Figure 4-2 Observed and predicted ozone concentrations at Dampier North for 1999
(from Pitts er o, 2011)
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4.6

461

TAPM-CTM can melude the emissions from fires as developed by CSIRO and therefore allow
a true camubitive aseessment (o be conductad; and

Il has been successtully used 1o model other LNG developments such as the Browse and
Giorgon projects (Adr Assessment. 200106 and 2012),

Maodels Setup

AERMOD setup = Local Modelling

To model Iocal pollubion. AERMOD (version 11353 ) was nsed with the following:

A meteorological file developed from Wheatstone meteorological measurements for 2010 (see
Section 5.2);

Inchusion of terrain, though essentially for modelling purpeses the terain 15 flat;

No building dewn wash affects for modelling the LNG and Domgas sources, Mo sohd
structures were identified as sigmficant for inclusion m modelling the LNG and Tlomgas
sources hased on the data supplied by Chevron. The top of the fin fan conlers (tap of the TNG
Lramn 15 24.5 m) with the slacks along the LNG tram at 50 m Jugh, According te modelling
guidance “rules of thumb™, downwash should be considered when nearby structures are more
than 40%6 of the stack height, which s just the case here. Howeser the LMNG trams, particularby
near this top of the train struclures are reasonably open, allowmg air bo pass through it and are
not salid bodies upen which the empirical down wash formula within the PRIME algorithms
tsed withan AFRMOD were based.

Additionally, the PRIME alzorithms are not considercd appropriate when the building width
and widths to height ratos are > 3 1o 4.4 {see Pelersen, 2008 and Schubman and Scere, 2012) as
for the LMN{G train structures as they can provide quils incorreel prediclions.  Incorporation of
circular amks 15 nlso very problematic as the air lends 1o flow around these under stabla
conditions, and they do not have the sharp corners that cause the flow separation as per cubies,
especially tanks with domes, Therefore at LNG plants there are significant lnnitations in
llppl}-inﬂ PRIME hlli]iling dovwn wash ulgl}nlh‘nl.ﬂ A% Y of the structures are oulside the
apphcable range of the FRIME formulabon. For example m medel validabion studies al the
KGP, modelling using PRIMI and the actual dimensions of the LNG trains (assuming a solid
building). with length to heights of around 10 predicts very high concentraions, much higher
than the observed concentralions.  Hurley el al (2003) in ther evaluabon metead Found that
building downwash was nol important and could be excladed for the above reasons when
predicting offsite concentrations.

Further, there is another confounding issus in modelling in that the hot air from the Gin fan
coolers results in a large area of rising air. with cooler air being pulled into the area. This i not

? Ihere 15 3 more Tecent version of AERMOD Version 12345 (yerar 2012, day 3d5) or released on 12 Ochober 2012, This s the
enmment version and nclndess .:Imngﬂ i dl.l;nngu:i:lh herereen vector or scalar wind spmd; and nion r\-:glia‘rn'r}' options for the
reatment of disperston under very low wind speeds. Model runs for MO, (the pollutant closest to thesr respective criferia),
indicates negligible change <0 2%) ta the prédicted concentrations
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accounted lor in simple dispersion models such as AERMOD or TAPA, with compulational
Mud dynamic modelhng neaded Lo resolvi the complex inleractions. Such assessments have
been conducted for the Gorgon and Browse LNG projects where ilos plume e has resulted in
plume merging between the GT doiver exhausts and the fin fan cooler air.

Therefore, it 18 considered that there are many difficultics in applving the sumplistic PRIME
algonithims to LNG structures, with the available vahdation studies mdicating that even for the
E.GHF with shorter stacks, building downwash 1 not siomificant.

Though not meluded Tor the LMNG and Domgas planl. bulding alfects were cluded for the
combustion emissions from ships and VOO emissions from shap loading. with tvpical ship
dimensions included,

= Model pollulion gnds ol

o A SO0 m covering an aren of 20 by 17 ko and
o A limer grid for the area around the Wheatstone and Macedon of 250 m over a 3 by
8.75 km erid (o betler resolve the maximum impacts close i,

= Nodification For the effect of the TIRL. As the ocean 13 only 2 ta 3 km distont to the north and
o ki cistand g the west, the assumption that AERMET (the meteorological jwe-processor lo
ABRMOD) uses of negligible warm or cold advection does not hold, That is. the boundary
laver canmot be assumed to grow continuously from an mitial profile in the moming, with the
mitsimg extendmg rowghoul the day based on ths mormng profile. Instead the boundary layer
is predominantly affected by the new incoming temperature profile at the coast and the growth
of the TIBL. This results in the houndary layvee typically only growing to several hundred
matres throughout the day and not the several thousands of metres that would oceur if the site
was well mland. To account for this, the convective nuxing hieaghts and temperalure gradient
ahove this heipht was replaced wilh that predicted from TAPM at the poind of mest interest. the
cenlre of the LNG facility. For the mechanical mramg height, the AERMET prediction was
refamed. For periods where the convective muxng height was changed, the comvective veloaty
scale was recalenlated,

For hours where TAPM somehimes predicted a negative heal Tux and therefore no convective
mixing height was available. but AERMET predicted a positive heal o, an adjustment was
requred. These events occurred st the start and end of dayhight hours where the AERMET-
estimaled heal Tluxes were bypically very small, below 10 Wim'., When this occurred for the
first hour of daylight, the miting height was set to 200 m which was typacal of the predictions
after it. whalst for the hour just prior to sunset it was sel cqual to the previous hour. The
temperature lapse rale for these hours was set to 1L01 Kim - a typieal value. This
approximation should have negligible effect as these ocourrences are for very weak heat flux
and neulral conditions where the capping inversion should have no effect on plume dispersion.

4.62 TAPM-Ship loading Modelling setup — Case 5

For modelling the VO emissions from condensate ship leading (case 3, the fellowing set-up options

within TAPM were used:
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Use of TAPAM v4.05 with new surface schemes.
Delaull vplions for burbulence and land wse schemes for version 4.

Modethng was undertaken for the vear 2010 o be consistent with the local AERMOD
midelling:

Sea surface lemperaiures were eblainad from the TAPM datsbases;
25 wertical levals:
Four nested metcorological grids of sizes 30, 10, 3 and | ki cach of 35 by 35 grd ponts:

Soils assipned to a silty clay loan (classification 14) with land use assipued to shrub-land low
sparse (classification 14) to provide a low surface roughness;

Deep soil mowsture specificd as 0.1 for the year,
Two span up days For cach model nm to allow the meteorologieal Relds to-stalnlise;

No data assimilation of surface observations to nudge the model predictions. Dala assimilation
1s considered Lo lead 1o sharp wind shears in the verical al night when the winds above the
nwmber of lavers wsed to define surface layer rebum to that derved by TAPM, and

Follutant predicted on a 500 m prid over the model domain,

463 TAPM-CTM setup
The following set-up options withan TAPM were nsed for the TAPM-CTM pallutien modelling:

o LUlse of TAPM v4.04 {the version available within TAPM=CTM), with new surface schemes:
*  Where possible, the model set ups as used in the model validation study of Pitts ef al (2011),
with the major exception being the grid size and domain, which was selected to better cover the
arca of inlereat:
+ A larger meteorological grid with 22, 10 and 5 km with 68 by 49 grid pomts sce Figure 4-3,
WRO-D000-HES-RPT-CPR-000-00 00 2600 doc Papc 18 A1y Assosonenis
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“Tigure 4-3 TAPM-CTM model grids. The

nd white grids are the meteorological

and pollution grids. The vellow box marks the extent of the inner 2.5 km pollution grid.

This size was selected sach that the inner pellution grid of 2.5 km (marked as the vellow box),
would cover the area needed to captune the region near Cnslow, whilst the 5 km pollstion grid
wounld cover the area cul to the Dampeer/Karratha area and also out to Exmouth, The onter grod
was el o epcompass a larpe area of lire emissions and extended from the Dampier Peninsula
near Broome to near Camanvon. The polintion prid was selected to be also shightly n from the
boundary of the meteorelogical grid boundary to minimise boundary effects on the pollution
predichons:

Diefault oplions for turbulence and land use schemes lor version 4

Modelling was undertaken for the year 2009 o match the 2009 firc emission data base. At the
tume of modelling. no later annual fire databases after 2009 were available to allow a penod that
comespoanded (o the gond quality wind maasuremenits rocordaed al the sito (see Table 5-1) In
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terms of the répresentativeness of the firs emissions. 2009 is considered typical as shown by the
area burnt for the Pilbara in Figure 4-4. There e years with sigmficantly greater live
emissions, such as 2000 and 20006 which had resultant higher ozone levels (see Pitts e o,
2011

25

Area Burned (%)

gmmnmmn-—sﬂmammhmm
» & & & @ d S0 S 88 3 3 © ©
L T T T T T T T T~ = R = I = T = (R FO -

Figure 4-4 Land Area Burnd for the 1994 to 2009 (from Pitts er al, 2011)

Though different years are wicd in the local and regional modelling, this 16 nol considered Lo
affiect the outcomes of the report as they are two stand alone modelling assessments,

& Seasurface lemperalures were oblained from the TAPM databases;

& 35 vertionl level:

& Soils assigned to a silty clay loan (classification 14) with land use assigned to shrub-land low
sparse (classification 14) to provide o low surface ronghnoss;

*  Two spinup days for cach model run 1o allow the meteorological ficlds 1o stabilise;

o Mo data assumlation of surface observations to nudge the model predictions;

s All sources were modelled as powt sources meliding ships:

»  Pmisaions from Pres were enfered separstely for each pollution grid. For the outer 22 km
pollution grd, a 8 km emission god was used. For the 10 km grd a 5 km emassion file way
used, whilst for the 5 and 2.5 km gnds, emessions were resolved onte a 1 km grud, Sefting the
firc emission fire resolution to penerally no more than half the grid si7e was done as a balance
between adequalely resolving the firs (nol spreading il over oo wide a region). bul also limiling
the number of fire sourees that had o be modolled. I the same 1 km emission file woas used for
the farge 25 km ouler domain, a very large number of fire sources would be required:

s For modelling the pollution within TAPM-CTAL a Eulerian dispersion scheme is used;

12 vertical levels for modelling pollution;

s LUse of the Carbon Bood # mechanism:
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*»  Emissions from biogenic sources and goils and fires are as described in Air Assessments
(2012} and

+ Initial and Boundary VOO levels developed through a lilerature review of available
measurements meluding those from the Burup rock art study and background acrosol
measurgments for Australian sites (Galbally et al., 2009 and references therem, Gillett and
Cope 2009, Cainey et al., 2007) All specics except ozone were sel constant for the year with
Tower inifial condilions as summarised in Table 4-1,

Table 4-1  Initial and Boundary Concentrations used in TAPM-CTM Modelling

Suhstance Avirape Substance Average
Concentiation Concentrativg
(pph) (pph)
Giasoi Specics
E-cnzu:nc I:I.EII-_q Eﬂl:mc i I'I_{E:j
A ' 0l Olafins 002
iad 0.4 Tolugne 002
ca 65 Kylenes LR
50, ' ol | MEK 0,001
Fearmabeatyle 03 PAN (]
Aldehyds L] Metlune 17480
Pamifin [ 0.6 (008 =450m) NH, 03
Parileulate Spucles
Elemental Carbon <2 5pum | 0.1 (0001 >800m] | s Salt <1 5 pm W6 03 =600m)
Elmmnul Cabon 2.3 0 10 0.1 (0001 =800m) Sew Salt 3.3 10 10 LU L =G0 m)
jm
Orpanic Cathen < 32 % jim 1 (00T =Hm) Miscallaneons PM < 25 im Ll
Crrgampe Carbon 2.8 to k0 pm | 0.0 (0001 =B00m] - | Miscellansous PAM 25 1o 10 pn 1

Boundury condiions el czone were varied by month ag (he upwind ozone levels are considered
Lo change more than the otler parameters and as czone 15 an tnportant boundary condition,
The monthly values are lsted in Table 4-2. Lew values from (he west are specified ag this is
generally very clean air. Fhigh valuey from the easl, espectally in October (o November ocour
with the largs fires 1 the ast at this time, with higher values to the south m May to August
from burn-offs to the southwest,
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Tahble 4-2  Initial and Boundary Ozone Concentrations used in TAPM-CTM Maodelling

Manth Marth Faut South Wist
(pph) {pply) (pph) {pph)

Juniicy 20 (30) 2 (30} 20 (15) 17(25)
February [ 2@ | 2o | wes 17 (25)
Mach [ av@s | 2009 1% 423) 15422)
April | weEn | e 1825 15022)
May 20128} wan | new 17425)
Inne [ e | mom 23.(30) 17 28]
July 20 (28) 23 (30} 23 430 17428
vzt | 0@ | 2300 2300} 172%)
meptamber | 2000F | 22033 20 (29 17025)
Crctoher [ anEn | 2an 20028) 17025)
Noweriher [ maEn | nay 20 (2%} 17425)
Tigerbar (3 2O | WY 17(2%)

Mote: Values in brackets arz the 4 top levels from | kmto 3 km,

4.7 Plume Merging and Plume Rise Enhancement

Combined plime e or plume nse enhancement & often used to account for the effect thal nearby
plumes will tend lo merge and merease the overall plume nise of each mdnidual plume. Plume nse
enhancement was used in the model validations for the Karratha Gas Plant by Physick and Blockley
(2001} whe argued it was required to explain the obzerved concentrations, and alao in the lnter model
vahdabion by Pittsed of (2011). Theze assessmenls used the method of Briges (1974) (as generally used
within Australia) that defines the effective mumber of stacks | Ne) as;

+5]
Ne= [T E o Equation 4.1
+a

where nis the physical number of stacks, and 515 0 dimensionless separalion factor:

%
P Rum Equation 4.2

=
H'ﬁ'."_\:

where As s the stack separation and Az 15 the plume rise for an indnadual plume.  The rise

enhancement factor E 15 then:

Bi = Ag'? Equation 4.3
with the enhanced plume rise Az

Ay =By Az Fquation 4.4

Assuming buovancy s the donunant cavse of plume rise a diameter enhancement factor can be denved

as:
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D Ne'? Equation 4.5
For this study, the enhancement factors for the Wheatstone stacks that arg considered to possibly merge

have been caleulated in Table 4-3 using the average plume rise calenlated from the model TAPM for
the firat & months of the vear.

Table4-3 Estimates of Mlume Enhancement

. e
Numbrer in Sinck A [ quiv.
Source Riw | Separation "h‘: 4id| :';::.e Ne | En D, | Diam’
npuﬂlg| (mj bl )
(m
Train Compressors WHRL & 14 R LG8 402 | 159 bl ] f,14
Train Cosmpressors (Bypss) 6§ | W | 36 | s |mn|iw| 14 | 527
PTG Turbine Dniver 4 a7 14 185 |1z |12z | 135 447
Moles,

1) Averapge plimne rise denved fom six months of TAPM modellitg {fammy to Jume 2000}

2} For modelling, the equivilent diameter was nsad for those atacks fhat the plume enhoncement wes calonlabad, with
the given <0t tamperatare and valocihy

Besides plume merging from the LMNG Ty, there i a large amouni of hol air relessed from coaling
Fans such as on e lop of e LNG rams. Thas has been shown using compulational Mad mechanics
mipdelling o merge with the plunes from gas tarbines, particularly during lighter winds, but will
reguire more verilication work belore it can be used in modelling.

4.8 Estimating the NO; Fraction within NOy for Local Modelling
To estimate the proportion of WO e the foom of MO, for the lecal modelling, the ozone limiting

mcthod (OLM) as incorporated in AFRMOD was used. The MO NO, emissinn ratios nsed ane
stmmarized m Tahle 4-4.

Table 4-4 NO/NO, Ratio used at Emission

Saurce NN, Ratle Reference
R 02 From Air Assessimenis (2012)
Wheatstone and Mavedon sies and GTs
Flires | a1

Dlefault assunption

Pioalers and TOs il Default gssumption
Reciprocating gas snpines 03 Froum Alr Assessmenis (2017 as hased on data
Crrsslemy Preazer Station ) for pes engines on Barow Islad
Sl Pewst GTs ol Magedon without DLM N | Defiaudt

Backeround oronc values used in the OLM were specificd Lo vary by hour of day based on the 75
percenlile valus of mensurements at Barow laland, the nearest available momior, The resultant hourly
values ranged from 20 ppl at lam to 31 ppb m the mud afternoon (2 fo 4 pm). These values are sunilar
to that measured at the DEC Dampicr site fromi 1998 to 2001 with 75" percentiles ranging from 21 pph
at Tam to 29 pph ot 1 pm. Nate the 75" perseatile was nsed 1o add some conservatism. In modelling

O groups were used within AERMOD. with separate OLM groups assigmed for the three separate
sites, Wheatstong, Macedon mnd Onslow PS.

WRID000-HES-RPT-OP -000-00 00 2-000_ dac Fape 13 1 Asiesonends

25658-000-GPE-GCX-A0150-000 Security Level 2

Bechtel Confidential. © 2013 Bechtel Oil, Gas and Chemicals, Inc. All rights reserved.
Electronic documents, once printed, are uncontrolled and may become outdated.
Refer to electronic documents in the EDMS for current versions.

Page 227



Wheatstone Project LNG Plant
Works Approval Application
LNG and Domgas Plants

Document No:
Revision:
Revision Date:

WS1-0000-RGL-PMT-BEC-000-00250-000
0
12-Dec-2013

Whoatstone Foundetivn Projedt
Air Crualite Awessumf

4.9

Modelling Gaseous Emissions with High Molecular Weights

Emgsions [rom the Thermal Oxadizes and condensale loadmg from ships have higher molecular
wetghts than from normal combustion sources, Normal combustion sources have a similar melecular
wighl fo that of ambient s and as such the moleeulsr weight of the exhaust pas w neglecied m the
plume rise calenlahions ef regulatory models such as AUSPLUME, AEEMOD and TAPAL

To model the high molecular weighl sources i this sdy, the following was underlaken:

*  Thermal Uxidizers, As the TOs have high exil temperature, they were modelled conventionally
within TAPM and TAPM-CTM, but with the temperature of release adjusted 10 a lower

“apparcal” tempeentore as shewn in Table 4-5.

Table 4-5 Emissions Pavameters for High Molecular Weight Releases

i Apparent Apparent
suureo Socktip bt Vg Tew | e
{g/mnt) fleg ki [deg L}
Actd Gas TO %38 1715 670 7
Froanigas Acid Gas TO 1433 1718 A 533
Cendensats Loading Vent Riser 41 40 45 Mot Modalled

The apparent lemperabre 1 the lemperature that would resull i the same buoyancy as the pag
slream al ils actual temperalue afler takig wio account the highsr molsenlar weight of the
emission. The correction is made by multiplying the ¢mission temperature in Kelvin by the
rabie of the moleeular waight of ambient arr and exhaust ar (approzmmated as 2e/mole) to that
of the gas stream,  The wse of the apparent temperature will therefine dewreace the buoyancy
and momentum of the plumea as regulatory models use the plume temperature m both
caleulabions, In realy the momentum of the plome should merease wath legher molecnler
weight and therefore the above approximation will understate the momentum plume rise. Far
the T plumes. the bueyaney term is, however, the dominant term and the approzimalion is
ressonable i shightly conservative:

Shap-loading condensate emissiens. This sonrce due to the high molecular weight and law
lemperature will have some lendeacy to slump if relcassd from the older styls venl riser, though
this may be minimised if released throngh the new style relief valve with exit velocity preater
than 30 m's. In aither case, it 18 considered that for the moderate to stronger winds, the
disperzion will be mors imflucnced by the airflow distortion around the ships stmeture with 1
comnsudered that the plums will generally be down=washed o the lee of the ship. As such
though important, it is considered more important to account in the local modelling for the ship
plumea strchure,

Therefore in the local TAPM modethng of BTEX, the plume release was approximated with a
vent of hesght 17 m above sea level, diameter of 004 m, exal veloaity of 7.1 m/s and femperalure
of 25 deg C, with inclugion of ehips hold structure of height 13 m, These parameters were used
in a previous model validation study using TAPM for condensate emissions and found to
provide eood agreement with down wind concentrlions.
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For the TAPM-CTM regional modelling. which doss not model bunlding effects, (he sources
was approximaled as a release ol venl heighl {approsamately 1Tm) with no plume rss. For
regional predictions where the plume 15 imtially mixzed within the 2.5 by 2.5 ki Eulerian grid
cell, this approximation 1s considered adequate.

4.10 Modelling the Non Routine Scenarios

In modelling the nen routine scenaes (2, 3, 4 and 0}, the coissions were modelled continuously for the
entire vear. This i a shightly conservative assumption for predicting sherl period maximums (1-hour
and 24-hour concentrations), as with these seenarios anly sccurring for a Tow number of hours per year,
it is unlikely that the emigsions will cecur for the worst case dispsrsive conditions, For modelling
annwal average concentrations this approach will be very conservative and therefore will overstate the
predieled concenlrabions.

For the condensate loading seenario 5. the modelling has instead endeavoured to use more realistic
eslimates.

I the lecal modelling, the VOO emisions from condensate loading were modelled emitting
contmuousiy usmg TAEM. Annual average concenirations were then determmed by mulimlving the
concentrations vy the probability that these emissions would sceur. In this case they were modelled as
cccurmng once in 30 days and therefore multiplied by 0.033. This therefore provides a realistic
estimate of the snnual average concentrations, which are used for instance 1o evaluate the annual
henrene comcentrations, Maximum 24-hour concentrations, wsed for the less ymportant xylene and
teluens 2-hour predictions were determined by assnming the emissions were contimons for the whele
vear. Therefore the 24-hour predictions should provide an estimate of the worst case impacts as it s
unlikely thal the ermissions will cocur on the period with worsl case dispersive condibons,

Faor the regional modelling, predictions of [-honr and 4-hour azone concentrations are of most
unportance. To provide hkely worst case predichions. the Whealstone condensate emissions were
modelled continuously such that a prediction of the maximum concentrations that could ecour of
condensate loading oconrred at the weest case dispersive hours was made. For the other condensate
sonrees in Table 2-5 the condensate loading VOC emssions were assomed (o ocour for o 24 how
period (midnight to midnight) at the frequency determined by the number of ships required per vear.
That is 2. 1. 6 and 2 condensate ships For the Gorgon. existing WA Oil BWT Operations, Karratha Gas
Plant and Pluto LNG planis respecively. These were assumed to oceur on sel days Tor each month.

4.11 Conversion from Mass by Velume to ppb and Particle Size Distributions
Assumed

In modellmg gaseous pollutants, the predicted AERMOD concentrations m pl.grln'L have been converled

Lo ppl, assummng condibions of ) deg Celsms and 1 atmosphere.  This resulls i the following
CONVErsions.

& Ny 1 ppb = 2,056 pgim’;
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* S0, | ppb=286 ug'm’and
® OO, Dpph = 123 pgim®,

In madelling particulate, P, have been conservatively assmmed equivalent te PMy, a3 the emission
sources are primarily gas fired gas tarbines, boilers and reciprocating engnes where the particulate is
predominsntly less than 2.5 wm.

412 Modelling Using One Year of Data

The WA DEC modelling puidance document states, “Tf using a conventional model. the proponent
will nead to abtam af least one (preterably two or more) venr's datn on the meteorology of the area™
The AERMOD madelling m this assessment falls mio the cateeory of o conventional model and as
such more than one vear’s data would be preferable. TToweves, it is considered that the multiple vear
preference is only necessary when the predicted levels arc close Lo the criteria, with one year’s data
bemng ndequate whenever preducted levels are well below the erdena.. Il s addiionally noted in

practics m air quality assessments in WA, one vear of meteorological data 1w generally only used.

4.13 Background Concentrations Used in Modelling

Wheatstones momitormg o date has been conducted wang passive samplery for the measwement of
monthly average NOy, 5T and by the use of OSHUE particle monilors to measurs hourly particulates
concentration data a5 PM, , and PM,. Thes background data e generally not considered of lagh quality
(especially Tor the QSIRIS) and 15 nol considered adeguale o define the background levels. Thercfore
for this assessment in licw of no acceptable measurements. data from Barrow Island and at Dampier
have been used and are presented m Tahle 4-6.
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Table 4-6 Expected Background Concentrations in the Onslow Region

Pollutant P::I:d Unitx Average ; W i Maxinnm Source
Hiltogen Diosade | 1-hour {pb} - 1¢{L.5) K 2010 Barrow [sland '
L-yaar (ppb} | 2% . . {Emmipiar brnokars)
Sulphw Dioxids | [how | gkl | - Hegl gl Diampier hlessuiements -~
24-hear (bl -
Al {pph} MNegl 7 -
Cirone Thowr | (ppby | 2 26 (29) 38 (62) 2070 Bartew Lakimd
{20-25) (Dumpier brackets)
Carkom Monceade | 8-hor {ppb} - Lo 300 - 1 Do Cramipicr Measimements
Al [ppb) 65 . -
Benrens howr | |ﬁph'5 [ - w02 Diavmer Measrements
Aamnual {pRb} k4
Taluene | =T |P|1'I:|} - .03 T)arrq'_lir:r Kl easimements
24-howr {pih) - 0.as
Armiial {pph) 0nns
Kylenes 24-how | {ppbd [ - 405 Dianpeer M easirermesnts
Aguuial {ppby | LS
%-‘.ru'iﬁulrla_lh:.n'fc Ihowr | .|.'[~.||.1:'_In ! 033 5 ?L.']m|l]||.i:I:I§1.IF'i+§!.HLE.'k§;,'.l'f‘l.rI1.d
H-hear (Pt} 0355 sources. Mole Gires and ars
sigmificant sources of
| frrmeldehvde
Hi& howr | fppta | negl nagl gl
PMu Jhow | (uzm) | - 27 ~50 Pilbara measurements
Armial [z} 13 - Bushfire smalke
My Mo | {pgim') [ i “15 Pithira maisuremends
Aqmal wgm'y | 5 . Bushiiie smoke

Moies
1y Values at Baros Island as summearized in Adr Assessments (1012).
2} Dmprier MOY, 50, OO0 and Opone rasults from CoF - moniterng (Del, 200575 with BTEX messurements fom Gillen
(2008
3} Faltars meastirements from Pint (20117 and ore for Pilbarn townsite valuss: Mon towrsile values swey from man
nade souress will e somewlot lowsr,

4)  For comparisan, the Whoatstoneg annual svepage MO, and 50, levels were very low, lass than 0.3 pph for MO, end
0,15 ppb for 500, in L math those reported above

Table 4-6 mdicatcs that pollutant levels are gencrally low. apart from occasional high particulate levels
due to bushfire smolke or dusl storms. Dust storms ench as recorded pholographically at Onslow on the
™ January 2013* cecur all along the Pilbara such as al Dampier and Karratha, Wickham and Port
Hedland. For background concentrations for inclusion with the modelling. the 75" percentile
background concentration has been nsed  This percentile s based on the Vietorian EPA (Victoria
Governmenl Gazette, 2001) who recommends the use of the 70" percentile measured concentration as
the background value, Table 4-6 therefore presents the 75" concentralions, with the values used in
modelling taken as the highest value, excepting for the annual NOy concentration where a mid value of
1 ppb was nsed as the average value from Barrow Island is considered high due o local sources there.

* Ber for example bty ot news yahoo comithewest'n/-/breaking 1 5807 Bd%storm-delivers- onslow-t-red -dust-smiset!
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5 Meteorology and Dispersion File Development

5.1 Available Meteorological Data

Metzorological dala with wind measurements thal ars available Trom the Unslow arsa are summansed
in Table 5-1.

lable 3-1 Meteorological Monitoring in the Onslow Region

Mnumr[ngi Eagting ™ | Nerthing " | Elovation | Averaging Commicnty Parametors Perind
Sile  GDASS (M} GDAYE [m) | (mahd) | Perlad Mepred
s o 34,5 Ta0e230 4 3 houdy | Mot A Cuality Grade. | WS and WL at 10, 1886 to July
Town Pt Poot siting | AT, RH, BP_ Bandall 2012
MEASLIET
oitE
Onslow 304,364 TAN 1632 10 10 pin Fobust wind sensess | WS and WD at 10, | From 1997 o
Adrporn every 30 bt et Are Quality | AT, RH, BP, Rainfall present
s il
Cnslow I .W];:I'JII I T.-E;U&;:H]ﬁ 1 1 ke [B.[Hit e cocan of [ "A.H and W at 10m, "I. nkaown
ety Jetty
Whealstomnz I 342975 I T, 5498 480 ] 10 min Alr Quality Grade [ W5 and W at 10m, |16 Dec 2004 o
St Windd Sensons AT wl L dand 10m, | 5 Oct2012
ILH, BP, &1, Bainfull

1} Cosordinates Zons 5

2% WSewind speed, Wi-wnul derection: AT-air lemperaline;, B -relative burmdaty, BP -banunetie pressime, 5 R-solar
radiaton,

3} Whealstone meteorological stabion was decommussioned 1 October 2012

Of these. the most anitable are the Wheatstane sile measerements s they are located at the site of
inerest and importantly are based on air quality grade wind sensers, The sensins used wers Evirendata
WSS wind speed sensors, with start-up thresheld of 0.3 m's and stalling threshold of 0.2 m/s and
W42 wind direction sensors. with a threshold of 1.3 m/s. A photo of the sile 13 prosented in Figure

5-1.
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Figure 5-1 Photegraph of Wheatstene weather station located at the site of the LNG plant

The ather gites in Table 5-1 are located finther away, with:
+  The Onslow town site recording only 2-hourly manual abservations,

+  The Onslow amport measuraments measured by the Bureau of Meteoralogy wsing an automalic
weather station that was installed in 1997, Of most importance for air quality, the sorface
(10m) wind data is eallected naing a Synchrotac 706 wind sensor, which though appropriate for
measuring Lypical and strong winds has a reasonably high stallmg speed of .7 to 1.0 m/s,
Therefore, the sensor overstates the frequency of calm winds. The wind measurements st the
site da howover, provade datas sver o long period which can bo usod 1 assoss the annunl
vanabtion of winds; and

e The Unslow Sall measuremenids al the land end of Coslow Jelty. As thas sile s about W m
from the ocean, onshere winds (here NE through north to 5W), will be more representative ol
winds over the occan and thercfore tend to overstate the winds that will ocour at the sife,

§.2 Data Processing for AERMET

For the Wheatstone monitoring site data, the data capiure was relatively high, Durmg 2010 there were
only nine howrs of mussing data, whilst for 2011, for all senaors (except solar radiation ) there were only
cighteen hows of mssing data. Dala retum Bom solar radiabion For 2001 was low due o instimment
farlure which resulted in a period of 127 days data loss (see Table 5-2),
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Table 5-2 Data Return (%) from the Wheatstone Metcorolo gical Station for 2010 and 2811

Year Wind Speed Adr Rainfall Salar Relative | Atmaospherie
and Direction| Temperalure Radiation | Humidity Presore
(10}
A000 | R LR g PLLR w9 LR
011 [ 98 9.3 R 649 98 . %8

The meteorological data from this site was processed using AERMET. the meteorological processor to
AERMOD with the following corrections Lo the data or assumplions:
»  Use of the 2010 data as this had the highest data veturn.  The data used included the wind speed
and direclion, surface temperature and hll‘[l‘lilIi!’_\', raanfall and solsr radiantion;

o The 9 hours urmisuirlg data, which seewred as wolated 1 or 2 howrs S, Was Filled 1 h)
interpelation from the surrounding data.

e The solar radiation data for 2010 was found to have under-read and was comected (scaled)
according to comparison to TAPM predictions for clear sky days,

* A surface roughness value of § cm estimated for the meteorclogical station site which consists
of tvpical Spinifex grosses (see Figure 511

+  Annual average albedo of 0.28,
+  Bowen ratio of 2.5 (representalive of a nessonably dry arca);
e Aszumption that the above are constant throughout the vear for all wind directions:

= Sensible heat Muxes were sstimated vsing the standard method wsing the latitude, tme of day,
Bowen ratio and cloud cover eatimates: and

&  Other parameters requised, the opague cloud cover cstumates and twice daily temperatme
profiles, were estmated from the model TAPM for the site.

5.3 Resultant AERMOD Meteorological File

The annual wind rose Tor 200015 présented i Figure 5-3 mdicating that the wmds al the Whaalstons
site are predominanthy south westerly and west to WHNW with a low frequency of calm winds (less than
0.5 mis) of (L 46%, with an annual averape wind speed of 4.2 m's.
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Figure 5-2 Annual windrose from the Wheatstone Foundation Project site for 2010

Annual stabulity elass distribution denved from the Momn Obhukoy length and the surface roughness
length using Golders monogram aré presented in Table 5-3. These are not used within AERMOTD, but

are presented here as auseful sunmmary of the stability class summary at the site.

Tahle 5-3  Distribution of Stability Classes (%) for the Wheatsione Site - 2000

Stabifity Class A B ¢ D 'ETr

Pereentage (") 53 110 174 193 2449 2XF

Motz Stbility clusses range from A, highly dispersive conditicns St oecur for low wind speeds with strong solar insolntion,
to ngutsa | conditians (1 classh whch ocour for overcast wid/oe clowdy conditions to I class which comexponsds to very Jow

diapersion mites (stnble atmosphere)  These conditions oemr for neghts with clear skies end low wind speeds

54 Wind Variation by Season and Time of Day

The varmation of the winds with season and lime of dav are presented in Figure 5<3 1o Flgure 5-5.
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o Winds have a seasonal nature with an overall predominance of W to WHNW and SE winds,
Therefore locations to the ENE and WW of any pollutant source will be expecied 1o have
relabively more frequent plume nmpacts;

*  The swmumer winds are essentially from two directions and are very consistent. The winds
overnight and in the moming are from the SW (land brecee) or parallel 1o the coast and from
around noon to early evening, a stronger wesl to WNW sea hreeze oceury, and

+  Winler winds show moere southerly winds al night, tuming SE in the morning with a northerly

sea breere ocauming in Uhe afismoon befors swimging wesl Lo WSW in the sarly svenmg,

8.5 Caomparison of TAPM Predictions for 2010

As TAPM-CTM 15 used for predicting regional pollutant levels, o comparison of the TAPM pradiclinns
of the meteorology 1 made, As a full yesr of onsite data i nol avalable for 2009 (the year modelled by
TAPM-CTA due to the availability of fire cmissions for that year), the comparison of the metsarology

has besn conducted Tor 2000, The pll'.di:_'i-r_'d wimd rose at 10 m for 2010 Hrom TAPM at the Wheatstone

mom tonng sile s presented m Figore 3-6 for companson to the observed wind rose m Figure 5.2

"NORTH

8%
6.4%
o 48%
3.2

EAST

VANLD SFEED

|1

B =100
£0-10,0
- ED

.|
ER
| T
=
|

'SOUTH

0= 40

Figure 5-6 Annual (1 Jan to 21 Dee 2010) Wind Rose Predicted by TAPM for the Wheatstone
Site

Figure 5-2 and Flgure 5-6 show overall good sgrecment i the wind directions, theugh TAPM undar-
predicts the strength of the winds at this site at 100m, This is farther illustrated in Figure 57,
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Figure 5-7 Annual wind speed histogram observed and predicled at the Wheatstone site Tor 2000

Ambient air temperatures which are less mnportant in tenme of dispersion frem the very buoyant plomes
are reasonably well predicted by TAPM ag indicated by the temperatire scatter plot in Fioure 5-8.

50

a5 ] ] } ] ] -
y=0.855x43.2116 o

Ri=0.8941 A

|-

&

TAPM Predicted Air Temperature [deg C)
Ia -

o
-]

o 3 o 13 o 15 30 35 an 43 50
Wheatstone 5ite Air Temperature (deg C)

Figure 5-8 Observed and predicted air temperatures at 1.2m at the Wheatstone Site for
2010

The inder-predichion of the stronger winds st the surface 1x a common featnre of TAPM for aveas with
low surface ronghness. TAPM does however, predict better the winds at greater height above grommed
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Tevel where the phimes from the LNG plant will be primarily advected and dispersed. A comparison of
the wind specds ol the “Karratha™ DEC momtormg site which had a wind sounding syslem (SODAR)
was conducted in Ar Assessiments (2002). This showed similar reductions at the surface, though at 50
and 100 m the winds were predicted well. Therefore it is considered that TAPM has a tendency to
lm:llq'-]m:lhu[ the surface winds For sreas of low sirlace |'(1Ilg|'ln{:$.~a_ but ]'H_‘TI-HI‘I“H n‘:.llmmum}' well at

hgher heghts, which are impaortant for the sources medelled m this shody
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0 Predicted Local Concentrations

6.1 Introduction

The following sections present the predicted local concentrations of WO, COL 50, Py, PAG s BTEXL
formaldehvde and Hy S using the model AERMOD and local measured meteorologieal data. In this
report, “local™ m defined as within 13 km of the plant where the maximum conceniralions of these
pollutats accur. Concentrations of ozons are prescated in Section 7 using TAPM-CTM to predict
concenirations on the rc:_g_'iullnl scale lo mclude the interaction with 1cgj1‘;rﬁ!] soumoes, as the peak

concentrabions may oceur up o 100 km away from the source

For the local concentrations pratl:'.:linn:i the fallowing are excluded ns detailed in Section 2.2.1;

& Emissions from relatively small and infrequent sources including motor vehicle emissions:

* VOO emssions from fugitive releases from hydrocarbon storage tanks, valve packing,
compressor seals, pumyp seals. Mlanges, and connectors as the emissions are expected to be low:

e Predictions of ethyl benzene as the concentrations are relatively low compared to criteria and
found not an 1wsne and are not mehded m the mre togies WEPM. That . benzene, toluens and
xylenos are suthicionl indieators ol ssuss with BTEX concentrations; amd

e Emuszons [rom ship and tug combusbions as they are consdered uncertam due Lo 1sgues i
estunating soussions, modellng the mpact of ships supersiructurs and modelling over-water
dispersion and therefore are not presented m this section. Por comparison however, prediclions
for the routine case with ship combustion sources have been meluded m Appendix C.

6.2 Summary of Maximum Predicted Concentrations = Without Backgraund

Predicted maximum concentrationg at any location and outside the lease boundaries ave presented n
Table 6-1 and Table 6-2 with the concentrations as a percentage of the ambient eriteria outside the
lease boundary presented m Table 6-3,
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Table 6-1 Predicted Maximum Concentrations from the Wheatstone Foundation Project
Anywhere an the Model Grid

Non Ruullne
Ave | Cone | Criterds Rack [P EEebeet | S R
Fllutim Poried | Seatistic | Value Unidis TS Boutine | Trip NRIU | Camp. e St Up
Cazel | Cased | Vemt Trip | Loading | Cased
Cased | Case 4 Ca=e §
oo Sbour | Max 900 prb | 100 50 33 35 53 s | o
NO; I -Tar Ifix 129 b | 1 B 38 I8 ] 18 ]
1 anr Ava ] m’!-h | 40 40 4.0 an a0 an
I -hour folaz 200 | ppb I 1] 14 0y |4 1.4 1.4 (]
50, 1=lay Bdix 0 pel | L] a7 b a7 0.7 0.7 A
1-yeur Avi i ppeh L] 0093 | 00467 [R5 (IR ] 0093 01 54
PM, I<ay | Max 0 | e | 27 1 11 7.1 21 2.1 21
M. I=lay Mol i 1 p“hn.:: i & 2 2.1 2.1 2.1 2.1 E.!-
l-vear Awa 5 I 5 032 023 053 (.32 032 032
Rarezeria Aninl Ax 5| L-uz_fm' [ 008 (068 | 0054 0.3 0 iaS 187 (438
Tochowr|  Max g | oppb | ooos | ed | a3 i 4 04 14 04
Tolene: | kinmd |  Awe 104 peb | oos | oos | oos | ags 0.06 0.5 006
eotenss | 2w | Max 3 | pe | o0F | ez | oak | 022 | nas 16 TR,
? Anpuxd | Awe 200 prb | 0013 | o3 | 003 003 0.03 0.23 002
Fewmul debrele | 2ehony fdax A | sl [ .54 ol a1l imll [IN Y] il 0 G
M5 | Lhour | w99® L | g | 0 jex | ooz | o | oo . 0oz

Motz [ncludes the Macedon Project wxd Qnslow power station, bul excludes backer ound concentiations as delined in Section 4,13,

Table 6-2 Predicied Maximum Concentrations from the Wheatstone Foundation Project
Ouiside the Leiase Boundary on Land due to Whenistone

“an Koot
Ave Came Ciriteria Back- o Blox i Condu-
Pollutant Farted | Sesriatie:] v Units aromed Roullne | Trip NRU | Camp. e Start Up
' Casel | Cawd | Vimt Trip | Loading | Coveé
Cosed | Cascd Uase S
0 A-lrnn Max REE T pph 100 ] 40 40 42 40 34
- Phour | Blaoe (] neh 2 P 4 ] 2 4 o
il I-vear Ave an pph L LA L4 LA 1.4 L4 1A
1-hour i L] pph L] 04 0.6 08 [§] 03 [
8, 1-day Mo 20 prs o ] 013 18 0 {1k 01T
Tamar | Ave 0 ppb 2 0046 | G035 | oods | odde 0.0 0028
PR, 1day Max s agimt |27 12 1.2 |2 145 1.2 043
P Llay Pdinx, 23 g’ | L] L2 1.2 L2 145 1.2 053
e (Er Ave ] nem' 5 24 02 1% nas 014 01
Hermene Anmm] Ave 5 | |1[qn’|111 [N i o003 [IRIRE] [IRIE ] [{E L
Zdbour | Max 1) ppb s 02 RE w21 in2r 44 (T
Toduene: 5
Anmn] | Ave Lg b (.05 (1003 0.03 3 01.0% .16 0.0z
ki Tebour|  Max 250 | pph | 105 i1 {0y 11,10 [ 1 1.6 a7
PR | e | e 200 peb | oo | ee2 | ooz | eez | ou .0y 00
Formaldebyele | 24-hour Il A0 | ppb 0.55 b7 an7 o’ 0.ov onT GRIE]
H.5 I-hoar | Su4® LIl wgm' |0 0012 | w01z | w01 | 0oLz 0,012 0008

Mote: [nchodes the Macedon Progect and Onslow power shabiorn, bul sxcludss backgrownd concenirations as delned i Section 4,13,
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Table 6-3 Predicied Maximum Concentrations {as a percent af Criteria) from the Wheatstone
Foundation Project outside the Lease Beundary due to Whealstone

Nan Roawtine
IO | Biecked | BOG | Conden-
Peliutant r:: i afu‘:u ‘::__;‘I'I:' Units ::i‘-:' Routne| Trip | NRU | Comp | wmtc | SerUp
ke Cosel | Cosel | Vewt | Trip | Lesding | Cases
| | Cased | Cased | Cawed

8] B-hour Mux qoad b 1400 0.4 0.4 B4 035 {4 A
- Uhow | M 120 b 2 s | ns | s | ons 215 142
Rk lvear | Ave 30 ol 1 1.1 47 4.7 47 47 19
[ohowr | Mx | 200 o il 05 | va | 5 | o5 | o I
50, Tday | Max 20 b ] 0.4 02 0.d ol 0 0.2
Lyear | Ave 2 b il 61 [ (¥ 03 2 al
By | lday | Max | 30 | pgm |27 14 | 24 | 24 | 2% | 14 17
= [edmse | Max | a8 o | @ A5 | 48 | 48 | 48 | 48 33
x I-veam Ave : | Hgm n’ 3l an 3l =N b 23
Bianaems I Armal I Ave I 3 HEw R 0.8 I LN} I 0.7 I LiF I ER] 5
S Qdebonw | Max 1004 b 05 L oy nne ooz 0.40 nal
Annual | Avc 1an b 5 (1] LKLY 003 [{RIE] 014 ooz
Tl 24-limm | Max 130 pb 003 @id [X1T] [LNIE | 0. 043 003
armuml | Ava w0 b | 001s | adl il 0l 001 fns il
Formaldehyde | 24-howr | Max | 40 b | osa | o2 [ o2 | oz [ a2 | 2 i
H;5 Lo | gt 111 g [} Lo | a4 | 1.4 14 1.U a7

Motz [nchudes the Macedon Froject and Cnslow power station, bul sxcludss backaround concentrations as definsd 1 Section 4,15,

Table 6-1 liv Table 6-3 indicate thal:

o The predicted concentrations outside the lease boundaries are generally low compared to their
respeclive eriteria, with the I-hour NO; concentralions being ¢losest - up to 21.5% of the
criteria, wilh all other pollutants contributing fess than 5% of their respective cnteria,
Concentrations al nearby sensitive receplors are even lower and are listed in Appendix B: and

= Torall scenarios there is generally Lifle variation in the predicted concentrations apart form
higher concentrations of henzene, toluene and xylencs from the ship loading scenario - case £

Further details of the concentrations are provided in the following sections along with plots of the
concentration contours when the Wheatstone Foundation Project contributes more than approximatcly

1% of thew resprechive cnlera,

6.3 Contour Plots and Descriptions

631 FRoutine Operation — Case 1

Predicted maximum concentrations from routine operations are Listed m Table 6-1 with Figure 6-1 to
F{guru G- presentmg the ]:r]lhll)miﬁc clowest to thew crtern, b, [ELY ] er.-pru::mling bath |"]".|“ aml
PM, .. benzene. formaldelyde and H.S.
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Figure 6-2 Predicted annual average NO, concentrations (ppb} from normal operation
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Figure 6-3 Predicted maximum 24-hour average PM,; (or PAM,;) concentrations (ug/m®) from
normal operation

Whaninimeg Terrain
] L L LI

i

Figure fi-4 Predicted annual average PMy, concentrations (ug/m”) (ram normal operation
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Figure 6-6 Predicted 99.9™ percentile 1-hour average H.8 concentrations (ug/m®) from normal

apratimn
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Table 6-1 and Figure 6-1 (o Figure 6-6 indicate that for routine operations:

e Aurberne concenirations of all pollutants are low;

& The highest concentration utside the plant lease boundary relative to the arileria is |-hour X0,
concentrations at 21,3% of the eriterion; and

& Predicted concentrations of N0,y are actually higher from the Onslow pewer station and the
Macedon Projecl, due 1o their shorler stacks and less buovanl sourees, though the regions of

high comeemtrations from these projects ars very localimed o ther respechive siles.

€22 Scenarios2 3, 4andé

For scenarios 2, 3 and 4 there i vy hittle increass m the predicted concentrations fream the rouling case
and therefore will nol be discussed in detail. This mimmal change ocours as the ncreass in emissions
occurs from the non—outine flaring, with the emissions from this flaring predicted to make litle impact
on loeal concentrations due 1o the large el relesse and therefoee plume nse.

For case 0. one LNG train & offline and though there are increased emissions from flaring, this does not
counter balance the reduced emissions from the LNG tram, Therefore concentrabions are lower than

fram the rouhne case and therelore ars nof an =suc

6.2.3 Ship Loading Condensate - Gase B

Table 6-1 and Figure 6-7 to Figure 6-8 indicate that shap loading of condensate will morease the
concenirabons of benzene, toluene and wylones, thengh with the masimum concentrations ocoarmng
near the condensate berths hul with the concentrations decreasing rapidly with distance. At any
location an land (but sutside the lease hanndary), the highest predicted concentrations arc af most 3.6%

of the annual average benzene criterson and 0.65% of the 24-hour xylenes cnternon.
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Figure 6-8 Predicted maximum 24-hiour xylenes concentrations (pph) from Case 5 (from TAPM)
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6.4 Summary of Maximum Predicted Concentrations = Including
Background Concentrations

The predicted masimom concentralions outside the lease houndary incheding backeroumed
concentrabions as a percentage of the eniteria are presented in Table 6-4. The background
concentrations as generally low and make little contribution 1o the levels, with all background levels
apart from PA,, and P, . being below 4% of the eriteria. For Py, and PM, .. background levels
mitke up a significant fraction of the critena, but for these the contrnbution from the Wheatstons
Foundation Progect is small and the predicted comulaties concentrations remaimn below the criteria,
Therefore, the consideration of background concentrabions docs not change the conclusions m Section
.2 amd Section 6.3

Table 6-4 Predicled Maximum Concentrations {as a percenl of Criteria) Irom the Whealstone
Foundation Project Outside the Lease Boundary Due (o Wheatstone — Background

Levels Included

| ~ NomRewimw
ﬂ“c‘ﬁ- Ruuﬁm TD B'Bll:lilﬂ. BOG Cenden-
| Ave Cung Critoria : : i Trip NRII Camap. sate Start Up
POTMIAE | pertod | Stathtic | Value | VY [EROUNA| CORT ] g vew | 1rip | Losding | Cases
| (%] UCased | Cased Caws %)
| | Y b O ) %)
(9] B-hour M goan b (W] 14 1.6 1.4 Id 1.6 1.5
- | -hemr Max 126 bk 1.7 v ) 732 232 132 bk 159
' I-year Ave k1] b 33 B.0 ] 8.0 B3 B.0 3.2
| -Kigmar Mux i} b L] 0.5 3 0.3 05 .5 i3
e 1-day Mt &0 Ik L] w4 0.z e 4 h4 0.2
I-yrar Ave in rnh L] ni 0z n.2 LA 2 i
Py, ey | M A0 g’ | S4 S 5 56 57 56 56
e | <chayr Max 15 pgimt 14 '] kL] 19 » 2 7
i1 Ty e Avi a petm' 625 G fif th [ ai (i8]
Bonsen: Al Ave 5 pEim’ 0.8 ’A | 1.9 2.0 11 LR L8
rislisaii 24-hom Max 1naa b LA 003 Q. 0o 0,03 .40 Loz
) Mol | Ave g [E 05 0.03 008 0.08 0.08 0.21 o7
Y H-hoar | Wl 1560 b b0s 004 i hd i 06 0106 ta7 nns
Kyt Arminal Ave o b 0.0Ls a2 .02 onne 0oz .08 nal
Fenmaldebvde | 24-heaa Max 40 b b.55 16 L& L& 16 1.6 L.5
H:8 (B T g™ [AE gy 0.0 (K] 0.6 (] (K] 1.0 0.7

Soote Ioeludss background concantrations as debined i Section 4,13 and othar cstieg wd approved sewces
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7 Predicted Regional Concentrations

71

Introduction and Summary

The following scction presents the predicted regional concentrations of ozone and N0y from the varions

scenanios before and with the Wheatstone Foundation Project. These concentrations have been
predicled wimg the model TAPM-CTM as it has been shown o provide pood agrecment with

observations in the Pilbaca (see Pitts ef of, 201 1) and allows for all sourees {mcluding bosh fires) to be
miodelled, such thal o true curmulative assessment can be conducted.

A summary of the predicted concentrations is presented in Table 7-1 and as a percentage of the adopted

criteria Table 7-2. The fallowing sections provide details of descriptions and conlour plots.

Table 7-1 Predicted Maximum Concentrations {ppb) of Ozune and NO; Anyvliere on the
Model Grid

: Tuture Future with the Wheatitane Faundatian Projcor
Criterka Rxixting ittt *
Ave  |Statistic wpy | M Routine T0 Teip Blecked ROG Conderi-
FPollutant . Value Wheat- | 3 MR cate | Start lp
Parlad! | -Llsodl (pph) ('ﬂﬂﬁ st s Sl WVeni -:r"’ I-l.mlﬂw O b
I upb) | PPN | PR ey {;';: Case3 | (ppl)
ippb) L: [ppty)
s Lhow | Max | 1200 75,1 T5% T5.6 154 50 5T a6 Tal
'ﬁﬁl“i' Ldowr | 2 124 44 15 1 4 15 15 13 15
Tomar | Ave ELl] g2 93 93 93 93 93 93 u3
Phwnr | Wax | 160 &7 26 %6 & &6 a4 £ A6
e | VRN 2™ 100 T4 &7 a7 a7 &7 7 it a7
4-heomr Wax o' Th T3 Fix] 75 ™ 5 T3 75
|=hsinr g an L) ad5 63 5 635 G615 15 | rd 32 63,5

Wodz: (1) The MEPM 1-hour __le allowes for | day of exceedances per year with fine mnr]e'l]irg_:r. iac:lluﬁn_g ratral sonrces

stk with natural sources eluded. compliance is 2 the 2™ lighest predicted coneenration 15 less fhan the eritenon
SOFALEA TN O

As

Table 7-2 Predicied Maximum Concentrations of Ozone and NOy Anywhere on the Madel

Grridl ax 0 Percentage ol their Criteria (%)

Future with the Whentstone Feundation Project
Existing ——
Ave. |Stattine) SHWER] T oo 7 itheut | e | TO Trp | Bloched | gy | Condens
Pollatant P el Value (%) Whent- ke Caks MR Trip sole St lp
{ppli} stone .l'%:l -f%ﬁ Vent Casid Loading | Case
(%) Case § -ﬁ‘irJ Case 5 (%)
(2] (%]
H I-lnae | Mol 120 % e 43 63 LX) 63 63 a3 43
NURCRYE | ) b | 2™ 1240 18 18 kT a8 3 £l 8 38
[hosade
l-wear | Ave T l k)| k| El| 1] a1 3] 3l
Ihinw | Blice 1ot 17 H4 B B4 Ré 45 Bt e
Crecnze E-lvenr n Log i o7 &7 &7 67 67 it 67
Ahowr | Max gy 't a5 u4q 44 44 iyl 94 04 a9
4honr | 2™ B0 86 L 70 b 79 10 RO T

Woee (1) The WEPK 1-honr goal allows for | doy of exeeediness per vaar with the modelling including natim] smwees. As

auieh watl natral sourdes comphisnee is i less than 2 days of execedanices are messwred
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7.2 Contour Plots

7.21 Existing Sources as at 2009
The predicled maximum czene and NO; concentrations from natural and existing sources as at 2009 are
listed in Table 7-1 and Table 7-2 with concentration plets presented in Figure 7-1 to Figure 7-7
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Figure 7-1 Predicted masimum I-hour NO; concentrations {ppb) from existing (2009)
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Figure 7-2 Predicied 2™ highest t-hour NO, concentrations {pph) from existing (2009)
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Figure 7-3 Predicted annual average NOs concentrations (pph) from existing (2009)
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Figure 7-4 Predicted maximum 1-hour orone concentrations {pph) from existing (2007
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Figure 7-6 Predicied maximum 4-hour ozone concentrations {pph) from existing (2009
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Fipure 7-7 Predictod 2** highest 4-hour osone concenirations {pph) from existing (2009)
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Table 7-1 and Table 7-2 and Figure 7-1 to Figure 7-T mdicale thal;
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o Maximom WO, concentralions occur inland near the fires and fo a lessor extent close o the
incistinal sources such as on the Bumup peninsula, In comparison Lo the NEPM standards, the
concentrations usig the mghest concentrabion (requested by the DEC when assessing midustry
onhy impacts) are up Lo 63% of the 1-howr NO, standard. Usmg what 15 considered the more
appropriate second highest concentration when natural sources such as fires are included in the
modelling, a2 15 here, the predicied concentrations sre 8% of the standard;

+  Maximum orone concentralions are predicted 1o ocour over mland areas and to a Tesser extent
over the voean. These peaks inland are due o the large fires for that year (see Pilts et af, 2011),
The levels over the ocean wers dus to a fire to the south of Onslow that was blown out 1o sca
under a sontherly wind and then the next dav, back mto the Cape Preston area (see Section 7.3).
In comparsan to the NEPM standords, the maximum ozone concentrations pradicted anywhaere
an the model grid are 87 and 95% of the 1-hour and 4-hour azone standards respectively,
Llsing what is considered the more appropriste second highest concentration when incinding
natural sources, the predicled concentrations are 74 and 86% of the standard. and

e Therefore al any localion the concenlralions are predicied (o comply wilh the NEPM slandords
with fues beng the largest sourse,

7.22 Predicted Future Concentrations without the Wheatstone Foundation Project
The predicled maxmum ozone and MUk concenlrations from future sources (under constraction and
approved), exchuding the Wheatstone Foundation Project are histed m Table 7-1 and Table 7-2 with
concentration plots prescnted in Figure 7-8 1o Figure 7-14.
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Figure 7-8 Predicted maximum 1-hour NOy concentrations (pph) from Tuture sources
withaut the Wheatstone Foundation Project
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Figure 7-9 Predicted 2™ highest 1-hour NOy concentrations (pph) from future sourees
without the Wheatstone Foundation Froject
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Fipure 7-10 Predicted annual average NO, concentrations (ppb) from fulure sources
without the Wheatstone Foundation Praject
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Figure 7-11 Predicied maximum I-hour ozone concentrations {pph) from fuiure sources
without the Wheatsione Foundation Project
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Figure 7-12 Predicted 2™ highest 1-hour szone concentrations {ppt) Trom Tuture sources
without the Wheatstone Foundation Praject
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Figure 7-13 Predicted masimum d-hour ozone concentrations {pph) from luture sources
without the Wheatstone Foundation Project
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Figure 7-14 Predicted 2™ highest 4-hour szone concentrations {pph) Trom future sources
without the Wheatstone Foundation Praject

Table 7-1 and Table 7-2 and Fjgurr: T-Hilo I-‘iguru T-14 show:
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e Negligible changes in the maximum concentrations as fires are predicled to be the dominant
source with contribulions from industrisl conissions being smaller. There 15 a small devicase in
the masimum 1-howr ozone levels which 1w considered due to the non linear reachons with the
additional N0y on the day with Lhe peak emissions reducing the peak 1-hour oeone levels. In
any case the change is very small and NO, and ozone will remain below the NEPM standard:

= There i an merease i MOy i some areas such as near the Cape Preston arca and Barrow
Island, but these are well balow the maximums predicted (rom fires,

® There are relatively high ozone concentrations predicted near Barrow Island duc to the Gorgon
projeck, with this maxmum bemg shghlly less than the macimum predicled on the grid,

® The broad area of high ozeme levels predicted over the oeean to the northwest of Cape Preston
is predicied to decrease slightly. This decrease is due to the non lmear reaclions in vzone
formation. In this case, the additional MO, from the Barrow Island and Cape Preslon region
emilted mio this broad plume of pollutants from the firz 15 predicled to reduce the orone levels.
This 15 considersd lo occur as ozone formation in the Pilbara is generally defermined by the
availability of VOO, with additional MOy not necessarily leading to additional ozone,
Addibonal ozone 16 formed when VOUCs are added 1o the .

The actunl event above where the ozone concentrations decrease was predicted 19 peour on e
Auenat 2009, The avone concentrations for the exizting 2009 case are shown in Figure 7-15
and for the future case in Figure 7-16. In Figure 7-15 and Figure 7-10 the plume path from
the emissions from the fire south of Onslow can be seen as il trails from south of Onslow out
nierth of Barrow wsland and back (o the north of Coape Preston. Figuree 7-16 shows that with the
addition of industry emissions. the ozone levels are actually reduced.

Concentration: Base Case; Specias:
i . N . ¥ ¥ R M

Figure 7-15 Predicted 1-hour O, concentrations (ppb) at 1700 7 Aug 2009 from 2009

Sources
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Concentration: Baso Case; Species: O3 ; Lovel,;
; St 0 denbem Arerdy

Figure 7-16 Predicted 1-hour O concentrations (ppb) at 1700 7 Aug 2609 from Miture
SOUTCES

Thig redueiion in 2ome of the peak events bur general ncreage in lower concentraion evens 12 further
discussed in Seciion 7.3,

7.2.3 Future Sources with the Wheatstone Found ation Project (Routine Operations
and Non Routine Scenarios 2, 3, 4 and B)

The predicted masinmm ozote and NO, concentrations from ffute sources with the Wheatstone
Fonndation Project for the routine operations (ease 1) and the non romtine scenan os are lsted i Table
7-1 and Table 7-2. For the wuline case and non rowine scenarios 2, 3, 4 and 6 thete is negligibie
change to the maximnm concentrations on the model grid  The contour plots for the ronting case are

nrezentad in Flonres 7-17 to Wonra 7-33  Tha non reating acenarioz 7 3 4 and £ ars nat nlotrad az they
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Figure 7-17 Predicied maximum 1-hour NO, concentrations {ppb) from luture sources

wilh the Wheaistone Foundation Project — routine o perations
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Fipure 7-18 Predicted 2** highest 1-hour NO:y concenirations {pph) from luture sources
with the Wheatstone Foundation Projeet — routine aperations
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Figure 7-19 Predicted annusl average NCy concentrations {ppb) from Tulure sources with
the Wheatstone Foundation Project — routine o perations
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Figure 7-20 Predicted maximum 1-howr ozone concentrations {pph) from future sourees
with the Wheatstone Foundation Project — routine operations
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Figure 7-21 Predicted 2™ highest 1-hour ozone concentrations {pph) fram future sources

wilh the Wheaistone Foundation Project — routine v perations
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Figure T-12 Predicted masimum 4-hour ozone concentrations {pph) from future sources
with the Wheatstone Foundation Projeet — routine aperations
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Figure 7-23 Predicted 2™ highest 4-hour ozone concentrations (ppb) from future sources with the

Wheatstone Foundation Project — routine o perations

Figure 7-17 to Figure 7-23 indicate a shght increase in the annual averzge concentrations in the
Cnslow area with only miner changes in ether arcas as the maximum impacts are due Lo the existing
sources (¢ . lres) or larger industrial sourees. Thal the Whealstone Foundation Project i a miner
source ¢ seen by comparing the emissions rom the Wheatstone Foundation Project (o other sourees as
listed in Table 2-6. This shows that the Wheatstone Foundation Project will emit only 37 gf's of WOy
sompared to projects under construction or approved at Cape Preston of 390 g's and the Gorgon Projest
al 177 g, Therefors om a regronal seale, the Wheatslone Foundaton Projecl’s impacls on ozone
formation are small.

7.3 Predicted Concentrations at Select Recepiors

T further llusirate the change in ozone concentrations for the vanous modelled scenanos,
coneentration statistivs al various residential arsas shown in Figure 7-1 to Fipure 7-23 are presented in
Figare 7-24 to Figure 7-30, These locations were selected ag they contain the closest residential areas
as well as a selection of more distant regional centres. Exmouth hag also been selected as a location o
be evaluated, though this s just off the moedel orid shown in these figures (1o the weet). The
presentation of the predicied concentrations in these plols is considersd a beller measure of the
industrial sources mpacts as they are measured at residential arcas, whilst the maxiomun concentrations
presented in the previons sections may cecur at extremely remote locations.
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Figure 7-30 Predicted 1-hour ozane eoncentrations (ppb) for various scennrios ai Barrow

Island Chevron Camp

Figure 7-24 1o Fipure 7-30 indicate that:

L ]

Existing 2009 mdustrial sources have generally made a small (several ppb) inercase i the
azome levels for the 999" 1o 99" percentile concenlmbions, bul a minimal merease to the
maxmmnim and second highest concentrations due to “nataral” sources,

With the fulure sources (excluding the Wheatstone Foundation Project) the 99.9% 1o 99™
pereentils concentrations will increase further. Exceplions to this are al Barrow Island where a
very large merease 1m ozone levels 13 predicted and for Mardie where there 15 a s1gmificant
reduction i the maximiun and second highest [=hour ozone levels predictions. This redoction
at Mardie as discuesed previonsly i due to the industrial sources wpacting o an o2onc cvent
on the ™ August that was due to fires as detailed m Section 7.2.2 Though the mdustnal
emmssians redice the maxmum and second mghest 1-hour concentrabions, [here s penerally an
increase of a few ppb in ezone levels during the day at Mardic as further illustrated m the time
history plot of predicted concenirations in Figure 7-20; and
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Figure 7-31 Predicted 1-hour O comcentrations (pph) al Mardie for various emission
sCEmArios

«  With the additicn of the Wheatstone Foundation Praject. there is generally negligible change
from the future case. even al Onslow. Thal no change occurs. 15 as discussed before due to the
Wheatsione Foundation Froject being a relatively small source compared o other under
construction and proposed sources. The exception to the negligible impact from the Wheatstons
Foundation Project is for the non ronting case of condensate leading which is clearly seen to

merease the stalistics by several pph al Unslow al Minderoo stalion,
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8 Conclusions

Chevron 1 constructing o two Train, 8.9 Mipa Wheatstone Foundation Project, near Crslow in the
Pilbara region of Wester Avstralia, In the covironmental impact assestment, predictions of the
atmospheric pollutants for the proposed § teain project were prosented using the preliminary
mformation at the time, Ths assessment updates the 2010 assessment, usmg refined emission
celimates, mproved modslling systems and presents additional pollutants for the Foundation Project.

To assess the aw pollution impacts, two models have been utilised - AERMOD for predicting local
impacts on a scale out to 13k from the plant and TAPM-UTM for prediching regional scale ozone and
MY,

The resuits from the local AFRMOD madelling, including the Foundation Praject and the existing
sotrces {the Macedon Project and Cnslow power station) indicate that:

= The predicted concentialions oulside the lease boundanes are relatively low compared to ther
respective eriteria, with the T-how N0, concentrations bemg closesl, wp to 21.3% of the
relevant critenion. and all other pollutants contributing less than 5% of their respective eritenia;

s Torall the Wheatstone operating scenarios assessad, there is genacrally little variation in the
predicled concentrations apard from the ship loading condensale scenario - case 5, That the
emissions from the varous faring seenarios do not significantly change the predicted
concentrations is a resull of the very large amount of heat released and subsequent large plume
rise from the lares. For the condensale loading case. themgh the concentrations do ncrease
they are still low, at mest 3.6% of the annual average benzene criterion and 0.65% of the 24-
hour xylenes criterion outside the lease boundary on land,

The results from the regional TAPM-UTM modelling for the modelled vear (2009}, mdicate that:

& Mfavimnm seisting amene concentrations al isalated arcas in the Pilbaen are relatively high, with
the mager contnbuotor beng emissions from bush fres. The maximum existing ozone
concentrations predicled anywhere on the modsl prod are 87 and 95% of the 1-hour and 4-hour
ozone standards respectively, Using what 15 considered the more appropriate second highest
concentration when meluding natural sources, the prodicted concontrations ara 74 and 86% of
the stanidard;

e With the addition of future mdustry and the Wheslstone Foundation Progect, the maximum
ozone concentrations predicted anywhere on the model grid ramain essentially vnchanged and,
for some statistics and averaging periods, will even decrease. The minor impact or even
reduction i due both to fires being thie domimant source and the non lineanty in the
atmospheric chemical reactions, where additicnal MOy can (in some circuimslances) reduce
nzone concentrations;

s Alresidential locations, the predicled maximum 1-howr ezone concenlrations or exisling
sources arc between 43 to 60 ppb. With the addition of fulure mdustry (excluding the
Wheatstone Foundation Project), these maximums are predicted to merease only marginally,
typrcally less than | pph.  The exceplions 1o thi are al Barrow [2land where a large imcrease in
ozome levels s predicted due to the Gorgon project and for Mardie where there i a significan|
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reduction in the maximum and second highest 1-hour ozone concentrations. This reduction s
hlardio 15 due to the indusirial sources impactmg on a smog evenl due to fre emassions, whoro
the additional NCY 1= predicted to reduce the ozons formation: and

With the additien of the Wheatstone Foundabon Projecl, under routing operalions there is
predicted to be negligible change n the concentrations at regidential sites (including Onslow)
apart from the Minderoo station with increases of no more than | pph. For the non routine
scenarios, e above resull applics, exceplt fn the ship-loading condensate case where an
merease of up 1o 3 ppb in the 1-hour concentrations al Mindewoo station 15 predicled, though
with the comcenivaiions 2iill being only 45% of the 1-hour NEPM standord. That the
Wheatatone Foundation Project has such a minor impact on ozone concentralions is due to the
emissions beng relatively small. estimated to comprise ealy 0,13 te 4.9% of future
anthropogenic emissions in the Pilbara.  Therefore overnll impacts on regronal air quality from
this Whaaistone Foundation Project are small.
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Appendix A Comparison to 2010 Modelling

A.1 Introduction

As required by the scope of worle this seclion provides:
& A peview of the concorns ramod nAir Asgessmonts (2010a) and how these have been addressed
i this sbudy, and

o Provides o comparison ol the emussions used m 2010 and hege (20013) and ol the predicted

cencentrations bebween the studiss,

A2 Summary ol the 2010 Assessment

Table A-1 provides a smumary of the concerns raised 1n Al Assessments (2010a) and how they have

heen sddressed in thas shady.
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Table A-1 Madelling Concerns Raised with the 2010 Assessment

liem
4 Concerns Raluwd How Adddressed In this Study
| Oimisston of oiher souces. The 2000 modslling comts fires and . 5
| | other nearby saurees sk as on Thevenard islan, the Onslow ﬁ;ﬁiﬂﬁﬁ’ﬁfﬁfﬁ #md frot
power stafusn and reglanal projects udk sonstrchion, the Gangon dés \.rmhﬁsl:ohlcd u:'ﬂll:-l e
Project, Cape Preston souices and the Black Devil gas plant. i ol
| Bk ionnd orone lavels were assumed fo ba on the Tow side The
2000 modelFrg predicied seerape aver water ogoree levels of 17 1o Background average orone concenfrafions
T |18 P amd ower land average coneentrations of 15 to 16 pph, with weTe #21 o vary from | 5 to 25 ppby, based on
(maximnue Land d-hous concentrafions al Onstow of 19ppl fon the feg ol s e s
natural sovmee case (SR, 2000, Figure % 3 and 9 .43,
| ESrmog emmssions (used m the LH{.S schiem) were consdersd Low L 2 -
{fortal of 00403 o) by w Bactor of approcameiely 18 Therefore the “,T "!LEIT ‘T“ ?md the €T T';‘“Mdf?
3 Hmennt of reaotive VOUs armissons may hove been undersatod sl At 0?' emassons ind tharafise does
e nged fo esimuaie Remog,
| The azone domarn vsed 1o show concertrafions was small (24 Ty 84
1 | k) with the boundanies only A0 1o 60 ks from Wheatstone site, Llsed larger innar prid preserting resulis oot
1such ot rssasmmm vzens levels potentally did not form witlun the | o Kanailio
mede] domain.
When the T s effhine, the AGRL VOUs
5 | Enussions froim e 1O when oftlne were not modelled, vl be d'“_tcl:d tor g Havo-aril hmrefore il
be: combasted wnd therefore this ia not an
iasns
6 VO from comdensate ship losding should be necrporated. Ivchucked.
7 | TAPM-GRS is oalya screening imodel [ the more accnmate TAPM-CTM miodal
B Landmae spect eatinm wWas approximite Imnpreved mindificd land nse.
| - 4 . EPast from ambiznt monitoring was analysed
9 |Exating dust levels were not quentified but wis nint of sufficient quahity fo bo used
shipping ermasions inemded in rogiomnal
10 | Dad not wiclode shipping srmissions medelling and assessed 1 the local madelling
a5 w0 il gignificance,
i | Burlises binzeme fle only covers |00 by 100 km Thesefore Mew o mmajor VOHT setmes, but 15 addressed in
| poteritially orderstates YOO and MOy from tlos setiroz the CTM mcdellog hees
| Burranay enhncemant omitted. This will Ve s consvativa -
5 i P - ;
12 st Addopted hore for GTGA il GTa
| Surlce enussion Ble mixed over one vertical layer only. Tles leads | 2 » A
; 3 f f Mot us :
13 | T pOTREIVI TV E, hlEJ‘I. coneanirations from surface sources ok used in. e GTM IINHH“Q
| Criteria for Bengene. The report uses the NEFM investigation lavel
|l bt it ix sigrgastacd i 38 moee appropeidde to wee the new lower Uipxinted nzmmg lewsr European banzene
: ;Jiulupr_'m1 Lo values, The NEPM bensae levels ane nly [or euilernia.
| reporting proposes and nob belth based risons and de now dated
A.2 Comparison of the 2010 and 2013 Emissions

A comparison of the emission parameters used m 20 10 (SKM, 20 10) and as provided for this study are
presented n Table A-2. The 2000 emissions have been extracted from the emission sources from lwo
trains and associated operations such that a troe comparison can be made.
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Table A-2 Comparison of 2010 and 2013 Stack Emissions for a 2 Train LNG Project

T Bl | ExlL - | |
P I = B e e Bl Bl e e L
L | | | |t | 89| | W) il B
SR 2010 | |
Acid (s Thermal Owidiser | 2] 34 | 084 | 624 | 132 32 | 000 | 005 | (26 | 0436 | 0498 | 0298
Compressor Tuclane Driver | 12] sp | 266 | 732 | 31 642 | 023 | S50 | 000 | 0000 | 0O0% | 0000
Domgzas Aced Gas Incinerator | 2] 35 | 084 | 624 132 12 aon | 000 | 00w | ooie | 0096 | 0087
Wet gas Flare | - | - - - | os0 | A3 | Wew | oodu | ooy | o0
Tiry gas Flare I 5 030 | 031 | 00 | 0.000 | 0008 | 6000
Murine Flara Ll as 0.00 | .00 | 000 | 0060 | e00% | 0000
Ferwer genemlor L VG0 1 a5 | 266 | BOD | 31 86 | 013 | 440 | 000 | o000 | o.000 | 6000
i Tatal | 428 | 845 | 052 | e | L | a2
— - ' '
23 Estinakes Raliowl
Wolimme
JLCoRes L)
Acid Cias Tlierm O dizer 2| 35 213 | mse | 135 | 121 |ooze (v [amz| 0037 | 05 | 03T | 37
Comp. Tub, Drver Bypuss). (12| so7 | &6 | 14l | 2 79 | 0028 |0.316 | 0.001 | 0.000 | 0.000 | 0.000
Conp Tub Driver (WHRL) |12 507 | 308 | 84 | 204 | 701 | 0237 |28 o007 | 0.000 | 6000 | 6.000 i
Tromeas Rezen Cas Hee 7|37 | LI | 467 | 34 22 | 0008 | 0,221 [000OS| D004 | GRI2 | 0.007
Dromyges Acid Gas Thewn, Oxid | 235 1.2 [ 1033 [ 108 1.8 0005 (0.503 (0117 | 0047 | 0155 | 0.100 1.30
o Flee tless | = | - | - . [ omis (U095 0000 | 0007 | oeos | o004 '
Mirine Hare 1] 13 - | ©006 | 0032|0000 | 0000 | 0000 | 0.000
LF Flare 1| s 0057 | 0774 | D02 | 0060 | Gbdl | 0032
GTG Turbine Drive v a5 | 308 | 17 | 297 | 853 | 0219 3569 [0.007 | 0000 | 0000 | 0.000 | 145
Total | | ] 1.3 I 646 I L71 | ng3d | 1394 | 0800 '
-
Fomisxion Ratios (2013 /200003 Ly I B&T | 134 1.17 L.2%

Table A-2 mcicates the following m relation lo the 2013 emissions and parameters compared Lo 2000;

o The HTEXN emissions are shghtly higher, with 503 enmssions (though still small) a factor of
328 times higher, though with the NOy emissions bemng only 0.67 of those used 1 20 10;
= The flare stacks heights are genarally reduced:

»  The exhaust volumes to the gas turbings (normalized to 0 deg C), ars 36 (o 45% higher i 2113,

though the NOy emissions from the gas tarbines are lower, and

»  The thermal oxidiser has much larger Nk omissions and velume of air released than in 20140

Therefore thers are reasonably significant updates from the 2010 data, wiih it considered that predictad

ground level concentrations of MO, would be expecled Lo be lower due Lo the more buoyant plumes and

generally lower emissions,
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A.J Comparison of the Predicted 2010 and 2013 Ground Level Concentrations

Table A-3 presents the predicled concentrations from the 2010 and 2013 rouling case al two localions,
the maximum predicied anywhere on the model prid and at Onslow. 1t is noted that the 2010 modelling
1 for o five tran assesament and the 2013 modelbng 1 for a 2 iram agsessment. As auch, the 2000

modelling should be expected te have generally higher concentrabions.

Table A-3 Predicted Concentrations™ for Wheatstone 25 Mtpa (SEM, 2010} and

Wheatstone 8.9 Mipa (this study)

@) Concentrations iclude background valuss and other sources,
By SEM 2010 benzene concentrations converied ham o3 ppb.

¢)  Thevelue was not provided,

&) Valwe m brackets from the ship loading eondensite - Cose 5, whalst others,

The companson of the predicled concentrations in Table A-3 indicates that the 2013 predictions resuli

e

s Similar maximum NOy concentrations on the grid, but half the N0, concentrations' al Cmnslow n

agrecment with the ¢comments in Section A2;

*  Higher ozone concentrations, both regionally and at Unslow, due prumanty to the melusion of

fire enmussions;

& Tor routine operations, lower benzene, toluene, sylenes concentrations than in 2010; and

¢ Lower S0 concentrations, which vecur though the 2013 50y amissions are higher, the mam

source, the RTO has a much more buoyant plume than modelled in 2010,

| Criteria 1 nity 5RKM SRM Thiz This Study
Ave, 200 nn Study (Cinsdaw)
Pallutnng
Poried (Maxan | (Onslew) | (Max on
Grid) Grid)
by ia ! | -heswir 12 (ppb) LH b1 A0 { HER
HNOh, Anniel an tppk) 12 f.s 5 |5
50, 1 -hour 200 () 3.3 g LA 03
80, Idhour | 80 (ppk) 13 01 07 004
S0 Ayl 0 (ppb) il =h 1 (1. (F5 0T
P 2d=lemu ] Ip;.g'ul"h 27 15 9 27
PM., Dbl x5 (upm™ 8 6.l
P4 Al 8 (pafm'y - - %3 5003
Cizeme I o 100 tppb) 44 W 8 46
Qzone L8 PETF 0 (REE) an 34 (1] 1
s il ]
Bemzens Awrued 3 (e’ {r'l;_ﬁ E r.-[; 1:} Lfill::gﬁj
Tl i 141 lang ) 1 " 0.45 07
ol L Jemil ipph %) P
e a1 KR
Toluzme Al (XiH] (k) 5 - i 353 (0.06)
017 uor
Zal-has 150 3 :
¥ylanes I-hewir (pph) I (16) 5
I [IR(E & DalT
| " « L&
Hylenss Ayl T (pphb) A 0125} a2
fodes |
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Table A-3 therefors mdicates fair agreement between the 2010 and 2013 modelling. indicaling no
mijor changes in the model predietions, apart from ozone lovels whers the comulabve concentrations

are predicted to be lagher (though with minor contrabution fram the Wheatsione Foundation Project).
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Appendix B Predicted Concentrations at Select Discrete
Receptors

Section 6 provides the maxmmum predicted concenlrations from the Whealstone Foundation Praject al
any location en the model grid and outside the lease boundary. Other loeations of interest are listed in
Tigure B-1.

| o
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Figure B-1 Locations of Discrele Receptors

Predicted concentrations for pollutants at these locations for the pollutants with concentrations greater
than 1% of their criteria from the local modelling routing case and benzene concentralions from the
ship-loading case are presenied 1n Table B-1 and as a percent of their crileria m Table B-2 withoul
background concentrations meluded. Table B-3 and Table B-4 presenl the concentrations statistice
with background concentrations included.
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Table B-1 Predicted Local Concentrations at Discrete Receptors — Witheut Background

Levels
Criteria| Umnits | Maxan Dmﬂdb;]’hmr MOF | Omslow | Oinslow | Macedon | A<hbor. | Ashbuor.
Pallwtani Ave Grid | Leas i Camp Sali Village R R.
Site1 | Siel
Routine
Ne, Iheur | 120 | ppb) | 3801 | 258 | 98 1 g5 | 158 1 F; )
MO, | Anmal | 300 | i) | B2 19 nos | @55 | 045 | 23 06 a6 | o
PMy  [26how | 30 [iwm’| 20 12 ool | 07 | o | 03 05 0l 02
PM s T4-he 5 (uemhy| LI 12 .07 0.7 0.14 013 g ol e
PMys  |Ammal | & |gwery| 032 | e [ eon | o1 | aoma | aer | eaz | nal | em
Benzone | Anmml | S |{pgh')| DOGS | 044 | 0.0008 | 8017 | 00045 | 00045 | 00013 | 00007 | 00008
T8 Chowr | 111 |(ugrm'y| 002 | GOLZ | 0002 | 001 | 00028 | 00028 | 0004 | U002 | 0002
Ship_laading '
Condensale
Bowene | Anmul | 3 |(ug)| 087 | 18 | 00045 | 032 | 0015 | 0008 | 001 | G0 | G0

Mot lnclodss all ¢oneentrations outads the lease that are over 1% of the cutena

Table B-2 Predieted Local Concentrations (as a Percent of the Criteria) at Diserete Receptors
— Without Backeround Levels

Criteria| Units | Max an | Qutside | Floneer | MOF | Onalow | Onslow | Macedan | Ashbur. | Ashbur.
Pallutunt e il Lease | Camp (%l L] Halt Village 18 R
(%0l %) (¥} (%) () Hite1 | Site 2
(%) %)
Routine |
MOk | -honr 120 (ppb) BN} 3 §2 1.7 e & 9232 50 ]
NED. Annual | 30 fppy | 273 8.7 0.2 & L5 8.3 20 0.2 0z
A 2 4-hewr SA ”_l-!_r;'m'} [: T4 a1 l.4 03 0.3 1.2 02 0.4
PMy, |Zdhenr| 2% Ia}.g-i{fj' B |_'s 03 zn TEEE 3 4 08
PM. s Anmmal $ [pgm'y| A0 EXY] 0.l I3 0.4 0.4 1.3 0l 0l
B enane Al 3 ”Jg.l”lhl 1.3 {8} LU R [T Loy IR AL LA LR
H;& 1-hour L1 'y 1.B L1 0.2 0y 03 03 [ 0z 01
15 hip-loading
Condensaie
Benzane | Ammal 8 [Ggm)| 174 I g 4.4 03 .38 02 (.06 .08

Yok Triclndes all ooncentrationa oursade the Tease theat are ovar 1% of the emieria
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Table B-3 Predicted Local Concentrations at Discrele Receptors — With Background Levels

Criterla| Uniix [ Max on | Outsile | Floner | MOF [ Onstow | Oosliw | Macedan [ Ashbur. | Ashbur.
Falivfant | Awve Grid | Lease | Camp Salr | Village | Hiver | River
| Slie1 | Shiel
Koutine '
N, 1 -hea 1240 (pph) 151 | 278 L8 la.i 11.5 LR 130 8.4 (]
NO, | Anmmal | W | k) | 92 | 39 L1 16 | 15 | as L8 1 1
PM ya T4-hewr s [ipgmy | 290 B2 271 4T atl 1Tl 176 7 it
PM,,  [24hew| 25 [em)| 84 73 a.l 07 a.l a.l 4.4 8.1 6.1
PM s g i g’y 532 Ehd | 301 1Y 503 513 M 5 sl
Hemeens | Armigl S (pzm'y| 013 0l I 81 | 0077 [ 065 | 0065 LRI 0.0l 061
Ha Pehonr | L1 [fpwin’y| 002 D12 | 0601 | G001 | o002k | o008 | wooa | ooor | oo
Ship-lnading
Candeisatbe
Benrene Artnial 3 (pim'y | 093 024 [ 0065 {18 07 0079 a7 JERELR 064
Mote. Includss all concentrations outsde the leass that are over 1% of the entenia

Table B-4 Predicted Local Concentrations (as a Porcent ol ihe Crideria) ai Discreto Receplors
— With Background Levels

Criteria| Unity | Maxon | Outside | Plogeer | MOF | Onslow | Onslew | Macedon | Ashbur. | Asibur.
Grid | Lease | Camp | (%) %a) Salt | Village | River | River
SALGREL) (RS e6 | e | (% | | Sie1 | Sie2
(%) (%)
Routline
N |-henir 120 ippeb) 334 2312 2.8 |33 9.6 133 105 6.7 [ Je
NG, |Anmul| 30 | peb) | 307 | 180 | 35 | 53 | 48 | m7 53 R 35
|'E\.-'|';,. 'i:l-hmu .."11} 1J_|;p-'|||'] -53 55 534 35 54 54 55 54
PMyy 2d-hew | 25 [(ugm’y| 32 29 24 27 25 25 4 24 25
PM; Anmiel & {pgm'y a7 44 63 ad 43 43 | 63 63
Paee | Amwil| 5 |ty 25 20 12 15 12 11 1.2 12 12
HyS Lhow | 111 |(ugm}| 18 Il 02 04 ITE) 0 14 02 02
Ship-landing
Condensate
Benzena Angmal 3 l{“g,-ml'; g6 | 48 1.3 54 1.5 1.4 1.4 13 13
Node, Includes pll conesnirations ouiside e lease tlal ave over 1% of e coiena

Table B-1and Table B-2 indicate that concentrations are pensrally low with the pollutant closest to its
eriteria being the 1-honr N0, concentrations at Onslow Salt which is due 1o the Cmslow power station
near there and not the Wheatstone Foundation Project. Apart from that, the predicted concentrations

from the Wheslstone Fonndabon Projest are very low.

Inclusion of the background concentratiens in Table B-3 and Table B-4 only appreciably changes the

purlmu!a:u comeentralions relabive to therr crderia, bui agan the comeenbrabong are well below the

criteria and not of concern al any localwon.
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Appendix C Local Medelling Including Ship Engine Emissions

C.1 Introduction

The [ocal medelling in Section 6 was presented witheut meluding ship engines emissions as it was
corsiderad that the modelhne of These was oo sneertiom Lo melude. The pramary réasons bang ihe
nncertainty n estimating emissions (load of the engines, the sulphur content ete), that the maedel
AERMOD was sel to model dispersion over the land sources where the LNG plant i and modelling of
the plume inferaction with ships superstmeture. Therefore to provide some indication of the likely
levels that may occur, pradictions Tor the routme scenario with the nclusion of the ship engme
emissions for the pollutants of most concern from ships. NOy, SO, and PM are prosented in the

frallow g,

C.2 Predicted Concentrations

Predicted concentrations with ship engine cmissions are presented in Figure C-1 o Tigure C-T for
My, PM oand S0y These indicate neghigible change in the PA concentrations on land and minor
change 1o the Nk concentrations on land except for small mcreass in the area near fo the ships berth,
The larpest increase occurs for the predicted 50, concentrations due to the assamed high sulphu
content in condensate carricrs heavy tinel oil, but these are remam only a small frachion of the S0y
criferia. The maximum I=hour 8C); concentration on land oulside the leage bonndary is predicted to
werease Lo 10 ppb, which s 5%0 of the NEPBM 1=how standard. the 24=hour concentration Lo 0.5 ppb,
which 15 0.6% of the 2Z4=hour standard and the annual average to 0L046 ppb which is 0.2% of the annual
average standand.

Therefore inslusion of ship engine emissions 1= not considered to change the predicted local
concentrations, especially al nearby sensilive receptor locations,
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Figure C-1 Predicted maximum 1-hour NO; concentrations (ppb) from normal operation with
shipping engine emissions
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u:ted annual average N() concentrations (pph) from normal aperation with
shipping ungine emissions
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Figure C-3 Prodicied masimum 24-hour average PMys {or PM ) concentrations (pg/m”) from
normal operation with shipping engine emissions

Figure C-4 Predicted annual average P, ; concentrations {pg/m*) from normal operation with
shipping engine emissions
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Figure C-5 Prediciod masimum 1-hour average SO; conconirations (ugfm®) from normal
operation with shipping engine émissions, Oran ge level just 1o highlight contour.
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Figure C-6 Predicted maximum 24-hour average SO, concentrations (ug/m”) from normal
aperation with shipping engine emissions. Orvange level just to highlight conteur
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Figure ©-7 Predictod annual averags S0 concentrations (ug/m®) from normal operation with

shipping engine emissions
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EXECUTIVE SUMMARY

Intreduction

Thic study precentc an assessment of potential ndise impacts from the proposed Chevron
Wheatstone Uguefied Natural Gas PFlant near Onslow in Western Australia on surrounding nose
sensilive receptors. Naise emessions from nommal plant operations, emergency flaring and piling
during construction have boen assessed, The study considers airborme noise impacts in relaton
humans. Moise impacts on fauna are beyond the scope of this assessment.

Methodology

The accassmant  mathacdnams fmllaue the Aracedive maillined  in Faueasemenkal Deatecbiion

« 4 Mile Cresk (public sccess beach and popular fishing and BBQ area);
« 5 Mie Podl (camping area);

+  Old Onslow Hentage Site {onginal site of Onslow);

« 10 Mie Dam (proposed location of workforce accommadation camp)

The noise model has besn used to predict noise levels at the same locations as well as at the
boundary of Onslow Salt which is the nearest industnal receptor to the proposec plant. Thesa
lecations areshown in the fallowing Bgure,

T EPA Draft Giidence No. 8, May 2007

D 2 Bk ) -OE 5 1
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Subject; Ervirnnmantal Noise Impact Assessment - Chevren Wheatstona LNG Plant

g2

g

53
:

Monitoring and Prediclion Locallons

A summary of the ambient noise monitaring data is pravided below. The data presented |s
representative of the guietest backgraund noise levels. The monitored noise levels are very low,
particularly at remote inland locations. Monitored levels at coastal locations (Onslow town site and
4 Mile Creek) are slightly higher due to the influence of acean nolse and human activity.

Summary of Ambient Noise Levels

Underlying Background Nojse Leyvs| LASD

e

Dnsiow Town Sile 3 5 %
4 Mibe Creek an T 2
5 Mile: Poal % i 5
Qid Onglow {hentage sita) = b 0
10 Mile Cam {kely constructon camp location) = <3 <3}

Results

& summary of predicted noise levels for normal plant operations, emergency flaring and pile driving

under worst-case sound propagation conditions Is presented in the following table and noise
cantaurs,
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Predicted Nolse Levels for Worsf-case Soumnd Propagation Conaftions

Orslow Tawr Site
4 Mide Creek

5 MiEe Pool

Old Onzlow

10 Mile Dam
Dinslow Sat

®E B E g9

Y
7
4
a7
4

a8
28
ki
i
41

> e 1V

Moise Canfowrs for Noreal Plant Operation

Rphoi-(Es163

Preadicted Noise Level - dBiA)

Mormal Plant
2 30 H
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Medse Condours For Pifing Durlng Constrsetion

Conclusion

Fredicted noiss levels for normal plant oparation are compliant with the most stringent night-tims
assigned noise levels imposed under the Environmental Protecton (Moise) regulations 1997
assuming that industry standard noise controls are applied to compressor piping and gas turbines,

ey K4 Sy DO
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The LNG plant is unlikely to be audible above background noise at Onslow town site even under
worstcase meteorological conditions for sound propagation.

The praposed location for the workforce accommedation camp is sufficiently distant from the LNG
plant site that received noise levels will be sigrificanty below the assigned noise lavels,

Pradictes noiss levels for normal plant aperation at the public access arsas (4 Mile Cresk, 5 Mile
Poal and Old Ondow) are higher than underiying background noise. It is possible, therafore, that
plant nosse may be audible at these locatons under worstcase meteordogeal condiians for saund
prapagation.

Fredicted noise levele from emergency faning comply with the assgned noise levels.

It is feasible (althaugh unlikdy) that nase from pling dunng construchon could exceed assignesd
noise |evels at Onslow if the received ndise protruces sufficienty above background levels to
evhilet imnileve rhararterchre T+ e therefire  reramesnded  that nnises memibannn be

s RphDI-(B5 163 -Rey (-0 Sen 09
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1. INTRODUCTION

This report provides an assessment of potenbal airborne noise impacts from the proposed Chevron
Wheatstone Liquefied Natural Gas (LNG) plant near Onclow in \Western Ausiralia.

11 Description of Proposal

Chevran proposes to construct and operate a mull train LNG and domests gas (dormgas) plant on
the Rlbara Coast. Gas, condensate and water will enter the main procassing plant where the gas
and condensate will be processed for export The key components for processing and export will
comprice;

e  Separation of gas, licuid and water streams;

*  Pre-treatment of the gas stream to remove acid gases, water and other contaminants;
+  LNG trains to liguefy the gas;

«  LNG slorage and loading facilities;

«  Domeslic gas (domgas) plant;

= Water maragement;

+ Condensate stahilisation and storage;

+ NG and condensate tanks;

«  Port fadlities including jeties and materal offloading facilites,

The current design shows twa LNG trains and two domgas plants. (See site layout repraduced in
Appendix A) However, space is provided for future LHG trains and domgas plants. This study
assumes 5 operating LNG trains and assodated domgas plants.

Construcion of the fadlity will require extensive piling operations which are scheduled to ocour 24
hours per day, 7 days per week for approxirmately 14 manths.

1.2 Receptors

The proposed LNG plant is remate from any noise sensitive premises, with the nearest residental
area (Onslow Town Site) some 12 km to the north-east of the cevelopment site. The nearest
incustial receptor is Onslow Salt, approximately 4 km to the east. A workforce accommodation
camp ig also proposed at locaton know as 10 Mile Dam approximately 12 km to the south of the
develapment site, The noise model has been used to predict nase levels at these locabions.

In add bon, naise predictons have dso bean undertaken for the following public access areas:

+ 4 Mile Creek. This is a public access beach aporoximately 4 km o the east of the development
site which iz a popular fishing and BBQ area.

« 5 Mile Pool, This area is used for carmping and is located approximately 10 km o the south of
the development site.

¢ Old Onslow. This heritage listed area is the site of the orginal town of Ondlow and is
appraximately 5 km to the west of the development site,

RUAAT-ORYIE 3 RevD-o S 09
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A receptors are shown in the noise contours presented in Appendx B,

1.3 Scope of Study
The following list outlines the major activities undertaken during the course of this study:
+  Mssessment of axisting ambient noise levels in the vidinity of the proposed develapment;

e Review of documentation provided by URS including a site layout and preliminary noise
amission data;

+  Developrment of an acoustic model to represent normal operating conditions and emargency
taring for the LNG plant;

+ Potting of noise contours around the proposed LNG plant for worst case metesrological

randibeane e cniind sennaoafiane
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2. AMBIENT NOISE ASSESSMENT

Ambrent noise levels were measured for 1 - 2 weeks at the following five locations in the vicinity of
the proposed Project cite:

+  Onslow Town Site;

« 4 Mile Creek:

= 5 Mile Pod;

+  Old Onslow (heritaoe site);

= 10 Mie Dam (likey construction camp locatian).

The noise monitoring equipment was set to continuously record Ly, Lawo and L.g noise levels at
15-minute intervals, where:

& L., ig the noise level exceaded for 1% of the time;

= Ly is the noise level exceeded for 10% of the trme;
o L, is the noise level excesded for 90% of the tme.
The |logging was undertaken fram 3 to 17 Juns 2009,

The Rollowing sectons provide the results of the ambient noise monitoring recorded at each
location. Summary @bles are provided which include the average L, and L. o values collected
aver the mantaring petiod dunng daytme hours, évening hours and night-ime hours, and for all
periods combined, The standard deviations in the measurement results are also provided. The data
have alsa been analysad to detarmine the Ly (90th percentls) of the L, o noise levals for the
vanous Bme perods, These data provide 2 good indication of the |owest ambient noise levels,
Charts showing the monitored rioise data are also prasented,

21 Onslow Town Site

Tadle 21 Suwunary of noise logging resulls for Onslow Town Sife
Standard Etandard
hverage Law g Average Lam 5 Lo of Lnwn
} dwiation in Laa daviation in Lo s
dE (A dB{A dB{A
m ) i w ]
&4.7 4.7 s a4 Hao

Day (3700 fn
1900
Evening {1800t 448 4.9 414 5.6 .5
2200)

Night (2200 to 303 57 337 56 26.0
0700)

A1 data a1 8.1 Ja4 61 290

Jeie - Ryssh| OB 63y DY Segy 00
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WEEK 1

Continuous Noise Monitoring - Onslow Town Site
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Continuous Noise Monitoring - Onslow Town Site
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Hote that no data was recorded on several otcasions during the monitoring perod due to low

voltages from the solar power supply to the naise monitor.
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22 4 Mile Creek

Tabie 22 Swmpary of nolse logglog restls for 4 Mile Creek

Standard Standard

Average Lo L of Lz

Average Lam

deviation InLs deviation in Lo
(dERY i {dBLAY) ) (dB(A))
Day (0700 & 457 a0 376 54 45
19007
Evening (190012 448 4.0 394 4 76.3
2200)
Night (2200 to 413 17 360 i3 e
0700
Al data 417 52 374 14 310

Continuous Noise Monitoring - 8 Mile Creek
WEEK L

1|

8}
i —
e —

i} X — 3
'.
Lt wr- I, LY
h '} AT T
an i i 1 I ARLE
fl l | - J‘n"‘ill ;
EO ]
il
VSNEDREORAE  LAEHN0000 05 /DEA0B000N  §EMEMNOEONED  ANEMM I ONOSEAISN0ND  DENENININND 10,0600 NEK
i T
— ] — ) )

Mote that no data was recorded during the second week of the monitoring peried due o fow
voltages from the solar power supply to the naise ronitor.

T RPN -OR ST 65 Ry -4 Seqy 09
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2.3 5 Mile Pool

Falbyfe 2-3: Strmunary of nolse fogiring results for § Wile Pool

Btandard Standard

Average Lag - “'ll'ﬂlﬂﬁﬂ Law - L of Lnsu
Pariod } dsviation in Ls deviation inlsm
(dBAY (dB) {dB{A)) {dB) (dB{A})
Day (0700 bo 443 5.8 341 66 250
1800)
Exning (1900 10 5 8. 281 61 210
2200)
Night (2200 to 302 1.3 245 78 <0
0700
A1l data b 85 a2 g2 210
Continuous Noise Monftoring - 5 Mile Pool
WEEK L

L

m 1

il

% 111
i
&1 4
I'IEN::.'IIHIDD A5 ORS00 S DEIARE D RENSINORIRED  ANUEMH DL OWDETNGR00]  AENE MY -I[l LHDES DR R
Ul T
— )] (8]
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Continuous Noise Monitoring - 5 Mile Poaol
WEEKZ
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2.4 Oid Onslow (Heritage Site)

Table 2-4: Summary of noise loggling resaits for Oid Onslow

Average Standard Avneage | Standard Lo oL
T LA e LA W g 4 4l L
Period (BN deviation inLa 4B deviation in Ly m e
{dBAY (B) (dB{AY) (dB) (dB{AN
Day (0700 to AbE 364 105 230
1800)
Evening (1900 to 207 0.6 3410 o 719
2200

Night (2260 to 2.2 8.7 244 78 <1
a1an)

Al et 312 123 M4 10.8 <2

e | k| SO Y )6 R -4 Sy 00
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Continuous Noise Monitoring - Old Onslour

WEEK 1
L] 1
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Continuous Noise Monitoring - Old Onslouws

WEEKZ
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Note that no data was recorded duning the second half of the second week of the monitoring
period due to low valtages from the solar power supply to the noise monitor.
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2.5 10 Mile Dam (Likely Construction Camp Location)

Falde 2-5: Sumpary of nofse logging resufts for 10 8 ife Dan

Standard Standard

Average L - Avorage Lam : Lso of Enau
deviation in Ly deviation in Lnm
(dBAY ) (dBEAY) o (6B{A))

Day (0700 o 517 127 375 10.2 220
1800)

Evening (13000 318 14,0 303 o4 <20
22010)

Night (3200 to 304 13.1 234 64 <
0700)

A data 418 156 307 10.7 <10

Continuous Noise Monitoring - 10 Mile Dam
WEEK L

m 1

]
% £

an 4

&1 4

P L1 !
PEOEMOREORE DRS00 OSOGEROBO0 A1 §EMEMOENNED PO G00  DAESTAS00 0 DEMEMINILID  TODEN EEE
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Continuous Noise Monitoring - 10 Mile Dam
WEEKZ
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26 Summary

lrfoefaardonon 13f0afaeE00 0 LoalIE0RIGE 13N N0rnnEn 13/0EM IR 1nfnafaoRon s 1afa 08 M0 L7 nEf e N s

The nase logging data at all locations showed very low underlying background noise lavels® as
wolld be expected for such a remote area. Backoround noise levels for infand locations (10 Mile
Dam, 5 Mile Pool and Ofd Onslow) were partculady [ow. For coastal locafions (Onslow town ste
and 4 Mile Creek), monitored noice levels were higher and are likely to be influenced by ocean
noise, Moige levels at Onslow town site are alss likely to be signficandy influenced by human

activity during day-time hours.

T Ahwgh there wete some diop outs in e ose data presentad . ample dats was collechod. & aach location to ralisbly

assens backgroind nose
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3. NOISE MODELLING

31 Methodology

An acoustic mocde has been praduced using the SoundPan noize rmadelling pragram developes by
Braunstein & Berndt GrmbH. The SoundPan program calculates sound pressure |evels at nominated
receiver locations or produces noise contours over a defined area of intsrest around the noise
sources. SoundPan is a program which has a worldwide dientgle including acoustic consultancies,
government agencies, industry, and academic Insttubons, SoundPan provides a range of
prediction algonthms that can be selected by the user, The CONCAWE™! prediction algorithms have
been celected for this study. The inputs reguired are noise source data, ground topographical data,
meteorolagical data and receiver locations. The model produces noise contours or nose levels at
specified receving locations for specific metesmlogical candibions.

3.2 Input Data and Assumptions

3.2.1 Modelling Scenarios
Noise modelling has been undertaken for the following operating scenarios:

+  Normal plant operation assuming 5 LNG trains and associated domgas trains;
« Emergency fanng.

Neise emissions fram construction pling have alsa been considered (see section 6).

3.2.2 Noise Sources and Sound Power Lavels

Meise sources associatad with the LNG plant have been identified from the following dacuments
which were provided by URS for the study:

s ‘Wheastone Development Downstraam Project averall site layout, drawing no: WS1-0000-PIP-
PLT-BEC-0D0-00001-00 Rev 0 (Reproduced in Appencix A);

+  Wheatstone Development Downstream FProject LNG Fant — Emissons, Discharges, and
Dicposal Man, document no; W51-0000-HES-PH L-BEC-000-00003-00 Rev A;

«  EIS/ERMP Saction 80 Naise™; and
»  Emadl correspondence with LURS,

Equipment sound power levals have bean developad based on praliminary data provided in the
EIS/ERMP Section & Noise document (overall levels anly) and SV T in-house data base for dmilar
equiprmant (spectral composition),

* COMCAWE {Conservalion of Clean A and Water in Europe) wos esteblished in 19632 by a group of ofl companies {o carry
ouk resosrch on envisonmental ksoes relevant to the oll indusiy.

T The peapagation of noke Fom pel ok and polrochemical compbges o neighdon g commenitios, CONCAWE Report
AHEL, 1961

 Extract fiom document provided by Bechtel and supplied to Sy n hand copy on 11 August 2009

0 [P -OE L 16T Rey -2 Sagy 00
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Table 3-1 provides equipment sound power levels for the equipment included in the noise model,
The cumulative total sound power level for all eguipment in the normel operating scenaro is

137 dB(A).
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3.2.3 Topography, Ground Type and Barriers

Topographical data for the models was provided by URS as ground contours in eectronic format,
The contours were modified to account for the construction of the materdals offcading fadlity [ tug
jetty, and the ground hedght at the LNG plant site was raises to an elevation of 7 m. The modified
topagraphy was imported directly inta the noise madel,

A partially absomptive grourd type {ground factor of 0.7) has been used in the moedel for sound
propagabon over land, For propagation over water & fully reflechve (hard) ground bype (ground
factar of 0} has been used, Hard ground has also been assumed for the LNG plant site and the
evaporaton ponds at Onslow Salt.

The naise model does not include noise barfers or buldings®.

3.2.4 Meteorology

Certain meteorological condiions can increase noise |levels at a receiving location by a process
known as refraction, When refraciion accurs, sound waves that would normally propagate drectly
outwards from a source can be bent downwards causing an increase in noise levels, Such
refraction accurs during temperature inversions and where thers is a wind gracient,

The SoundPlan noise model calcuates noise lavels far user defined metearclogical conditions, In
particular, temparature, redative humidity, wind spesd and direction data, and atmaspheric stability
are required as input to the models.

The noise model has been used o predict noise levels and prepare noise contours for 3 mfs winds
combined with & thermal inversion, These condiions are consistent with the default worst-case
condiions for night-ime sound propagation specified in Environmental Protection Authority’s (EPA)
Draft Guidarce Mo, 87 for assessng noise impacts. The noise contours for worstcase weather
conditions répressnt the worstcase nase propagation envelopes, j.e., worstcase propagation in
all dirscions simultaneously.

Y The large storage tanks at the site will provide shielding for some noize sources. Howewer, due fo the preliminary stage of
the plant des ign the barrier effects of the ks have been exchaded from e model. The atteruabion achieved by the lanks
wll strongly depend on the source | barrier | receplor geonetry and this & likely o change as the design develoos. Hence
e madel regresents & Wors-che.

T EPA Draft Guidonee No. 8, May 2007
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3.3 Noise Modelling Results

3.3.1 HNormal Plant Operation

Predicted noise levels are presented in Table 3-2 below for nommal plant operation and include
calin and worstcase weather conditons For sound propagation. Noise conlours are presented in
Fgura 1in Appendix B for worst-case weather conditions.

Talrle 3-2 - Predicted Noise [evels = Norimal O peradions

Roceiving L ocation

Predicted Noise Lewel
dB[A)
L™ jons
23 b

Onzlow Town Sie

AMie Creek a a
& Mie Pool 24 2
Old Onelow (Heritage Ste) n kL
10 Ml Bam (Likely Constriction Camp Lacation) ey 24
COnslow Sak # #

Bir fin coolers are the most sigrificant contributor to received noise levels at all locations.

3.3.2 Emergency Flaring

Predicted noise |evels are presented in Table 2-3 below for emergency Baring and inclhude calm and
werst-case weather condifons for sound propagation. Naise contours are presentad in Rgure 2 in
Appendix B for worst-case weather conditions,

Table 3-3 - Predicted Noise L evels - Emergency Flaring

Predicted Noise Levsl
dBfA)

Receiving Location
Cahn Conditions
Onslow Toun Ste 2
4fle Creek L i
5 Mite Pool 28 32
O Onslow {Hertage Ske) 38 41
10 Mile Dam (Likely Construetion Camp Location) 24 4
Orslow S 1 #

[ Rpmi-( 5 165-ReviD-5 Sep 09
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4. NOISE LIMIT CRITERIA

4.1 Summary of Legislation

Moise rmanagement in VWestem Australia is implemented through the Environmentsl Protection
(Noise} Regulations 1997 (noise regulatons) which operate under the Ewironmental Protection
Aet. The Regulations spedfy rraanmum noise levels (assigned levals) which are the highest noise
|evels that can be received at noise-sensitive premises, commerdal and industrial pramises.

Assgned noise |levels have been set differently for noise senstive premises, commercial premises,
and industrial premises. For noise sensitive premises, <0 residences, an “influsneing factar”™ is
incorporated inta the assigned noise levels, The influencing factor depends on land use zonings
within dreles of 100m and 450m radius from the noise receiver, including:

+  the propartion of industrial land use zonings;

« the proporfion of comemercial 2onings; and

+  the presence of major roads,

For noise sensitive residences, the ime of day also affects the assigned levels,

The regulations define three types of assigned nase level:

o |y assgned poise level means a naise level which is nat to be sxceaded at any time;
o Ly, assigned noise lavel which iz not to be sxcesded for more than 196 of the time; and
s L, assigned noise level which is not to be excesded for more than 109 of the time.

The L, noise limit is the most significant for this study since this is representatve of continuous
noise emissions from the LNG plant,

4.2 Noise Limits

4.2.1 Onslow Town Site

The assigned noise levels at residential premizes in Ondlow will vary depending on the proximity of
particular premises o industrial or commerdal areas and also the time of day. The most stringent
night-ime L, assigned noise |level at residental premizes in Onslow is 35 dB(A) for those
resicences that are greater than 450m fram land z2oned for industial or commercal use, This lirmt
has been used for the purposes of this assessment,

4.2.2 Proposed Accommodation Camp at 10 Mile Dam

The EP&'s policy on accommodation carmps (as defined in EPA draft guidance na 87) is that they
should be locates and designed so as o achieve compliance with the assigned levels and
acceptable standards. Since the proposed camp site is remote from any industrial or commerdal

P EPA draft guidance o 8, May 2007

el = FEPEN] <OR ) 6 3Ry D-0 iy 00
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activity, the most stingent night-time L., assigned noise level of 35 dB{A) iz deemed to apply and
has been used for the purposes of this assessment,

4.2.3 Onsiow Salt

Cnslow Salt is an industrial site and conseguently the L., assigned noise level is 65 dB(A) at all
times of the day and night,

4.2.4 Public Access Areas

Cld Onslow, 4 Mile Creek, anc 5 Mile Pool are public access areas, but are not considered as
premises. Since the noise reculations apoly only o noise received at premises, the assigned noise
levels do not apply and noise limit criteria are not cefined for these locabors. The potental for
noise impacts at these locations is determined by companng predicted noise levels with measursd
background naise levels,

4.3 Intrusive or Dominant Noise Characteristics

Moise leyels at receiving premises are subject to penalty corrections if the noise exhibits intrusive
ar dominant characteristics, ie. if the nose s impulsive, tonal, or modulated, That is, the
measured or predicted noise levels are adjusted and the adjusted noise levels must comply with
the assigned noise levels. Regulation & sets out objective tects to asseze whether the noise is taken
to be free of these characteristics.

Based on the large source-receiver distance betwsen the proposed development site and
surrounding recaptors, and considering the large number of noice ermission sources, It is not
anticipated that naise fom the LNG plant will exhibit impulsive, tonal of madulating charactenstics
when assessad at the receivers,

Hoise emissions from piling during constructon may, however, exhibit impulsive characterdstics
(refer section 6.2),

[ Rpm-Es1653-Revl-3 Sep 09
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5. COMPLIANCE ASSESSMENT

51 Normal Plant Operation

Tabie 5-1 presents a comparson of predicted noise levels under worstcase metesrological
concitions with applicable naise limits for normal plant operating condiions. Tt can be seen that
compliance is achieved at all locatons.

Table 51 - Campliance Assessmernt - Nornmal Plant Operafion

Cafter Level
i L oc
oy

Onslow Toun Site 5 Er
A Mie Creek na 3
5 Mite: Pool nla i
Old Onciow {Henitage Site) nfz k.
10 Mile Dam (Likely Construction Camp Location) 35 (&5
Onslow Sak 5 L

5.2 Emergency Flaring

Table 5-2 presents a companson of predicted noise levels under worstcass metecrological
conciions with applicable poice limits for emergency Haring condiions. It can be seen that
compliance is achieved at all locations,

Tadde §-2 : Complance Assessment - Emergency Flaring

Receiwing Location "2‘-;::}:“ pmdﬂ:irﬂ“
dB{A)
Onslow Toum Stte 30
A Ml Creak nfa &1
5 la Paal hia #
Old Onslow (Hartage Ske) i £
10 Mle Dam (Likety Construstion Camp Location) 35 &
Onslow Sak By 4

B RN | SO - Ry -2 Sayy 09
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5.3 Cumulative Noise Impacts

SVT have been advised (by URS) that there will be twa gas plants located immediately to the south
and adiacent to the proposed fadlity. These are:

1)  Asingle train LNG plant;

2} A& Domgas plant,

These plants are much smaller than the proposed Chevron fadlity (which has been assessed
assuming 5 operating LNG traing and 5 Domgas units) and thus noise amissions are likely to ba
significantly lower,

Since the adjacent gas plants are very close to proposed Chevron facility, any increase in noise
lavels is only hkely to affect localised areas in the immeadiate vicinity of the gas plants. Further
afiedd, noise from the larger Chevron facility will dominate aver noise from the adjacent gas plants,

[ Rpm-Es1653-Revl-3 Sep 09
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6. CONSTRUCION NOISE

With the exception of pile dAving, noise fram construction activities is expected to be significantly
below noisa associated with normal plant operations.

Extensiva piling is anticipatad durng construction using 2 total of up to 12 impact pile drivers at
the plant site and 2 at the jetty, Fling opeations are planned to run for 14 months, 24 hours per
day, 7 days per week. Noize modelling has been undertaken for a worst-case pile dnving scenario
assuming 2 pile drivers are operaling simulanecusly at the end of the bty (e the worstcase
location for sound propagation over water towards Onelow town site) and 12 ple drivers are
operating smultaneously at the lacation of the starage tanks at the plant site,

This is a very conservafive approach since it is highly unlikely that all pile drivers will operate
cimul taneoudly and that the noise received from each pile divar will armve at prededy tha same
time at noise sensiive receving locations,

6.1 Noise Modelling Results

Predicted noise levels are presentad in Table &-1 below for pile driving and include calm and worst-
case weather conditons for sound propagafion. Moise contours are presented in Figure 3 in
Appencix B for worst-tase weather conditions,

Fabie 61 - Predicted Nolse Levels — Plle Driving

Prodicted Noise Loval
dBif)
Receiring Location Worst.cass
o

Onslow Town Site 4 L
A Mle Creek 4 #
5 Mie Paol 2 8
Old Osslon (Hedtage Sie) 30 #
10 Mile Darm (Likely Gonetruction Camp Lacation) 18 u
Onslow Sak S #

6.2 Construction Noise Impact Assessment

The noise regulations require an adjustment of 10 dB to be added to predicted noise levels for
noise errissions that exhibit impulsve characteristics, Impulsiveness is assessed at the receiving
premises and must, therefore, protrude above backaround noise. If impubsivensss were evidant
then the adjusted worst-case noise lavels for Onslaw town dte and 10 Mile Dam are as shown in
Tabie 62,

Jele © TRpSH<OR YL 6 TRV Sep 00
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Tabie 6-2  Fredicted Nolse Levels Jor Pile Driving Includig Penalfly for inpilsiqensss

Fenmalty for Adjusted Lovel
Predicted Lavel Imptalshue Ineluding Penalty
dBiA) Characteristic for Impulsiveness
d3{A) dB{A)
Onclow T own Site Eil +10 M
10 Mile Dam (Likely Construction Camp Location) 2 ~10 2

Far 10 Mile Dam, the adiusted noise levels are below the assigned noise levels for day, evening
and night-tme periods. However, for Onslow fown site, the adjusted noise levels exceed the

evening and night-ime assgned noise levels and, therefore, a noise management plan may be
manmidasd Mafes ssafen 2% Lhalauh

- Pl DRI WEE W VRS U MIRET SR CNMTUWET: WL VWL WU RIEa uan
towards Onslow town site,

Because of the very large distances betwesn the piling operstions and recefwing |ocations
considered in this assessment, ground borne vibration will be attenuated to such a degree during
propagation that there will be na vibraton impacts,

6.3 Construction Noise Management Criteria

6.3.1 Daytime Construction Activities

The Environmental Protection Noise Regulations 1997 state that for construction work carned out
between Tam and 7pm on any day, which is not a Sunday ar public holiday the assigned noise
levels do not apply provided that:

[ Rp M- TG Se Y
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+« The construction work is carried out in accordance with control of noise practices set out in
Sechon & of Australian Standard 2438-1581 "Guide to Noise Conbral on Construction,
Maintenance and Demaliton Sites™; and

» Thesquipment used for the construction is the quistest reasonably available.

The Chief Executive Officer” (CEQ) may reguest that & noise management plan be submitted for
the construction work at any ime.

6.3.2 Might-time Construction Activities
Far construction work done outside daytime haurs:

= The construction work must be carfied aut in aceordance with contral of naolse practices set
out in Section & of Austrafian Standard 2436-1981 "Guide to Nase Control on Construction,

o Complaint response procedurss to be adopted.

* The powed of the CEO of e Départment of Bvironment and Corservation & delegated under B nose regulations to the
CEQs of all local govermaents in e Sake of Western Ausialia,

[Jei © REpsh | -OE S 65 ey -2 Seqy 00

25658-000-GPE-GCX-A0150-000 Security Level 2 Page 324

Bechtel Confidential. © 2013 Bechtel Oil, Gas and Chemicals, Inc. All rights reserved.
Electronic documents, once printed, are uncontrolled and may become outdated.
Refer to electronic documents in the EDMS for current versions.



Wheatstone Project LNG Plant Document No:  WS1-0000-RGL-PMT-BEC-000-00250-000

Subject: Ervironmental Moke Impact Assessment - Chevron Whealstone LG Plant

Works Approval Application Revision: 0
LNG and Domgas Plants Revision Date: 12-Dec-2013
Chent: URS pastralia Pry Lid SVT .:'E

7. DISCUSSION & CONCLUSIONS

Predicted noise levels for normal plant operation have been shown to be in compliance with the
most stingent night-8me noise limits imposed under the noise regulatons,

Onslow town sitz is the nearest residantial area to the proposed development site, A comparison of
predicted noise levels at Onslow with ambient noise levels demonstrates that the LNG plant is
unlikely to be audible above background noise even under worstcase meteorclogical cond ions for
sound propagaton,

The praposed location for the workforce accommodation camp is sufficiently distant fram the LNG
plant sits that recsived naoise levels will be sigrificanty below the assigned noise lavels,

Although thers are no regulatory criteda for noise received at the public access arsas (4 Mile
Creak, 5 Mile Pod and Old Onslow), predicted noise levels for normal plant operation are higher at

[ Rpm-Es1653-Revl-3 Sep 09
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