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Disclaimer

In preparing this Draft Environmental Impact Statement/Environmental Review
and Management Programme (Draft EIS/ERMP), Chevron Australia Pty Ltd
(Chevron) has relied on material provided by specialist consultants, government
agencies and other third parties who are identified in the Draft EIS/ERMP.
Chevron has not verified the accuracy or completeness of the material provided
by these consultants, government agencies and other third parties, except where
expressly acknowledged in the Draft EIS/ERMP. Should there be any difference
or inconsistency between the material presented in this Draft EIS/ERMP and

that in any third-party document referred to herein (including assessments,
findings, opinions, project descriptions, proposed management measures and
commitments), the material presented in the Draft EIS/ERMP alone shall be taken
to represent Chevron's position.

Copyright Note

© 2010 Chevron Australia Pty Ltd. The information contained in this document is
the property of Chevron Australia Pty Ltd and may not be used or copied in whole
or part without its prior written consent.
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1.0 Introduction

1.1 Overview

Chevron Australia Pty Ltd (Chevron), as developer of

the proposed Wheatstone Project (Project), proposes

to construct and operate a 25 million tonne per annum
(MTPA) Liquefied Natural Gas (LNG) plant and a domestic
gas (domgas) plant near Onslow on the Pilbara coast
(Figure 1.1). The development is proposed to be part of
the Ashburton North Strategic Industrial Area (SIA)
proposed by the Western Australian Government. The
Project will initially produce gas from Petroleum Titles
WA-253-P and WA-17-R, which are held 100 per cent by
Chevron companies, and WA-16-R, which is held by Chevron
companies and by Shell Development Australia.

Under an agreement signed in October 2009, third

parties will also provide natural gas from Petroleum Title
WA-356-P, to supply onshore Trains 1and 2 of the Project.
Hydrocarbons from further third-party Petroleum Titles
may also supply gas to the Project; the plant will act as

a processing hub to facilitate development of additional
offshore gas resources in the Carnarvon Basin and
potentially other areas, from both Chevron operated leases
and those operated by other parties.

The Project will require the installation of gas gathering,
processing and export facilities in Commonwealth and
State waters and onshore. The initial development is
expected to consist of two onshore LNG processing
trains, each with a capacity of between 4 and 7 MTPA. An
offshore platform will provide initial treatment of the gas
and natural gas condensate (condensate), which will then
be transported via a subsea pipeline to the onshore LNG
processing facility. The resultant LNG and condensate will
be exported to worldwide markets via both dedicated and
spot-cargo vessels. Export product will be loaded onto
medium to large capacity vessels docking reqgularly at a
Product Loading Facility (PLF) adjacent to the processing
facility. An additional three to four onshore trains may be
added in future development.

The Project includes common user infrastructure that

may be utilised by other proponents operating within the
Ashburton North SIA. Common user infrastructure includes
a Materials Offloading Facility (MOF), channel and turning
basin, and an Australian Quarantine and Inspection Service
(AQIS) area. The development of the Project as a 25 MTPA
multi-train LNG facility reduces the potential requirement
for future expansion of Chevron's gas-processing facilities
in the Ashburton SIA, and lessens the need for future LNG-
related port developments in the Pilbara.
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Gas from the Project will be made available to the Western
Australian domestic market. A domgas plant will be
developed within the main complex and will comprise

a series of processing trains and an onshore pipeline
installation to connect to the Dampier-to-Bunbury Natural
Gas Pipeline (DBNGP).

This Draft Environmental Impact Statement (EIS) and
Environmental Review and Management Programme
(ERMP), hereafter referred to as the EIS/ERMP, has
been prepared by Chevron. Its purpose is to assess the
potential environmental impacts relating to the Project.
The EIS/ERMP has been prepared in consultation with
the Commonwealth Department of the Environment,
Water, Heritage and the Arts (DEWHA) and the Western
Australian Environmental Protection Authority (EPA).
For the purposes of this document, the word “Project”
is interchangeable with the word “Proposal”, as used by
the EPA, and also the term “controlled action” as defined
under the Commonwealth Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act).

Guidance from the EPA (June 2009) and DEWHA

(August 2009), which came in the form of approval of the
Environmental Scoping Document (Scoping Document)
and included issues raised by stakeholders, has been used
inits preparation.This approval document is included in
Appendix Al. Chapter 5, Stakeholder Consultation provides
details of stakeholder engagement.

At the request of the EPA, Chevron agreed to trial

the implementation of a risk-based approach to the
environmental assessment of the Project. The objectives
and draft methodologies for risk-based Environmental
Impact Assessment (EIA), described in the EPA draft
guideline Paper 10 Application of risk-based assessment

in EIA 2009, have been applied in preparation of this
document. Requirements of the EPBC Act (Cth), and the
Western Australian Environmental Protection Act 1986 (EP
Act), have also been taken into consideration. Further detail
of the legislation, policies and guidelines applicable to the
Project are included in Section 1.12.

1.1.1 Project Title

The formal title of the action is the Wheatstone Project,
referred to as the Project. All associated offshore
installation and onshore construction activities, as well as
commissioning, operation and decommissioning activities
undertaken by Chevron and its contractors are considered
part of the proposed Project.
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1.1.2 Proponent Details
The proponent of the Project is Chevron Australia Pty Ltd.

Address:
QV1, 250 St Georges Terrace
Perth, Western Australia, 6000

Key Contact:
Geoff Strong
General Manager, Wheatstone Development
Phone +618 9216 4000
Fax +618 9216 4055

Australian Business Number:
ABN 29 086197 757

1.1.3 Chevron Australia Pty Ltd

Chevron Corporation is an integrated energy company
whose businesses are involved in every aspect of the
global crude oil and natural gas industry. In 2009, the
Chevron Corporation companies produced 2.7 million net
oil-equivalent barrels per day from operations around the
world. As of March 2009, net production of natural gas was
more than 141 Mm? (5 billion cubic feet) per day.

Chevron Corporation’s businesses also supports a network
of more than 22 000 retail outlets on six continents and has
invested in power generating facilities in the United States
and across Asia. They employ a diverse and highly skilled
global workforce of approximately 62 000 employees and
about 5000 service station employees.

Chevron began exploration and production activities

in Australia in 1951, when Chevron and Texaco began
searching for oil in Western Australia (WA) under the Caltex
banner.In 1952, Caltex and Ampol, an Australian petroleum
company, formed West Australian Petroleum Pty. Ltd.
(WAPET) to operate on their behalf. This venture made
their first discovery, at Rough Range in WA, in 1953.

It was through WAPET that the Barrow Island Field was
discovered in1964. Production commenced in April 1967
and reached a peak of 50 000 barrels of oil per day in
1971. The Barrow Island operations have produced over
300 million barrels of oil since 1967 and loaded over 1000
tankers without a major environmental incident.

Importantly, Barrow Island is classified as an

A-Class Nature Reserve for the protection of rare

and endangered flora and fauna. It is rated as one

of the most important wildlife refuges in the world
with significant flora and fauna species. Chevron's
environmental management of the island has received
State, national and international recognition.
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It was through WAPET that Chevron discovered the Gorgon
gas field in 1981 and the Saladin oil field in 1985. Thevenard
Island provides anisland base for Chevron's facilities
servicing Saladin and other nearby fields for the processing
and storage of hydrocarbons. Chevron's operations have
co-existed there with the Mackerel Island tourist resort
since 1988.

In1989, Chevron, along with partners in the North West
Shelf Venture (operated by Woodside Energy Ltd.), began
exporting LNG to neighbours in Asia, starting with Japan.
Discoveries continued with more gas fields: Chrysaor in
1994 and 1995, Dionysus in 1996 and six more gas fields
west of the central Gorgon area.

WAPET, with Chevron as technical adviser, continued as
operator of the Barrow Island Joint Venture and Thevenard
Island Joint Venture until 2000, when Chevron replaced
WAPET as operator. Chevron and Texaco merged the
following year.

In 2004, Chevron achieved a framework agreement with
its Joint Venture Partners, Mobil Australia Resources
Company Pty Ltd. (Mobil) and Shell Development
(Australia) Pty Ltd (Shell), to develop the Gorgon LNG
Project on Barrow Island. Chevron is the operator of

the project and Chevron companies currently hold an
approximate 47 per cent interest, while Mobil and Shell
each hold 25 per cent. The remaining 3 per cent is shared
by Osaka Gas Gorgon Pty Ltd, Tokyo Gas Gorgon Pty Ltd
and Chubu Electric Power Australia Pty Ltd.

1.1.4 Wheatstone Project Objectives

The Project is aimed at bringing gas to international and
domestic markets. It will be developed as a multiple-train
gas project that will process gas for Chevron as well

as third-party gas owners in the Carnarvon Basin and
potentially other areas.

The primary objectives of the proposed Project are to:

Commercialise the hydrocarbon resources within
Petroleum Titles WA-253-P, WA-17-R, WA-356-P and
WA-16-R, and efficiently and reliably recover these
resources

Manage all environmental, health, security and safety
issues in accordance with Chevron Corporation
standards and recognised global industry standards

Create a processing hub to facilitate development of
additional offshore gas resources in the Carnarvon
Basin and other areas, from both Chevron operated
leases and those operated by other parties



Provide an acceptable return on investment

Provide an alternative and reliable source of LNG to
international markets along with an additional secure
source of domestic gas for the local market.

1.2 Purpose and Scope of this Document

The purpose of this EIS/ERMP is to firstly describe

the Project and its major components, reqgulatory
requirements, and the existing marine, terrestrial and
socio-economic environment. Secondly, the document
identifies and assesses potential risks on the existing
environment that may result from the Project during

its lifecycle. Finally, this EIS/ERMP defines any planned
mitigation and management controls required to reduce
potential risks as a result of the Project.

The scope of this EIS/ERMP includes:

» Offshore production facilities, including wells, subsea
installations, inter-field pipelines and offshore platforms
in Petroleum Titles WA-253-P, WA-17-R, WA-356-P and
WA-16-R
An export pipeline to provide feed gas from the
offshore production facilities to the onshore gas
processing facility

A gas processing facility, including LNG plant and
domestic gas processing unit, LNG and condensate
product storage, power generation, water supply, an
accommodation village and associated support facilities

+ Marine facilities including a shipping channel, MOF
and PLF

A multi-purpose infrastructure corridor that will
incorporate the domestic gas pipeline connecting
to the existing DBNGP.

A detailed project description is provided in Chapter 2,
Project Description.

The scope of this document also includes an assessment of
potential cumulative effects associated with both existing
and reasonably expected projects located in, or in close
proximity to the Project study area. Reasonably expected
projectsinclude those referred to either the State or
Commonwealth governments.

Those items not considered in this scope include:

Overseas and domestic fabrication yards
+  Offsite quarries and waste disposal facilities

Third-party gas supplier gas field wells, production
facilities, pipeline tie-ins and waste disposal facilities.

Wheatstone Project 1.0 Introduction

1.3 Project Background

In August 2004, a significant gas discovery was made at

the Wheatstone-1 well in Chevron's solely held WA-253-P

Petroleum Title, located offshore approximately 225 km

north of Onslow in WA. This complemented the discovery
in 2000 of natural gas in Petroleum Title WA-17-R located
approximately 10 km from WA-253-P.

Chevron declared its intention to develop an LNG and
domagas project in March 2008. Since then, Chevron has
completed a seven-well appraisal program to further
understand the potential of Petroleum Titles WA-253-P
and WA-17-R, the locations of which are detailed in Section
1.6. Third-party gas will also be processed by the first two
Wheatstone LNG trains and by additional trains as they
come online.

Referrals for the Project were submitted in September
2008 and included three alternative onshore site locations
for further investigation. The EPA assigned an ERMP

level of assessment in October 2008. This was followed

by DEWHA deeming the Project to be a controlled action
requiring assessment by an EIS. Further detail of the
assessment process is included in Section 1.13.

Chevron submitted its Scoping Document for public review
in April 2009. The Scoping Document was approved by the
EPA in June 2009 and by DEWHA in August 2009. Table 1.1
provides a summary of the key EIS/ERMP milestones for
the Project to date.

1.4 Current Status of the
Wheatstone Project

The Project is currently undergoing Front End Engineering
and Design (FEED), which commenced in 2009 and

is planned for completion in 2011. Additional major

project components for consideration include Final
Investment Decision (FID), the commencement of offshore
installation and early construction activities — all of which
are scheduled for 2011, subject to the achievement of
government and internal approvals.

Anindicative schedule for the proposed development for
the initial two LNG trains is provided in Figure 1.2.

1.5 Consequences of Not Proceeding

The consequences of not proceeding with the Project
would be failure to meet the objectives detailed in Section
1.1.4. While not executing Wheatstone would eliminate any
possible environmental impact, significantly increasing
global requirements for LNG would remain. If future growth
in energy demand could be satisfied through the increased
consumption of coal, this would result in markedly higher

Chevron Australia Pty Ltd | 9
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Table 1.1: Summary of Key Wheatstone Project Milestones

August 2004 Discovery of gas in Petroleum Title WA-253-P (Wheatstone-1 well)

March 2008 Announcement of Wheatstone greenfield development option

June 2008 Identification of three sites for further investigation, based on site screening study
September 2008 Referral submission including three alternate locations for further investigation
October 2008 EPA assigned an ERMP level of assessment

October 2008 DEWHA deemed the Project to be a controlled action to be assessed by an EIS
December 2008 Site screening and selection process completed

April 2009 Scoping Document approved for public review by EPA

June 2009 Scoping Document approved by EPA

August 2009 Scoping Document approved by DEWHA

Q32009 Commenced FEED

March 2010 Draft EIS/ERMP submitted to EPA/DEWHA

July 2010* Draft EIS/ERMP approved for Public Review

(anticipated)

Q1201 Environmental Approvals Decision

(anticipated)

2011* FID

2015* Upstream facilities construction completion

2016* Downstream facilities construction completion (Trains 1and 2)

2016* First LNG production - Train 1

2016* First LNG production - Train 2

2022* Full LNG Capacity reached

* Dates are subject to change as the Project develops.

Wheatstone Project Schedule
Activity 2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017
Q3 Q4 Q1 Q2 @3 Q4 Q1 @2 Q3 Q4 Q1 Q2 @3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 @3 Q4 Q1 @2 Q3 Q4 Q1 Q2 @3 Q4 Q1 @2 Q3 Q4 Q1 Q2 Q3 Q4
Select Develop Execute Operate
Major Milestones Select Site @ 4 commence FEED & D 1 LNG Train 1 4p @ ¥ LNG Train 2
Environmental Approval Process
Referral v
Scoping Document v
Draft EIS/ERMP Public Display .
Environmental Approval Decision V
Front End Engineering & Design _
Construction and Commissioning
Q3 @4 Q1 G2 @3 Q4 Q1 @2 Q3 Q4 Q1 Q2 @3 @4 Q1 G2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 @3 Q4 Q1 @2 Q3 Q4 Q1 Q2 03 Q4 Q1 G2 @3 Q4 Q1 Q2 Q3 Q4
Activity 2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017

Figure 1.2: Indicative Schedule for Development of the Wheatstone Project (LNG Trains 1 and 2)

* Dates are subject to change as the Project develops.
** Project detailed design to continue after FID

10 | Chevron Australia Pty Ltd




greenhouse gas emissions. The International Energy
Agency estimates that world energy demand will rise by
roughly 40 percent by the year 2030, especially in Asia-a
close market for Wheatstone LNG. The region is expected
to account for 60 percent of the total growth in global
energy demand through to 2030.

The primary consequence of not proceeding would be loss
of economic benefits to the Pilbara region, to WA and to the
nation. The short-term benefits of the Project include the
creation of employment opportunities. The construction
workforce is expected to be around 3000, although it could
be as many as 5000. The Project is expected to create
about 6500 direct and indirect jobs during the construction
period, and result in locally purchased goods and services
(local content).

With a predicted lifespan of between 30 and 50 years,

the Project also holds significant medium-to-long-term
benefits for WA. Western Australian consumers stand to
benefit from more competitive domestic gas prices. The
Project will also contribute towards providing a continuous
and consistent gas supply to WA industries. A further key
consequence is therefore the loss of a significant source of
domestic gas supply to WA.

The consequences for the Pilbara region of the Project not
proceeding include the loss of the above-mentioned jobs,
as well as the loss of investments that would otherwise

be made in local shared infrastructure, including road
improvements and social infrastructure. It would hinder the
creation of an LNG processing hub facilitating development
of additional offshore gas resources and weaken the

basis for common user infrastructure development in the
area. Indirect economic benefits for regional companies
both during the construction and operation phases of the
Project would also be lost should the Project not proceed.
The potential socio-economic benefits for the Pilbara
region, the State of WA, the Commonwealth of Australia
and Chevron would not be realised.

In addition, the Commonwealth Government would not
receive personal taxation for wage and salary earners, and
company tax on profits from the Project.

Refer to Chapter 10, Social Impact Assessment and
Outcomes for a full social risk assessment.

1.6 Wheatstone Project Location

Petroleum Titles WA-253-P, WA-17-R, WA-356-P and
WA-16-R are located approximately 145 km off the
north-west coast of WA in the West Carnarvon Basin,
approximately 100 km north of Barrow Island and 225 km
north of Onslow. Potential third-party gas could be sourced
from Petroleum Titles in the Carnarvon Basin or elsewhere.

Wheatstone Project 1.0 Introduction

The onshore components of the Project are approximately
12 km south-west of Onslow, within the Shire of Ashburton.
Figure 1.1shows the location of the onshore and offshore
components of the Project.

The gas processing facilities are located within the
proposed Ashburton North SIA. Figure 1.3 shows the
location of the proposed onshore gas processing facility
and associated infrastructure.

Detailed schematics of the proposed Project facilities
are included in Chapter 2, Project Description.

1.7 Site Selection Process

Chevron identified possible sites for the onshore
components of the Project via a desktop screening
process, including literature reviews, database
searches and constraint mapping against a number
of environmental, social and technical criteria.

The use of existing, or currently proposed developments
in the region were considered but discounted as they
would be restricted in their capacity to process the
required volume of gas in the near term and would
result in higher incremental development costs for West
Carnarvon gas resources. A site-screening and selection
process was subsequently undertaken to locate a new
greenfield site that would also be suitable for multi-user
LNG infrastructure.

Initially six locations were identified, which were studied
further and narrowed to three potential sites. The three
locations—Ashburton North SIA, Onslow SIA and Cape
Preston—were referenced in the State and Commonwealth
Environmental Referrals for the Project.

Community and specific stakeholder groups were engaged
to evaluate the site-screening process and the suitability of
a preferred location. Identification of issues that warrant
further consideration in the Project was also recorded.
The approach adopted for this engagement exercise
derives from and builds on prior LNG site-selection studies
undertaken in the north-west of WA.

Two independent reviewers from the John Curtin Institute
of Public Policy were contracted to observe the site
consultation process and provide an independent opinion
on the methodology used and transparency of the site-
screening and selection process. These reports have been
provided to the EPA and DEWHA.

Concurrent to this process, the State Government
announced that a SIA would be created at Ashburton
North (Ashburton North SIA). Development options for the
Ashburton North site included new LNG facilities to aid the

Chevron Australia Pty Ltd | 11
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development of gas reserves in the Carnarvon Basin and
Exmouth Gulf.

As a result of the above described process, and in line with
the plans of the Western Australian Department of State
Development, the Ashburton North option, approximately
12 km south-west of Onslow, was selected as the most
appropriate site.

Chapter 3, Project Alternatives and Site Selection provides
more detail of the process of site selection for the Project.

1.8 Relationship to Other Projects
in the Region

The Pilbara is one of the most vital and dynamic wealth-
producing regions in Australia. It accounts for more than
44 per cent of WA mineral and energy production, at a
value of more than $32 billion per annum. The Project will
make a valuable contribution to the Pilbara economy.

The region produced 16.3 million tonnes of LNG in 2008
from the only operating LNG project in WA: the Woodside
operated North West Shelf Joint Venture, of which Chevron
is a partner. The North West Shelf Joint Venture currently
accounts for more than 40 per cent of Australia’s oil and
gas production including about 80 per cent of Australia’s
total LNG production and 65 per cent of WA's total
domestic gas production.

Wheatstone Project 1.0 Introduction

The Project is one of a number of substantial oil and

gas, mining and associated downstream processing
developments planned for the Pilbara region. Table 1.2
provides a summary of major projects under construction
and proposed in the region. Information has been obtained
from the Department of State Development, Department
of Mines and Petroleum and the Pilbara Development
Commission.

The Project also has a relationship with a number

of current or proposed projects in the region due

to their proximity. These include the oil and gas and salt
production industries. The BHP Billiton/Apache Macedon
Gas Development (Macedon) and the Exxon Mobil/BHP
Billiton project (Scarborough) are both planned for the
Ashburton North SIA.

Onslow Salt is the nearest operating industrial
facility to the proposed onshore facilities, located
approximately 5 km east of the Ashburton North SIA.
It incorporates 8000 hectares (ha) of salt ponds,
port and loading facilities and a 10 km navigation
channel for shipping in the nearshore area. The
operation produces approximately 2.5 MTPA of salt.

Thevenard Island is located approximately 25 km from

the proposed onshore facilities and is classed as a nature
reserve. It is the hub for six adjacent oil and gas fields, four
of which are currently in production. The first oil flowed

Table 1.2: Committed and Proposed Large-Scale Resource Projects in the Pilbara Region

Estimated Project | Employment - | Employment -
Value (AS million) | Construction | Permanent

Oil and Gas

Woodside - Pluto LNG Plant

Gorgon Joint Venture - LNG Project
BHP Billiton - Macedon Domestic Gas
Apache Energy - Devil Creek Gas
Iron

BHP Billiton - Rapid Growth Projects
4,5,6,7

Citic Pacific - Cape Preston operations
Australasian Resources - Balmoral Project
APl Mgmt - West Pilbara Project

Rio Tinto - Mesa A project

Rio Tinto - Brockman 4 project

Minerals

Moly Minerals - Spinifex Ridge Molybdenum

11200 3000 200
43000 3500 600
1000 300 50 (est.)
800 200 20
9300 + 3500 + 800 +
5200 2500 500
2700 2500 800
3900 1300 700
1067 650 250
1800 700 300
1084 400 375

Chevron Australia Pty Ltd | 13
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in 1989, with subsequent fields brought into production

in a staged development. Currently operated by Chevron,
oil is produced from 21 wells from two offshore locations
and nine unmanned offshore structures. The facilities are
capable of processing 120 000 barrels of oil per day and
510 000 m3 (18 million cubic feet) of gas per day. Qil is
stored at a one million barrel storage facility on the island
and exported via an offshore tanker mooring.

Macedon is a proposed WA domestic gas project designed
to commercialise offshore gas reserves in Petroleum

Title WA-12-R, approximately 100 km west of Onslow. The
domestic gas processing facility is planned for location
within the Ashburton North SIA. The current proposal is for
a domestic gas facility that would compress gas brought
ashore west of the Ashburton Delta. The sales gas pipeline
will be constructed from the Ashburton North SIA along
the access infrastructure corridor to Onslow Road. From its
intersection with Onslow Road, the sales gas pipeline will
follow Onslow Road to the DBNGP.

The proposed Scarborough project is located in
Commonwealth waters in Petroleum Titles WA-1-R

and WA-346-P, approximately 280 km north of Onslow.
It can be expected that this proposal would include an
LNG plant adjacent to the Project at the Ashburton North
SIA and producing approximately 6 MTPA, an additional
shore crossing for a pipeline and possibly another trestle
and tanker berth to allow export of LNG. The potential
pipeline connecting the LNG plant to the existing WA
domestic gas pipeline network may follow or share
existing pipeline easements. The gas will be transported
to overseas markets by LNG tankers. It is reasonable

to assume that the Scarborough project would use the
common user infrastructure (such as the existing MOF
and shipping channel); therefore additional coastal
footprint would be limited.

Cumulative risk has been assessed as been
completed as part of this EIS/ERMP. Refer to
Chapter 11, Cumulative Impacts.

19 Proponent’s Environmental
Commitment

1.9.1 Chevron Corporation’'s Operational Excellence
Management System

It is the policy of Chevron Corporation to protect the safety
and health of people and the environment, and to conduct
its operations reliably and efficiently. The systematic
management of safety, health, environment, reliability and
efficiency to achieve world-class performance is defined

as Operational Excellence (OE). Chevron Corporation’s
commitment to OE is embodied in The Chevron Way value

14 | Chevron Australia Pty Ltd

of protecting people and the environment, which places

the highest priority on health and safety, and the protection
of assets and the environment. This is accomplished
through disciplined application of the Operational
Excellence Management System (OEMS). The OEMS
consists of three parts:

Leadership accountability
Management system process

OE expectations.

Leadership is the largest single factor for success in OE.
Leaders are accountable not only for achieving results, but
achieving them in the right way by behaving in accordance
with Chevron Corporation values. Leaders direct the
Management System Process (MSP) to drive improvement
in OE results. The MSP (see Figure 1.4) consists of the
following five steps:

+ Vision and Objectives — Developing an OE vision,
world-class objectives, metrics and targets based on
corporate objectives, benchmarking data and other
applicable critical business drivers.

Assessment — Completing a comprehensive evaluation
to identify priority areas in OE processes and
performance against established objectives.

Planning - Developing three-year plans to manage
priorities and incorporating those plans into business
plans and assigning accountabilities.

Implementation — Implementing planned actions and
monitoring plan progress and OE performance.

Review — Annually evaluating progress on performance
and identifying necessary adjustments to plans that
result in the goal of achieving world-class results.

In 2008, Chevron Corporation received attestation from
Lloyd's Register Quality Assurance that the OEMS meets all
requirements of the International Standards Organization’s
14001 environmental management system standard (ISO
2004) and the Occupational Health and Safety Assessment
Series management specification 18001 and that OEMS is
implemented throughout the corporation. These standards
are international benchmarks and demonstrate Chevron's
commitment to world-class performance.

1.9.2 Chevron Australasia Strategic Business Unit
Policy 530 - Operational Excellence

Chevron Australasia Strategic Business Unit (ASBU)
Policy 530-Operational Excellence sets the overall goal
of protecting the safety and health of people and the
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Achieving World-Class Performance

It is the policy of Chevron Corporation to protect the safety and health of people and the environment and to conduct
our operations reliably and efficiently. The systematic management of safety, health, environment, reliability and
efficiency to achieve world-class performance is defined as Operational Excellence (OE). Our commitment to OE is
embodied in The Chevron Way value of protecting people and the environment, which places the highest priority on
the health and safety of our workforce and protection of our assets and the environment.

We will accomplish this through disciplined application of our Operational Excellence Management System (OEMS).
Our OEMS consists of three parts: Leadership Accountability, Management System Process and OE Expectations.

Leadership is the largest single factor for success in OE. Leaders are accountable not only for achieving results, but
achieving them in the right way by behaving in accordance with our values. Leaders direct the Management System
Process to drive improvement in OE results. The Management System Process consists of five steps:
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Developing an OE vision, world-class objectives, metrics and targets based on corporate
objectives, benchmarking data and other applicable critical business drivers.

Completing a comprehensive evaluation to identify priority areas in OE processes
and performance against established objectives.

Developing three-year plans to manage priorities and incorporating those plans
into business plans and assigning accountabilities.

Implementation

We will assess and take steps to manage potential risks to our employees, contractors, the public and the environment
within the following framework of OE Expectations:

Implementing planned actions and monitoring plan progress and OE performance.

Annually evaluating progress on performance and identifying necessary adjustments
to plans that result in the goal of achieving world-class results.

1. Security of Personnel and Assets Providing a 8. Product Stewardship Managing potential risks of our
secure environment in which business operations products throughout the products' life-cycles.
may be conducted successfully. 9. Incident Investigation Investigating incidents to identify,

2. Facilities Design and Construction Designing and
constructing facilities to prevent injury, iliness and
incidents and to operate reliably, efficiently and in 10.
an environmentally sound manner.

broadly communicate and correct root causes of incidents
to reduce the likelihood of recurrence.

. Community Awareness and Outreach Reaching out to
the community and engaging in open dialogue to build trust.

3. Safe Operations Operating and maintaining facilities 11. Emergency Management Having preparedness plans
in a manner that does not cause injuries, illnesses in place to quickly and effectively respond to and recover
or incidents. from any emergency.

4. Management of Change Managing both permanent 12. Compliance Assurance Complying and verifying

and temporary changes to prevent incidents. conformance with company policy and all applicable

laws and regulations; applying responsible standards
where laws and regulations do not exist; enabling
employees and contractors to understand their safety,
health and environmental responsibilities.

5. Reliability and Efficiency:

) Reliability - Operating and maintaining
facilities to sustain mechanical integrity
and prevent incidents.

13. Legislative and Regulatory Advocacy Working ethically
and constructively to influence proposed laws and
regulations, and debate on emerging issues.

Sy

Roy Krzywosinski, Managing Director
25/02/2008

) Efficiency - Maximizing efficiency of operations
and conserving natural resources.

6. Third-Party Services Systematically addressing
and managing contractor conformance to OE through
contractual agreements.

7. Environmental Stewardship Working to prevent pollution
and waste; striving to continually improve environmental
performance and limiting impacts from our operations.

30 - Operational Excellence

Chevron Australia Pty Ltd | 15



Wheatstone Project 1.0 Introduction

environment through the implementation of OE-the
systematic management of safety, health, environment,
reliability and efficiency.

This process is applied to Chevron ASBU projects,
in order to:

Achieve an injury-free work place

Eliminate spills and environmental incidents, and
identify and mitigate key environmental risks

Promote a healthy workplace and mitigate significant
health risks

Operate incident-free with industry leading
asset reliability

Manage the efficient use of resources and assets.

The OE expectations are organised under 13 elements,
outlined in Figure 1.4, and spell out specific requirements
for the management of particular issues under the

OEMS. The expectations are met through processes and
procedures put in place by local business unit management.
Among other matters, these expectations require that
processes are in place to conserve natural resources, to
inventory all emissions, releases and wastes and to mitigate
and manage significant potential risks and impacts to
human health and the environment associated with these
emissions, releases and wastes.

1.9.3 Wheatstone Environmental
Management Program

The Wheatstone Environmental Management Program
(Program) is designed to facilitate the implementation of
Chevron’'s ASBU OEMS and ABU Policy 530 - Operational
Excellence and to meet legal requirements.

Chevron has developed a range of environmental
management controls throughout the life of the Project
using an outcome-based approach consistent with Draft EPA
Assessment Guideline No. 4 (Dec 2009). These are intended
to mitigate, or reduce to an acceptable level, the potentially
adverse environmental risks identified in this EIS/ERMP.

On the basis of the risk assessment, and in accordance with
the Draft EPA Assessment Guideline No. 4 (Dec 2009), a set
of proposed Outcome-based Conditions (OBCs) have also
been developed.

The Program has been developed to incorporate each
component of the Project. Figure 1.5 portrays the three
tiers of the Program. The overarching component is the
Chevron OEMS (Tier 1). Underneath this sits the Wheatstone
Environmental Management and Assessment Program
(Tier 2), which incorporates this statutory environmental

16 | Chevron Australia Pty Ltd

impact assessment process, using a risk-based approach,
and resultant OBCs and Statutory Environmental
Management Plans (EMPs). Finally, Tier 3 comprises a set of
Subsidiary plans which are defined as those environmental
plans which are required by and/or impose relevant legal
obligations on Chevron under legislation, but are not legally
binding under the Ministerial Approvals of this EIS/ERMP.

Refer to Chapter 12, Environmental Management Program
for further details.

110 Chevron Guidance Policies

1.10.1 Environmental Stewardship

Environmental Stewardship is an element of the OE
management system that provides a process to inventory
all emissions, releases and wastes and to identify natural
resources impacted by operations. Natural resources
include air, surface water, ground water, soil and geologic
resources, and local biological diversity.

Environmental Stewardship also allows processes to be
applied to identify, assess, mitigate and manage significant
potential risks and impacts to human health and the
environment (including natural resources) associated with
operations, emissions, releases and wastes.

1.10.2 Biodiversity Conservation

Performance relating to biodiversity conservation is
driven by, and assessed against, key OE processes and
expectations, such as Environmental Stewardship. Chevron
undertakes activities to raise internal and external
awareness of the importance of conserving biodiversity
and the methods by which this is addressed. This includes:

Communicating biodiversity-related activities to
employees and outside audiences, such as through
Chevron's Corporate Responsibility Report

Engaging with government, local communities and
others to understand and work to address significant
biodiversity issues in areas where Chevron operates

Participating in industry associations and other
forums to share and promote best practice for
biodiversity conservation

Seeking to understand and, where appropriate,
participating in development of external policy-
making activities that affect our operations, such as
those adopted under the UN Convention on Biological
Diversity, and national, regional and local biodiversity
policies and plans
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Chevron OEMS
ABU Policy 530

EIS/ERMP
(0]216
Statutory EMPs

Subsidiary Plans including Management Plans,
Work Instructions and Procedures

Tier 1:
Chevron OEMS

Tier 2:

Wheatstone Environmental
Assessment & Management
Program

Tier 3:
Wheatstone
Subsidiary Plans

Figure 1.5: Wheatstone Environmental Management Program

Working with a variety of external organisations to make
positive contributions to biodiversity conservation in
areas where Chevron operates, and globally.

1.10.3

Chevron's Action Plan on Climate Change continues to
guide development activities, including emissions reduction,
efficiency improvements, research investments, business
opportunities and advocacy positions. Despite continued
business growth, Chevron's total greenhouse gas emissions
have remained relatively constant. During the conceptual
design phase of the Project consideration has been given
to how best to reduce greenhouse gas from the Project. A
number of high impact design decisions that will have the
effect of reducing Project emissions over the life of the
Project are described in Chapter 3, Project Alternatives and
Site Selection.

Climate Change

Since 2003, Chevron has reduced emissions from flaring and
venting by approximately 15 per cent on an equity basis, and
continues to work to reduce routine flaring and venting in its
operations wherever technically and commercially feasible.

Refer to Chapter 3, Project Alternatives and Site Selection
and Chapter 4, Emissions, Discharges and Wastes for
further detail on the Project’s greenhouse gas emissions
and management.

1.10.4

Chevron's commitment to respecting human rights is
encompassed in The Chevron Way vision and values, the
OEMS, and the Business Conduct and Ethics Code.

Human Rights Policy

Although governments have the primary duty to protect
and ensure fulfilment of human rights, Chevron recognises
that companies have a responsibility to respect human
rights, and can also play a positive role in the communities

Chevron Australia Pty Ltd | 17
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where they operate. Chevron conducts global operations
consistent with the spirit and intent of the United Nations
Universal Declaration of Human Rights, International Labor
Organization Declaration on Fundamental Principles and
Rights at Work that are applicable to business, and other
applicable international principles, including the Voluntary
Principles on Security and Human Rights.

1.1 State and Commonwealth
Considerations for Sustainability

Principles of ecologically sustainable development are
incorporated as objects in both the EP Act (WA) and EPBC
Act (Cth). Table 1.3 sets out these principles and explains
how the Project aims to meet them.

112 Relevant Legislation, Policies

and Guidelines

The Project is subject to varied Australian Commonwealth
and Western Australian State legislation, policies

and guidelines. In addition, a number of international
agreements, standards and guidelines may also be
applicable. The following section describes the principal
legislative framework for the Project. Appendix Al lists key
relevant acts, subsidiary legislation and requlations. The
listis intended to highlight those statutes which are key or
relevant to the Project but is not exhaustive.

1.12.1 International Agreements, Guidelines
and Standards

Australia is a signatory to numerous international
conventions and agreements that obligate the
Commonwealth Government to prevent pollution and
protect specified habitats, flora and fauna. Those of
relevance to the Project are listed below:

International Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter
(London Convention) as modified by the Protocol of 1996

International Convention for the Prevention of Pollution
from Ships 1973, as modified by the Protocol of 1978
(MARPOL 73/78)

United Nations Framework Convention on Climate
Change and the Kyoto Protocol

« Japan Australia Migratory Birds Agreement
Republic of Korea-Australia Migratory Bird Agreement
China Australia Migratory Birds Agreement.

A brief description of relevant international agreements is
provided in Appendix Al.

Wheatstone Project 1.0 Introduction

1.12.2 Commonwealth Legislation, Policies

and Guidelines

The EPBC Act (Cth) is the key piece of Commonwealth
legislation governing the environmental approvals process
for the Project. It provides a legal framework to protect
and manage nationally and internationally important flora,
fauna, ecological communities and heritage places -
defined under the Act as matters of National
Environmental Significance (NES). The EPBC Act (Cth)
focuses Commonwealth interests on the protection of
matters of NES, with the states and territories having
responsibility for matters of state and local significance.

Other key Commonwealth legislation includes the National
Offshore Petroleum Safety Authority (NOPSA), the National
Greenhouse and Energy Reporting Act 2007, the Energy
Efficiency Opportunities Act 2006 and the Offshore
Petroleum and Greenhouse Gas Storage (Environment)
Regulations 2009.

The Commonwealth Government regulates the conduct of
offshore petroleum exploration and production primarily
through the NOPSA. Coastal waters are regulated by the
states and Northern Territory under a variety of acts that
are designed to mirror NOPSA, although there are some
minor differences between the regimes.

The National Greenhouse and Energy Reporting Act was
enacted in 2007 and mandates the national reporting of
greenhouse gas emissions, energy production and energy
use. It is the intention that this legislation will provide all
data required by all Australian governments in relation to
greenhouse gas emissions.

The Energy Efficiency Opportunities Act 2006 was
implemented to improve the identification, evaluation
and reporting of energy efficiency opportunities across
Australian Industry. Participation is required for all
corporations that use more than 0.5 petajoules of energy
per year. The Act requires qualifying companies to submit
five-year plans that set out proposals for assessing their
energy usage and to identify, evaluate and report on cost
effective energy savings opportunities.

The Offshore Petroleum and Greenhouse Gas Storage
(Environment) Regulations 2009 falls under the Offshore
Petroleum and Greenhouse Gas Storage Act 2006.

The object of these Regulations is to ensure that any
petroleum activity or greenhouse gas storage activity
carried out in an offshore area is:

Carried out in a manner consistent with the principles of
ecologically sustainable development

Chevron Australia Pty Ltd | 19
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» Carried out in accordance with an environmental plan
that has:

+ Appropriate environmental performance objectives
and standards

+ Measurement criteria for determining whether the
objectives and standards have been met.

Additional applicable Commonwealth legislation, policies
and guidelines are listed in Appendix Al.

1.12.3  Western Australian Legislation, Policies
and Guidelines

The EP Act (WA) and its associated regulations are the
principal statute for environmental protection in WA.

The EP Act (WA) sets out to “prevent, control and abate
pollution and environmental harm, for the conservation,
preservation, protection, enhancement and management
of the environment”. The EP Act (WA) is administered by
the Department of Environment and Conservation (DEC)
and the Office of the EPA.

Two parts of the EP Act (WA) of particular relevance to
the Project are Part IV, which governs the assessment
of development proposals, and Part V, which deals with
activities which may potentially cause pollution and
environmental harm.

The EPA has developed a series of guidance statements

for the assessment of environmental factors in accordance
with the EP Act (WA). The guidance statements are designed
to assist project proponents, and the public, to understand
the minimum requirements for the protection of the
environment under the EP Act (WA).

Additional applicable WA State legislation, policies and
guidelines are listed in Appendix Al.

113 Environmental Assessment Process

The Project is subject to environmental approval from both
the WA and Commonwealth governments under the EP (WA)
and EPBC (Cth) acts, respectively. This document has been
prepared to meet both the EPA Guidelines for Preparing

a Public Environmental Review/Environmental Review

and Management Programme (2007) and the DEWHA
Guidelines for the Content of a Draft Environmental

Review and Management Programme/Environmental
Impact Statement (2008). It will be assessed in a parallel/
coordinated approach by the EPA and DEWHA.

As outlined in Section 1.3, the Project has already
achieved a number of milestones associated with the
environmental assessment process. The key steps in the

20 | Chevron Australia Pty Ltd

environmental assessment process for the Project are
summarised in Figure 1.6.

1.13.1

The Project was referred to DEWHA under the EPBC Act

in September 2008. In October 2008, DEWHA determined
that the proposal was a “controlled action” and the level

of assessment was set at Environmental Impact Statement
(EIS). In setting the level of assessment, DEWHA determined
that the proposal may have significant impact on the
following matters of NES:

Referral to the Commonwealth Government

« Listed threatened species and communities
+ Listed migratory species

« Commonwealth marine areas.

These factors are described in Chapter 6, Overview of
Existing Environment and assessed in Chapter 8, Marine Risk
Assessment and Management and Chapter 9, Terrestrial Risk
Assessment and Management.

1.13.2

The Project was referred to the EPA under the EP Act (WA)
in September 2008. In October 2008, the EPA determined
the level of assessment at Environmental Review and
Management Programme (ERMP). This level of assessment
is applied to projects considered to be of state interest and
is a comprehensive and detailed level of assessment. Under
the ERMP, Chevronis required to interact with the EPA

to identify potential environmental impacts and develop
mitigation and management measures to manage these.

Referral to Western Australian Government

A number of environmental factors that should be
considered in the EIS/ERMP were identified and endorsed
by the EPA through approval of the Scoping Document:

» Benthic Primary Producer Habitat (BPPH)

« Marine Fauna (includes EPBC listed, fish
and benthic in-fauna)

+ Marine Water and Sediment Quality
« Physical Marine Environment

»  Flora and Vegetation (includes native flora species
and native flora communities)

+ Terrestrial Fauna
+ Terrestrial Short Range Endemic Fauna'
* Subterranean Fauna

+ Soils and Landform

1 Discussed under Terrestrial Fauna in the EIS/ERMP
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Ambient Air Quality

Atmospheric Greenhouse Gas Concentrations
Surface Water

Groundwater

European Heritage (Non-Aboriginal Cultural Heritage)

Aboriginal Cultural heritage (Ethnographic
and Archaeological)

Local Fishing (Commercial and Recreational)
and Pearling Industry

Disturbance to Other Recreational Use
Public Amenity

Onslow Community (Risk)?.

These factors are described in Chapter 6, Overview of
Existing Environment. Chapter 4 discusses the Emissions,
Discharges and Wastes that may be generated by the
Project. Factors are assessed in Chapter 8, Marine Risk
Assessment and Management, Chapter 9, Terrestrial Risk
Assessment and Management and Chapter 10, Social Risk
Assessment and Management.

1.13.3 Environmental Scoping and Draft Guidelines

In accordance with Environmental Impact Assessment

(Part IV Division 1) Administrative Procedures (EPA 2002),
Chevron produced a Scoping Document to identify the key
issues that related to the proposal and determine the scope
of investigations required to reliably resolve those issues.
The document was developed following a series of facilitated
risk-assessment workshops with key stakeholders.

The risk assessment workshops and subsequent
development of the Scoping Document resulted in
identification of three potentially high-risk aspects:

The impacts of dredging on BPPH

The impacts of dredging on the physical marine
environment (coastal processes, marine water quality)

The impacts of the presence of marine infrastructure
on the physical marine environment.

The draft Scoping Document for the Project was released
for public review and comment between 20 April and 8 May,
2009. Chevron addressed the comments received during
the public review period and submitted a revised Scoping
Document on 2 June, 2009. The Scoping Document was
approved by the EPA on 23 June, 2009 and by DEWHA on
28 August, 2009 as tailored guidelines for the preparation

2 Discussed under Health and Wellbeing in the EIS/ERMP
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of the EIS/ERMP. The document is available to the public on
Chevron's website:

http://www.chevronaustralia.com/ourbusinesses/
wheatstone/environmentalapprovals.aspx
[Accessed 26 May, 2010].

1.13.4  Preparation of the EIS/ERMP

The overall approach to the preparation of this
EIS/ERMP involved:

+ |dentification of all environmental and
socio-economic factors considered relevant
to the Project

« ldentification of relevant Project aspects
and activities that could result in impacts
on those factors

Identification of the temporal and spatial
scale of likely impacts of Project activities

Completion of detailed field surveys, studies
and extensive data gathering relating to the
environment at and adjacent to proposed
Project components and activities

» Development of consequence definitions
to determine the magnitude of potential impacts
from relevant aspects on individual factors

+ Completion of a detailed risk assessment
to determine the level of risk for each
environmental factor

Development of strategies to avoid, mitigate
or manage activities aimed at reducing risk
torelevant factors

+ Analysis of residual risks to the environment
» Stakeholder and community engagement

Development of outcome-based
management commitments.

Chevron identified a series of specialist studies necessary

to address uncertainties in determining the potential
environmental and socio-economic impacts from the
Project. These studies and investigations, identified in the
Scoping Document (Chevron Australia 2009), are referred
to in appropriate sections of this EIS/ERMP document and
are listed in the table of contents of Volume 2 Wheatstone
Project Technical Appendices. Chapter 7, Impact Assessment
Methodology includes a more detailed description of the
risk-assessment methodology.



1.13.5 Government and Public Review of EIS/ERMP

The EIS/ERMP has been reviewed by EPA and DEWHA to
ensure it conforms to the requirements outlined in the
Scoping Document and quidelines. The document is placed
on public exhibition for ten weeks for public comment.

At the conclusion of the public comment period the EPA
and DEWHA, in consultation with Chevron will review the
comments received on the EIS/ERMP to identify issues and
matters requiring a response. Chevron will then respond in
the form of a supplement.

Once the EPA and DEWHA are satisfied with the

response to public submissions, an assessment report

and recommendations based on the EIS/ERMP and the
supplement is prepared for the relevant Commonwealth
and State Government ministers. The Commonwealth
Minister for the Environment, Water, Heritage and the Arts
and the Western Australian Minister for the Environment
will make a decision on whether the Project should be
approved and, if so, under what conditions.

114 Subsequent Approvals

A list of key additional Commonwealth and State approvals
that may be required for the Project after EIS/ERMP
approvalis provided in Table 1.4.

115 Structure of the Document
This EIS/ERMP is structured into the following chapters:

Executive Summary — Outlines the background and
the need for the proposal, as well as a summary of
environmental factors, the key findings and proposed
environmental management. The expected outcome
of the development of the Project is described

Chapter1, Introduction — Introduces the Proponent,

and the proposed Project and objectives. It also includes

a brief description of the environmental assessment
requirements for the Commonwealth and Western
Australian governments

Chapter 2, Project Description — Describes the
Project including the key infrastructure, construction,
operation and decommissioning activities and
support infrastructure

Chapter 3, Project Alternatives and Site Selection —
Provides details of the processes Chevron undertook
to select Ashburton North SIA as the preferred location
and key project design considerations

Wheatstone Project 1.0 Introduction

Chapter 4, Emissions, Discharges and Wastes — Details
the planned emissions, discharges and wastes generated
by the Project

Chapter 5, Stakeholder Consultation — Describes
consultation with stakeholders to date, as well as
planned engagement

Chapter 6, Overview of Existing Environment — Describes
the receiving environment (marine, terrestrial and social)
upon which the Project has potential to impact

Chapter 7, Impact Assessment Methodology — Describes
the methodology used to conduct impact assessments
and establish the level of risk associated with aspects

of the Project

Chapter 8, Marine Risk Assessment and Management
— Assesses the potential marine impacts and risks,
and the management controls to be implemented

as part of the Project

+ Chapter 9, Terrestrial Risk Assessment and Management
— Assesses the potential terrestrial impacts and risks,
and the management controls to be implemented as part
of the Project

Chapter 10, Social Risk Assessment and Management
— Assesses socio-economic impacts and risks, and the
management controls to be implemented as part

of the Project

Chapter 11, Cumulative Impacts — Discusses the
potential cumulative effects resulting from the
Project and other related existing and reasonably
foreseeable developments

Chapter 12, Environmental Management Program —
Provides details of the environmental management
program to be implemented and a table of proposed
outcome-based conditions for the Project.

The Wheatstone Project Technical Appendices of the EIS/
ERMP include reports on legislation and regulatory guidance
statements, stakeholder engagement and surveys and
studies completed for the Project (Table 1.5).
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Table 1.4: Key Subsequent Approvals that may be Required for the Wheatstone Project

Approval Required

Access Authorities

Authority to Excavate, Disturb or Alter
Cultural Heritage Sites

Consent to Construct and Operate
Pipeline (Safety Cases)

Dangerous Goods Licences
Drilling and Workover Approvals
Groundwater Licences
Infrastructure Licences

Land Lease and Tenure

Licence to Operate/Emit

Major Hazard Facility Safety Report
(Operation)

Pipeline Management Plan (Safety Case)

Planning Approval

Ports Approvals

Production Licence

Safety Case for Fixed and Mobile Units
for Hydrocarbon Production

Sea Dumping Permit

Sea Installations Permit
Vegetation Clearing Permit
Works Approval Permit
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Associated Statutes

Offshore Petroleum and Greenhouse Gas Storage Act 2006 (Commonwealth)

Aboriginal and Torres Strait Islander Heritage Protection
Act 1984 (Commonwealth)

Aboriginal Heritage Act 1972 (WA)

Petroleum Pipelines Act 1969 (WA)

Petroleum (Submerged lands) Act 1982 (WA)

Offshore Petroleum and Greenhouse Gas Storage Act 2006 (Commonwealth)
Dangerous Goods Safety Act 2004 (WA)

Offshore Petroleum and Greenhouse Gas Storage Act 2006 (Commonwealth)
Rights in Water and Irrigation Act 1914 (WA)

Offshore Petroleum and Greenhouse Gas Storage Act 2006 (Commonwealth)
Land Administration Act 1972 (WA)

Environmental Protection Act 1986 (WA)

Dangerous Goods Safety Act 2004 (WA)

Offshore Petroleum and Greenhouse Gas Storage Act 2006 (Commonwealth)
Shire of Ashburton Town Planning Scheme No. 7 (WA)

Planning and Development Act 2005 (WA)

Marine and Harbours Act 1981 (WA)

Shipping and Pilotage Act 1967 (WA)

Jetties Act 1926 (WA)

Offshore Petroleum and Greenhouse Gas Storage Act 2006 (Commonwealth)

Offshore Petroleum and Greenhouse Gas Storage Act 2006 (Commonwealth)

Environmental Protection (Sea Dumping) Act 1981 (Commonwealth)
Sea Installations Act 1987 (Commonwealth)

Environmental Protection Act 1986 (WA)

Environmental Protection Act 1986 (WA)
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Table 1.5: Wheatstone Project Technical Appendices

I @ Mmoo o >N

Topic

Guidance Documents
Stakeholder

Air Quality

Light Emissions
Noise Impact
Groundwater
Surface Water

Soil

Flora and Vegetation

Fauna
Waterbirds

Claypan Invertebrates
Subterranean Fauna

Benthic Subtidal
Habitat

Justification of
BPPH Units

Subtidal

Intertidal
Subtidal

=

L1
M1
N1

N2
N3
N4
N5

N6
N7
N8
N9
N10

N1
N12
N13

N14

N15

Legislation and Reqgulatory Guidance Documents

Stakeholder Consultation

Air Quality Impact Assessment

Wheatstone Project Lighting Emissions Study
Environmental Noise Impact Assessment
Wheatstone Project Groundwater Studies
Wheatstone Project Surface Water Studies
Baseline Soil Quality and Landforms Assessment

A Vegetation and Flora Survey of the Wheatstone Project Area,
near Onslow

Vegetation of the Wheatstone Addendum Area
Wheatstone Project Terrestrial Fauna Survey

Survey for Migratory Waterbirds in the Wheatstone LNG Area,
November 2008 and April 2009

Claypan Ephemeral Fauna Survey
Subterranean Fauna Assessment

Wheatstone Project Benthic Primary Producer Habitat
Loss Assessment

Dredge Plume Impact Assessment
Tolerance Limits Report
Ashburton River Delta Mangrove System: Impact Assessment Report

Justification of Benthic Primary Producer Habitat Loss Assessment
Unit Boundaries

Wheatstone Project 20-70m Contour Habitat Survey Field Report
Baseline Coral Community Description

Survey of Benthic Habitats near Onslow, Western Australia
Deepwater Habitat Survey

Survey of Intertidal Fauna on the Islands off Onslow,
Western Australia

Intertidal Habitats of the Onslow Coastline
Survey of Subtidal Habitat off Onslow, WA

Biota of Subtidal Habitat in Pilbara Mangroves, with Particular
Reference to the Ashburton Delta and Hooley Creek

Assessment of the Potential Impacts of the Proposed Pipeline Route
through the Northern-Eastern Lagoon of the Ashburton Delta

Benthic Primary Producer (Seagrass and Macroalgae) Habitats
of the Wheatstone Project Area
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Marine Fauna

Coastal
Processes

Water and
sediment

Biosecurity

Light Emissions

Noise Logger

Marine Fauna
Aerial Survey

Fish Survey

Marine Fauna

Turtle Nesting
Beaches

Underwater
Noise

Prawn Fisheries

Megafauna
Turtles

Megafauna
Marine Mammals

Geomorphology

Coastal Process
Modelling

Dredging

Hydrocarbon
Leaks & Spills

Discharge
Modelling

Acid Sulfate Soils

Sediment Quality

Ashburton River
Sediment Loads

Marine Water
Quality

Dredge Management Plan
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o1

02

03

04

05

06
o7
08

09

010
o

012

P1

P2

Q1
Q2

Q3

Q4

Q5
Q6

Q7

R1
S1

An Assessment of Light Emissions in Relation to Sea Turtle Nesting
Beaches in the Wheatstone Project Area

Sea Noise Logger Deployment: Wheatstone and Onslow — April to July
2009 Preliminary Analysis

A Description of Mega Fauna Distribution and Abundance in the SW
Pilbara Using Aerial Surveys — Mid-Study Field Report August 2009

A Description of Mega Fauna Distribution and Abundance in the SW
Pilbara Using Aerial Surveys — Mid Study Report December 2009

Survey of Fish in Hooley Creek and North-eastern Lagoon of the
Ashburton Delta

Draft Protected Marine Fauna Management Plan
Wheatstone Project: Literature Review of Listed Marine Fauna

Marine Turtle Beach Survey: Onslow Mainland Area and Nearby Islands
25 January - 6 February 2009

Possible Effects of Underwater Noise on Marine Fauna and Fish
in the Wheatstone Project Area

Potential Interactions with the Onslow Prawn Managed Fishery

Marine Turtles Technical Report

Marine Mammals Technical Report

Coastal Geomorphology of the Ashburton River Delta
and Adjacent Areas

Coastal Impacts modelling

Dredge Spoil Modelling
Hydrocarbon Spill Modelling

Modelling of the Discharges to the Marine Environment
Nearshore Acid Sulfate Soils Investigation (Turning Basin
and Dredge Channel)

Sediment Quality Assessment - Wheatstone Dredging Program

Project Wheatstone Ashburton River Flow and Discharges Study

Baseline Water Quality Assessment Report

Desktop Study of Marine Biosecurity in the Wheatstone Project Area

Draft Dredging and Spoil Disposal Management Plan



mll Appendix

c

Topic

Coastal Processes
Management Plan

Construction Environmental
Management Plan

Archaeological and
Historical Study

Agency requirements

=

V1

W1

Wheatstone Project 1.0 Introduction

Draft Coastal Processes Management Plan

Draft Construction Environmental Management Plan

Archaeological and Historical Survey Report

DEWHA and EPA Requirements by Chapter
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2.0 Project Description

2.1 Introduction

Chevron Australia Pty Ltd (Chevron), as developer of

the proposed Wheatstone Project (Project), proposes to
construct and operate a multi-train Liquefied Natural Gas
(LNG) and domestic gas (domgas) plant on a greenfield site
at the proposed Ashburton North Strategic Industrial Area
(SIA). The Ashburton North SIA is south-west of Onslow on
the Pilbara coast in Western Australia (WA). The Project will
process natural gas from various offshore fields in the West
Carnarvon Basin.

Petroleum Titles WA-253-P, WA-17-R, WA-16-R and
WA-356-P are located approximately 145 km off the
north-west coast of WA in the West Carnarvon Basin,
approximately 100 km north of Barrow Island and
225 km north of Onslow. See Figure 2.1.

This chapter describes the offshore and onshore
components of the Project. It explains how they are likely
to be built, operated and ultimately decommissioned.

As such, this chapter provides the basis for the risk
assessment of the Project’s potential environmental

and social impacts.

Approval is being sought for the design, construction,
commissioning, operation and decommissioning of:

An LNG facility of a nominal 25 million tonnes per
annum (MTPA) capacity

A domgas plant which will produce a domestic gas
volume equivalent to approximately 15 per cent of the
LNG in ship (measured by higher heating value)

to domestic supply specification

Gathering and processing of natural gas and natural gas
condensate (condensate) in offshore Commonwealth
waters for the initial development

Supporting offshore and onshore pipelines
and infrastructure

A Materials Offloading Facility (MOF), Product Loading
Facility (PLF), shipping channel and turning basin

Liguefaction of natural gas and storage
and offloading of LNG for export

Storage and export of condensate

Compression and export of domestic gas via
a domestic gas pipeline(s)

Accommodation village, access road,
and supporting infrastructure.
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The location of the Project was chosen based on selection
criteria that included, but was not limited to, the following:

Public safety

Operational safety

Environmental factors

Social factors

Proposed SIA

Shared access and reduced impact on other users

Marine access.

The site-selection process and Project alternatives are
discussed in more detail in Chapter 3, Project Alternatives
and Site Selection.

The description of the processes and layouts in this chapter
are indicative and for the purposes of understanding the
impacts of the construction and operation phases of the
proposal. They are considered to be indicative based on
current Project understanding and may be subject to
further refinement and development as the Project

design continues.

The Project aims to develop an LNG facility of five to six
LNG process trains. These trains will be built in phases with
the first two trains considered to be the Foundation Project.
Natural gas supplies from the offshore fields will provide
the feedstock for these first two LNG processing trains.
Subsequent processing trains will be used to process gas
from future Chevron and third-party fields. The co-located
domgas plant(s) will supply gas to domestic markets via an
onshore pipeline that will connect to the existing Dampier-
to-Bunbury Natural Gas Pipeline (DBNGP). A single-train
domagas plant is intended for the first two trains.

Gas sources for the subsequent trains and related design
needs are yet to be determined. As such, a conservative
approach has been taken to the Project description and
hence assessment of potential environmental impacts.
Where alternative Project designs are possible, the design
with the higher potential for environmental impact has
been assessed, and realistic but upper-case assumptions
have been taken when describing and assessing the full
25 MTPA case.

The Project involves the following:

General construction activities

Installation of subsea production wells and associated
infrastructure (manifolds, flowlines and umbilicals)
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Figure 2.1: Project Location
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Installation of a processing platform (Wheatstone
Platform) connected to the subsea systems to process
nominally 9 MTPA of LNG, that includes power

Construction of power generation and water
supply infrastructure

Construction of product storage facilities

generation and compression
o ) ) Construction of domgas facilities
Possible installation of a compression platform
Construction of pipeline(s) to deliver domestic

Installation of a trunkline from the Wheatstone Platform specification gas from the domgas facility to the DBNGP

(WP) to transport the gas and condensate to shore

) o Construction of a MOF to service LNG Facility,
Installation of a telecommunication system nearshore and offshore activities
Installation of trunkline shore crossings in the

nearshore zone

Construction of an LNG and condensate PLF, with an
associated dredged access channel and turning basin
Construction of five to six LNG process trains to a total
nominal capacity of 25 MTPA

Construction of associated service infrastructure
including access roads, and wastewater
treatment facilities

Table 2.1: Key Project Characteristics

Subsea Wells Up to 35 production wells
Domgas Plant Capacity equivalent to approximately 15% of LNG Higher Heating Value

One to two pipeline(s) up to 0.91 m (36") diameter and approximately 75 km long
Manifolds and interfield pipelines Up to 11 manifolds

connecting wells to offshore platform  \ytiple infield lines servicing wells

Wheatstone Platform (WP) One central platform, with provision for additional support structures if required,

in approximately 70 m water depth

Trunkline (from WP to onshore facility) One pipeline, up to 1.2 m (48") diameter and approximately 225 km long from the
WP to the shore crossing

Up to 25 MTPA

LNG train size 4to7 MTPA

Number of LNG trains Upto 6

Up to 4 x 180 000 m3 LNG tanks

Up to 4 x 120 000 m? Condensate tanks

Up to 2.5 km long with export facilities for up to 3 LNG tankers
and up to 2 condensate tankers

Onshore LNG facility capacity

Proposed number of storage tanks

PLF and MOF

One MOF to accommodate onshore construction requirements
and provide cyclone haven for tugs

Discharge pipeline One produced water (PW) pipeline up to 0.51 m (20") diameter and up to 50 km

long from the onshore facilities to approximately 20 m water depth contour

Provision for treated wastewater discharge pipe(s) either at end of PLF
and/or separate subsea line(s)

Dredging Approximately 16 km long navigation channel with up to 45 000 000 m?

of dredge material
Accommodation village Up to 5000 construction workers

Up to 400 operations personnel
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Commissioning, operation and decommissioning
of the above facilities

Construction of an accommodation village for
construction and operational requirements.

Table 2.1 provides the key characteristics and dimensions
of the Project.

2.1.1 Design Standards

Design standards for the Project incorporate, as a
minimum, compliance with the Commonwealth and
applicable WA State legislation. In addition, international
agreements to which Australia is a party have been
taken into account as well as Chevron Policies,
Procedures and Standards.

The design of the Project facilities will adhere to
sound engineering practice and applicable standards
and/or codes.

2.1.2 Structure of the Chapter

This chapter is structured in the following manner:

Major Infrastructure components - describing
the Project aspects

Construction activities
Commissioning activities
Operational activities

Decommissioning.

Emissions, discharges and wastes generated by these
aspects are described in greater detail in Chapter 4,
Emissions, Discharges and Wastes.

2.2 Major Infrastructure Components

2.2.1 Offshore Facilities

The offshore facilities will enable access to and treatment
of the gas and natural gas condensate (condensate)
reserves before transport to the onshore facility for LNG
and domgas processing. These facilities will be located in
Commonwealth waters in water depths ranging from 70 to
300 m and may include; wellheads, manifolds, inter-field
flowlines and risers, connecting to the WP. A separate
Compression Platform may be required during the later
stages of the gas field life to maintain flow in the trunkline.
The treated gas and condensate will then be exported via a
trunkline to the onshore processing facilities.

2.2.1.1 Wells and Subsea Components
The Project will utilise an all subsea concept for wells
and manifolds. See Figure 2.2.
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Up to 35 subsea production wells will be drilled for the
Project throughout its production life. The wells will be
directionally drilled from a small number of drill centres
located across the field. Management of environmental
impacts as well as efficient and reliable resource recovery
will be taken into consideration in determining the final
number of wells and their locations prior to drilling.

Each well will be fitted with an arrangement of valves,
controls and instrumentation referred to as a “subsea
tree"”, which will be located on the seafloor. A subsurface
safety valve is proposed to be installed in each well
below the seabed to enable isolation of the gas reservoir.
These valves (as well as the valves on the subsea tree)
are designed to close automatically in the event of a
mechanical failure or loss of system integrity. A “choke”
valve will also be included to control the fluid flow and
pressure from the well to the flowline.

Each group of wells will use “well jumpers” to connect them
to their “cluster manifolds”. Each cluster manifold will serve
between one and eight wells. From these cluster manifolds,
tie-in spools will transfer fluids to the feed gas flowline(s).
The production fluids (gas, water and some condensate)
will be transported along the feed gas flowline(s) to the WP.
It is proposed that these feed gas flowline(s) will be either
corrosion resistant alloy clad carbon steel or carbon steel.

To support the operation of the wells and manifolds, as
shown in Figure 2.3, they will be connected to the gas
processing facility by an umbilical bundle. The umbilical
bundle is likely to include:

Electrical power and signal lines
Control line (water-based control fluid)

Chemical injection lines.

Separate Mono Ethylene Glycol (MEG) injection lines, utility
lines and other essential service lines may also be required.

Hydrate inhibitors are required to prevent formation

of hydrates, a crystalline structure of water and
hydrocarbons. These have the potential to block the
offshore flowlines when temperatures are low and
pressures are high. MEG has been selected as the optimum
hydrate inhibition chemical, although a combination of
mono-ethylene glycol and a kinetic hydrate inhibitor (KHI)
is also being considered. This has the potential to reduce
chemical volumes.

The other chemicals considered include:
Methanol, which has similar inhibiting characteristics

to MEG but is highly flammable and hence a more
dangerous chemical to store in large volumes offshore
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Di-ethylene glycol and tri-ethylene glycol (TEG), which
are less suitable at the low seabed temperatures due to
their lower inhibition abilities and higher viscosities.
The latter causes flow and pumping risks.

MEG is the preferred hydrate inhibitor, and it will be stored
at, and pumped from, the WP. It will be discharged to the
ocean with the produced water (PW).

An electrohydraulic control system will control the valves
on the subsea trees, with control fluid powering valve
movements controlled by solenoid valves.

The control fluid will be selected to be suitable for release
to the environment. The control fluid has been used

in similar applications with regulatory approval. Small
quantities of this fluid will be released to the ocean during
operation of the well and pipeline control valves.

Corrosion inhibitors and other chemicals (such as methanol
for hydrate remediation purposes) may also be injected

Figure 2.2: Indicative Offshore Layout
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into the wells and flowlines in the future via the umbilical
bundle, which will follow the path of the main feed gas
pipeline. Other chemicals that may be required in the future
include scale prevention chemicals, pH stabiliser, and acids
for well maintenance.

2.2.1.2  Platform(s)

The WP will comprise either a four legged steel frame
“jacket” or gravity based structure (which may be either
concrete or steel) onto which the “topsides” equipment
and living module units will be mounted (see Figure 2.4).
The complex may include separate, bridge connected
platforms, to accommodate crew quarters and flares.

The WP will be an occupied, normally manned facility

and will provide services for operation of the subsea trees,
flowlines, umbilicals and trunkline. A simplified process flow
diagramis shown in Figure 2.5. Note compression is likely
to be initially installed and by-passed until it is required.




The facilities are expected to comprise:

Two to three separation trains; each with
an inlet separator and a liquids separator,
and associated coolers

Gas compression, including associated coolers

Two to three gas dehydration trains, each with
a TEG dehydration contactor and regeneration skid

Two to three condensate dewatering trains using
filtration and coalescence for free water removal

PW treatment and disposal
MEG handling and disposal
Associated utilities including:

» Seawater water system for closed-loop cooling
medium, potable water generation, and firewater

Figure 2.3: Indicative Subsea Infrastructure
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Chemical storage and generation of
hypochloride solution

Utilities, including fuel gas, instrument air, nitrogen
cooling water (CW) and service/potable water

+ Firewater and distribution
Power generation and distribution
Flare (including purge and pilot systems)

Drainage systems including continuous process
drains, maintenance closed drain system, hazardous
open drains, and non-hazardous open drains

+ Living quarters and associated facilities.

The significant majority of hydrocarbons, gas and
condensate, processed at the WP will be exported to shore
for further processing and sale. A small flow is used as fuel
gas for power generation and compression.
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Figure 2.4: Wheatstone Platform (representation only)
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Figure 2.5: Simplified Offshore Process Flow Diagram
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With the exception of some small consumption for

safety purposes and minor flows from process sources,

no gas is flared during normal operation. The safety
procedures include flare purge and compressor seal gas.
Both these applications prevent the build-up of flammable
or explosive mixtures. Process sources may include minor
flows from the water treatment systems and the TEG
regeneration system. Some gas is flared during prolonged
shutdowns and re-starts to prevent hydrate blockage of the
production flowlines.

Separation

Well fluids from the fields will flow to a two-stage
production separation system. The first stage is a gas-
liquid inlet separator, where gas is separated and sent

for processing, while the liguid component is sent to the
second-stage liquids separator, which separates the bulk
of the condensate and water. Separated condensate is sent
for further processing, while the separated water is sent

to the PW treatment system.

Gas Compression

Compression is likely to be required from five to 12 years
following start-up, as the wellhead pressures decline.
However, the compressors will be installed at start-up
and be available in a by-pass “free-flow" mode.

The current basis for compression is for two approximately
35 MW gas-fired turbines or equivalent. These are expected
to be high-efficiency aero-derivative turbines, which run on
fuel gas. It is anticipated that these will be located on the
WP; however, contingency has been allowed for a separate
co-located compression platform.

Gas Dehydration

Once compressed (if required), the gas is sent to
dehydration, where water is removed through contact with
TEG. Dehydrated gas is sent to the trunkline, with a small
amount diverted to the offshore fuel gas system. The TEG
is regenerated through the TEG reboiler, which is presently
designed to utilise waste-heat from the power generation
system (as opposed to a stand-alone gas-fired heater or
an electric heater). Stripping gas may be required for TEG
regeneration on an infrequent basis to reach the required
TEG purity (this is forecast to happen on some high flows,
which is not considered to be a normal operating scenario).
The TEG regeneration offgas, and any stripping gas used,
are sent to the low pressure flare for combustion.
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Condensate Dehydration

Condensate from the production separation system is
cooled, filtered and sent through a condensate coalescer

to remove water, before being sent to the trunkline and
combined with the dehydrated gas for transport to shore.
Booster pumps are included in the design for when the
reservoir pressures decline, with variable speed drives
currently under consideration to increase energy efficiency.

Produced Water Treatment

The PW will be treated and monitored to ensure compliance
with legislative requirements, then discharged overboard
through the seawater dump caisson. Alternative treatment
methods will also be assessed during the detailed design
phase for the Project.

Utilities

Key supporting utilities in the design of the offshore
facility include:

Support systems, including fuel gas, diesel, instrument
air, nitrogen generation, CW and service/potable water

Firewater systems

Dual-fuel power generation and distribution, including
waste heat recovery

Low-pressure and high-pressure flares, including
collection headers, drums, a separate flare structure
and a flare tip

Sewage and drainage systems

Personnel living quarters.

2.21.3  Trunkline

One trunkline up to 1.2 m (48") in diameter is proposed to
transport the co-mingled dry gas and condensate from the
WP to the onshore plant. See Figure 2.1.

The pipeline route to shore will cross the shallow nearshore
shelf between Thevenard and Bessiers islands, and skirt
Ashburton Island before coming ashore at the plant site.
The route descends for about 25 km from the WP, from a
water depth of about 70 m to approximately 120 m before
following the 110 m water-depth contour for most of its
length until 60 km from shore. From there it gradually
slopes up to a shelf for about 30 km to level off at about

10 m water depth and then rises to the onshore plant in the
last few kilometres. The pipeline will require stabilising to
prevent excessive movement. This stabilisation is likely to
be a combination of ploughing, dredging and mechanical
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trenching and the placement of engineering rock berms
on the pipeline. From the 20 m contour to the nearshore
crossing it is likely that the pipeline will require some form
of rock stabilisation.

Where practicable the Trunkline nearshore will be trenched
and covered with engineered backfill in order to minimise
impact on shipping, stabilise the pipeline under cyclonic
conditions and protect the pipeline from hazards. Trench
backfill could protrude slightly above the seabed in areas
depending on protection requirements and the depth of the
pipeline below the surface. However, in regions along the
Trunkline route where the seabed is too hard to effectively
pre-trench or post trench the Trunkline, it is proposed to
leave the Trunkline on the seabed and rock dump (see
Section 2.3.1.3).

The potential impacts of the Trunkline routing and
secondary stabilisation methods to shipping crossing
the Trunkline route are currently being evaluated.
This evaluation will include a shipping study to look at
recommended shipping tracks that cross the Trunkline

400 600 800
[ =

Metres

Legend

Proposed Trunkline Shore Crossing Corridor
D Terrestrial Assessment Area

Figure 2.6: Pipeline Shore-crossing Location
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route as well as the frequency and type of vessels
operating in the area. The results of the study will be
discussed with the key stakeholders in order to determine
the requirements for the development of anchor exclusion
zones and recommended shipping tracks. Depending on the
results of the shipping study and assessment of the seabed
conditions it may be necessary to update the existing
recommended shipping tracks crossing the Trunkline route
in order to ensure maximum flexibility for shipping.

An extensive geotechnical investigation along the Trunkline
is currently underway, along with trenching trials to further
determine the feasibility and extent of trenching along the
route. This information will also feed into the shipping and
secondary stabilisation studies to determine the optimum
overall design. This study will also further optimise the
Trunkline route. Section 8.2 provides further instruction on
possible route options.

The pipeline corridor will be approximately 20 m in width
in the offshore area (beyond 20 m water depth) but will be
wider nearshore (up to 50 m).

Important Note: this file is an indicative representation of the
current design of this element of the Wheatstone Project only.
Changes may be necessary from time to time to ensure that the
engineering design is efficient, practical and within land
disturbance requirements at the time of canstruction.
Final design drawing files will be forwarded to the relevant
Government autharities on linalisation and completion,




Section 2.3 provides further details on pipeline installation
and stabilisation.

2.2.1.4  Offshore Support Facilities

The offshore facilities will be supported by supply
vessels and helicopters, which will transport materials
and personnel to and from the WP. During construction,
specialist vessels, such as a mobile offshore drilling unit,
installation vessels (which deliver the larger components
from their construction yards), lift barges and pipe laying
barges, will also be required.

2.21.5 Fibre Optic Telecommunications Cable
Chevronis currently investigating the options to provide a
standard, reliable, integrated offshore telecommunications
infrastructure. One of the proposed alternatives is a subsea
fibre loop, part of which could be laid in the same corridor
as the trunkline. This telecommunications cable may

also connect to Gorgon Project facilities or third-

party operations.

2.2.2 Nearshore Marine Components

2.2.2.1 Pipeline Shore-crossings
The proposed location of the pipeline shore-crossing
is shown in Figure 2.6.

In addition to the pipeline from the WP for the Foundation
Project, additional future pipelines may be installed. If the
micro-tunnelling option is chosen then these pipelines,
outfalls, and control umbilicals would be installed in four
to six tunnels. These tunnels would be completed during
each phase of the construction and will not be installed at
the same time.

Further pipelines may be laid from the offshore gas fields
to the LNG and domgas facilities in future, but these would
be subject to separate Commonwealth and State approvals
obtained by future offshore proponents.

2.2.2.2 Nearshore Infrastructure
The Project will require two types of port facilities:
a MOF and a PLF.

The MOF's primary function is to provide an offloading
facility for heavy-lift ships, Roll-on, Roll-off (RORO) vessels,
heavy-lift carriers and barges all delivering pre-fabricated
modules, equipment and bulk material (steel fabricated
pipe, piles and other construction bulk materials) and vessel
access for marine contractors during construction. During
the operations phase it will provide a base and cyclone
shelter for marine operations craft (tugs, security and line
handling vessels). See Figure 2.7.
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Breakwaters will be provided on both the east and west
side of the MOF entrance to create calm conditions inside
the basin during normal conditions and a safe haven for the
tugs during a cyclone.

The proposed PLF will provide berthing for LNG and
condensate carriers.

The PLF is likely to carry a roadway and a double pipe

rack from the shore to the PLF operations platform, from
where loading operations will be controlled. The pipe

rack would accommodate LNG and condensate loading
lines, an LNG vapour return line, fire water pipework and
communications cabling. The PLF may also accommodate
an outfall line to service the Project. This outfall would be at
approximately 5 m water depth.

A navigation channel and a turning basin will also be
required to enable the LNG and condensate carriers

to safely access and depart the berths at the PLF. The
channels and basin may need to be dredged periodically
to maintain the required depth.

2.2.3 Onshore Facilities

Once onshore, the gas and condensate will be processed
and stored before being exported via carrier vessel, or
distributed to the existing domgas network.

The majority of the gas will be processed into LNG using
the ConocoPhillips Optimised Cascade® LNG technology
or equivalent, with propane pre-cooling and using ethylene
and methane as refrigerants for liquefaction and sub
cooling. Two process trains would be constructed initially
with additional trains constructed over time as further gas
supplies are brought online to a total nominal capacity of
25 MTPA. A conceptual layout is shown in Figure 2.8.

A portion of the feed gas will be processed in the domgas
plant to produce pipeline quality natural gas for the
domestic market. The capacity of the domgas production
facilities will be designed to be equivalent to approximately
15 per cent of the annual LNG export capacity, on a high
heating value basis.

As the source of gas for the additional trains is not yet
known, provision has been made for removal of produced
formation water from this future gas source, its onshore
treatment and discharge to sea via an offshore outfall. This
outfall is anticipated to be along the same corridor as the
trunkline and is expected to discharge via a diffuser at a
nominal 20 m water depth.

In addition to the process trains, the onshore site will also
include power, water supply and wastewater treatment
facilities, storage for process chemicals, fuel (diesel) and
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Important Note: this file is an indicative representation of the
current design of this element of the Wheatstone Project anly,
Changes may be necessary from time 1o time to ensure that the
engineering design is efficient, practical and within land
disturbance requirements at the time of construction.
Final design drawing files will be forwarded to the relevant
Government authorities on finalisation and completion.
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Figure 2.8: Conceptual Facility Layout

equipment spares, and lay down areas for the initial and
future construction works. A separate Accommodation
Village will be built, at an appropriate distance from

the process plant, to house both construction and
operations staff.

2.2.3.1  LNG Facility
A simplified process flow diagram is shown in Figure 2.9.

The following list summarises the various process units that
are expected to comprise the LNG facilities:

« Inlet facilities/stabiliser systems

«  MEG recovery (future trains)

+ Acid Gas Removal Unit (AGRU)

»  Dehydration and mercury removal

« Liguefaction and methane compression, including
Nitrogen Rejection Unit (NRU)

+ Heavy hydrocarbon removal and fractionation

« Flare and vent systems

Wheatstone Project 2.0 Project Description

Legend

Representative Infrastructure

l:l Wheatstone Assessment Area

» Refrigerant storage

+ Diesel storage and distribution

+  Fuelgas

+ Condensate storage and loading

+  LNGstorage and loading

+ Pentane storage and handling
Process and stormwater treatment

«  Power generation

+  Firewater

*  Heat medium

* Plant and instrument air

+  Water

+ Inlet air humidification

+ Nitrogen.

The key elements of these process units are described
in more detail in the following sections.
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Inlet Facilities/Stabiliser System

The pipeline gas received from the offshore fields flows
through a slug catcher and is separated into feed gas,
hydrocarbon condensate, and wastewater. The feed gas
then flows to the LNG trains and domgas plant(s). The
hydrocarbon condensate is stabilised in the condensate
stabiliser, which strips off light ends to meet the
condensate vapour pressure specifications. The stabilised
liguid is then sent to one of the condensate storage tanks.
The stripped gas is compressed and transferred to the
main gas feed line of the LNG train for processing. The
wastewater will be sent to the effluent treatment unit.
Some wastewater (from Trains 3, 4 and 5) may contain
MEG. If this is the case the MEG would be separated from
the incoming gas and recovered from the wastewater.

The MEG may then be transported back to the offshore
producing facility via a subsea line. The wastewater will be
sent to the effluent treatment unit.

Acid Gas Removal

The AGRU removes acid gas components such as carbon
dioxide (CO,) and hydrogen sulfide (H,S) from the feed gas,
which would otherwise freeze during the LNG liguefaction
process, potentially damaging the plant and causing

plant shutdown. The AGRU system is designed to use a
conventional activated methyl diethanolamine (aMDEA)
solvent. During this treatment process CO, and H,S that

is present in the feed gas are removed in an absorber.
These are then stripped from the amine solution during
the solvent regeneration process and sent to a thermal
oxidiser, while the regenerated amine is returned to the
absorber via a closed loop system. Some of the benzene,
toluene, ethyl-benzene and xylene (BTEX) in the feed gas
will also be absorbed by the aMDEA in the absorber. This
BTEX will be stripped out during solvent regeneration and
will be sent to the thermal oxidiser along with the acid gas.
A 99% BTEX destruction efficiency can be expected in the
thermal oxidiser.

Dehydration and Mercury Removal

To ensure that the final traces of water are removed from
the gas stream, it is passed through a molecular sieve
dehydration system. Water from this process is recycled to
the inlet facilities and AGRU and the dehydrated gas stream
progresses through activated carbon beds to remove

any traces of mercury that could otherwise corrode the
aluminium heat exchangers used in the gas cooling process.

Liguefaction

The treated gas then passes to the refrigeration system,
which progressively cools it to -160°C at which point

46 | Chevron Australia Pty Ltd

it liguefies into LNG. This process uses a “cascade” of
successive refrigerant steps to progressively cool and
liguefy the feed gas into LNG. There are three refrigerant
services used: propane, ethylene and methane. As the

gas passes through these systems, it gives up heat to the
successive refrigerants and cools. The cooled gas is then
flashed (allowed to expand into a separator or drum) to
atmospheric pressure, cooling it further. The resulting LNG
is then pumped to the insulated LNG storage tanks and
stored at atmospheric pressure and -160°C.

After going through the successive refrigeration cooling
steps a slip stream from the feed gas circuit is sent to the
NRU, where nitrogen is removed so that LNG product
specifications can be met. The nitrogen is cryogenically
separated from the methane via a series of fractionators
and vented to the atmosphere.

Heavy Hydrocarbon Removal and Fractionation

Condensed hydrocarbon liquid from cooling of the feed

gas is fractionated to remove the heavier hydrocarbon
components. This prevents freezing of hydrocarbon in

the low temperature liguefaction section while satisfying
the specifications of the LNG product. These heavy
components are comprised of natural gas liquids or
condensate and are blended with the condensate from the
inlet facilities to produce the final condensate product.
There are also facilities to re-vaporise some of these liquids
for use as fuel gas if needed.

Flare

Wet and dry service flare systems will be provided to
support start-up, shutdown, emergency and maintenance
venting requirements of the process facilities. A marine
flare is provided to support the LNG marine requirements.
The flare system is likely to consist of three wet, three dry
and two marine flares for the 25 MTPA case. These will be
high efficiency elevated (approximately 125 m for the wet
and dry flares) flares that have been designed for reduced
smoke and particulate emissions as well as for reduced
emissions of CO, volatile organic compounds (VOCs)

and partially combusted hydrocarbons. Elevated flares
reduce the possibility of thermal radiation exposure to the
workforce and facilities and assure combustion products
are well dispersed.

Acid Gas Thermal Oxidiser is provided to incinerate any
impurities contained in the acid gas produced from the
AGRU. An Acid Gas Thermal Oxidiser is part of each LNG
train and domgas train.



Waste Heat Recovery Units

Waste heat recovery units (WHRU) are expected to be
installed on the refrigeration compressor gas turbines.
The WHRUSs utilise the waste heat from the refrigeration
compressor gas turbines exhaust streams to provide the
heat required for the LNG and domgas process equipment.
Installing WHRUs improves fuel efficiency due to the
elimination of direct fired heaters. This results in less air
pollutant emissions and less greenhouse gas emissions.
The WHRUSs in the first two trains use hot exhaust gas
from the gas turbine drivers within the LNG train to heat

a circulating heat medium and are sized to use as much

as practicable of available waste heat and to fully supply
the heat duty needed for all the heat exchangers that are
normally in operation. In addition, the WHRUs are also
equipped with separate heating coils to intermittently heat
the regeneration gas for the regeneration of the molecular
sieve in the Dehydration Unit. In the future WHRUs may also
be used to generate steam for electric power generation
and process heat requirements for future LNG trains.

Product Storage and Export

The LNG will be stored at atmospheric pressure in tanks
of approximately 180 000 m?3, which are insulated to
prevent the LNG from warming, rather like very large
vacuum flasks. Even with insulation, a small proportion of
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the LNG regasifies as Boil Off Gas (BOG). BOG is captured
by a vapour recovery system which compresses the gas
and returns it to the LNG facility. Two tanks are initially
proposed to be constructed with additional tanks being
added in line with the increasing annual throughput of LNG
up to a maximum of four tanks. A typical full containment
tank is shown in Figure 2.10.

For export, the LNG is pumped from the storage tanks

to the loading arms at the LNG carrier berths and into

LNG carriers for delivery to foreign or domestic markets.
As this transfer process absorbs heat from the ambient
environment, a small portion of the LNG regasifies as BOG
during the loading operation, which is captured by a vapour
recovery system. To help reduce the generation of BOG,
and keep the unloading piping systems cold between

ship loading operations, LNG is circulated through the
loading lines.

Condensate will also be stored at atmospheric pressure

in tanks of approximately 120 000 m? and pumped to the
condensate berth to transfer to tankers via the loading
arms. These condensate tanks may have floating roofs to
minimise the roof cavity where excess gas can accumulate.
Initially, two tanks are proposed with additional tanks being
added as throughput increases over time, up to a maximum
of four condensate storage tanks.
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Figure 2.9: Simplified Process Flow Diagram
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Power Generation

The production of LNG and domestic gas (see below)
requires power. It is anticipated that gas turbine generators
(LM6000 or equivalent) will be used. These are likely to

be fitted with Dry Low Emissions (DLE) technology. The
number of turbines required is anticipated to be a nominal
nine for power generation of the 25 MTPA case.

A discussion on power generation is provided in Chapters
3and4.

2.2.3.2 Domgas Plant

Plant Characteristics (Process Description)

Initially one domgas plant is proposed for the two-train
Foundation Project. Additional domgas plants may be
required when the Project reaches capacity.

The main processes associated with the proposed domgas
plant(s) are illustrated in Figure 2.11.

Inlet Facilities

Gas will normally flow to the domgas plant from the feed
heater of the LNG train. If an LNG train is out of service, the
domgas feed will be taken directly from the outlet of the
Slug Catcher and will be heated by hot oil circulation.

Acid Gas Removal Unit

The AGRU for the domgas plant works in a similar manner
to that described above for the LNG plant. 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 of any sulfide acid gas components and
BTEX if present.

Dehydration and Mercury Removal

TEG or molecular sieves may be used to dehydrate the

gas stream to meet the sales gas water specification

and prevent hydrate formation. If a cryogenic nitrogen
rejection unit is required for the domgas plant, dehydration
by molecular sieves following by mercury removal will be
provided upstream of the NRU.

Hydrocarbon Dew Point Control

To prevent the formation of liquids when the gas is
transported by pipeline, it is necessary to control the
hydrocarbon dew point. The gas will be cooled and flashed
(allowed to expand by reducing pressure) possibly through
a Joule-Thompson Valve (or equivalent process) to drop out
hydrocarbon liquid and meet the product specification. The
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hydrocarbon liquid will be routed back to the inlet facilities.
Alternatively, if the nitrogen content of the gas is high, the
gas will be processed in a NRU with integrated dewpoint
control utilising refrigeration from the low temperature
streams in the NRU.

Compression and Metering

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

2.2.3.3 Domgas Pipeline

The proposed route of the domgas pipeline(s) to the DBNGP
runs from the domgas plant to the Onslow-to-Mt. Stuart
Road. It then runs parallel to the road direct to the DBNGP,
then1km south, parallel to the DBNGP easement. The route
is shown in Figure 2.12. It is possible there may be up to two
domagas pipelines. The pipeline(s) will be up to 0.91m (36")
diameter and will be approximately 75 km long.

The pipeline corridor is expected to be approximately 30 m
wide. In areas of environmental significance this corridor
width may be reduced to reduce impacts. Additional turn-
around bays and laydown areas are likely to be required to
allow for stringing of the pipeline.

2.2.3.4 Onshore Support Facilities
Access

The site will be serviced by a 20 km Shared Infrastructure
Corridor (SIC), which includes an access road off Onslow
Road servicing both the accommodation village and the
plant site.

Power Supply

The Project will have an independent power generation and
distribution system. Power will not be imported from the
local grid. The primary power supply is likely to be provided
by a series of gas turbine driven generators. Essential
power during outages, emergencies, and start-up will be
provided by separate diesel engine driven generator units.
See Chapters 3 and 4 for further details on power supply.

Water Supplies

Water will be required for various applications during
construction, installation and operation of the onshore
facility. Water requirements for potable and non-potable
usages for construction and operations are discussed

in the Construction and Operations subsections of this
chapter. A review of various water sources is considered in
Chapter 6, Overview of Existing Environment. It is likely that
any water sourced will require treatment to remove salinity.
This will result in the production of brine, which would be
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Figure 2.12: Proposed Domgas Pipeline Route and Borrow Pits

discharged to sea via a discharge outfall. The volumes
of brine are discussed further in Chapter 4, Emissions,
Discharges and Wastes.

Surface Water Management and Wastewater Treatment

Areas of the plant will be segregated to provide
separate drainage systems for each category of
surface run-off. These consist of contact (potentially
contaminated) stormwater and non-contact (not
contaminated) stormwater.

Clean (non-contact) stormwater from non-process areas
and undeveloped portions of the site will be routed to
sedimentation ponds. Clean stormwater volumes will

vary due to the erratic local rainfall patterns, but may

be up to 9,600 kL/day. Potentially contaminated

(contact) stormwater from general process areas will be
routed to “first flush” retention basins to capture oily

or other types of potential contamination from the first

25 mm of rainfall on these areas. The retention basins may
be equipped with oil skimmer devices, and with pumps to
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transfer the contents to process wastewater treatment

if significant contamination is found. Contaminated
stormwater from known oily areas (pump pads, etc.)

will be routed to collection sumps and pumped to process
wastewater treatment.

Process wastewater from the production areas will be
treated at an onshore treatment facility prior to being
discharged to the sea via an outfall pipeline.

Waste Management

The potential wastes generated and their proposed
treatment is discussed in Chapter 4, Emissions,
Discharges and Wastes.

Additional Onshore Infrastructure

The onshore facilities will have several buildings to
support the daily operation of the onshore process
facilities and associated marine infrastructure. The
following is an indicative list of buildings needed for the



Foundation Project, with the requirement to add extra
warehousing and maintenance workshop capacity upon
expansion to 25 MTPA.

Operations centre building comprising reception area,
administration (offices), central control room, training
centre, canteen and emergency command centre

Main gate security

Maintenance centre workshop
Laboratory

Telecommunications and fibre optic line
Fire station

Warehousing and lay down

Medical centre.

Roads and Transport

Chevron has identified the potential need to upgrade a
number of local roads proposed for use for the Project and
other proposed industrial developments associated with
the Ashburton North SIA. All road upgrade works would be
compliant with all relevant regulations.

Airport

The Onslow airport is located south of the town of

Onslow (see Chapter 5, Stakeholder Consultation) and

is owned and operated by the Shire of Ashburton. The
airport runway was upgraded and extended in 2000 and
2004 (information provided by the WA Department of
Planning). The runway is suitable for smaller aircraft and
is approximately 1600 m long. See Chapter 10, Social Risk
Assessment and Management for additional information in
regard to the Onslow airport.

2.3 Construction Activities

2.3.1 Offshore Construction

2.3.11 Drilling and Well Completion

The wells for WA 253-P, WA-17-R and WA-16-R will be
subsea, with the drilled hole diameter reducing sequentially
with depth from the seabed to the reservoir depth, which is
about 3000 m total vertical depth below sea level.

The length of the well within the gas reservoir will

be maximised by drilling through the reservoir at an
inclination instead of vertically. The wells will also be
drilled directionally to access various locations within the
reservoir with horizontal step-outs of about 2500 m from
the wellhead to the toe of the well. The total drilled length
for each well could be about 4400 m.
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The wells are expected to be clustered around subsea
manifolds in groups of four to six wells, with each well
taking approximately 65 days to drill and complete.

The full field development involves returning to the field
for several drilling campaigns to install additional wells and
undertake well maintenance throughout the life of the field.

The wells are likely to be drilled and completed utilising
mobile offshore drilling units (MODUSs).

Typically a MODU comprises the following main elements:

Main rig including the derrick, draw works, substructure,
top drive, and rotary table system

Mud system (mud pumps, mud tanks and centrifuge)

Solids control equipment (shale shakers, hydroclones,
de-silters)

Cementing unit
Electrical power generators

Stores, offices, workshops, bulk storage hoppers, office/
administration modules

Accommodation.

The rig may be anchored at the drill location via seabed
anchors and mooring lines.

The wells are drilled with rotating bits that chip off small
pieces of rock (cuttings) as rock formations are penetrated.
The drill bit is connected to the surface by lengths (known
as joints) of hollow drillpipe, collectively known as the

drill string.

Drilling fluids (drilling muds) are used to control subsurface
pressures, lubricate and cool the drill bit, stabilise the well
bore and carry the cuttings to the surface. Drilling muds
are pumped from the surface to the well bore through

the centre of the drill string and returned to the surface
through the space between the drill string and the rock
formations or casing (known as the annulus) together with
drill cuttings produced from the grinding of rocks by the
drill bits.

Well drilling generally involves two types of muds, classified
by their base fluid-water based mud (WBM) and synthetic
based mud (SBM), with SBMs used on the deeper and more
challenging well sections. WBMs are usually discharged to
sea, whereas SBMs are recovered and returned onshore for
recycling or disposal. SBMs have been used in Australia for
numerous drilling programs in the Browse Basin, the North
West Shelf (NWS) and the Timor Sea.
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Figure 2.13: Typical Mud Recovery System
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The drilling fluid is circulated in a closed loop system that
recycles the drilling fluid and removes the drilling cuttings.
During drilling, the returns from downhole (mud and
cuttings) are routed to the shaleshakers and hydrocyclones
that physically separate the drill cuttings from the drilling
mud. The drill mud is collected for re-conditioning and
re-use while the separated cuttings are discharged
overboard. Between 500 and 700 m3of cuttings could

be produced per well and these drill cuttings will be
discharged to the sea.

Although SBM is collected and prevented from being
discharged to sea after use, the drill cuttings will retain a
coating of mud after processing with the MODUs

shale shakers.

Casing

As the well is drilled, steel casings are progressively placed
inside the hole to line it and prevent it from caving in. The
casing also isolates the aquifers and hydrocarbon bearing
zones through which the well passes, thus preventing
liguids or gases from entering the well prematurely. After
each casing string has been installed, cement is placed in
the casing annulus.
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Once the gas reservoir has been reached, the well will be
“completed” by installing sand control equipment across
the reservoir section and production tubing back to the
seabed. A surface controlled subsurface safety valve and
subsea tree will be installed to enable the well to be safely
suspended until it is hooked up to the WP.

Before it is suspended, the well may be flowed back to the
MODU to prove well deliverability and to remove completion
brines and debris from the well, referred to as “clean up”.
Well clean-up may also involve flaring, under controlled
conditions, for a period of several hours to a few days.

2.3.1.2  Platform Installation and Connection

The WP is likely to be a fixed facility. The legs of the facility
will be fixed to the seabed either by piles or by a gravity
base. The topsides (the processing facilities) are likely to
be modulised and transported to the platform location by
barge. The topsides will then be secured to the legs and the
subsea infrastructure connected.

Specialised installation vessels will be used to install the
subsea flow lines and umbilicals. Crane vessels will be used
to install the subsea manifolds. A subsea construction
vessel will be used to hook-up and connect the wells, subsea
systems, flow lines and umbilicals to the WP.



The vessels likely to be required during this phase of the
development may include:

A topsides modules delivery vessel

WP (and possibly compression) platform jackets
tow vessels

« Lift and derrick barges
A pipe-lay/crane vessel
A subsea construction vessel
An umbilical installation vessel

Support vessels and tug boats.

2.3.1.3  Trunkline Installation

The trunkline will be laid directly onto the seabed for the
majority of the route. The trunkline will cross between 14
and 22 other pipelines and umbilicals, with the bulk of these
crossings occurring offshore in relatively deep water. At
these offshore crossings, the trunkline will be separated
from the existing pipelines/umbilicals by separation
mattresses or structures and may also be rock dumped
depending on stabilisation and protection requirements in
the crossing area. Rock volumes at each crossing location
will range from 10 000 to 100 000 tonnes depending on the
number and size of lines involved. In total, up to 150 000
tonnes of rock may be required for crossing stabilisation.

There will be a single trunkline crossing in shallow water,

in approximately 10 m water depth, where the trunkline
crosses the existing buried Roller Skate pipelines. At this
location, it is planned to further lower the Roller Skate lines
using mass flow excavation equipment to ensure that when
the trunkline is laid it is at seabed level and not significantly
elevated (which may create a vessel draft limitation in this
area). After lay, the crossing is likely to be rock dumped for
stability; hence there may be a small reduction in vessel
draft. The crossing area impacted will be approximately
100 m along the Roller Skate pipelines.

Pipeline Approach to Shore

The trunkline will approach the Ashburton North SIA from
the north-west, and will be routed to avoid nearshore
shallow water areas, reefs and other obstructions. It will
cross the Roller Skate pipelines between the Roller and
Skate platforms and approach the shore at an angle as
close to perpendicular as possible. A key consideration

in defining the pipeline approach is water depth, as the
shallow water laybarge will be limited to water depths

of approximately 6 m. This will dictate the length of the
pipeline shore pull from the barge, which currently is
approximately 3 km. Any increase in this shore pull length
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will directly impact the overall feasibility of the approach
as pull tensions are critical.

As the trunkline will need secondary stabilisation in shallow
water (from approximately 40 m water depth to shore),

the pipeline will, where possible, be routed to follow areas
of softer sediments which will enable easier lowering of

the pipeline below seabed by either dredging, ploughing

or trenching. Where seabed conditions are not compatible
with lowering, the use of rock placement or gravity weight
installation may be used to stabilise the pipeline.

Pipeline Stabilisation

The conventional method of stabilising large diameter
pipelines in shallow water on the NWS is to use a
combination of concrete weight coating and rock dumping.
Concrete weight coating is effective for the trunkline in
water depths beyond approximately 40 m. In shallower
water, the concrete thicknesses required exceed practical
application limits and secondary stabilisation by rock
dumping is required. This involves initially laying the
pipeline on the seabed and then dumping rock in a
continuous profile over the pipeline to prevent movement in
storm/cyclonic conditions. For the trunkline, rock dumping
may be required from approximately 6 m water depth to
40 m, a distance of approximately 35 km, depending on
the final selected secondary stabilisation method. Between
760 000 tonnes to 1850 000 tonnes of rock may be
required depending on the secondary stabilisation methods
adopted, for a continuous full cover berm over the pipeline.
The berm itself will vary in profile according to depth, but
may have a width of up to 20 m and height of 1m to

2 m above the crown of the pipe (2 m to 3 m above

nominal seabed).

An alternative to rock dumping is to use large clump
weights along the pipeline to anchor the pipeline at
intervals rather than using distributed rock to provide
continuous stability. This method may be suitable in deeper
areas, beyond the 40 m water depth where the seabed is
not subject to scouring, but in general is not considered to
be a practical solution for the anticipated conditions

along the trunkline.

A more effective and practical alternative to rock
dumping is to lower the pipeline below the seabed by
creating a trench, by dredging, ploughing or mechanical
trenching as follows:

Creating a dredged trench over 35 km is feasible but
would require removal of substantial amounts of
material. For this option, the pipeline is laid into the
trench after excavation. A combination of cutter suction
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(CSD) and trailing suction hopper dredges (TSHD)

will undertake the dredging depending on the seabed
geology. Local pre-fragmentation of the seabed by
blasting may also be required in areas where the seabed
is too hard for the CSD to trench. Prior to pipelay the
trench may need to be cleaned up to remove sediment
from the bottom of the trench using a mass flow
dredger, or other suitable equipment. After the pipeline
is laid, it may still be necessary to backfill with rock

or engineering fill materials to assist stability as the
shallow angle of the dredged trench does not provide
very efficient stabilisation. The excavated width of
trench may be up to 25 m, with removed volumes of up
to 3 million cubic metres (Mm?3). In addition, backfill rock
volumes of up to 1.85 million tonnes could be required
to provide the necessary stabilisation.

The engineered fill materials may consist of dredged
material recovered from the spoil grounds, the post lay
trenching machine spoil heaps immediately adjacent to
the pipeline or may be sourced from sand borrow areas
offshore that provide sand with the necessary grain size
and low silt content required to stabilise the line under
cyclonic and seismic conditions.

Ploughing with optional use of a secondary backfill
plough is feasible, and would take place after the
pipeline is laid. The plough is deployed on top of the
installed pipeline, and is towed by a surface support
vessel to create a narrow V- trench into which the
pipeline is lowered by the plough. Spoil from the

plough is sidecast over a width of approximately 15 m,
approximately 5 m either side of the plough. This spoil
may either disperse naturally or may be backfilled into
the trench by a secondary backfill plough if considered
suitable/feasible. Alternatively, engineered backfill/
rock may be dumped into the trench to complete

the stabilisation works (depending on trench depth
achieved). This method is very reliant on having
compatible geotechnical conditions. From investigations
to date in this area, and from past ploughing experience
on the NWS, this method is unlikely to be effective

for more than 30 to 50 per cent of the pipeline route
where lowering is required. Hence this method must be
combined with either dredging or mechanical trenching,
or may require rock dump where the required trench
depthis not achieved.

Mechanical trenching involves the use of a large
mechanical cutting machine which is deployed after
the pipelineis laid onto the seabed. The machine is
deployed on top of the pipeline, and then lifts the
pipeline while cutting a narrow V-trench beneath,
and then lowers the pipeline into the trench as the
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machine moves forward under its own power (hydraulic,
supplied via surface umbilical from support vessel).
Spoil and rock from the trench is ground to smaller
pieces and is cast to the side of the machine over a
total width of approximately 20 m. As with ploughing,
the spoil may either disperse naturally or may be
backfilled into the trench by a secondary backfill
plough if considered suitable/feasible. Alternatively,
engineered backfill/rock may be dumped into the
trench to complete the stabilisation works (depending
on trench depth achieved). Mechanical trenching is
far more effective than ploughing in a wider range of
soil conditions but to date has not been undertaken

in the hard calcareous soils of the NWS. A new
trenching machine has been recently developed which
is considered suitable for these NWS conditions and
will be trialled by Chevron in 2010 to verify that it can
effectively undertake the required trenching works in
hard and soft soil conditions.

It is currently envisaged that mechanical trenching will be
utilised to undertake the bulk of the stabilisation works for
the trunkline if the offshore trials in 2010 prove successful.
However, if this trial is unsuccessful in both hard and soft
soils, it will be necessary to revert to the more conventional
approaches of dredging and backfilling and/or rock
dumping to stabilise the trunkline. While these methods
have a greater environmental impact, they are considered
the only practical alternative to mechanical trenching and
have a significant track record within the region.

Pipeline Protection

In the nearshore and onshore areas, the pipeline will be
lowered below nominal seabed/ground level for both
stability and protection. From approximately the 40 m
water depth contour to shore, lowering of the pipeline to
achieve minimum cover above the crown of the pipe of
approximately 1 m will be targeted. This implies creating

a trench of approximately 2.5 m depth. As the pipeline
approaches the shore line, the depth of cover above the
pipeline may be increased to provide protection from third-
party impacts and also to protect against uncovering of the
pipeline by increased seabed mobility/erosion and coastal
processes. It is anticipated that a cover of 2 m to 3 m above
the crown of the pipe will be achieved in the shore crossing
area. The final cover depth in the nearshore area will be
established during Front End Engineering Design based
upon detailed assessment of mobility/erosion processes
and risk assessments based upon pertinent design code
requirements (AS 2885/DNV 0S F101).



Laybarge Activities and Impacts

For all nearshore and offshore pipelay activities associated
with the trunkline, it is anticipated that one or more
anchored lay barges will be required. In the nearshore
area, from shore to approximately 20 m water depth, a flat
bottom second generation laybarge may be used, which

is likely to have an eight point anchor mooring system.
These anchors will be placed and recovered by dedicated
anchor handling vessels as the barge uses these anchors
to move along the pipeline route whilst laying pipe. For the
offshore portion of the trunkline it is anticipated that a third
generation laybarge using a twelve point mooring system
or potentially a fourth generation dynamically positioned
vessel may be used depending on availability of suitably
rated vessels.

The pipelay operations are likely to commence nearshore,
with the barge mooring approximately 3 km from shore to
perform the shore pull operation. This may entail setting of
all eight anchors and welding pipe on the barge. As the pipe
is welded, it is pulled to shore using a shore based winch
system, along the prepared seabed trench and through

the installed open cut or micro-tunnel shore crossing.

This shore pull operation is a 24 hour activity and may

take up to ten days depending on weather conditions and
operational issues.

Once the shore crossing operation is complete, pipelay will
then commence towards the offshore platform location,
with the barge moving on anchors as it lays additional pipe
onto the seabed. The pipe will either be laid into a prepared
seabed trench as described previously, or laid onto the
seabed awaiting future trenching/lowering/rock dumping
for stability/protection.

The nearshore pipeline is not stable on the seabed when
un-flooded during cyclonic conditions prior to stabilisation
being completed. It may, therefore, be necessary to
temporarily flood the nearshore pipeline during pipelay
should a cyclone occur during or after installation to
ensure the pipeline is not damaged. It is envisioned that

a contingency flooding spread will be set-up at the shore
crossing site to flood the pipeline from onshore out to the
subsea laydown area. The pipeline will be flooded with
filtered seawater containing chemicals to control oxygen
levels and biological growth. It will also be necessary to
partially or fully dewater the pipeline after the cyclone has
passed before the pipeline can be safely recovered onboard
the lay vessel.

The availability and schedule of suitable nearshore and
offshore pipeline installation vessels may result in the
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offshore portion of the trunkline being installed prior to
the nearshore portion. In such a scenario an above-water
tie-in or subsea tie-in would be required to connect the two
halves of the trunkline.

2.3.2 Marine Nearshore Construction

2.3.21 Beach Crossing Location

The beach crossing location will be selected for reduced
impacts on the defined Common User Coastal Access
(CUCA) layout configurations, and to provide a robust,
feasible and safe method of pipeline construction. The
pipeline will land to the west of the CUCA area at the
periphery of the mangrove habitat, and will cross the
inland dunes directly to the west of the storage tank area.
It is intended that the pipeline will remain buried until it is
inside the dune line within the CUCA, at which point it will
be terminated either above or below ground at a beach
valve station. From the beach valve station, the pipeline
will be again routed underground to the Plant Pig Receiver
Facilities, remaining below ground when crossing

access roads.

2.3.2.2 Beach Crossing Design Concept

The preferred beach crossing concept will be selected to
provide the best overall outcome in terms of technical
feasibility, risk, cost and environmental impact. In general,
for large diameter shore crossings of this type, particularly
on the NWS, open cut is the principle method used and

is the most conventional, field proven option available.

For the selected beach crossing location at the periphery
of the mangroves, an open cut trench is feasible but not
considered technically optimum due to the length of open
cut excavation required and the nature of the environment.
This option may have a negative impact on the immature
mangroves in this area and although it is considered

likely that this area could be reinstated successfully,
environmental assessments have not been undertaken to
support this position.

An alternate concept that has been assessed is micro-
tunnelling (see Figure 2.14), which would entail creation of
a tunnel beneath the dunes system and mangroves, exiting
in approximately 2 m water depth. This tunnel may be used
to pull the pipeline underneath the beach, avoiding any
significant environmental disturbance. The micro-tunnel
concept involves creation of an entrance shaft upto10 m
diameter close to the LNG plant (inside the dune line) and
subsequent creation of a tunnel of 2 to 3 m diameter using
a combined drillhead/thrust system to install successive
tunnel sections out to the exit point (a distance of
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approximately 1200 to 1400 m). The key environmental
issues associated with micro-tunnelling include:

Disposal of excavation materials from the entrance
shaft and tunnel, and cleaning of the drill cuttings prior
to disposal. The volumes involved are estimated to be in
the order of 20 000 m?

Excavation by dredging will be required at the exit point
for the tunnelin 2 m water depth, to create a pit into
which the drill head can exit prior to recovery

« Bentonite drilling fluid is required to be injected outside
of the tunnel wall during construction to reduce ground
friction as the tunnel sections are thrust forward

Some loss of Bentonite drilling fluid to sea is possible
during recovery of the drill head at the tunnel exit.

At present the micro-tunnel concept is not fully defined
and will require further study before its feasibility can be
confirmed. However, on the basis that this method has been
used for several outfall systems around Australia and for
similar pipeline shore crossings worldwide, it is anticipated
that it will prove viable assuming that ongoing geotechnical
investigations and engineering studies progress to plan.

In the event that unforeseen technical issues arise that
make this concept untenable, it is likely that a field-proven,
alternative open-cut shore-approach concept will need

to be used.

2.3.2.3 Material Removal and Disposal

For both the open-cut and micro-tunnel concepts
discussed, the construction requirements from the 2 m
contour to approximately the 10 m contour (a distance of
approximately 8 km) are similar, in that a dredged trench
will be constructed prior to pipelay, with the pipeline laid
into it. This trench will be created using conventional
dredging equipment and will vary in depth from 5 m

to approximately 2 m, with total excavated volume of
approximately 700 000 m3, After pipelay is complete, the
trench will be backfilled with rock or engineered backfill
volume to achieve a relatively flush reinstated seabed. If
rock is used then approximately 184 000 tonnes may be
required. If engineered backfill is used then the volume
placed will be similar to that removed during dredging.

In the event that mechanical trenching is not feasible

for the stabilisation of the pipeline from 10 m to
approximately 40 m water depth, dredging will be required
with subsequent backfill using engineering material or
rock. This will increase the removed spoil volumes up to
approximately 3 Mm3.
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Disposal of the excavated spoil from the micro-tunnel may
be managed onshore, after cleaning of the drill cuttings.
The spoil may ultimately be removed from site to a suitable
disposal location, if the spoil is not acceptable as landfill

on site. Temporary storage on site is planned to enable
appropriate management and handling of the spoil.

2.3.2.4 Future Pipeline Approaches

It is anticipated that further trunkline systems will be
installed adjacent to the Wheatstone trunkline at some
later date, hence the pipeline approach corridor and
offshore routing will be selected to accommodate a
further two similar systems. Shore crossing concepts
and allocated space envelopes/footprints will be selected
to enable such expansion. Where open cut trenching is
employed, facilities may be pre-installed to reduce the need
for future environmental disturbance, particularly where
reinstatement of shore line and mangroves is considered
sensitive. Such pre-installed facilities may encompass
conduits across the shore line to simplify pull-in of future
lines or allocated space for future tunnels etc. For a
micro-tunnelling concept, no pre-investment is required
as a future pipeline tunnel can be created when required
without significant impact upon the mangrove system or
shore line.

2.3.2.5 Materials Offloading Facility (MOF)

The MOF will require two solid fill breakwaters, each
extending approximately 500 m from the shoreline, and

a dredged navigation berth-pocket. The breakwaters will
probably be constructed from the shore using earthmoving
equipment to place core material from a quarry into the
nearshore waters. The breakwater is likely to be protected
by heavy rock or concrete armour units. Wharves, pens
and berths may be piled. The proposed MOF location and
shipping channel are shown in Figure 2.15.

The MOF quay may be constructed by driving piles from
onshore pile driving rigs and placing a concrete deck on
top of the piles. Plant and equipment required for the
construction of the MOF quay may include:

Mobile crawler cranes

Pile driving hammers.

It is anticipated that the MOF could take 18 months to

fully complete. It is expected to receive the first delivery

to site in month 15 and is likely to be in continuous use.

In terms of plant construction of the initial trains, it is
estimated that approximately 100 module barge shipments
could be required, based upon the proposed amount of
modularisation for the Project.
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Figure 2.16: Typical Cutter Suction Dredge

Typical construction traffic is expected to comprise up to
two module transport vessels per week utilising a RORO
offloading method. Time in port is likely to be in the order
of three days per vessel.

General cargo is expected to start arriving at the MOF
from month 18 and will continue over the whole plant
construction and operations period.

Because of the shallow nearshore bathymetry (the -15.0 m
contour is located approximately 23 km offshore), both the
MOF and the PLF will require dredged access channels. The
MOF will require a marine access channel approximately
1km long, 120 m wide and 7 m deep, which provides access
to the main navigation channel. The MOF will also require
two breakwaters.

A combination of cutter suction (CSD) and trailing suction
hopper dredges (TSHD) will undertake the dredging of the
MOF and the PLF channels and turning basins. A typical
CSDis shownin Figure 2.16.

2.3.2.6 Product Loading Facility (PLF)

To enable the LNG and condensate carriers to access and
berth at the PLF, a navigation channel and turning basin will
be required. This channel is expected to be approximately
16 km long, 260 m wide and ~13.5 m deep. The turning
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basin, MOF, PLF and channel may require up to 45 Mm? of
excavation. Up to 10 Mm?3 of this material may be placed

on shore. Dredge material may also require disposal in the
marine environment. This is discussed in detail in Chapter
8, Marine Risk Assessment and Management. The proposed
dredge execution plan is also presented in Chapter 8,
Marine Risk Assessment and Management which shows the
duration of the dredging.

The PLF and access trestle is likely to be constructed by
driving piles. This may be achieved by driving piles from a
crane located on a temporary work platform alongside the
trestle. Alternatively, the access trestle could be completed
in part using floating plant.

The following components of the PLF; the loading platform,
moorings, the berthing dolphins and the Marine Operations
Platform could be constructed using floating plant. The
floating plant and equipment required for the construction
of the access trestle and these elements may include:

Flat-deck barges
+ Cranes mounted on barges

Mobile crawler cranes (shore based construction
and loading out materials)



Pile driving hammers
Tug boats and other support craft

Air compressors, generators and welding equipment.

It is anticipated that berth 1 of the PLF will take about two
years to complete. A further 18 months may be required to
complete berths 2 and 3.

The approximate volumes of material that may be
dredged from each of the above work locations are
givenin Table 2.2.

The location of the dredge material disposal sites has been
selected on the basis of:

Low potential for secondary re-suspension
after placement

Relocated material should be comparable to the
naturally occurring sediment

Relocated material should not be a significant source
of sediment back into the channel

Reduced loss of benthic primary producer habitat
(BPPH) species

Less potential for damage of corals communities which
occur adjacent to the grounds

No significant impact on the current Onslow
Salt channel

No interference with navigation

Placement should not have a negative effect on
the hydrodynamics within the area and or the shore
line processes

Dredging practicalities.

This is discussed in detail in Chapter 8, Marine Risk
Assessment and Management.

Figure 2.17 shows an indicative artist impression of the
proposed PLF and the MOF.

Table 2.2: Approximate Dredge Material Volumes
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2.3.2.7 Onshore Placement of Dredge Material
Up to 10 Mm?3 of the dredge material may be placed at the
onshore site.

Bunds may be constructed by earthmoving equipment and
utilise sand and fills, aggregates and rocks imported to the
site from as yet undefined quarry locations. The onshore
disposal area will be subdivided into a number of cells to
provide stilling basins for settlement of sediments in tail
water before it is discharged back to the environment.

If dredge material is brought onshore it will be placed in this
specially constructed reception area. There may be up to
50 Mm? of transport water associated with this operation,
thereby generating peak decant water discharge of upto 6
m3/s for the period of placement activity. This discharge will
be pumped back to the shoreline for disposal to the west

of the MOF location. After the onshore placement activity
has been completed there may be a need to manage large
volumes of decant water. See Chapters 8, Marine Risk
Assessment and Management, and Chapter 9, Terrestrial
Risk Assessment and Management for further details on
dredge material disposal.

2.3.3 Onshore Construction

2.3.3.1  Onshore Site Preparation

The site is located in an area of low lying land immediately
behind the fore-dunes between the mouth of the
Ashburton River and Hooley Creek. The LNG facility will

be positioned behind these existing fore-dunes, and east
of the mangroves associated with the Ashburton River.
Additionally, the existing fore-dunes will be maintained
with any reinforcement necessary for the protection of the
plant and associated offices and personnel quarters being
constructed on the land side of the dunes.

Site preparation works will involve clearing the site

of vegetation and establishing drainage catchments to
reduce offsite silt migration. The processing facility will
be constructed on a pad that may include some bunding,

Dredge Area Total for Area (m?)

Temporary access channel
MOF areas

PLF areas

PLF Approach

Total Capital Dredge volume
Design uncertainties

Estimated total Capital Dredge volume

935000
1580 000
16 445 000
20160 000
39120 000
5880000
45000 000
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Figure 2.17: Artist Impression of a Representative PLF and MOF Concept

to provide protection of the plant to a1:1000 year flooding
event. The accommodation village pad and SIC will be
designed for a 1:100 year flood event. Imported fill will be
needed to achieve the required levels. This may range from
large armour stone to core material.

In the backshore area and longitudinal dune system

area, filling will typically be achieved using a conventional
earthwork process comprising the removal of vegetation
and topsoil, proof rolling of the exposed surface and
placement and compaction of fill in layers up to the
finished levels.

In some areas, ground improvement and/or excavation

and replacement may be required prior to the placement

of fill. In particular, the low lying clay pans and supratidal
flats have weak surface materials and are in close proximity
to the groundwater which will hamper earthworks. Site
preparation in these areas is likely to involve the removal

of weak material and its replacement with structural fill.
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Onshore fill material may need to be sourced from a third-
party quarry, if it cannot be sourced locally from on-site
borrow-pits. This material will initially be transported to
the site by road. The proposed quarry locations are yet

to be determined and will form part of a third-party
contracting strategy. The offsite quarries used to source
the fill material will have the appropriate government
licences and approvals.

The excavation of four borrow pits may be required to

provide fill for the Wheatstone Plant Pad (see Figure 2.18).
Two construction roads will be designed to allow access to
these borrow pits and the Plant Pad. The methodology for
clearing, stockpiling, excavation, and transportation of fill
material from these borrow pits may include the following:

Providing access to the initial borrow area by utilising
temporary fill material obtained by a subcontractor -
either from the site or from off-site - from an approved
supplier of fill material



Road access, which is likely to require clearing and
grubbing of the access road, placement of appropriate
geo-fabric for stabilisation followed by placement and
compaction of fill material

Subsequent borrow areas access to utilise fill material
from previously accessed borrow areas

+  Oncethe borrow areais accessible, a survey will be
conducted to locate areas to be stripped, cleared and
grubbed prior to commencing excavation of material for
fill. The required storage areas for storage or disposal
of material will also be identified

Borrow areas are expected to be excavated to
approximately TmAHD (consistent with the height
of the adjacent tidal plains)

Fill material will be transported to the Project site,
placed, compacted and tested.

See Chapter 8, Marine Risk Assessment and Management
and Chapter 9, Terrestrial Risk Assessment and
Management for further details on the onshore

site preparation.

2.3.3.2 Onshore Construction Facilities

With the completion of the site development works,
construction of the temporary and permanent onshore
facilities will commence. These are expected to include:

Access road(s) to the site

Power generation

Sewage treatment plant

Water treatment plant/desalination plant
Development of accommodation village facilities

+ Solid waste management area, potentially including
a construction waste incinerator

Control building
Operations offices and permanent housing

Installation of permanent underground utilities
and pipework

LNG process trains
LNG and condensate storage tanks
Domgas plant and onshore pipelines.
Materials and equipment will initially be delivered via

road. Upon completion of the MOF, materials will also be
delivered via barge and chartered vessels.
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2.3.3.3 Estimated Water Use and Water Source

Water source options for the Project are currently being
evaluated. Freshwater supplies for the construction works
may be provided by a desalination reverse osmosis (RO)
plant which converts seawater or saline groundwater

to drinking water. Water may be sourced from an
open-sea or nearshore intake, a deep-water bore,

or a combination of these.

The preferred water source for construction is via

a nearshore intake. The open seawater intake for
construction would be built separately from the operational
water intake structure, however detailed design of the
structure is still being finalised. The nearshore intake

has been taken as the base case for this EIS/ERMP and

is assessed in Chapter 8, Marine Risk Assessment and
Management. Should alternative water source options be
required, deep and/or shallow water bore options will be
evaluated. If they are considered to be a viable option then
further assessment work will be undertaken in accordance
with relevant WA State guidelines.

Based on previous experience, it is anticipated that the

volumes of water as shown in Table 2.3 may be required
during the construction phase (based on a maximum of
5000 personnel).

This equates to a peak demand of 5600 m?3/day of raw
water and 1800 m?3/day of potable water during the
construction of the first two trains.

Water conservation measures will be investigated and
these may include the following:

Raising employee awareness of the importance
of water conservation

Reuse hydrotest water
Provide spring loaded shut-off valves for hoses

Install high pressure, low-volume nozzles on
spray washers

Providing water conservation toilets and showers.

Hydrotest water from the first LNG tank may be used
for testing the second tank and pipelines. It would then
be returned back to hydrotest ponds prior to disposal.
The total volume of hydrotest water is anticipated to be
approximately 450 000 m? for the first two trains.

See Table 2.3.

2.3.3.4 Stormwater and Wastewater Treatment

The construction of the sediment ponds is expected

to start simultaneously with site clearing and will be in
place as soon as practicable during earthworks activities.
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Table 2.3: Indicative Water Demand During Construction

e luits | Totalfor2swTeA

Personnel Water'

Batch Plant?
Hydrotest?

Dust Control*
Compaction®
Firewater®

Quarantine Washwater”
Total

Notes:

m? 2900000
m? 212000
m?3 450 000
m?3 500 000
m? 2000000
m?3 2000
m?3 70 000
m?3 6134 000

1. Based on the peak number of construction workers for the first two trains of 5000 and assuming per capita requirement of 375 L/person/day.

2.Batch plant water usage based on water consumption of 345 L/m? of concrete.

3. Hydrotest water usage based on no recycling of water for testing of LNG and condensate tanks.

4. Dust control consumption is based on 0.5 to 2 trucks/hour requirement.

5. Water usage based on a requirement of 10% water by weight required for compaction taking into account a 10% evaporation rate.

6. Firewater for accommodation village is provided as spare capacity.

7. Quarantine washwater usage based on average requirement of 700 m?® washwater/month.

Stormwater collection ditches and outfall structures will
also be constructed as soon as practicable to convey
stormwater to the sediment ponds. The sediment basins
will collect and hold run-off to allow suspended sediment to
settle out. Erosion controls will be used at the outfalls of the
sediment ponds and for the stabilisation of stream banks
and ditches, as required.

Construction wastewater volumes are based on
desalination plant and construction personnel employed.
Maximum rate of 433 m3/hr of brine is expected from the
desalination plant. Maximum sewage is estimated to be
76 m3/hr, based on 5000 workers during construction of
the first two trains.

2.3.3.5 Waste Management

An onsite waste management area will be established
during the construction phase. This is likely to be in the
accommodation village area. This waste management area
will be used to segregate and temporarily store wastes.

Hazardous waste will be managed offsite at a licensed
hazardous waste facility. Non-hazardous waste may be
managed via the onsite construction waste incinerator
and/or an appropriate offsite facility. Waste management
options are discussed further in Chapter 4, Emissions,
Discharges and Wastes.
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2.3.3.6  Power Supply

Temporary construction power requirements at the site
are estimated at 15 MW. Power will be provided via onsite
diesel generators.

2.3.3.7 Accommodation Village

The accommodation village is likely to be developed in
stages over a period of approximately 12 months, beginning
with accommodation for about 450 site workers at an initial
pioneer village and expanding to accommodate about
5000 workers at peak. It is anticipated that personnel will
work a fly-in, fly-out roster, commuting to and from the
Project area by air from Australian metropolitan areas.
Operating during the construction, commissioning, start-up
and early operational periods of the LNG and domgas
plants, the village will essentially be self contained with

its own water and power supplies, waste management,
medical and fire services. It will also provide workers with
recreational and entertainment facilities as well as dining,
laundry and other domestic requirements. The village

will be designed to provide a safe haven in the event of a
cyclone event, so that personnel can remain on site.

Accommodation village temporary construction power for
the initial trains is estimated to be approximately 10 MW.
This will be provided by onsite diesel generators.

Alternative sites for the accommodation village are
currently being evaluated. The preferred location for the
village is shown in Figure 2.18.
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2.4 Commissioning and Start Up Activities

2.4.1 Offshore Facilities

The WP offshore facilities comprise:

Sub-structure (piled or gravity base) and floatover
topsides integrated deck

Sub-sea equipment of wellheads, manifolds, umbilicals,
flow lines and trunkline.

The main interface between the Upstream and Downstream
is the onshore beach valve.

2.4.11 Subsea Wells and Flowlines
Commissioning of the subsea wells and flowlines
will include testing, adjusting and monitoring the
following systems:

Wellhead controls
Safety systems
Flowlines and support systems

Control and communication systems.

2.4.1.2  Topside Fabrication Yard Commissioning

Due to the nature of the Integrated Deck topside a
significant amount of commissioning will be undertaken

at the fabrication yard. All utility systems without a Hook
Up component will be completed in the fabrication yard.
The utility systems and the Hook Up component will

be partially commissioned onshore, where practicable.
Process systems will be pre-commissioned and partially
commissioned as far as practical. The process systems shall
be Nitrogen/Helium leak tested for leak tightness.

2.4.1.3 Installation, Hook Up and Static Testing

Post the topside sub-structure installation and topside
float-over mating, the splash zone interface connections
are completed for legs, caissons, J tubes, utility lines and
risers weld out.

The sub-sea wellheads, manifolds, umbilicals, flow lines
and trunkline are installed. Following this the associated
sub-sea tie-in hook up spools to the topsides are installed.
Hydrotesting is likely to be staged, with a final system leak
test on systems where applicable.

2.4.1.4 Offshore Facilities Pre-commissioning,
Commissioning and Start-up

Prior to commencement of start-up activities, detailed

plans and procedures will be developed in consultation

with the regulator regarding the operations, inspections,
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maintenance, monitoring and reporting requirements
for all the facilities. The duration is expected to be over
several months.

The following offshore hooked-up systems will be pre-
commissioned and commissioned:

Flow line and trunkline de-watering, vacuum drying
and inerting

Topsides to sub-sea wellhead, with remotely-operated
vehicle (ROV) verification

Seawater cooling
Fire pumps and fire water systems
MEG and chemical injection
+ Opendrains
Sewer system

Third-party platform shutdown, emergency shutdown
and fire and gas certification demonstrations

Power generation and “black” start demonstration.

The completion of these activities will bring the WP to
"Ready-for-Start-Up" (RFSU).

After RFSU, the initial start-up commences. The sub-sea
well(s) is opened, flow displacing nitrogen purge through
the process topside to the flare. Well ramp up is a careful
balance of production rate, hydrate management, and
onshore requirements.

This will produce the following emissions and discharges:

Temporary diesel generators. Until the gas fired power
generators are operational, the diesel generators will
result in minor elevations in air pollutants such as NOx,
SOx and particulate matter.

Hydrotest water. This is discussed in detail in Chapter
4, Emissions, Discharges and Wastes. It is proposed that
the flowlines and pipelines will be flushed to the ocean
in deepwater.

Flaring/Venting. Prior to start-up, the flowlines and the
export pipeline may be left nitrogen dried. This nitrogen
will be vented during ramp-up. Initially hydrocarbon

rich gases from the topsides facilities will be flared

until the product gas and liquids are of appropriate
quality for export to shore. The start-up sequence will
be calculated to establish process stability as soon as
possible with the least amount of flaring and to reduce
the need for further shutdowns, associated flaring and
cold venting. Planned platform depressurisation is likely
to occur two to three times during initial commissioning.
A further allowance for two to three unplanned process



trips will be included in the start-up / commissioning
emission estimates (Chapter 4, Emissions, Discharges
and Wastes).

Produced water. It is likely that online water quality
monitoring will be pre-commissioned before start-up
and calibrated during the commissioning process.
Initially the PW may contain higher than normal levels
of oil-in-water during the commissioning of the water
treatment facility. These levels are expected to fall
rapidly to within the normal operating range. High MEG
concentrations during start-up may lead to temporarily
elevated BTEX concentrations. Immediately following
the initial operation of a new gas well the PW may
contain small volumes of well completion fluids.

The type of completion fluid will depend on the drilling
fluid selected.

Miscellaneous wastes. During start up/commissioning
various hazardous and non hazardous process and
domestic wastes will require disposal in compliance with
legislation and the waste management plan. Typically
these may include process wastes (filters, sludges,
etc.), packaging (wooden pallets, plastic etc.), grinding/
painting/welding consumables, domestic wastes from
the accommodation (sewage, food scraps, office waste
etc.). Storage, segregation and disposal requirements
and volume estimates are discussed in Chapter 4,
Emissions, Discharges and Wastes.

2.4.2 Onshore Facilities

Commissioning and start-up will be undertaken once
construction and pre-commissioning activities have
finished. The selected contractor will be responsible for
all commissioning and start-up activities until final
handover to Chevron.

2.4.21  Commissioning

Commissioning activities make plant equipment and
systems ready to receive gas for processing, liquefaction,
storage, and domestic gas sales.

Some systems will be entering the commissioning phase
while other systems are still in the construction or pre-
commissioning phase. The safe and efficient coordination
of all systems to make utilities available and produce LNG
and domestic gas products at the right time is critical.

The source for commissioning gas is not yet defined. The
primary objective is to find the optimal method and source
for gas supply to the downstream plant for commissioning
gas needs, focusing on de-risking gas supply availability

in support of schedule requirements. The Project team is
researching a wide array of alternative sources, ranging
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from producing fields to LNG shipments to a supplier on
the domestic gas system and other opportunities. The
Project will perform a risk assessment specific to the
commissioning and start-up process. Factors that affect
the source of commissioning gas include, but are not
limited to, Project schedule and market availability.

2.4.2.2 |Initial Start-up

The sequence of events for the initial start-up of the
LNG facilities are discussed below and include; purging,
dry-out, cool-down and finally manufacture of product.
These activities will result in some flaring, which is
discussed in Chapter 4.

Purging

The initial purging activity occurs during the
displacement of nitrogen from the feed gas system,

the production of “sweet and dry gas” from the AGRU
and dehydration systems and the initial regeneration of
the molecular sieves.

Dry-out

This is the process of ensuring the cryogenic feed/
methane/propane/ethylene circuits are dry which requires
a defrost procedure. After the defrost procedure the
propane and ethylene circuits have to be charged and
purged to flare in order to achieve the required purity.

Cool-down - Heavies Removal

This procedure entails the operation of the plant at very low
rates until the required pressure and temperature profiles
are established, this necessitates the flowing of the gas
stream to the flare.

Making Product

During this activity the plant is still operating at very
low rates with some flaring while the LNG tanks and
associated pipework are in cool-down. This normally
takes three days. After cool-down the plant rates will be
increased and flaring stopped.

For the start-up of the subsequent trains the cool-down
of loading lines and storage facilities is only required for
additional storage tanks and or LNG loading lines.

2.5 Operations Activities

2.5.1 Operations Philosophy

The onshore and offshore facilities are expected to
operate continuously, 24 hours per day, 52 weeks per
year. Qualified personnel will be employed by Chevron to
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provide continual operations coverage. Dedicated Chevron
maintenance personnel and qualified contractors will
inspect and maintain all facility equipment and systems.
Supplemental contractors will be brought in when major
maintenance is necessary to supplement the core Chevron
operations, maintenance and contractor workforce.

2.5.1.1 Health, Environment and Safety (HES) Policy
Chevron has a corporate vision “to have a culture and work
environment where we are injury and incident free”. This
based on a belief that:

Allincidents can be prevented

There is always time to do the job safely

All operating exposures can be safeguarded
Employee involvement and HES training are essential
Management is committed, visible and accountable

Protecting our people, environment and assets makes
good business sense.

These form the Chevron core values (see
Chapter 1, Introduction).

2.5.2 Offshore Operations

The main offshore activities during Project operation will
be the continual extraction of gas and condensate from

the production wells, the removal of PW from the process
stream at the WP, dehydration of gas, and the transport

of the gas and condensate onshore via the trunkline. For
the gas supply to the initial development’s two LNG trains,
this is expected to result in an average PW discharge to sea
from the WP of 2390 m3/day, with a potential maximum
discharge of 6530 m3/day. CW will also be discharged with a
potential maximum of 182 000 m3/day.

Crew changes to the WP will be carried out by helicopter.
Supply vessels will visit the platform on a reqgular basis to
deliver supplies and replacement equipment and remove
wastes and unserviceable equipment.

Other activities associated with operating and maintaining
the offshore infrastructure includes the following:

Start-up, ramp-up and shut-down of individual wells

Monitoring of pressures, temperatures and flow rates
from individual wells

Well-testing of individual wells
Flowline and pipeline pigging operations

Hydrate mitigation during and following shutdown
events by the intermittent injection of MEG into the
flowline system and by the intermittent flaring of gas.

66 | Chevron Australia Pty Ltd

2.5.21 Hydrate Mitigation Strategy

Under certain conditions, the Project’s gas has the potential
to form hydrates. Hydrates are a crystal structure of water
and hydrocarbons that form when operating temperatures
are low and pressures are high. They have the potential to
block the offshore flowlines.

The effective mitigation of hydrates is a key factor in the
offshore design and its resulting operating characteristics.
The Project’s selected hydrate mitigation strategy is
Insulate and Blowdown (I & B) with intermittent MEG
injection. This proven strategy prevents hydrate formation
by utilising three principles:

Normal operation will be at temperatures above the
maximum hydrate formation temperature - this will be
achieved by the design of the flowlines' insulation.

During and following shutdown events MEG will, on
occasion, be injected intermittently into the flowline
system to chemically inhibit the formation of hydrates.
This MEG will be stored at, and pumped from, the WP.

During and following shutdown events the flowlines
will sometimes be operated at reduced pressures that
are below the minimum hydrate formation pressure.
Depending on the prevailing operating conditions
this will, on occasion, be achieved by flaring some
produced gas.

The volume of MEG injected during shutdown events
varies widely for different events due to a number of
event specific factors. These factors include the scope of
the shutdown, the prevailing water cut and the degree of
flowline cool-down. Cumulative volumes of MEG injected
during a given shutdown event are currently expected to
vary from virtually zero, for minor events, to approximately
1200 m3 (and possibly even as high as 2700 m3 for major
events). During FEED both the frequency and volume of
MEG injection events will be optimised. One engineering
option being considered is to use MEG in combination with
a kinetic hydrate inhibitor (KHI). The supplemental use of
KHIs has the potential to reduce total chemical

injection volumes.

The MEG combines with the PW (formation and condensed)
that is present to form a single agueous phase. This
aqueous phase will be routed to the platform's PW
treatment system and discharged overboard.

2.5.2.2 Alternative Hydrate Management
Concepts Considered

The following alternatives to the selected hydrate

mitigation strategy (I & B with intermittent MEG

injection) have been considered for the Project:



Insulate and blowdown with intermittent
methanol injection

Continuous injection of MEG
Heat tracing and insulation

Injection of low dosage anti-agglomerant
hydrate inhibitors

Safety.

Methanol was considered as an alternative to MEG for use
with the selected | & B strategy. While methanol does have
similar hydrate inhibiting characteristics to MEG, it also
has a tendency to partition with the gas/condensate being
exported from the WP. This means that it is unsuited for
use in an LNG project, since it can both poison the catalyst
within the LNG plant’s molecular sieve dehydration beds
and erode the sales value of the condensate. Methanol is
also more hazardous to handle than MEG.

Continuous injection of MEG, with onshore recovery

and reclamation of MEG, has been adopted for other
developments and was considered for Wheatstone.

The high formation water production rates that are
anticipated from the Petroleum Titles would mean that MEG
reclamation and regeneration plant would need to be large;
larger than has been previously implemented elsewhere.

Heat tracing of the subsea lines, in conjunction with
insulation, is being considered but it is novel technology
and unproven in this application.

The injection of low dosage hydrate inhibitors, of the anti-
agglomerant type, was determined to be unsuitable in this
application because of the relatively high PW rates that are
currently anticipated. It also tends to have greater toxicity
than MEG and is less preferable on environmental grounds.

2.5.3 Marine Operations

2.5.3.1 Product Export

Operation of the marine facilities will mainly involve the
loading of the LNG and condensate onto purpose built ships
for export to the world's markets.

During loading, LNG carriers and condensate vessels will
moor at the PLF berths to allow connection and transfer
of products. Tugs, based at the MOF, will assist the vessels
with docking, departure and transit manoeuvres.

The LNG will be transferred onto the carriers through

up to four 0.41m (16") diameter loading arms, with an
additional 0.41m (16") loading arm to collect the vapours
produced in the loading lines and the ship's storage tanks
as the LNG is warmed by the heat generated during loading,
and return it to the BOG compressors. Vapour recovery
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from condensate vessels is not required as the product is
loaded at ambient temperature.

The frequency of shipments will vary as the Project
develops. The estimated number of vessels is as follows:

LNG: Approximately seven carriers per week

Condensate: Approximately three vessels per month.

Depending on the size of the LNG carrier, loading may take
ten to 17 hours, while loading time for a typical (75 000 m?3)
condensate vessel may be 21 hours.

During the LNG loading operation, the carrier needs

to discharge water from its ballast tanks similar to the
weight of the volume of LNG cargo it is receiving in

its cargo tanks. This ballast water will be managed in
accordance with Australian and Quarantine Inspection
Service requirements. An LNG ship of 205 000 m3 capacity
discharges approximately 83 200 m? of seawater during
the loading operation at a rate of approximately 13 600 m3/
hr, assuming a loading time of 17 hours.

2.5.4  Operation of Port Facilities

The port facilities will service LNG carriers with cargo
capacities in the range of 125 000 m3 to 220 000 m?3.

The fleet serving the facilities will comprise a mix of
different sizes. Table 2.4 provides an indication of the
number of vessels and inter-arrival period by ship size.

The facilities will also service oil product carriers lifting
cargoes of up to 650 000 barrels of condensate in ships
that range in size from 80 000 to 120 000 tonne dry
weight. Due to draught restrictions on these ships they
may only be partly laden. It is anticipated that a two-train
operation will require 12 vessels per annum, while a
five-train operation will require 40 vessels per annum.

It is not proposed to fuel export vessels at the port.
However, dedicated support vessels (tugs and work
boats) will be refuelled with diesel at the MOF. A diesel
fuel storage facility will be established.

Project operations at the MOF will generally involve

pilot boat and tug movements associated with the

arrival and departure of the LNG and condensate
carriers. Specialist vessels may operate from the MOF
periodically, such as ROV vessels during periods of
inspection and maintenance for the subsea infrastructure.
Some material reception and delivery may be conducted
at the MOF on an as needed basis. All materials will be
handled in accordance with quarantine procedures in
compliance with applicable regulations.
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Table 2.4: Ultimate Development - 5-Train Operation (25 MTPA exported)

Ship size (m3)

130000 434
165 000 342
205000 276

In order to reduce environmental impacts from port
operations, several practices will be implemented.

These include providing training and equipment to
address potential spills, providing adequate containment
for any hydrocarbon-containing tanks in the MOF area,
and specifying proper refuelling procedures for dedicated
vessels to reduce the potential for spills. During Chevron
control of the MOF, the facility is not proposing to accept
third-party waste, bilge water or grey water from any
vessels loading at the PLF and third-party vessels will
not be allowed to refuel at the MOF.

2.5.4.1 Maintenance Dredging

To ensure that the shipping approach channels, turning
circles and berth pockets remain at the required depth,
periodic maintenance dredging will be carried out. Under
average conditions the annual infill is likely to be modest.
However, simulations of a direct hit from Cyclone Vance
(1999) resulted in approximately 1 Mm?3 of infill into the
dredged areas from an individual event.

Annual dredging of the MOF channel may, therefore, be
required. This may result in the removal of approximately
50 000 to 100 000 m?3/year. Less frequent dredging may
be required every three-to-five years for other dredged
areas. This may be equivalent to approximately 300 000
m?3/year. Estimate of total planned maintenance for

25 years of operation could be in the region of about

10 to 15 Mm3.

The maintenance dredging plan will therefore be based
on annual dredging of the area, in the absence of a
major cyclone event and a contingency plan developed
to mobilise all available equipment to site immediately
following a major cyclone event.

Dredging is discussed in more detail in Chapter 8,
Marine Risk Assessment and Management.

2.5.5 Onshore Operations

Operation of the onshore Project components will
principally involve the reception and treatment of gas
either for conversion to LNG and storage prior to export,
or transfer to the domestic gas supply network, and the
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No. of vessels per annum

Inter-arrival period (days)

1.0
1.1
1.3

separation, storage and subsequent export of condensate.
Apart from major turnaround maintenance periods,

the facility will run as a continuous 24-hour operation.
Individual LNG trains, systems, or equipment within the
trains will be shutdown as required for routine scheduled
maintenance or unscheduled repair work. During these
periods, the remainder of the facility may operate at
reduced throughput capacity. Emissions, discharges

and wastes are discussed in greater detail in Chapter 4,
Emissions, Discharges and Wastes.

2.5.5.1 Freshwater Requirements

During the operations phase a desalination plant may be
required to provide fresh water. The average seawater
demand rates for a RO desalination plant are expected to
be 162 m3/hr for the initial two LNG train configuration,
and 350 m3/hr for the full 25 MTPA development. These
demand rates equate to freshwater output of 60 m3*/hr and
125 m3/hr and brine discharges of 105 m3/hr and 230 m3/
hr respectively. Water source options have been discussed
further in Section 2.3.3.3 and in Chapter 9, Terrestrial Risk
Assessment and Management.

2.5.5.2 Flaring and Venting

There will be no routine gas flaring from normal operations.
Flaring may occur during planned maintenance activities,
including equipment or system isolations, upset conditions,
non-normal operating scenarios, shutdowns and start-ups.
Flaring will also occur when a warm ship from dry dock
needs to be purged and cooled down.

Flaring during abnormal operations shall be limited to only
that essential for emergencies, process upsets, full train
or full plant start-up and shutdowns either to meet safety
requirements or where the alternative would result in
increased greenhouse gas emissions. Other measures to
reduce flaring may include:

Avoiding blowdown of process units and compressors
unless absolutely necessary to achieve a safe condition

Use of a high efficiency flare to reduce the
portion of unburned hydrocarbon to as low as
reasonably practicable



Liquids from fuel gas knockout vessels, compression
suction scrubbers and flare drums shall be recovered
as much as practical.

During normal operations, direct venting of hydrocarbon
vapours to the atmosphere will be limited to the following:

Fugitive emissions

Hydrocarbon in Nitrogen vents from the LNG facility
and domgas plant NRUs

Residual BTEX from the AGRU thermal oxidisers
exhaust vent

+ Possible trace hydrocarbon emissions from process
wastewater treatment.

Measures implemented to reduce venting include:

Avoiding where practical the requirement to
depressure hydrocarbons to atmosphere when
preparing equipment for maintenance, for example

by designing low point drains and vents on equipment
and piping, piped to the Flare or Liquid Disposal System

Low fugitive emissions control valves

Full capacity vapour recovery system will be provided
on LNG tanks and LNG loading/unloading facilities,
sized to capture all the BOG produced during normal
loading activities

A thermal oxidiser for the destruction of most
residual VOCs will be provided for CO2 venting from
the amine regenerator in both the LNG facility and
the domgas plant

+  Wastewater flash drum to flash hydrocarbon to flare
from hydrocarbon containing wastewater streams.

2.5.5.3 Wastewater Discharges
Wastewater effluent sources during operations include:

Process wastewater and drains
Sewage treatment effluent from plant facilities

Sewage treatment plant effluent from
accommodation village

+ Brine and filter backwash from desalination plant

Potentially contaminated storm water from process
units and wash-down water

Potential PW from future Chevron or
third-party offshore gas fields.

MEG is likely to be recovered through multiple processing
steps (for Trains 3, 4 and 5) including MEG regeneration

Wheatstone Project 2.0 Project Description

system, MEG reconcentration, and MEG reclamation. The
recovered lean MEG may be returned to offshore through
one or two MEG pipelines for pipeline hydrate inhibition.
The waste water produced during the future recovery
process will be sent to waste water treatment. Storage will
be provided for the rich MEG and lean MEG.

Wastewater discharges are discussed in more detail in
Chapter 4, Emissions, Discharges and Wastes and Chapter
8, Marine Risk Assessment and Management.

2.6 Decommissioning

The Project is expected to have an operating life of at
least 40 to 50 years. However, at a yet to be determined
time, it will reach the end of its useful life and will need
to be decommissioned. In the lead up to this point, reuse
and recycling opportunities for the Project components
will be considered. For example, removal of equipment
for use by a third party, or use of equipment left in situ
for alternative uses. Where no feasible or practicable
alternatives can be identified, the Project components
will be decommissioned.

Infrastructure above the seabed will be designed

for full removal, however a full assessment prior to
decommissioning will be undertaken to assess if full
removal is the most environmentally feasible option.

Although it is technically viable to remove subsea
trunklines, they are likely to be flushed and left in place to
limit impacts to the marine environment associated with
the removal operation.

Typically the decommissioning activities will include:

Decommissioning production facilities

Flushing subsea facilities including pipelines, flowlines,
manifolds and risers

Decommissioning, suspension, plugging and
abandoning wells

Removal and/or leaving in situ of facilities as agreed
with the requlator.

The decommissioning requirements for the Project will be
agreed with the requlatory authorities closer to the time of
decommissioning. A Decommissioning Management Plan
will be developed and will consider:

Condition of the marine and terrestrial environment

International, National and State regulatory legislation
and standards at the time of decommissioning

Health and safety legislation and standards

+  Theland zoning plans and future land use options.
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3.1 Introduction

In 2004, Chevron Australia Pty Ltd (Chevron) discovered
natural gas in Petroleum Title WA-253-P, approximately
225 km from Onslow on the North West Shelf of Western
Australia (WA). This complemented the discovery in
2000 of natural gas in Petroleum Title WA-17-R located
approximately 10 km away. The proposed Wheatstone
Project (Project) will initially produce gas from Petroleum
Titles WA-253-P and WA-17-R, which are held 100 per
cent by Chevron companies, and from WA-16-R, which is
held by Chevron companies and by Shell Development
Australia. Under an agreement signed in October 2009,
third parties will also provide natural gas from Petroleum
Title WA-356-P, to supply Trains 1and 2 of the Project.

In addition, third parties may also provide natural gas to
supply the proposed Domestic Gas Plant.

In addition to these proven fields, Chevron holds significant

acreage in the Western Carnarvon Basin. Chevron is
confident that these areas hold similarly significant gas
reserves to those in Petroleum Titles WA-253-P and
WA-17-R, which in turn could be exploited, subject to local
and global demand in the short-to-medium term.

Large-scale multi-field Liquefied Natural Gas (LNG)
projects, such as Wheatstone, have complex, multifaceted
impacts and future development implications for regional

and local environments as well as their associated
communities. In consideration of this, Chevron conducted
an assessment of the environmental, technical and
socio-economic feasibility of the possible development

of reserves in Petroleum Titles WA-253-P, WA-17-R and
WA-16-R, including consideration of a number of project
alternatives, possible future developments for the Western
Carnarvon Basin and the non-development scenario.

The outcome of this process was a concept decision to
develop a single onshore facility at a greenfield site on
the Pilbara coast between the Burrup Peninsula and
North West Cape to meet current and future energy
demands. Soon after this decision, a site-selection
community engagement strategy was conducted to
assist the ongoing fact-finding, decision and design,
and approvals processes. In addition to its community

engagement, Chevron made the final decision on site
selection in close consultation with the Australian

Commonwealth and Western Australian governments.

This chapter describes the project alternatives that were
considered for the development of the gas resources,
and the site-selection process. Key Project design
considerations are also described.

Figure 3.1 summarises the overall concept and site-
selection process described in detail below.

Stage 1 (Location Type)

Staqe 2 (Location Selection)

Framing & Background

Focused
Technical
Assessment

v

3.Tieback to new
onshore facility

3. Tieback to new
onshore facility

5.0nslow North
6.Cape Preston

. Research | .
i Identification of Assessment of | 1 . - I
Action Development —— Development ——P : Site Suitability _j1- Cost Estimates
Alternatives Alternatives E ¢ E Assessment E ¢
I GIS Analysis ,
'+ and Review D ! Ana|y5|s.
| ' . and Review
v 7 v S &
3 Development Preferred 6 Potential Locations: 3 Short-listed Preferred
Options: Location Type: 1. Ashburton North SIA Locations: Locations:
1. Floating LNG plant 2.0nslow SIA 1. Ashburton 1. Ashburton
2 Tieback to North SIA North SIA
Result 3% party 3.0nslow North / Beadon Cre'ek 2 Onslow SIA
infrastructure 4.0nslow North / Coolgra Point Equal Alternatives:

6.Cape Preston

+ Onslow SIA
» Cape Preston

Figure 3.1: Concept and Site-selection Process
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3.2 Project Alternatives

3.2.1 No Action Alternative

This section addresses the consequences of not developing
the gas fields in Petroleum Titles WA-253-P, WA-17-R

and WA-16-R (No Action Alternative). Although the No
Action Alternative would eliminate any environmental
impacts associated with the proposed action, the need

for additional supplies of natural gas would remain. This
option maintains the status quo. There is no positive or
negative impact on the environment or matters of National
Environmental Significance (NES). The benefits of the
increased use of natural gas as a source of low-emissions
thermal energy and petrochemical feedstock would not be
realised. There are also no benefits to the economy from
tax revenue and employment.

The consequences of not proceeding with the Project
would be failure to meet the Project objectives detailed

in Chapter 1, Introduction. The primary impact would be
loss of economic benefits to the Pilbara region, the State
of WA and the Australian Commonwealth. The short-term
benefits of the Project include the creation of employment
opportunities. The Project is expected to create about
6500 direct and indirect jobs during the construction
period, and result in locally purchased goods and services
(local content).

The Project also holds significant medium-to-long-term
benefits for WA. Western Australian consumers stand to
benefit from competitive domestic gas prices. The Project
will also contribute towards providing a continuous and
consistent gas supply to WA State industries. A further key
consequence of not developing the Project is therefore the
loss of a significant source of domestic gas supply to WA.

The consequences for the Pilbara region of the Project not
proceeding include the loss of the above-mentioned jobs
and investments that would otherwise be made in local
shared infrastructure, including road improvements and
other social infrastructure. It would hinder the creation

of an LNG processing hub facilitating development of
additional offshore gas resources and weaken the basis
for common user infrastructure development in the area.
Indirect economic benefits for regional companies both
during the construction and operation phases of the
Project would also be lost should the Project not proceed.
The potential socio-economic benefits for the Pilbara
region, the State of WA, the Commonwealth of Australia
and Chevron would not take place.

In addition, the Commonwealth Government would not
receive Project-related custom duties on imported plant
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and equipment, personal taxation for wage and salary
earners, and company tax on profits from the Project.

3.2.2 Development Alternatives

Once a decision was taken to develop these gas fields to
support the domestic gas market and the export of LNG,
various development options were investigated.

These included:

Offshore only development-floating LNG plant

Tie-back to third-party infrastructure—North West Shelf,
Pluto LNG (under development), Gorgon LNG (under
development after 2009 Final Investment Decision)

Tie-back to a new onshore facility.

The tie-back options considered direct tie-backs (pipeline
from the fields directly to shore) and offshore facilities for
primary processing followed by tie-back to shore.

3.2.21  Floating LNG

This option gathers gas from the offshore fields and
processes it on a floating gas facility. The process
separates the gas, natural gas condensate (condensate)
and produced water (PW) offshore. The gas is liquefied
and stored offshore prior to export via an LNG tanker. The
condensate is separated from the gas and stored prior to
export. The PW and associated bi-products are treated and
discharged to sea.

The key advantages of this option are that:

It does not require large onshore infrastructure

It does not require an export pipeline, and
associated seabed infrastructure is restricted
to a relatively small footprint

All emissions and discharges are released in the
offshore environment at a suitable distance from
potentially sensitive habitats such as whale migration
routes, seagrass meadows, mangroves and coral reefs

Dredging for access is not required

+ The facility can be easily decommissioned and reused
and will result in significantly less artificial habitat
remaining on the seabed.

The key disadvantages of this option are that:

It is unproven technology

It has significantly greater offshore fly-in, fly-out
(FIFO) requirements
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It has limited LNG production capacity and cannot be
expanded to concurrently handle additional discoveries

and for offshore primary processing (offshore facilities) tied
back to shore. The potential impacts on these alternatives

Its distance and relative location make it unfeasible
for tie-back to potential future fields in the West

Carnarvon Basin

It has limited design flexibility

It is more vulnerable to severe offshore cyclone activity.

The potential impacts on this alternative on matters of NES

are indicated in Table 3.2.

3.2.2.2 Tie-back to Third-party Infrastructure

The North West of WA currently has one operating LNG
plant—the North West Shelf Joint Venture (NWSJV) in
Karratha—and two plants under development; Pluto LNG
and Gorgon LNG. Each alternative was assessed for a
potential direct tie-back (with no offshore processing)

on matters of NES are discussed in Table 3.2.

The NWSJV LNG plant has been operating for 20 years

and has been expanded to five-trains over that time. It
currently produces approximately 16.3 million tonnes

per annum (MTPA) of LNG. Though the Petroleum Title
WA-253-P and WA-17-R fields could be tied in to existing
infrastructure at a reduced cost to the Project, the

NWSJV LNG plant is currently operating at capacity and
is being fed by committed reserves from other fields. The

Table 3.1: Advantages and Disadvantages of Third-party Alternatives

Third-party Option Advantages Disadvantages

S-Short, M-Medium, L-Long-term
NWSJV LNG

Pluto LNG

Gorgon LNG
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Existing facility (S, M, L)

» Reduced cost of infrastructure

development - tie-in to existing
trains or development of new
trains (S, M, L)

» Environmental impact from facility

well documented (S)

Two trains have planning

approval (S)

One train will be completed by 2010,
with first LNG in 2011 (S)

Reduced cost of infrastructure
development - addition of new
trains (M, L)

Three trains have planning
approval (S, M)
Will be operational in 2014 (S)

Reduced cost of infrastructure -
additional new trains (M, L)

environmental impacts of the plant are well documented
and therefore represent a known and manageable set

of environmental risks. However, the facility has limited
potential for expansion in the short term and therefore this
alternative would potentially threaten Chevron'’s ability
to develop these fields in a timeframe that satisfies the

» Plantis running at capacity and has

committed gas supply that could
result in Wheatstone failing to meet
the Government's “use-it or lose-it"
requirements (S, M)

+ Difficulty in adding additional

trains (S, M)

+ Does not assist strategic

development in the West
Carnarvon Basin (L)

Approval only for two trains.
Additional approvals required to
expand capacity (S, M, L)

+ Difficulty in expanding the

plant (M, L)

» Potential environmental impacts

of discharges into Mermaid
Sound (M, L)

+ Does not assist strategic

development in the West
Carnarvon Basin (L)

Approvals only for three trains -
Gorgon has enough gas to fill these
and is fully subscribed (S, M)

» Does not assist strategic

development in the West
Carnarvon Basin (L)



government's retention lease requirements. In addition,
the plant and subsea infrastructure are located such that
any option of tie-back for reserves in the West Carnarvon
Basin are unviable. This alternative was therefore
considered unfeasible as it did not present a significantly
lower environmental risk than other alternatives, and
despite potential cost-savings, the likely timing of “first
gas to market"” poses a risk to Chevron's petroleum permit
retention under current requlatory requirements.

The Pluto LNG plant is under construction and is located
adjacent to the NWSJV gas plant. It will process gas from
Woodside's Pluto Field and has approvals for two LNG
trains with a maximum capacity of 12 MTPA. The Pluto
LNG plant has the potential for expansion from its initial
two-train capacity but this expansion would require new
environmental approval applications. The potential for
cumulative impacts arising from further expansions at
this location would also require significant assessment
and consideration. This alternative also does not align
with Chevron's long-term commercial and strategic benefit
strategy for the development of future Western Carnarvon
Basin reserves. It therefore provides no real advantage in
terms of environmental approvals or commercial benefits
in comparison to the establishment of a new facility at a
suitable greenfield site. While these fields could be tied
back to the Pluto plant, as with the NWSJV LNG plant,
any potential future reserves discovered in the Western
Carnarvon Basin would be left relatively remote from
suitable processing facilities and would therefore

require the development of a new facility much closer

to these fields.

Gorgon LNG has been approved for development;
construction commenced in late 2009. The development
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consists of three LNG trains with a maximum capacity of

15 MTPA and is fully subscribed. Gorgon LNG will be located
on Barrow Island, approximately 70 km off the WA coast.
The Gorgon project currently has sufficient committed gas
reserves to ensure it operates at maximum capacity. While
the Gorgon LNG plant will be located closer to the Western
Carnarvon Basin than the NWSJV and Pluto LNG plants, the
limited capacity for expansion to accommodate other gas
reserves makes this alternative unfeasible.

The relative advantages and disadvantages of tie-back
to these options are summarised in Table 3.1.

3.2.2.3 Tie-back to New Onshore Facility

The final alternative considered was a tie-back to a new
onshore facility on the north-west coast of WA. This
alternative was a new LNG facility at a greenfield site
between the Burrup Peninsula and North West Cape.
The key advantages and disadvantages of this
alternative are summarised as follows:

+ The key advantages of this option are that:

The LNG facility can be developed for the
Project’s needs

The LNG facility can be strategically located to
allow expansion from future gas discoveries in
the West Carnarvon Basin, reducing the need for
additional LNG facilities in the Pilbara

+  Development and environmental considerations
can be appropriately matched

Development is not impacted by conflicting
development priorities.

Table 3.2: Comparison of Project Alternatives on Matters of NES

Potential Impact

Floating LNG Tie-back to third party | Tie-back to new facility

World Heritage Sites
National Heritage Places

Wetlands of International Importance

Nationally Threatened Species
and Ecological Communities*

Migratory Species*
Commonwealth Marine Areas

Nuclear Actions

*Nationally threatened species and ecological communities/migratory species that may occur in or utilise the study area. These species and communities are

described in more detail in Table 3.10.
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The key disadvantages of this option are that:

New infrastructure is required for
onshore processing

There are additional development costs.

The potential impacts of this alternative on matters of NES
are indicated in Table 3.2.

3.2.2.4 Matters of National Environmental Significance
A summary table has been provided to indicate whether a
particular alternative was considered to have an impact on
matters of NES (Table 3.2). This summary table is based
on data obtained from the Commonwealth Department of
the Environment, Water, Heritage and the Arts (DEWHA)
webpage (DEWHA 2009). The data was used as a high-
level screening tool for the review of alternatives. A

more comprehensive review was undertaken during the
site-selection process when a detailed assessment of the
preferred site was undertaken. This is detailed in Chapter 6,
Overview of Existing Environment.

Table 3.3: Multi-criteria used in the Site-selection Study

3.2.2.5 Preferred Alternative

A detailed evaluation of the alternatives was undertaken
and is summarised above. This evaluation concluded that
the preferred alternative on environmental, economic and
schedule grounds would be a tie-back to a new onshore
LNG facility located at a greenfield site somewhere
between the Burrup Peninsula and North West Cape.

The reasons for this decision were:

A new facility provided the potential for a
strategic development for discoveries in the
West Carnarvon Basin

A new development “hub" would facilitate synergies
with other proponents

A new facility was not constrained by other proponents
either technologically or spatially

A new facility could be developed with proven
technology and linked back to the domestic gas market

Environmental and cultural heritage impacts could be
reduced relative to third-party locations.

Criteria Category Specific Criteria

Marine benthic habitat
Conservation estate
Wetlands

Avifauna

Environmental

Vulnerable species

Terrestrial vegetation

Acid sulfate soils
Social Land use

Shipwrecks

Cultural and heritage sites

Native title
Mining site
Land tenure
Engineering
Site road access
Aeroplane/port access

Distance to navigable water

Distance to population centre

Distance from Petroleum Titles to coast

Drainage and flooding

Erosion hazard and terrain

Distance from coast to plant

Interference with infrastructure
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Once the preferred development concept was selected,
a detailed site-selection process was undertaken. This
process is described in more detail below.

3.3 Site-screening Study

Chevron undertook a structured five-step site-screening
study to identify alternative locations in the coastal region
between the Burrup Peninsula and North West Cape that
would be appropriate as possible LNG development sites.
This approach was not dissimilar to past and recent studies
undertaken for LNG development on this coast. It involved
early framing sessions, data gathering, development of
evaluation criteria, multi-criteria analysis, a technical
analysis and cost estimation of sites. Steps included in this
process were:

1) Framing and background research, including the
gathering of all available relevant data, review of
literature and previous studies, and development
of a concept design basis to provide guideline
assumptions for the study.

2) A Multi-Criteria Analysis (MCA), consisting of
three rounds:

Round 1- A multi-disciplinary team developed

and weighted a range of environmental, social and
engineering criteria, which were applied to the area
of interest using spatial Geographic Information
Systems analysis technology. Least constrained
areas along the coast were then identified as being
"broadly suitable" for the Project facilities. Criteria
used during this stage are listed in Table 3.3

Round 2 — Using the results from Round 1and
knowledge from previous studies, a number of
potentially suitable sites were identified. These
were short-listed to six specific sites that would
be considered for further assessment

Round 3 — Each specific site was assessed for

"site suitability” by specialists from Chevron and
independent consultants. An environmental and
social suitability index was initially calculated,
followed by a technical and commercial suitability
index. These were used to rank the sites, with three
selected to be carried forward to the next step.

3) Following this, a focused technical assessment on the
three short-listed sites was conducted, considering
geological factors, port operability, onshore and marine
layouts and supporting infrastructure requirements.
The objective was to identify issues and insights for
each site, as well as provide inputs for cost estimation.
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4) Cost estimates (including dredging, earthworks,
marine facilities, accommodation village and
support infrastructure) for each short-listed site
were then developed.

5) Finally, an analysis and review of all relevant
information informed a recommendation for preferred
and alternative sites. Key risks and recommendations
for further work and mitigations were also identified.

3.3.1 Outcomes of the Five-step Process

Results of the five-step process identified the following
locations:

Ashburton North Strategic Industrial Area (SIA)'-
(option1)

Onslow SIA—-(option 2)

Onslow North/Beadon Creek (option 3)
Onslow North/Coolgra Point (option 4)
Onslow North (option 5)

Cape Preston (option 6).

3.3.11 Specific Option Locations

Coordinates and a brief description of each specific
alternate option identified within this site-screening study
area are provided in Table 3.4.

Specific details of the preferred location, Ashburton North
SIA (option 1), can be found in Chapter 6, Overview of
Existing Environment.

3.3.1.2 Site-screening Study Area

A key consideration in this study was locating a mainland
site that was within practical distance of offshore fields
for a multi-train LNG development. This included the Clio
Field in Petroleum Title WA-205-P and other Petroleum
Titles and gas discoveries further west. The Pilbara
coastline, which extends from the Burrup Peninsula in the
north to Exmouth in the south, was evaluated. This area is
shown in Figure 3.2.

As the site-selection study area was much broader than an
individual location, impacts of each alternate location do
not apply to the entire study area. A comprehensive impact
assessment and details of associated mitigation measures
relating to the preferred location are included in Chapter 8,
Marine Risk Assessment and Management and Chapter 9,

1 Concurrent to this process, the Western Australian State Government
announced that a SIA would be created at Ashburton North.
Development options for the Ashburton North SIA site included new
LNG facilities to aid the development of gas reserves in the Carnarvon
Basin and Exmouth Gulf.
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Terrestrial Risk Assessment and Management respectively. The outcome of Round 3 was that:
Refer to these chapters for specific impacts of the
preferred location. * Ashburton North SIA and Onslow SIA were deemed to

be more suitable when considering environmental and
socio-economic criteria

« Ashburton North SIA, Onslow SIA and Cape Preston
were deemed to be more suitable when considering
technical and commercial criteria.

Onslow SIA and Onslow North/Beadon Creek had initially
been considered constrained due to their close proximity
to Onslow settlement. Cape Preston had been considered
constrained due to third-party tenure issues. However,
Chevron decided that closer scrutiny was warranted.

Having identified six specific locations, additional data The concluding steps in the site-screening study were

was gathered for each and a further analysis undertaken to differentiate between the final three sites (option

in order to consider: 1- Ashburton North SIA, option 2 - Onslow SIA, and
option 6 - Cape Preston). This differentiation was based

+ Conceptual onshore and marine footprints for each site on a comparison of each option against the others to

determine which site had the least constraints. This step
was undertaken through assessment against the following
constraint factors:

+ High-level assessment of the impact of each footprint

+ Key constraints identified for analysis in Round 3.

* Relative environmental impact

* Native title
{nseoronE NSEI00E NEN"E N
“Broome A
NT 0 5 W 15 20
— )
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Figure 3.2: Site-selection Study Area
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Table 3.4: Site-selection Study Area

1- Ashburton North SIA

2 - Onslow SIA

3-Onslow North/Beadon Creek

4 - Onslow North/Coolgra Point

5 - Onslow North

6 - Cape Preston

Description

Situated near the Old Onslow Town Site, approximately 5 km north of the Ashburton
River and 12 km south-west of Onslow. The footprint is rectangular and the (then)
Project area covers a total 458 ha (entirely rural).

Identified through the Department for Planning and Infrastructure’s 2003 Onslow
Structure Plan, the current SIA is approximately 475 ha in area and allows for a

3000 m buffer zone to other land uses. Located south-west of the existing town site,
the SIA is loosely bound by the existing Onslow Salt haul road and ponds/crystallisers.

Situated approximately 3 km east of Onslow, this option fronts onto Beadon Bay. The
terrestrial footprint is rectangular and covers a total area of 787 ha (including 745 ha
of Conservation, Recreation and Nature Landscape and 31 ha of rural land).

The site is situated approximately 20 km from Onslow, 6 km east of Coolgra Point. The
terrestrial footprint is rectangular and covers a total area of 625 ha (including 614 ha
Conservation, Recreation & Nature Landscape and 9 ha rural land).

The site is situated approximately 25 km east of Onslow, 10 km east of Coolgra Point.
The terrestrial footprint is rectangular and has a total area of 558 ha (556 ha of
Conservation, Recreation & Nature Landscape and 2 ha rural land).

Situated on Cape Preston, this option is located approximately 60 km west-south-
west of Dampier, in the Shire of Roebourne. To the south, east and west of the site are
the Mardie Pastoral Lease and the De Grey Stock Route. The footprint is rectangular
and covers a total area of 558 ha (216 ha managed resource protection, 234 ha other
minimum intervention use and 109 ha crown lease).

Table 3.5: Summary of Site-screening Factors

Relative environmental Lower Lower High - nearshore
impact marine park

Native title Lower - single claimant Lower - single claimant Higher - three claimants

European Heritage sites One registered site

Social constraints Lower -12 km to Onslow Higher - 4 km to Onslow

Third-party claims/
competing land use

2 x exploration, 1 x mining,
1x pastoral, State
agreement over part

of footprint

Inundation risk High, requires
engineering mitigation
Available land Available, requires fill

45 Mm?3 cutter suction/
trailer suction hopper
dredge

Berth operability 91 per cent

Mid cost, lowest
uncertainty range

Dredging volume*

Key: Green = Favourable characteristic; Yellow = Moderate characteristic; Red = Less favourable characteristic

Lower

Site agreement in place,
competing land use
(iron ore)

2 x mining, 1x general,
competing land use
(Onslow Salt)

High, requires Low

engineering mitigation

Available, set back 2 km Available, subject to
third parties

from coast
14 Mm3 drill and blast likely

95 per cent 96 per cent

Highest cost, could be Lowest, but uncertainty
reduced by eliminating long  [eAZfel gt [ellple]
cryogenic line

32 Mm? cutter suction

* = Early estimates only
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Heritage sites
Social constraints
Third-party claims/competing land use
Inundation risk
Available land
Dredging volumes
+ Berth operability
Cost.

Outcomes of this five-step process are summarised
in Table 3.5.

3.3.2 Final Results of Site-screening Study

This process identified Ashburton North SIA as the
preferred site, with the following key attributes:

Has the least relative environmental
and social constraints

Has native title and third-party constraints
but with lower relative risks than other sites

Carries an inundation risk from low ground levels
but this can be mitigated by engineering solutions

Is comparable in cost to other sites, but is lowest
in the uncertainty range.

Both Onslow SIA and Cape Preston rated approximately
equal as alternative sites, with the following key issues
identified:

Onslow SIA is a suitable site, but is challenged
by distance from the beach, and proximity to the
Onslow settlement and Onslow Salt operations.
Cutting off access to an important community
beach was a major issue

Cape Preston is a suitable site, but is challenged by
third-party claims on land, dredging uncertainty
and diverse environmental issues—in particular, its
proximity to a proposed marine park.

34 Community and Stakeholder
Engagement Process

It is important to note that the community and stakeholder
engagement process described here is only one part of
Chevron's ongoing and comprehensive community and
stakeholder consultation program, which began at the start
of the Project, and continues. These activities are covered
in Chapter 5, Stakeholder Consultation.
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The engagement process undertaken during the site-
selection process sought to engage stakeholders in

the site-screening study findings and in the identification
of preferred sites (as described above). It also sought
stakeholder views and feedback on the screening study
and its outputs and findings. Engagement occurred at the
same time as continuing investigations into environmental
assessment and approvals, cultural heritage, socio-
economic impact and engineering aspects of the
preferred alternative.

3.4.1 Outcomes of the Community
and Stakeholder Engagement Process

The approach adopted for this engagement process was
derived from and built upon current industry best practice,
which in turn derives from prior LNG site-selection studies
undertaken in the north-west of WA. The engagement
process involved a dual approach:

1) Community members and stakeholders were invited to
three open forums where they heard a comprehensive
explanation of the site-selection study, and had
opportunities to discuss and challenge the selection
criteria (outlined below), and ask questions or
voice concerns.

2) Asingle focussed ranking workshop was also developed
for a smaller number of community members, referred
to as a Perspectives Group (PG), to participate in a
multi-criteria assessment-based ranking exercise to
determine their preferred ranking of Chevron's LNG
development site options.

Details of forums and workshops conducted are listed
in Table 3.6.

3.4.11 Criteria Development

Criteria developed for this process, which was tested
with community members and used by the PG to rank the
various alternative sites, was based on the site-screening
study (and was weighted accordingly). Criteria used
included those set out in Table 3.7.

3.41.2 Perspectives Group Membership

The PG consisted of seven individuals, invited to participate
on the basis of their membership of Chevron’s Onslow

and Karratha reference groups. The membership of the
group was designed to bring the broadest possible range
of Pilbara perspectives to the table in order to review and
comment on the site-selection process and make its own
site-preference judgement.
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Table 3.6: Project Community and Stakeholder Engagement Process Summary for Site Selection

A
Engagement Session Location e Attendee Representatives
Numbers

Community Open Nov 18,2008 Onslow Community members (mainly
Forum residents)

Local Government business
Local organisations
Community Open Nov 19,2008 Karratha 20 Community members
Forum Chamber of Commerce and Industry
State Government agencies
Local Government business

Local organisations

Perspectives Group Nov 26,2008 Onslow 7 Perspective Group members
Workshop

Stakeholder Open Dec 3,2008 Perth 15 State and Commonwealth
Forum governments

Fishing industry

Non-government organisations
were invited but did not attend

Table 3.7: Multi-criteria used in the Project’'s Site-selection Process

Criteria Category Specific Criteria

Environmental Coral communities
Vegetation
Wetlands
Light pollution
Greenhouse gas emissions
Marine benthic habitat
Vulnerable species
Emissions (gaseous)
Socio-economic Impact on local business
Direct and indirect employment
Development of community services/infrastructure
Geographical position
Heritage (Aboriginal and European)
Landscape values
Land use
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Table 3.8: Summary of Discussions from Onslow and Karratha Forums

Environmental Considerations

Marine ecosystems

Vegetation

Wetlands and
coastal processes

Light pollution

Greenhouse gas

Other

» Concerns over the disposal location of dredge material and how often dredging would

need to occur

» Concerns over jetty in terms of marine impacts and beach access—it was noted that

Ashburton North SIA may be more appropriate due to less coral and Cape Preston’s
proximity to marine conservation areas

« Concerns over increased recreational pressures and therefore impacts on fishing industry

Concerns raised over number of hectares that might need to be cleared and suggested
replanting of coastal vegetation to offset impacts

- Little is known about Ashburton North SIA coastal mangroves—more studies

would be required

» Considered that migrating birds, flooding and tidal surges would need to be investigated

in relation to wetland areas and that these areas should generally be left untouched
Participants called for investigations into turtle populations and reducing light pollution

An associated concern was the impact of light pollution on settlements, with Ashburton
North SIA considered by some Onslow forum attendees to be remote enough

» Generally wanted more information and a rigid policy for offsetting emissions
» Concerns were also raised about other forms of emissions and proximity to town

Other points raised included consideration of sustainable water and energy supply,
and consideration of the general lifestyle and landscape values of people in the areas

Socio-economic Considerations

Impact on local business

Direct and indirect
employment

Development of
community services/
infrastructure

Geographical position,
landscape values and
land use

+ Onslow participants preferred sites closer to Onslow due to opportunities to provide

direct economic benefits to the town

» Karratha participants raised the issue of competition for human resources
+ The forums reflected a common desire for Chevron to support and enhance the local

economy and a belief in opportunities for promotion of tourism in the region

Both noted the need for Indigenous opportunities and the use of local contractors

+ Issues surrounding FIFO, accommodation and general impact of new people on existing

services and community fabric were raised as concerns

+ Issues surrounding “the Pilbara is too stretched"-limited services and infrastructure,

particularly health, education (including childcare), recreational, emergency services,
housing/water/energy supply were discussed at length

Participants saw opportunities for Chevron to improve services and infrastructure (such as
building a boat ramp, air link and/or public transport)

» Participants in Karratha saw housing issues as the main concern

+ Comments on possible location inevitably related to localised service and infrastructure as

well as environmental values

+ Onslow participants preferred sites closer to them and saw Cape Preston as a “no-go" area

Karratha participants favoured development closer to their town

Issues raised in Onslow included interference with popular local beaches, access to
Ashburton River, Hooley Creek and False Entrance for recreation and fishing. Concerns were
also expressed over the Project’s potential impact on future expansion/land development
and whether it might open the door to other industrial development
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Heritage

+ Onslow participants raised concerns that the Old Onslow Town Site should be protected,

preserved and promoted for tourism

+ Indigenous consultation regarding heritage was recommended

General impact on
community

+ Participants in both forums expressed desire for companies such as Chevron to “give back”
to the community in which it operates

+ Karratha participants suggested transparency, consultation and open governance as key
factors for the success of any development

The final PG members, who had professional or
employment affiliations with government, business and
community organisations, were approximately equally split
between Onslow and Karratha. Importantly, all individuals
were identified as being highly informed on the social

and economic context and physical setting of the region
(including Onslow and Karratha).

3.4.2 Final Results of the Community and
Stakeholder Engagement Process

The overall result of the community and stakeholder
engagement exercise was the identification of Ashburton
North SIA as the preferred site. The engagement process
was highly successful in communicating the idea of

the Project and providing a feedback mechanism for
community members/stakeholders.

A summary of the outcomes is listed below.

3.4.21 Results of Onslow and Karratha Forums
Participants of both the Onslow and Karratha forums
expressed similar concerns regarding the Project

and tended to focus on social impacts. A summary of
discussions from both forums can be found in Table 3.8. A
similar review was also undertaken at a forum in Perth.

3.4.2.2 Results of the Perspectives Group

Rating Workshop
The core element of the community and stakeholder
engagement exercise—the PG workshop to rank the three
prospective sites identified by former site-screening study—
supported the study conclusions that Ashburton North SIA
was the preferred site.

Results of the ranking workshop are illustrated in
Figure 3.3.

Results of the workshop were relatively clear, indicating
that the Ashburton North SIA site was rated as having the
least negatives or disadvantages against environmental

criteria and the most positives or advantages against
socio-economic criteria.

The environmental positives for Ashburton North SIA
concerned vegetation (due to the area being affected by
introduced weeds, having a lack of notable vegetation
communities and a relative lack of wetlands of significance).
It was noted that the weed issue may in fact be effectively
managed through an industry presence. The other major
environmental advantage was the site's distance from

the SIA and Onslow, and hence the prospect of effective
dispersion of gaseous emissions.

The socio-economic advantages were consistent across
all criteria, with major advantages for landscape values
impact (distance from known lookouts, settlements and
recreational visitation areas), lack of conflict with other
land uses, and geographical position. The latter included
consideration of the potential for subsequent growth, and
hence as a potential hub site. Ashburton North SIA was
seen as promising in this regard. Relative distance from
Onslow was also seen to be particularly advantageous;
Onslow is close enough to be an effective service centre,
but the proposed site is distant enough to preclude any
significant visible physical intrusion on the town.

Onslow SIA attracted the highest number of neutral

scores against environmental criteria, with one major
disadvantage owing to disturbance of the coastal/foreshore
reserve during construction. It was also ranked strongly
negative/disadvantageous against geographical position,
landscape values and land use. The latter negative ratings
were largely due to the SIA's proximity to Onslow.

Cape Preston ranked slightly better than Onslow SIA
against environmental criteria, but scored two major
negatives/disadvantages due to construction-stage
disturbance to the marine environment. However, Cape
Preston ranked less favourably against socio-economic
criteria given the lowest level of positive/advantages. It is
noted that the PG considered the potential for disturbance
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of heritage to be a major negative issue and that the 2) Attendance, as circumstances allowed, of any internal
geographic distance from Karratha was considered a (Chevron) briefings, or external stakeholder forums/
major (though not strategic) problem that would result in workshops that were undertaken to observe and record
excessive dependency on FIFO workers. (discretionary) the activities being undertaken

3.5 Independent Peer Review 3) Provision of any advice on how the consultation process

might subsequently be improved
A peer review provides credibility and validity in its

scrutiny of the engagement process. Chevron, therefore,
established an Independent Peer Review to report on the
community and stakeholder engagement process.

4) Provision of a brief summary report commenting on
the validity or otherwise of the consultation process
and methodologies applied.

Two academics with expertise in this process 3.5.1
(McKenzie & Singleton 2009) were subsequently
nominated and engaged. The terms of reference
for the Peer Review included:

Results of the Independent Peer Review

The major conclusions drawn by the independent peer
reviewers included:

Participants often asked for more technical information
which, at that time, was not available

1) Provision of independent peer review advice on
the approach, method and implementation of the
community consultation process undertaken
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Responses regarding the conduct and availability of
some technical, environmental and socio-economic
information were provided during meetings, but in
several instances the technical experts had to admit
that information or findings were not yet available

It appeared that the stakeholders were willing to accept
this, information requests were recorded, and there was
a general expectation that once work was completed,
Chevron would report back to stakeholders

« It appeared that (in the eyes of the independent peer
reviewers) “trust” and “admiration” was building among
stakeholders and Chevron representatives and there
was a willingness to share information in the future.

3.6 Matters of National
Environmental Significance

A screening assessment of the alternatives was undertaken
in regard to matters of NES. This assessment provided a
very broad “yes" or “no" finding as to whether a particular
alternative could have an impact on matters of NES.

Wheatstone Project 3.0 Project Alternatives and Site Selection

Once the preferred alternative was selected, a more
detailed site-selection process was undertaken. This
included a more detailed assessment of the proposed
sites and their potential impact on matters of NES.

Table 3.9 summarises matters of NES under the
Commonwealth Environmental Protection Biodiversity
Conservation Act 1999 that are relevant to the entire study
area and compares the six alternate sites. Table 3.10 breaks
down site by site nationally threatened and migratory
species/ecological communities that may occur in or utilise
the study area; and Table 3.1 provides a description of
existing and proposed marine parks in the study area.

In summary, due to the close proximity of each of the
alternate sites, there is little or nothing to differentiate
them with regard to matters of NES.

3.7 Project Design Considerations

Chevron considered various design configurations and
options for the proposed Project. This section describes key
elements with significant potential strategic, environmental
or commercial influence.

Table 3.9: Matters of National Environmental Significance Relevant to the Study Area

Option 1
Ashburton
North SIA

Option 2

Matters of NES Onslow SIA

World Heritage Sites

Option 3
Onslow
North/
Beadon
Creek

Option 4
Onslow
North/
Coolgra
Point

Option 5 Option 6
Onslow Cape
North Preston

There were no World Heritage Property sites listed for the study area at the time of writing. It is

important to note however, that the Ningaloo Marine Park (part of which lies in the study area)
is listed as a Commonwealth Heritage Place and the Government has filed an application for
World Heritage listing. This is relevant for all options.

National Heritage Places There are no National Heritage Places.

Wetlands of
International
Importance
rocky headlands and beaches.
Nationally Threatened 1 1

Species and Ecological
Communities*

Migratory Species* 26 24

Commonwealth
Marine Areas

Nuclear Actions None

According to DEWHA, there are no identified Ramsar wetland areas within the study area. It
isimportant to note however, that the mainland coast of the study area has a thin fringe of
mangroves, flanked by intertidal and supra-tidal sand and mudflats, broken periodically by

ll 12 12

26 24 24

Several protected areas in the form of Marine Parks and Marine Management Areas occur in
the study area which covers all options. These are detailed in Table 3.8.

*Nationally threatened species and ecological communities that may occur in/utilise the study area. These species and communities are described in more

detail in Table 3.10.
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Table 3.11: Existing and Proposed Marine Parks in the Study Area

Protected Description Distance from
Area P Project Area

Barrow Offshore and relatively remote. Covers 114 500 ha and includes most of the waters 70 km
Island Marine around Barrow Island and the waters around the Lowendal Islands. Significant
Management breeding and nesting area for marine turtles and its waters support important coral
Area reefs and a diversity of tropical marine animals.
Barrow Island Established by the State Government in 2004. Significant breeding and nesting 105 km
Marine Park area for marine turtles, waters support important coral reefs and diverse tropical
marine animals.
Montebello Beaches, bays and lagoons fringed by mangroves in places. Forms one of the most 135 km
Island Marine important marine areas along the WA coast. Adjacent waters provide habitat for
Park large marine animals such as Humpback Whales, Dugongs and several species of
marine turtles, and are stopover areas for rare and protected migratory wading
birds. Significant breeding and nesting area for marine turtles and its waters support
important coral reefs and diverse tropical marine animals.
Muiron 28 000 ha marine management area at the Muiron and Sunday islands, approximately 55 km
Islands Marine 15 km north of North West Cape. Established by the State Government in November
Management 2004. Protects one of the region’s most biodiverse underwater wilderness areas.
Area Island group consists of the larger South Muiron and North Muiron islands, which
are separated by a deep-water navigable channel and both runin a north-easterly
direction; and Sunday Island, which is smaller and lies further to the east. The island
group is one of the most popular areas for dive charters from Exmouth.
Ningaloo Abundant whales, dolphins, Dugongs, manta rays and sharks occur on the 300 70 km
Marine Park km-long Ningaloo Reef. World-class diving. Sheltered lagoons, corals.
Proposed Dampier Archipelago is the richest area of marine biodiversity known in WA, with a 175 km
Dampier biodiversity comparable with that of northern Queensland. The area also supports a
Archipelago wide variety of recreational and commercial activities.
Marine Park

3.71 Strategic Industrial Area Concept -
Common Use Coastal Access

The Department of State Development (DSD) of WA has
plans to establish Ashburton North as a Strategic Industrial
Area (SIA). Within the Ashburton North SIA, the DSD has
also designated a “"Common Use Coastal Area” (CUCA)
which is intended to be used for infrastructure including,
but not limited to, gas supply pipelines, LNG storage tanks
and multi-user marine facilities by Chevron and other third-
party proponents.

Chevron's selection of the Ashburton North SIA provides

a significant contribution to the overall reduction of
environmental impacts across the Pilbara region.

The placement of multiple industrial facilities within a
concentrated development area reduces overall cumulative
impacts and ensures localised environmental impact

over a broad region by reducing the need for multiple
infrastructure development.
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The Ashburton North SIA provides multi-user infrastructure
and access to the CUCA to all proponents of the SIA. Multiple
proponents can utilise a single multi-access infrastructure
corridor (access roads, utilities, pipelines) and a single

port and navigation channel, greatly reducing overall
environmental impact by eliminating the need for multiple
infrastructure corridors, ports and dredged channels.

As the initial proponent in the Ashburton North SIA,
Chevron agreed with the DSD to develop key aspects

of the CUCA (primarily the port, dredged channel and
infrastructure corridor) needed to support the Project
and include the related CUCA assessment as part of the
Environmental Impact Statement/Environmental Review
and Management Programme (EIS/ERMP). The Project
may also develop subsequent aspects of the CUCA
infrastructure on behalf of, and as required by the DSD.

A potential disadvantage of utilising the SIA is that each
proponent would be required to accommodate SIA and
CUCA restrictions in their design.



3.7.2 Offshore Field Development (Gas Wells)

Chevron evaluated two primary alternatives for the
offshore gas field development; the installation of a
dedicated well head production platform or an all subsea
well development. Initially, Chevron proposed a dry-tree
development (well heads on a dedicated platform, or “well
head platform"). As subsurface definition matured, it
became apparent that flexibility to modify well count and
bottom hole location was needed and would bring higher
value to the Project than a dry-tree development. As
such, the decision was made to proceed with the all
subsea well development.

Chevron's decision to utilise the all subsea well
development eliminated the need for an additional,
dedicated platform anchored to the seafloor. The
elimination of the well head platform option diminishes
the environmental impact of the offshore development by
reducing additional flaring, discharges and emissions. The
elimination of the well head platform also reduces the risk
of weather or cyclone impacts to the wells infrastructure.

3.7.3 Dredging and Dredge Material
Management Considerations

One of the key benefits of an SIA is realised with the
creation of a single navigation channel and turning basin
serving multiple proponents to accommodate the LNG

and condensate carrier vessels. This eliminates the need
for individual proponents to create (or expand existing)
separate navigation channels, reducing the overall
dredging impacts from gas development projects in the
Pilbara region. The creation of the channel, turning basin
and associated nearshore facilities will require the dredging
and subsequent placement of approximately 45 Mm?3 of
dredge material. Dredging aspects are discussed in detail in
Chapter 8, Marine Risk Assessment and Management.

Two primary alternatives have been considered for the
placement of dredge material:

Full offshore placement
A combination of offshore and onshore placement.

Final selection criteria for dredge material placements are
focused on the following key considerations:

» Reduction of environmental impacts
Optimisation of cost and schedule impacts
Optimisation of construction logistics

Dredge material characteristics (i.e. sands, fines,
clays etc.).

Wheatstone Project 3.0 Project Alternatives and Site Selection

3.7.3.1 Full Offshore Placement of Dredge Material

Full offshore placement involves the dredging and
placement of 100 per cent of the dredge material
(approximately 45 Mm?3) into offshore placement sites.
The dredge material is loaded into hopper barges for
transport to and placement into potentially four identified
offshore placement areas (reference Figure 8.2). Full
offshore placement of dredge material is the preferred
option for the Project for reasons outlined in the
following section.

3.7.3.2 Combination of Offshore and Onshore
Placement of Dredge Material

This alternative involves the placement of up to 10 Mm?

of dredge material onshore, with the remainder being
placed offshore as described in Section 3.7.3.1. The Project
has evaluated the potential use of dredge material for
beneficial use, primarily as a potential source of fill for the
LNG plant site.

Current analysis of the geotechnical data indicates a
disproportionally high volume of fine materials, rendering
the material structurally unsuitable for use as fill material
without extensive rework and cost escalation. Additionally,
the geotechnical nature of the onshore Project site, which
consists mainly of clay plans and tidal flats, indicates that it
is not sufficiently stable to support the weight/construction
of containment bunds. The proposed LNG Plant site,

due to its low lying nature, demands large quantities of

fill material that is not readily available in close vicinity.
Onshore placement of dredge material will require bunds
with significant height to provide sufficient air volume to
manage the soils, protection against storm surges and soil
stabilisation for construction of bunds. These requirements
would result in the need for large quantities of imported

fill material for building the bunds; hence significantly
reducing the net recovery of suitable fill material.

Investigations also indicate that the cost of placing
material onshore is relatively more expensive compared

to the “all offshore placement” option. This is primarily due
to the high cost of imported fill material for construction of
containment bunds and the extensive amount of bunding
required to recover the dredge material.

Schedule considerations also impact on the feasibility of
onshore placement of dredge material. The initial dredging
work is driven by the need to complete the MOF as thisis a
critical component of the overall Project schedule. During
initial dredging work, access to the site will be limited and
bunds will not be available for containment of dredge

spoil onshore. Therefore, it is necessary to place the early
dredge spoil offshore, further reducing the net recoverable
fill material.
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In all possible dredge placement scenarios, a
considerable quantity of dredge material is required to
be placed offshore. A combined approach utilising both
offshore and onshore placement of dredge material
introduces additional environmental risks, these
include potential impacts on:

Groundwater flow and quality
Surface water drainage and quality
Vegetation and fauna habitat

Nearshore marine water quality.

Given the design, cost, schedule and environmental
considerations outlined above, full offshore placement
of dredge material is the preferred option for the Project.
Onshore placement aspects are discussed in detail in
Sections 9.3.5.1,9.4.5.2,9.5.5.9 and 9.7.5.2.

3.74 Material Offloading Facility

Another key benefit of the Ashburton North SIA is the
creation of a single Materials Offloading Facility (MOF)
serving multiple proponents and port users. The MOF will
have several functions including the landing of materials
needed to construct the LNG liquefaction plant and its
subsequent expansions as well as providing a harbour for
marine service craft such as tugboats, pilot boats, security
craft and line handling boats. The MOF will also be designed
and constructed to provide a safe haven for the service
craft during cyclone events as there is no other appropriate
facility in the vicinity. The MOF will be located behind a
breakwater to provide a still basin for cargo offloading.

Chevron considered the following options for the MOF:

An onsite MOF, comprised of either:

A coastal configuration located in the near
offshore waters

or

Aninland configuration that would be built on dry
land then excavated and dredged to provide an
access channel to the Indian Ocean

An offsite MOF at a harbour in Onslow that would
require enhancements such as dredging a channel
to the required depth, anincrease in land elevation
to adequately operate during a cyclone and other
improvement to offload heavy equipment

Use of an existing harbour several hundred
kilometres away.
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Final selection criteria for MOF configuration focused
on the following key considerations:

Provision of a calm harbour for the offload of
modules for plant construction

+ Provision of a calm harbour for the offload of
heavy-lift ships and barges

Provision of berths for tugboats, pilot boat,
work boats and other small craft

Provision of lay-down and quarantine areas
Optimisation of cost and schedule impacts
Reduction of potential environmental impacts

Design and construction of the LNG and
condensate Product Loading Facility (PLF)

Optimisation of the overall needs of the CUCA to
accommodate State Government and other SIA
proponent requirements.

3.7.4.1 MOF Location

The creation of an onsite MOF at the Ashburton North
SIA was selected as the most practical alternative. The
benefits of an onsite MOF include the diminished need
for additional traffic over highways and local roads and
reduced emissions from vehicles transporting equipment
and materials from distant facilities.

An enhanced MOF at Onslow would incur the same impacts
as the creation of an onsite MOF. It would also incur the
additional impacts of increased traffic to deliver materials
to the plant site and increased marine traffic in the
immediate Onslow vicinity.

The use of an existing harbour at an offsite location would
eliminate the impacts associated with the construction

of a new MOF. However, it would incur significant vehicle
impacts of increased traffic over substantially longer
distances to deliver materials to the plant site. Marine
traffic would also be increased substantially, and LNG and
condensate carrier operations would not be supported by
immediately available support vessels.

3.7.4.2 Coastal MOF

A coastal MOF was selected as the preferred alternative.
The benefit of a coastal MOF includes the near proximity of
support vessels servicing the LNG and condensate carriers,
which improves the overall functionality of the CUCA.

The benefits of an inland MOF include reduced shoreline
impact and reduced fill material (for breakwaters).
However, State Government requirements to maximise



the amount of land dedicated for the CUCA could not be
achieved with an inland MOF.

3.7.5 Pipeline Shore Crossings

In order to accommodate State Government and other
SIA proponent requirements for envisioned land use of
the CUCA, Chevron was required to relocate its originally
planned trunkline crossing corridor to an area outside the
designated CUCA. A combination of 19 alternative corridor
locations and shore crossing method configurations

were evaluated.

Final selection criteria for pipeline shore crossing location
and method focused on the following key considerations:

Reduction of environmental impacts, including impacts
to Regionally Significant Mangroves and impacts on
Benthic Primary Producer Habitats (BPPH)

Optimisation of pipeline route and design
Management of cost and schedule impacts
Technical feasibility of alternative

+ Associated Project layout design impacts

Table 3.12: Shore Crossing Route Options
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Future pipeline shore crossing campaigns
Operability and risk

+ Accommodation of CUCA uses by State Government
and alternative third-party proponents.

3.7.5.1 Pipeline Shore Crossing Corridor
Seven corridor routes were considered:

Originally proposed route through the CUCA
Two alternative routes through the CUCA

Route immediately west of the CUCA through the
Ashburton mangrove ecosystem

* Route east of the MOF and turning basin through the
Hooley Creek mangrove ecosystem

Route along the LNG and condensate PLF
A western crossing parallel to the proposed Macedon
pipeline corridor.

The shore crossing route alternatives are listed
in Table 3.12.

Route Option Key Advantages Key Disadvantages

Through CUCA » Optimal cost and schedule

» Nodirect impacts to either
mangrove ecosystem

» Reduced temporary disturbance to BPPH

Eastern Route » Noimpacts to CUCA

+ No impacts to Ashburton
mangrove ecosystem

West of CUCA » Noimpacts to CUCA

» Minimal impacts to Project layout

+ Failure to satisfy State Government
requirements for the CUCA by removal
of valuable CUCA land from common
use and relocation of proposed CUCA
laydown areas

+ Impacts to Hooley Creek
mangrove ecosystem

+ Impacts to BPPH

« Significant pipeline rerouting across the
LNG and condensate vessel channel

+ Significant cost escalation

+ Direct impacts to the Ashburton
mangrove ecosystem

+ Direct impacts to BPPH (both conditional
to shore crossing method)

Route along PLF » Noimpacts to either mangrove ecosystem - Significant operational risk

» Reduced temporary disturbance to BPPH

+ Routing under future proponent’s jetty

Western Crossing, » Noimpacts to CUCA + Cost escalation
Parallel to Macedon + No impacts to either mangrove ecosystem  + Significant schedule delay
Pipeline

Significant disturbance to terrestrial
vegetation along the pipeline corridor
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3.7.5.2 Pipeline Shore Crossing Method
Four pipeline shore crossing methods were considered:

Open trenching
Raised trestle
+ Horizontal directional drilling (HDD)

Micro-tunnelling.

These shore crossing methods were considered in various
combinations with the above shore crossing routes. The
key advantages and disadvantages of each shore crossing
method is outlined in Table 3.13.

3.7.5.3 Alternative Selection
Consideration of the alternatives as outlined above resulted
in the selection of the following preferred alternatives:

Route the pipeline shore crossing corridor to the west
of the CUCA

Utilise micro-tunnelling for the pipeline shore crossing
installation to avoid direct impacts to the designated
Regionally Significant mangrove ecosystem.

Micro-tunnelling is under further review to confirm it is
technically feasible for the proposed Project application.

Pipeline shore crossing aspects are discussed in detail
in Sections 2.2.2.1,2.3.2.1and 2.3.2.2.

3.7.6 Greenhouse Gas Considerations

Chevron continues to explore options for reducing the
overall greenhouse gas emissions from the Project. The
greenhouse gas emissions from the onshore gas processing
component of the Project are in large part dictated by
design decisions around liquefaction technology and

Table 3.13: Shore Crossing Method Options

process configuration taken early in the design of the
Project. These design decisions are dependent on a number
of interrelated considerations:

Liguefaction process technology and vendor selection

Capacity range for each LNG processing train including
the size of the heat exchangers

Liquefaction compressor driver selection as either
direct-drive gas turbines or electric drive motors.

3.7.6.1  ConocoPhillips Optimized Cascade®

The ConocoPhillips Optimized Cascade® has been selected
as the preferred liguefaction technology for the first

two LNG processing trains for commercial and strategic
benefits. This technology:

Benchmarks favourably with existing LNG plantsin
terms of its process efficiency and reliability; it is a
proven technology that has performed well and can
easily process natural gas of varying composition,
which is well suited to the development of a number
of separate gas fields

Is flexible, enabling plant through-put to be tuned
to market demand and available gas supply

+ Uses multiple, parallel compressor circuits within
each liquefaction train which allows the use of smaller
compressor process drivers for a given LNG through-
put, which facilitates the use of high-efficiency aero-
derivative gas turbines

Uses parallel turbine configurations that allow
continued operation (at reduced rates) during
periods of planned and unplanned gas turbine
maintenance, reducing the number of full plant
shut downs and start-ups

Crossing Method Key Advantages Key Disadvantages

Open Trenching

Raised Trestle » Reduced impacts to mangrove
ecosystems and BPPH

» After restoration, natural coastal
processes will not be inhibited

» Direct impact to mangrove
ecosystems and BPPH (dependent
on shore crossing route)

» Cost escalation
+ Operational risk

Horizontal Directional Drilling » Avoidance of impacts to mangroves + Cost escalation

and BPPH

Micro-tunnelling » Avoidance of impacts to mangroves

and BPPH
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+ Distance and pipeline dimension
limitations (particularly under
mangrove ecosystems)

» Cost escalation



Allows the process refrigerants to remain contained
within the plant—as opposed to being flared during shut
downs—enabling much faster plant restarts.

Further details on the chosen liquefaction process are
described in Chapter 2, Project Description.

3.7.6.2 Gas Turbine Driver Configurations

Processing trains with a nominal LNG through-put of 4, 5
and 6 MTPA LNG per train have been assessed along with
various gas turbine and electrical drive configurations.
These options were assessed for:

Energy efficiency savings associated with larger LNG
processing trains

Operability, in particular the ability to operate each
processing train at less than full capacity (turn-down) in
order to match LNG output with customer requirements

+  Technology maturity and risk.

As aresult of these studies, Chevron has determined that
the first two LNG processing trains will each have a nominal
capacity of approximately 4.3 MTPA LNG and be powered
by six, 43 MW2 aero-derivative gas turbines.

The use of aero-derivative gas turbines will reduce
greenhouse gas emissions from the Project by
approximately 1.25 MTPA compared to the use of the
industrial gas turbines, primarily due to the increased
thermal efficiency of these types of turbines. The 43 MW
turbines are more suited to the anticipated load of the
selected LNG processing trains enabling them to operate at
peak efficiency. This provides additional savings in annual
greenhouse gas emissions of approximately 65 000 tonnes
per year compared to smaller 34 MW aero-derivative
turbines. To further optimise the overall efficiency the gas
turbine drivers in the liquefaction trains will be equipped
with inlet air humidification (cooling).

Decisions on the process technology and sizing of future
LNG processing trains will be made as part of the design
for those facilities. Chevron anticipates that the emissions
intensity per tonne of LNG from future LNG process trains
will be comparable and potentially lower than that of the
first two LNG processing trains.

3.7.6.3 Electrical Power Supply

The onshore gas processing component of the Project
requires electrical power to run pumps, cooling fans,
utilities and other support systems. This electricity supply
must be stable and reliable. A minor loss or interruption to

2 Allstated power outputs are nominal rating at ISO conditions
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the electricity supply can result in the shut-down of a gas
processing train, which would in turn necessitate the flaring
of part of the train’s gas inventory. This generally requires
electrical power generation capacity to be designed with
excess capacity such that the failure of any one generator
will not impact upon gas processing operations.

During the initial design of the first two LNG processing
trains, the following options were evaluated for the supply
of electrical power:

Four 43 MW open cycle aero-derivative gas turbine
generator sets

Five 43 MW open cycle aero-derivative gas turbine
generator sets

Six 33 MW open cycle aero-derivative gas turbine
generator sets

Four 42 MW open cycle industrial gas turbine
generator sets

Combined cycle generation using three 33 MW aero-
derivative gas turbines fitted with a waste heat recovery
to provide steam to drive two steam turbine generators
of approximately 16 MW each?.

Early design engineering had selected the option of five,
43 MW aero-derivative gas turbine generators as this
resulted in approximately 47 000 tonnes per year less
greenhouse gas emissions compared to the six 33 MW
aero-derivative option, and 118 000 tonnes per year less
greenhouse gas emissions compared to the four 42 MW
industrial gas turbine option. However, investigations
continue as to whether only three generator sets are
required to meet the total plant electrical load with a
fourth machine as a spare.

The combined cycle option showed the potential to

further reduce greenhouse gas emissions by approximately
200 000 tonnes per year but was discounted due to high
capital cost and operability issues associated with transient
stability. The level of technical risk associated with the
stability of the combined cycle power generation option
was not compatible with the desired reliability targets
established for the Project.

To further improve the process efficiency and to reduce
greenhouse gas emissions, expanders will be installed on
the feed gas circuit within the gas liquefaction processing
facilities. These turbo expanders will be used to generate
approximately 5 MW of electrical power for each LNG
process train.

3 Allstated power outputs are nominal rating at ISO conditions

Chevron Australia Pty Ltd | 97



Wheatstone Project 3.0 Project Alternatives and Site Selection

3.7.6.4 Carbon Dioxide Removal

As described in Chapter 2, Project Description, one of

the first steps in processing the natural gas onshore is

the removal of the carbon dioxide (CO,) and other acid

gas components, such as hydrogen sulfide (H,S), that are
naturally occurring in the reservoir gas. The volume of
reservoir CO,that is removed will vary over the operational
life of the Project due to the natural variability of the CO,
content within the gas fields.

This acid gas vent stream containing the reservoir
CO, is routed to thermal oxidisers in order to combust
any contained methane, H.S, benzene, toluene,
ethylbenzene and xylene (BTEX) prior to release

of reservoir CO, into the atmosphere.

The associated gas from the Wheatstone and lago fields
contains a relatively low volume of CO,. Chevron evaluated
the feasibility of CO, sequestration for the Project and
has undertaken a number of screening studies to identify
suitable geological storage sites within 300 km of the
proposed Ashburton North site that could be used for
the underground injection and storage of the extracted
reservoir CO,. Potential storage sites may exist offshore
and some distance from the Ashburton North site.
Economic analysis indicates these sites would not be
commercially attractive. The low concentrations of CO,
and the lack of a commercially viable geological reservoir
for CO, reinjection currently make the option of CO,
sequestration infeasible.

3.7.6.5 Waste Heat Recovery

Opportunities to reduce the Project’s greenhouse gas
emissions through the capture and use of waste heat have
been evaluated during the design and engineering studies
for the first two LNG processing trains. These studies
determined that waste-heat recovery systems could be
incorporated into the exhausts of the gas turbines within
each LNG processing train in order to supply all the routine
process heat requirements for the onshore gas processing
facility. This will preclude the need for the routine use

of heaters or boilers to provide process heat within the
facility®. The use of waste heat to provide all routine
process heat loads is anticipated to reduce greenhouse gas
emissions for the 25 MTPA LNG Project by approximately
1.8 million tonnes per year.

In addition to the waste-heat recovery system for
process heating, select compressor gas turbines in each
liguefaction train are proposed to be fitted with separate

4 Small gas fired heaters are proposed to be incorporated into the
design of the waste heat recovery system to provide process heat
during plant start-up and until such time as the compressor gas
turbines are operating.
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heating coils to heat and dry the gas which is used
intermittently to regenerate the molecular sieves in the
dehydration unit at the inlet to the LNG processing train.

3.7.6.6 Flaring and Boil Off Gas

As described in Chapter 2, Project Description some flaring
of hydrocarbon gases will be required, primarily ensuring
the safety of the facility during plant start-up and shut-
down or due to unplanned events. All flares will be designed
for efficient combustion of any hydrocarbons contained in
the product being flared. A continuous flow of hydrocarbon
purge gas may be required along with flare pilots to ensure
the safe ignition of the flare. Alternatives to the use of
hydrocarbon purge gas, such as NZ, will be examined during
detailed Project design.

3.7.7 Domestic Gas Plant

Third parties may also provide natural gas to supply the
proposed Domestic Gas Plant. Processing of third party gas
is an example of the potential synergies available to gas
producers at the Ashburton North Strategic Industrial Area.
Chevron has accounted for the associated atmospheric
emissions and PW of such an arrangement in the impacts
assessment of the Project in this EIS/ERMP (discussed

in Chapter 4, Emissions, Discharges and Wastes). Other
potential environmental impacts from future third party
actions have not been assessed in this EIS/ERMP, with the
exception of those actions that are reasonably foreseeable
(refer to Chapter 11, Cumulative Impacts for details).
However, future gas industry projects will be subject to the
regulatory environmental approvals process, which will be
managed by the relevant third party.

3.7.8 Produced Water Handling

The expected maximum PW production rate for the
offshore component of the Project is approximately 6
600 m3/day. Chevron conducted an alternatives analysis
to evaluate PW disposal options. The alternative analyses
resultedin a list of PW disposal options with an overall
ranking of the disposal options.

Eight key PW disposal options were identified:

1. Sendto shore and reinject

2. Sendto Barrow Island or other existing facility
toreinject

3. Treat and discharge offshore in accordance with
regulatory limits (maximum 30 mg/L oil in water
24-hour average®)

5  Petroleum (Submerged Lands) (Management of Environment)
Regulations 1999



4. Enhanced treatment to remove other contaminants
(total petroleum hydrocarbons, BTEX, heavy metals)
and discharge offshore below requlatory limits
(maximum 30 mg/L oil in water 24-hour average)

5. Reinject into producing reservoir
6. Reinject into shallow disposal reservoir

7. Reinject into disposal zone, treat and discharge when
reinjection is not available

8. Initially treat and discharge, then reinject when
formation water rates increase.

Final selection criteria for PW disposal options focused
on the following key considerations:

Environmental quality of the receiving media
Cumulative impacts

Biological receptors

Human receptors

Human activities and uses

Greenhouse gas

Regulatory environment

General public and other groups

Operational feasibility and costs.

Further sub-surface work has indicated it is commercially
infeasible to reinject PW into the Wheatstone or shallow
reservoirs and that a separate disposal zone may be
required. The remaining options were carried forward for
further feasibility evaluation and concept selection.

The final selection resulted in the preferred alternative

of providing enhanced treatment locally at the Wheatstone
Platform (WP), removing further contaminates and
discharging overboard at concentrations below the
reqgulatory standard of 30 mg/L oil in water.

Assessment of the various treatment systems and
technologies for meeting the enhanced treating target
for PW are being conducted. The current base case
assumes hydro-cyclones and a degasser for treatment
of the PW prior to discharge.

3.79 Future Considerations

Overall approval is being sought for an LNG plant of 25
MTPA capacity. The initial development is for a nominal rate
of 9 MTPA. The LNG plant will expand to its full capacity

as additional offshore gas resources are developed. It is
reasonable to expect further technological improvements
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will evolve and various design contingencies will be needed
to accommodate future needs.

3.791 Offshore Pipeline Installation - Subsea Pipeline
Trenching Machine Trial

Chevron recently completed a trenching trial using a
subsea pipeline trenching machine, known as “RT1"
(shown in Figure 3.4) for use during subsea pipe laying
for the Project.

The trial's main objective was to assess the suitability

of RT1to dig a2 m-deep trench in seabed conditions
representative of those expected to be encountered along
the nearshore portion of the Wheatstone Trunkline.

Key characteristics of the trial comprised:

A one-off trial of nominally 19 days

A trial zone containing four sections of 6.9 km total
length in water depths of between 13 and 36 m (shown
in Figure 3.5)

Dredge material volume of approximately 27 600 m?

A trench depth of approximately 2 m.

The outcomes of the trial may also represent a potential
opportunity to reduce environmental impacts compared to
alternative methods of pipeline stabilisation.

Potential environmental advantages include:

A reduction in the volume of rock dumping on the
pipeline with a subsequent reduction in both the
amount of foreign material introduced to the seabed
and the amount of rock to be sourced

Reduced water column disturbance and sediment
plumes compared to cutter/trailing hopper
suction dredging

Reduced trench size compared to other forms of pipe
lay resulting in reduced habitat disturbance.

The trial confirmed that the trencher is able to effectively
trench through the cemented and un-cemented sand
sections of the route. Performance through the rock
portions of the route was variable depending on the
strength, stratification and presence of voids within the
rock. Certain areas of the rock seabed were able to be
trenched to a depth of 2 m, albeit at low production rates,
with the trencher being unable penetrate down to depth in
other areas.

Study work is now ongoing to determine which areas of the
Trunkline route are viable for post lay mechanical trenching
based on results of the trial in combination with geophysical
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and geotechnical data, the results of which are expected in
Q3/Q4 2010. Investigations are ongoing in parallel with the
trenching machine designer and operator to determine if it
possible to modify the design of the vehicle to improve the

ability to trench through sections of the seabed which were
unable to be trenched during the trial.

Due to water depth restrictions nearshore, the highly
variable nature of the seabed along the Trunkline route and
the presence of hard seabed areas (those outside of the
ability of post lay trenchers to cut) it is unlikely that post lay
mechanical trenching will provide a secondary stabilisation
solution for the full nearshore route. It is therefore possible,
pending receipt and evaluation of the geotechnical data,
that the final secondary stabilisation solution may include

a proportion of more conventional methods such as prelay
dredging and rock dump.

This trial is not included in the scope of Project areas

that will be assessed as an ERMP by the Environmental
Protection Authority (EPA). The trial was referred on
August 20 2009, under Section 38(1) of the Environmental
Protection Act 1986.

Figure 3.4: The RT1 Subsea Pipeline Trenching Machine
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3.79.2 Future Offshore Developments - Produced
Water Handling

Future offshore gas developments may require that
primary PW be brought directly into the onshore LNG
plant with the natural gas and condensate. This would
require the primary separation, treatment and disposal of
the PW. The anticipated discharge will occur offshore at

a minimum depth contour of 20 m. The discharge line (if
needed) is likely to follow the export pipeline corridor. At
present, the treatment plant will be designed to meet the
applicable discharge regulatory requirements (current
standard is 30 mg/L dissolved oil in water). Final discharge
impacts of potential future PW streams entering the plant
may be further evaluated as part of the specific offshore
development assessment.

3.79.3 Waste Facilities

Controlled and restricted wastes that cannot be recycled
or reused are typically disposed of at licensed, offsite
managed facilities. With the exception of the Port Hedland
hazardous waste incinerator, there is currently no waste
management or disposal facility in the region that is




suitable for use by the Project. For non-hazardous waste,
the only current option is for Chevron to transport waste
to Perth for subsequent management and disposal. This
is not an efficient or effective long-term solution. As such,
a number of alternatives are being explored to address
both short term (construction) and long-term (operations)
waste management needs. These alternatives include
third parties investigation opportunities to develop

waste management facilities to support both industry at
Ashburton North and the town of Onslow. It is Chevron's
preferred option to utilise suitable third-party facilities
developed in the region.

Wheatstone Project 3.0 Project Alternatives and Site Selection

Should third-party facilities not be developed within

a timeframe that supports Project construction and
operations, Chevron is considering the option to develop
waste management facilities. Such waste management
facilities may include an incinerator to reduce the volume
of waste disposed to landfill. Facilities may also include a
lined landfill facility as well as facilities to support recycling
of waste. Such waste management facilities, should they
be required, will be subject to subsequent environmental
approvals of the Environmental Protection Act 1986,
which will address site selection, technical design and
operational requirements.

Figure 3.5: Trenching Trial Location
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4.0 Emissions, Discharges and Wastes

41 Introduction

Emissions, discharges and wastes will be generated
during the drilling, construction, installation,
commissioning, operation and decommissioning

of the proposed Wheatstone Project (Project).

Emissions, discharges and wastes comprise the authorised
or unauthorised release or deposition of material into the
environment. These emissions, discharges and wastes may
be in the form of gaseous releases, liquid discharges and
solids. There will also be emissions of light and noise.

A Project emissions, discharges and wastes assessment
has identified the potential sources and types of emissions,
discharges, and waste that may be produced. The findings
of this assessment are shown in Figure 4.1 and Figure 4.2.

The identification of the potential sources and

types of emissions, discharges and wastes, combined
with information on their potential toxicity has enabled
the potential environmental impacts to be determined.
It has also enabled the identification of areas where
waste volumes could be reduced and will form
management plans detailed in Chapter 12,
Environmental Management Program.

This chapter discusses the following emissions, discharges
and wastes that may be generated by the Project:

Greenhouse gas

Atmospheric emissions

Light

Noise

Marine and terrestrial discharges
Solid wastes

+ Accidental releases (spills and leaks).

4.2 Greenhouse Gases Emissions
and Management

4.21 Overview

This section outlines:

The Commonwealth and Western Australian State
government policy and requlatory framework for
greenhouse gas emissions under which the Project
expects to operate

An estimate of the greenhouse gas emissions
expected from the Project

+ Impacts on State, national and global greenhouse
gas emissions

110 | Chevron Australia Pty Ltd

Comparisons of the greenhouse gas emissions intensity
anticipated for the LNG component of the Project
benchmarked against a number of similar projects

Planned and possible future actions that may be
undertaken by Chevron Australia Pty Ltd (Chevron)
to further reduce greenhouse gas emissions from
the Project.

During the conceptual design phase of the Project
consideration has been given to how best to reduce
greenhouse gas from the Project. A number of high impact
design decisions that will have the effect of reducing
Project emissions over the life of the Project are described
in Chapter 3, Project Alternatives and Site Selection.

Proponents of major projects have for some time seen the
introduction of a price on greenhouse gas emissions as
inevitable and have factored in this price in their project
decision making. This internalisation of emissions costs

is driven by the reality that projects such as Wheatstone
will operate over many decades and once constructed,
opportunities to further reduce emissions are limited. This
results in projects being designed in consideration of the
possible price on greenhouse gas emissions applicable
intento 20 years' time, as opposed to any particular
policy around climate change during the project’s early
conceptual design.

4.2.2 Assessment Framework
and Government Policy

Over the last three years there has been increasing
recognition that the requlation of greenhouse gas
emissions is best managed at a national level. This is
reflected in the November 29, 2008 Council of Australian
Governments (COAG 2008) agreement streamlining
Commonwealth, State and Territory climate change
related policy in advance of the introduction of the Carbon
Pollution Reduction Scheme (CPRS).

While uncertainty currently exists around the
implementation timing of the Australian Government's
CPRS, the Australian Government has stated as recently

as May 4, 2010, that it sees the CPRS as the lowest cost
path to reducing Australia's greenhouse gas emissions. The
proposed scheme would create a price on the atmospheric
emission of greenhouse gas that reflects society’s view (as
represented by government in setting the emission scheme
cap) of the true cost of emitting each additional tonne of
greenhouse gas. The introduction of such a scheme has
the potential to drive emissions reductions across the
economy by providing a price incentive for industry and
consumers to change behaviours that result in greenhouse
gas emissions.
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Figure 4.1: Offshore Emissions, Discharges and Wastes
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Figure 4.2: Onshore Emissions, Discharges and Wastes
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4.2.21 Australian Government Policy and Legislation
Following a number of reviews across the Commonwealth,
State and Territory governments, the Commonwealth
Government'’s Carbon Pollution Reduction Scheme -

White Paper was released in December 2008 (Australian
Government 2008a). The White Paper documents a
comprehensive set of policies dealing with the introduction
of an emissions trading scheme in greenhouse gas, and
the nature of complementary polices that should support
such a scheme.

At the time of writing this Draft EIS/ERMP, legislation to
give effect to the emissions trading scheme had been
debated in the Federal Parliament but had failed to be
passed by the Senate. In parallel to the debate on legislation
in the Federal Parliament, the Department of Climate
Change and Energy Efficiency has undertaken considerable
work on the drafting of accompanying requlations and the
establishment of required reqgulatory structures.

It is anticipated that the Project will be included within

the coverage of the emissions trading scheme and

may receive an allocation of emissions units under the
emissions-intensive trade-exposed industry assistance
program. This allocation is designed to preserve the full
economic incentive provided by the scheme for the Project
to manage its greenhouse gas emissions.

On April 27, 2010 the Australian Prime Minister announced
(Department of Climate Change and Energy Efficiency,
2010) that the implementation of the emissions trading
scheme would be delayed until the end of 2012, once

the Kyoto commitment period ends. In making this
announcement the Prime Minister quoted the difficulties
in getting the emissions trading legislation passed by

the Senate and delays in agreeing a comprehensive
international agreement. While this announcement
creates some uncertainty about the eventual requlation
of greenhouse gases in Australia, it does not materially
change the way Chevron has approached the management
of greenhouse gas emissions from the Project.

Accurate and verifiable data on greenhouse gas
emissions is important in considering how best to deal
with the risks posed by climate change and is critical
for the introduction of emissions trading. In 2007, the
Commonwealth Government introduced the National
Greenhouse and Energy Reporting Act 2007, which
mandates the national reporting of greenhouse gas
emissions, energy production and energy use. It is
planned that this legislation will provide the data
required by Australian State governments in relation
to greenhouse gas emissions.

Wheatstone Project 4.0 Emissions, Discharges and Wastes

The Commonwealth Energy Efficiency Opportunities Act
2006 was implemented to improve the identification,
evaluation and reporting of energy efficiency opportunities
across Australian industry. Participation is required for all
corporations that use more than 0.5 petajoules of energy
per year. The Act requires qualifying companies to submit
five-year plans that set out proposals for assessing their
energy usage and to identify, evaluate and report on cost
effective energy savings opportunities.

4.2.2.2 Western Australian Policy and Legislation
Chevron is aware that the WA State Government is
preparing a Climate Change Adaption and Mitigation
Strategy. At the time of writing this EIS/ERMP, consultation
on the development of this strategy was yet to commence.

In 2002, the EPA released its Guidance Statement 12
on the minimisation of greenhouse gas emissions for
projects being assessed under the WA Environmental
Protection Act 1986 (EPA, 2002a). The Guidance
Statement requires proponents to clearly document
in their environmental review:

Greenhouse gas emissions inventory and benchmarking

Measures to manage annual greenhouse gas emissions
over the life of the project

Carbon sequestration opportunities, such as bio-
sequestration, geo-sequestration, chemical, soil
uptake and reuse

Benefits of reduced greenhouse gas emissions on a
national or global scale.

The Guidance Statement also suggests that commitments
are made to:

Apply best practice to optimise energy efficiency
and reduce greenhouse gas emissions

Undertake comprehensive analysis to identify and
implement appropriate offsets

Undertake ongoing programs to monitor and report
emissions and periodically assess opportunities to
further reduce greenhouse gas emissions over time.

Chevron is aware that the EPA is in the process of revising
its guidance on the management of greenhouse gas
emissions for projects being assessed in light of the
proposed introduction of the CPRS.
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4.2.3 Chevron's Commitment to the Management

of Greenhouse Gas Emissions

Chevron shares the concerns of governments and the
wider community regarding climate change and recognises
that the use of fossil fuels to meet the world's energy needs
is a contributor to anincrease in greenhouse gas in the
earth's atmosphere.

Chevron is working to reduce greenhouse gas emissions
from its operations and to expand its energy supply
portfolio to meet the demands of customers for
affordable, reliable and lower impact supplies of energy.

Chevron's response to climate change involves
seeking ways to reduce greenhouse gas emissions
from the production, transport and use of fossil fuels,
expanding the use of alternative fuels, investing in
renewable energy generation, and improving the
energy efficiency of its operations.

Global demand for energy will increase over coming
decades, and this rising demand presents significant
opportunities for the increased supply of lower
emissions energy sources such as natural gas.

4.2.31  Action Plan on Climate Change

In 2001, Chevron implemented its four-fold Action Plan
on Climate Change. The four-fold plan is predicated on
the following actions:

Reducing greenhouse emissions and increasing
energy efficiency

Investing in research, development and
improved technology

Pursuing business opportunities in promising
innovative energy technologies

Supporting flexible and economically sound policies
and mechanisms that protect the environment.

The four-fold plan of action on climate change reflects a
balanced approach to addressing climate change through
short and long-term measures. Further information on
the global implementation of Chevron's Action Plan on
Climate Change can be found at http://www.chevron.com/
globalissues/climatechange/.

Chevron's Action Plan on Climate Change guides Chevron's
overall approach to the management of greenhouse gas
emissions from the Project through a focus on reducing
greenhouse gas emissions and improving energy efficiency
during the early design stages.
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Chevron's Operational Excellence Management System
(OEMS), Environmental Stewardship, and approach to Major
Capital Projects are discussed in Chapter 1, Introduction.

4.2.4 Greenhouse Gas Emissions Estimation

Greenhouse gas emissions estimates provided in this
EIS / ERMP are based on the current design status of
the Project. The details of the proposed Project are
discussed in Chapter 2, Project Description.

Key elements for the estimation of emissions
(including greenhouse gas) are as follows:

Design figures are nominal and based on current
understanding; figures may be subject to change

No allowance has been made for energy efficiency
improvements that may occur during detailed design,
and as operational procedures are developed

Worst-case, realistic assumptions have been made,
wherever alternatives have been identified

Power outputs are nominal rating at ISO conditions.

The onshore plant is considered to be the full 25 MTPA
case. The offshore facility is considered to be the nominal
9 MTPA case, as described in Chapter 2, Project Description.

The emissions documented relate to emissions sources
anticipated to be under the operational control of the
Project. The potential emission generating equipment are
discussed in Chapter 2, Project Description.

Alternative equipment configurations and project design
alternatives considered as part of an energy efficiency and
emissions reduction review are discussed in Chapter 3,
Project Alternatives and Site Selection.

4.2.41 Methodology and Assumptions

The emissions estimations contained in this report
have been compiled in a manner that is consistent
with methodologies prescribed by the Commonwealth
National Greenhouse and Energy Reporting Act 2007
and the accompanying Regulations, Technical
Guidelines (Department of Climate Change, 2008)
and the Measurement Determination (Australian
Government 2008a).

Emissions of methane (CH,) and nitrous oxide (N,0) have

a higher global warming potential than carbon dioxide
(CO,) and have been converted to CO, equivalents (e) using
standard global warming potentials as described in the
Part 2 of the National Greenhouse and Energy Reporting
Act Regulations (2008). In this document, one tonne of
greenhouse gas equates to one tonne of CO,e.



No perfluorocarbons are planned to be used in the gas
processing facilities. Sulfur hexafluoride may be used

in electrical switch-gear. However, this will be through a
closed system, so total emissions of sulfur hexafluoride will
be negligible (<0.01 per cent of the total greenhouse

gas emissions) compared to the major emissions sources.

The onshore plant is designed to be capable of steady
state operation over a range of design cases involving
different inlet gas compositions and ambient operating
temperatures (see Chapter 2, Project Description). As

a consequence, the emissions estimated in this section
represent an average of the anticipated steady state
operating scenarios. It should be anticipated that actual
emissions and emissions intensities on a daily, weekly,
monthly or yearly basis will vary from the annual average
estimates in this document.

4.2.4.2 Offshore Gas Production

It is estimated that at full capacity, the offshore
component of the Project will emit approximately

0.45 MTPA of greenhouse gases. Table 4.1 provides

a breakdown of the estimated greenhouse gas emissions
from the potential offshore sources of emissions detailed
in Chapter 2, Project Description.

The main source of greenhouse emissions from the
Wheatstone Platform (WP) are the gas turbines. These are
used for electrical power generation and to drive the gas
compressors (once gas compression is required). Lower
levels of greenhouse gas emissions will come from flaring
and venting of hydrocarbons, fugitive emissions and the
burning of diesel fuel for backup power generation and
specific plant and equipment. These activities are discussed
in Chapter 2, Project Description.
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The configuration of the electrical power generation
turbines on the WP is yet to be finalised and is dependent
upon ongoing studies aimed at the increased use of
waste heat and improved process efficiency. As this
opportunity has not been finalised these emissions
estimates assume the use of three (two running and
one spare) 9 MW (ISO Rating) dual-fuelled gas turbine
generators to provide electrical power for the offshore
platform. It is proposed that these electrical power
generation turbines would run primarily on natural gas
but have the ability to also be fuelled by diesel during
periods of low gas production, for example during
plant start-up.

In the early years of the gas production operations, the
pressure of the natural gas in the reservoir will be sufficient
for the production of the natural gas and for its transport
to the onshore gas processing plant. As the pressure in the
reservoir declines, it will be necessary to use gas turbine
driven compressors in order to transport the natural gas
to the onshore gas processing facility. These compressors
will be installed on the WP during construction; however,
they may be bypassed (not operating) until required.
Opportunities to reduce greenhouse gas emissions from
the compressor turbines are ongoing with studies centred
around optimising the compressor sizing and configuration
based on expected operating conditions. These emissions
estimates assume two compressors each driven by a gas
turbine rated at 35 MW (ISO Rating).

Process heat may also be required on the platform (as
discussed in Chapter 2, Project Description). The use
of waste heat to regenerate Tri-Ethylene Glycol (TEG)
could reduce the electrical load required on the WP
by approximately 2.4 MW and reduce greenhouse gas

Table 4.1: Predicted Annual GHG Emissions from the Wheatstone Platform

Emissions Source

Approximate Offshore GHG Emissions Estimates
onnes Per Annum (tpa) CO_e)

Gas turbines - (export compression)

Gas turbines - (electrical power generation)
Flare - pilots

LP-Flare

HP Flare

Fugitive emissions

Back-up Diesel Generators

Helicopters

Total

* Assuming three start-ups per year

232000
100 000
1000
25000
89 000
1000
1000
1000
450 000
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emissions by 13 000 TPA. Options to further recover waste
heat from the gas turbine exhausts to meet other process
heat requirements will be considered as part of the ongoing
design and engineering studies.

In order to avoid hydrate formation, the current reference
case design includes flaring of natural gas at the WP during
production start-up (see Chapter 2, Project Description). It
is anticipated that such start-up conditions could result in
approximately 19 000 tonnes of greenhouse gas emissions
per event. Opportunities to reduce flaring associated with
production start-ups and process upsets will be further
investigated during ongoing design studies.

4.2.4.3 Onshore Gas Processing Plant

It is estimated that at full capacity, the onshore component
of the Project will emit approximately 9.9 MTPA of
greenhouse gas. The production from the onshore facilities

are expected to commence at low levels and ramp up

to full capacity over time, dictated by market demand

for the produced LNG and domgas. Figure 4.3 shows

the anticipated production ramp-up in greenhouse gas
emissions during the first ten years of project operations.
The ramp-up in emissions shown in Figure 4.3 is based on
assumptions about the commissioning of individual LNG
and domgas processing trains. These emissions figures
should be considered as indicative as the actual timing of
commissioning of each processing train may vary from that
currently planned.

Table 4.2 documents the estimated greenhouse gas
emissions from the onshore component of the proposed
Project at full capacity. This estimate is based on the
equipment and operations detailed in Chapter 2,
Project Description.
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Figure 4.3: Estimated GHG Emissions from the Onshore Component of the Proposed Project
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4.2.5 State, National and Global Greenhouse

Emissions Impacts

Unlike other waste streams and releases, greenhouse
gases do not have local impacts; however, they may
impact upon global climate systems. This impact
requires the consideration of State, national and
global emissions impacts.

The estimated annual greenhouse gas emissions from

the proposed Project may increase Australia's and WA's
greenhouse gas emissions by 1.7 per cent and 13.5 per cent
respectively, relative to Australia's and WA's emissions
inventory for the 2006-07 financial year (Department

of Climate Change 2009) as shown in Table 4.3.

While the Project will impact Australia’s and WA's
greenhouse gas emissions, this needs to be considered in
the context of the impact on global emissions. The quantity
of greenhouse gas emitted over the full energy lifecycle for
an end use such as electricity production

Wheatstone Project 4.0 Emissions, Discharges and Wastes

includes the combined greenhouse gas emissions
required to extract, produce, transport and burn the
selected fuel. When full lifecycle emissions are considered,
the emissions associated with electrical power generation
from natural gas, supplied as either domestic gas or LNG,
are considerably lower than the most common base load
fuels such as coal.

To illustrate the potential lifecycle benefit of using natural
gas, Woodside Energy commissioned WorleyParsons to
undertake a study into the greenhouse gas emissions

of Australian LNG. The study provides a comparison of
Australian LNG versus Australian export black coal in terms
of lifecycle emissions, from extraction and processing in
Australia through transportation, to end use combustion
for electrical power generation in China (WorleyParsons
2008). While the reference case in this study assumed
LNG exported from the North West Shelf Joint Venture,
the results are anticipated to be broadly comparable for
LNG exported from the Project.

Table 4.2: Predicted Annual GHG Emissions from the Onshore Component of the Project

Emissions Source

Gas turbines
(direct process drive)

Gas turbines
(electrical power generation)

Venting of reservoir
carbon dioxide

Fired heaters/boilers

Flare - pilots

Flare - events

Fugitive emissions

Methane from N, vent

Diesel engines (stand-by pumps)
Marine tugs

Total

* See chapters 2 and 3 for further details on the emissions sources

Onshore LNG | Onshore Domgas | Supporting
Processing Production Infrastructure
(TPA CO_e) (TPA COe) (TPA CO_e)
4800000
900 000 150 000 140 000
2350000 250 000
7000
45000
220000
5000
920 000 50 000
1000
40 000
9288 000 450 000 140 000

Table 4.3: Predicted GHG Emissions Relative to Australia’s and Western Australia’'s 2006/07 Emissions

2006-07 greenhouse gas emissions (million tonnes CO,e) 597.2 76.3
Estimated annual emission from the Wheatstone Project (million tonnes CO,e) 10.3 10.3
Increase in greenhouse gas emissions relative to emissions in 2006-07 1.7% 13.5%
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for Electrical Power Generation'
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Figure 4.5: Benchmarked Greenhouse Gas Emissions Intensity
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This analysis showed that for each megawatt hour

of electricity generated in China using LNG as a fuel,
between 440 and 600 kg of greenhouse gases were
released to the atmosphere. The study also indicated that
for each megawatt hour of electricity generated using
Australian export black coal, range between 720 kg and
1020 kg, or approximately 40% higher.

Figure 4.4 shows a comparison of the annual global
greenhouse gas emissions resulting from a range of
electrical power generation technologies using both
LNG and Australian export black coal. This graph shows
the greenhouse gas emissions resulting from the use of
arange of power generation technologies to produce
175 million megawatt hours of electricity (which is

the amount that can be generated from 25 million
tonnes of LNG using combined cycle power generation
technology). For each power generation technology the
emissions associated with the production of the relevant
fuel in Australia, the transportation of that fuel and its
consumption in China are shown.

This data shows the generation of electricity using LNG
from the Project has the potential to reduce contribution
to global greenhouse gas emissions by approximately half
compared to the use of Australian export coal to generate
a comparable amount of electrical energy. This lifecycle
emissions benefit increases if lower quality coals or less
efficient generation technologies are used.

Similar benefits can be achieved within Australia by
increasing the supply of domestic natural gas. In the
Australian market, it is estimated that the supply of
domestic natural gas from the Project will result in a
reduction in Australian emissions of between 6 and 15
MTPA when compared to coal.

Natural gas also has properties that make it suitable for
high efficiency, low emission energy conversion devices
such as fuel cells and as a potential feedstock for the
production of hydrogen, which may replace petroleum
as a potential future transport fuel.

4.2.6 Benchmarked Greenhouse Gas
Emissions Performance

Data from other LNG projects in order to benchmark the
Project, is not widely published. Much of the data that is
available is restricted to estimates of emissions published
in environmental impact assessment reports. Very little
actual project data on emissions performance is available
in the published literature. Where data is available it tends
to be limited to LNG production with data on emissions
associated with gas production being restricted to a few
selected environmental impact assessment documents
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for a number of Australian projects. Consequently, this
benchmarking study has focused on the relative emissions
intensities related to LNG production.

The volume of greenhouse gas emissions emitted for each
tonne of LNG produced provides a benchmark by which

to assess the greenhouse emissions intensity of an LNG
plant. However, this metric is not a direct reflection of the
efficiency of particular LNG plant. The emissions intensity
of LNG processing operations is influenced by:

The degree of any pre-processing undertaken
as part of the gas production

The composition of the incoming gas stream,
particularly the concentration of reservoir

CO, and nitrogen, as well as the level of ethane,
propane, butanes and pentanes

The use of air or water for process cooling

The ambient temperature in which the gas
plant operates

The capacity for local electricity supply
infrastructure to be utilised for electrical power.

Figure 4.5 shows the greenhouse gas emissions intensity
associated with LNG processing for LNG projects currently
in production (including the two existing Australian
projects) as dark grey bars. The medium grey bars show
the estimated LNG processing emissions intensity for

the two Australian LNG projects that are currently under
construction and the light grey bars show the estimate
LNG processing emissions intensity for other Australian
LNG projects that are currently undergoing environmental
impact assessment. The estimated LNG processing
emissions intensity of the Project is shown in dark blue.

Where data on the emissions intensity of the associated
gas production operations is available it is presented as
an additional white bar. Projects where publicly available
data on gas production emissions is not available are
indicated with a blue circle.

The Gorgon, Snohvit, and proposed Prelude projects
utilise sub-sea production systems that may resultin a
slight increase in the emissions intensity for that project
compared to a scenario where gas production for that
facility had been undertaken at an offshore platform.

The Woodside operated North West Shelf Project has
been constructed in a number of phases. The initial three
LNG processing trains had an LNG processing emissions
intensity of 0.59 when constructed in the mid 1980s but
this was reduced to 0.49 with the retrofit of improved
reservoir carbon dioxide removal technology in the early
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2000s. The recently constructed LNG trains four and five
have an estimated emissions intensity of 0.35 tonnes of
CO2e for each tonne of LNG produced (Woodside, 2004).
Chevron is unable to identify any publicly available data on
greenhouse gas emissions associated with offshore gas
production for this project.

The Northwest Shelf Project shows how improvements
in plant design and efficiency have evolved with over
the past 20 years. This highlights that LNG processing
technology is mature and that further gains in plant
efficiency may be limited.

ConocoPhillips operate an LNG processing facility in
Darwin which processes gas from the Bayu-Undan gas

field in the Timor Sea. ConocoPhillips estimate that the
Darwin LNG facility will have a greenhouse gas emissions
intensity of 0.46 tonnes of CO,e per tonne of LNG produced
(ConocoPhillips 2005). The Proponent is unable to identify
any publicly available data on greenhouse gas emissions
associated with offshore gas production for this project.

Woodside Energy is currently constructing its Pluto LNG
project in WA. Woodside has estimated that the project will
have an emissions intensity associated with the processing
of LNG of 0.32 tonnes of CO_e per tonne of LNG produced.
(Woodside 2009). Woodside has indicated that greenhouse
gas emissions associated with the project will contribute an
additional 0.05 tonnes of CO,e per tonne of LNG produced
once offshore compression commences six to twelve years
after the commencement of operations.

Chevron has recently commenced construction of

the Gorgon Project on Barrow Island, WA, which is
estimated to have an emissions intensity of 0.35 tonnes
of CO,e per tonne of LNG produced (Chevron Australia
2008). This project utilises a sub-sea development
concept negating the need for an offshore platform
and its associated emissions.

Santos is proposing the construction of its GLNG Project to
be located near Gladstone in Queensland. Santos estimate
the greenhouse gas emissions intensity associated with
the production of LNG from this project to range between
0.34 and 0.38 tonnes of CO,e per tonne of LNG produced,
for a project capacity of 3 MTPA LNG and 10 MTPA LNG
respectively (Santos 2009). Santos has estimated that

the greenhouse gas emissions intensity associated with
the gas production feeding the GLNG Project at between
0.49 and 0.37 tonnes of CO,e per tonne of LNG produced.

BG Group is also currently proposing the construction of
its Queensland Curtis Island LNG Project near Gladstone
in Queensland. BG estimate the greenhouse gas emissions
intensity associated with the production of LNG from
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this project to be 0.26 tonnes of CO_e per tonne of LNG
produced (BG Group, 2009). The BG Group has estimated
that the greenhouse gas emissions intensity associated
with the gas production feeding the Curtis Island LNG
Project at 0.23 tonnes of CO,e per tonne of LNG produced.

The Santos and BG Group projects both involve sourcing
the natural gas from coal seam gas. This is an energy
intensive process and significant contribution to the
overall emissions intensity from these projects.

Shell has recently announced plans for an LNG Project
centred on the Prelude field located off the Kimberley
coast (Shell, 2009). This project is unique in that it is
potentially the world'’s first application of floating LNG
technology. Shell has estimated the emissions intensity

of the Prelude facility at 0.63 tonnes of CO_e per tonne

of LNG produced. This facility is proposed to use a sub-sea
production system avoiding direct emissions associated
with gas production facilities.

Statoil commenced operations at its Snohvit LNG Project
near the town of Hammerfest in northern Norway in 2007.
Statoil estimated the greenhouse gas emissions intensity
from the Snohvit Project to be 0.22 tonnes of CO,e per
tonne of LNG produced. Like the Gorgon Project, Snohvit
utilises sub-sea production technology which negates

the need for an offshore gas production platform and its
associated emissions. The Snohvit Project has potentially
the lowest greenhouse gas emissions intensity of any LNG
plant in the world, predominantly due to the location of the
LNG processing facility in a very cold climate. In addition
the Snohvit Project is connected to the local electrical grid,
removing the requirement for redundant electrical power
generation capacity.

The Oil and Gas Journal has published a benchmarking
study comparing LNG plant costs and greenhouse gas
emissions of five relatively recent green field LNG projects
(Yost, C., and DiNapoli, R., 2003). The five facilities and
their locations are:

Oman LNG - Qalhat, Oman

Nigeria LNG - Bonny Island, Nigeria

RasGas - Ras Laffan, Qatar

Qatargas - Ras Laffan, Qatar

Atlantic LNG - Point Fortin, Trinidad and Tobago.
The data provided for these facilities includes only
the emissions related to LNG processing. No data is

provided on the emissions associated with the
production of natural gas.



4.2.6.1 Comparison to the Wheatstone Project

This benchmark analysis shows the LNG processing
component of the Project ranks competitively with a
number of Australian and international projects in terms
of the greenhouse gas emissions intensity.

There remain some quite significant differences in
emissions intensities, even for proposed new projects,
which highlights the impact that environmental factors
have on the overall emissions from a particular facility.
For example, the Snohvit project shares a number of
design features with the Wheatstone Project such as the
use of aero derivative gas turbines. However, the Snohvit
project is able to draw electrical power from the local
electricity utility thereby avoiding the need for standby
power generation. The proposed Prelude facility is
estimated to have a significantly higher emissions
intensity primarily as a result of having to process
natural gas which is relatively high in carbon dioxide.

While the data on gas production emissions is limited

it appears that LNG projects that source natural gas
from conventional reservoirs have a significantly lower
overall emissions intensity than projects that source
natural gas from coal seam reservoirs.

4.2.7 Greenhouse Gas Emissions Management

Prior to commencing feasibility studies a high level
approach was taken in addressing issues of environmental
importance. This included requirements to reduce
greenhouse gases through design.

4.2.71  Actions Taken to Manage Greenhouse

Gas Emissions
The following actions have been taken to manage the
Project’s greenhouse gas emissions:

+ Selection of aero derivatives for gas turbines

» Selection of Waste heat recovery units offshore
from compressor gas turbines

+ Selection of LNG process train technology and size
so as to enable the consideration of aero derivative
gas turbines

+ Theuse of inlet air humidification (cooling) on the
LNG process gas turbines in order to optimise gas
turbine energy efficiency

»  Waste heat recovery from the LNG compressor
gas turbine exhausts to meet routine process heat
requirements in the onshore gas processing facility
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+ Waste heat recovery from the gas turbine exhausts
of the main generators on the offshore platform to
meet specific heating requirements

+ The use of sophisticated process control systems
to ensure continuous optimisation and integration
between various components of the gas
processing system

» The capture and use of energy recovered from the
pressure let down in the liquefaction section of the
onshore gas processing facility.

Alternative technologies were also considered during
the initial design. These are discussed in Chapter 3,
Project Alternatives and Site Selection.

4.2.7.2 Possible Future Actions to Manage Greenhouse
Gas Emissions

The following opportunities to further reduce the

Project’s greenhouse gas emissions have been identified

and will be evaluated further during ongoing Project

design and engineering:

+ Offshore component of the Project

+  Opportunities for the alternative management
of hydrate formation during process start will
be considered with the objective of reducing
emissions associated with flaring during cold
production start-up

+ Theelectrical load requirements of the WP will
be reviewed with the objective of reducing total
electrical demand.

* Onshore component of the Project

« Alternatives to the use of hydrocarbon purge gas
to ensure the safe and effective operation of the
flare, such as using nitrogen will be examined

+ Further consideration may be given to opportunities
such as adding a liquid expander, or propane sub-
coolers to improve the overall process efficiency
of the plant

»  Opportunities to further reduce the potential
release of methane in the Nitrogen Vent will
be further investigated.

4.2.7.3 Consideration of Greenhouse Gas Offsets
Chevron has considered investing in a range of
greenhouse gas offsets to assist in the management

of emissions from the Project. This investigation
highlighted that a credible industry exists, which invests

Chevron Australia Pty Ltd | 121



Wheatstone Project 4.0 Emissions, Discharges and Wastes

in land-use management plantations in Australia. These
plantations also generate greenhouse gas emissions
offsets in line with the Commonwealth Government's
Greenhouse Friendly Program. This program is due to

be closed by July 1, 2010 and replaced with a National
Carbon Offset Standard. Consultation on the Carbon Offset
standard was ongoing at the time of writing this EIS/ERMP.

The proposed introduction of an emissions trading
scheme will set the level of greenhouse gas emissions
each year for those sectors covered by the scheme,
referred to as the “scheme cap”. Any voluntary (or
mandated action) that drives emissions reduction in

a particular project, beyond that which would occur
ordinarily under the scheme, does not lower the cap under
the scheme and therefore does not result in any additional
greenhouse gas emissions reduction. In effect, it allows
others under the scheme to emit more greenhouse gases
than would otherwise be the case.

Consequently, beyond opportunities undertaken as

part of the management of the Project’s liability under an
emissions trading scheme, reduction of Project greenhouse
gas emissions through the direct investment in offset
generation projects or acquisition of greenhouse gas
emission offsets is not proposed.

While voluntary or mandated action under an emissions
trading scheme does not result in additional emissions
reductions, offsets do have a role in the management of
scheme liability for liable entities. Should such as scheme
be introduced, it is possible that Chevron will purchase
greenhouse gas emissions offsets or invest in emissions
offset generation projects as a strategic element in the
management of Chevron’s liability under an emissions
trading scheme.

4.2.8 Greenhouse Gas Emissions Performance
Indicators and Targets

Greenhouse gas emissions from the Project will be
determined and reported in line with the Commonwealth
National Greenhouse and Energy Reporting Act 2007.

In addition, the Project team will track and report at
least annually to senior management the following
performance indicators:

Tonnes of CO,e emitted from the offshore component
of the Project

Tonnes of CO,e emitted from the LNG processing
operations

Tonnes of CO,e emitted from the domestic gas
processing operations
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Tonnes of CO,e emitted from logistics and
support infrastructure under the operational
control of the proponent.

As the Project is in the design phase, greenhouse gas
emissions estimates are based on a number of design
assumptions. It is envisaged that opportunities to further
reduce emissions may be realised as detailed design
progresses and operational procedures are developed.

In light of this, a number of long-term performance
targets related to greenhouse gas emissions have been
generated to drive the ongoing reduction in emissions
over the operational life of the Project. These performance
indicators are shown in Table 4.4.

4.3 Atmospheric Emissions
(excluding Greenhouse Gas)

4.3.1 Overview

This section discusses the possible atmospheric emissions
from the offshore and onshore facilities. Potential sources
of atmosphere emissions, during each phase of the Project,
are summarised in Table 4.5.

The activities identified in the table are discussed in more
detail in Chapter 2, Project Description.

4.3.1.1 Air Quality Criteria

The EPA requires that six key (criteria) air pollutants meet
the national environment protection standards set by the
Ambient Air Quality National Environmental Protection
Measure (NEPM) (National Environment Protection Council
1998). The criteria air pollutants are:

Ozone (0,)
Nitrogen dioxide (NO,)
Particulates less than 10 pm (as PM, )
Carbon monoxide (CO)
* Sulfur dioxide (SO,)
Lead (Pb).

These pollutants are known, or are strongly suspected,
to be harmful to public health and the environment,
causing photochemical smog, crop damage, and
respiratory impacts.

NEPM was created to provide a benchmark to ensure
that people throughout Australia have protection from
the potential negative health effects of atmospheric
pollutants. The standards were developed by considering
current national and international health-related air
pollution research and available information on the
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Table 4.4: Proposed Long-term Performance Targets for GHG Emissions from the Project

Greenhouse Gas Performance Indicator Value Stated in Longer Term Performance
Draft EIS/ERMP Target

Tonnes of CO,e emitted from the offshore 450 000 tCOze/year 428 000 tCOze/year
component of the Project

Tonnes of CO_e emitted from the LNG 9288 000 tCO,e/year 8 824 000 tCO,e/year
processing operations

Tonnes of CO,e emitted from LNG processing 0.37 0.35

operations per tonne of LNG loaded on ship

Tonnes of CO,e emitted from the domestic gas 450 000 tCO,e/year 430000 tCO,e/year
processing operations

Tonnes of CO_e emitted from logistics and 140 000 tCO,e/year 130 000 tCO_e/year

support infrastructure under the operational
control of the proponent

Table 4.5: Summary of Sources of Atmospheric Emissions

Discharge Dlsch'arqe Construction | Commission | Operation | Decommission
Location

Drill Rig
Diesel engines Offshore [
Flare Offshore ()

Processing Platform

Diesel engines Offshore [ ) ) ®
Gas turbines Offshore ) )

Flare Offshore (] ° (] )
Fugitive emissions Offshore () [ ®
Support

Ship engines Offshore [ ) ) ®
Helicopter engines Offshore [ ) ® ®
LNG Facility

Diesel engines Onshore ° ° () )
Gas turbines Onshore ° ® )
Thermal oxidisers Onshore ° ® )
Vents Onshore ° ° )
Flares Onshore () ) )
Incinerator Onshore o )

Fugitive emissions Onshore ® [ ) ®
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state of Australia’s major airsheds. The final standards
represent a high degree of consensus among leading
health professionals, adjusted to reflect what is realistically
achievable in Australia.

The NEPM standards are intended to apply to general
ambient air quality in both urban and regional areas. In
2003, NEPM was extended to include an advisory reporting
standard for particulates as PM, ;and in 2004, a (priority)
Air Toxics NEPM was issued to facilitate the development
of emissions standards. Air toxics include both volatile

and semi-volatile organics and polycyclic aromatic
hydrocarbons (PAHs) and are known or

suspected carcinogens.

The EPA and the Western Australian Department of
Environment and Conservation (DEC) routinely apply
these NEPM standards and goals in (WA). The EPA does
not have current State-wide standards for ambient
ground-level pollutant concentrations. However, the EPA
has released a Draft State Environmental (Ambient Air)
Policy (EPA 2009a), where it proposes that the NEPM
standards (Schedule 1A and 1B) be applied across all areas
of WA, excluding areas where a current environmental
protection policy exists. In the absence of other standards,
relevant to WA, it is considered appropriate to use these
Schedule 1A and 1B standards (Table 4.6) as the criteria
for comparison in this air quality assessment.

The EPA's draft State Environmental (Ambient Air)
Policy, 2009, also proposes that the NEPM monitoring
investigation levels for air toxics (Schedule 1C) be applied
across all areas of WA, excluding areas where a current
environmental protection policy exists, within industrial
areas and residence-free buffer zones.

There is no Australia-specific standard for deposition

rates for nitrogen and sulfur oxides. The World Health
Organisation (WHO) provides “critical loads" for deposition
of nitrogen in Europe. Critical load is an estimate of
exposure in the form of deposition, below which significant
harmful effects on specified sensitive elements of the
environment do not occur (WHO 2000). The WHO critical
load for nitrogen deposition is 15 to 20 kg N/ha/yr and 8 to
16 kg S/ha/yr for sulfur deposition on dry heathland.

A more detailed discussion on WHO guidelines are provided
in Chapter 9, Terrestrial Risk Assessment and Management.

Studies undertaken by CSIRO (Meyer et al. 2001) indicate
that ambient nitrogen deposition rates range from

0.9 kg N/ha/yr (dry deposition) to 1.1 kg N/ha/yr (wet
deposition) in remote natural environments. There is no
available data to assess the impact of nitrogen deposition
on florain the Onslow region. Studies have shown that
oxides of nitrogen can result in reduction in biomass in
Eucalypt species (Murray et al. 1991). Australian studies
indicate that crop yields can be affected by prolonged
exposure to SO, at 50 parts per billion (ppb) and greater
concentrations, while trees suffer leaf damage at 80 ppb

(see Appendix C1).

4.3.2

Existing Environment

The Project location is in a remote area in the north-

west of WA with limited anthropogenic sources. Existing
industrial sources of air pollutants in the Onslow region
are restricted to the Onslow Salt facility and other minor
light industries in the Onslow township. Anthropogenic
emissions are anticipated to be low, compared to biogenic
and other natural emissions.

Table 4.6: Summary of the NEPM Standards used as Air Quality Impact Assessment Criteria

Criteria Pollutant Averaging Period Concentration (max) m

1hour

1year
Photochemical oxidants (as O,) 1hour

4 hours
SO 1hour

24 hours

2

1year
Particulates as PM, 24 hours
Particulates as PM, . 24 hours

1year
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120 ppb
30 ppb
100 ppb
80 ppb
200 ppb
80 ppb
20 ppb
50 pg/m?
25 pg/m3
8 ug/m?

Protection of human health

Protection of human health

Protection of human health

Protection of human health

Advisory protection of human health



Due to the limited amount of activity in the area, historical
air-quality data is limited to meteorological data collection.
The meteorological data for the Onslow area is available
from the Bureau of Meteorology site at Onslow Airport
and from Onslow Salt.

Background data on atmospheric emissions is not
readily available for Onslow, with the nearest air-quality
monitoring data available from the Perth area and

the industrial areas of the Kimberley and the Pilbara.
Background air quality has, therefore, been estimated
from secondary information sources and modelling
undertaken by SKM (see Appendix C1).

Chevronis currently undertaking a monitoring study of
baseline (existing) conditions for dust (Total Suspended
Particulates=TSP-and PM, ), NO,, SO, and Volatile
Organic Compounds (VOCs). Chevron has also installed a
meteorological station at the proposed plant site to obtain
site-specific data. Data from this monitoring is contained
in Chapter 6, Overview of Existing Environment. It is
proposed that this monitoring is continued through to the
commencement of plant operations and into the Operations
Phase. The existing equipment and monitoring locations
may alter due to technical and construction requirements.

4.3.21 Dust

The soils in the Ashburton North Strategic Industrial
Area (SIA) area are prone to wind erosion (see Chapter 6,
Overview of Existing Environment) and subsequent dust
production. This can occur when vegetation is removed,
when the surface is disturbed by vehicles, bushfires, or
sufficiently strong winds. Dust emissions are strongly
influenced by the Pilbara's wet and dry seasons, with higher
background levels experienced during the dry season.
Seasonal bushfires can also contribute a large amount of
dust to the atmosphere.

Background data on dust were not available for the Onslow
region. A dust monitoring program has been commissioned
(April 2009); however, a minimum of 12 months data were
not available for this assessment. An estimate of dust
emissions was, therefore, undertaken.

Baseline emissions of particulates (PM,, and PM, ) may
be inferred from studies undertaken by CSIRO across
Australia (Meyer et al. 2008). This study found that daily
PM,, and PM, . concentrations during the wet season
averaged about 10 and 2 pg/m? respectively, while during
the dry season the daily PM,  and PM, , concentrations
averaged about 20 and 15 pg/m? respectively. Peak daily
PM,, and PM, . concentration, during a bush fire event,
were 52 and 48 pug/m?3.
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4.3.2.2 Atmospheric Pollutants and Air Toxics

Data on ambient concentrations of both O, and NO, in
the local area are also not available. Monitoring reports
for WA, issued by the State Department of Environment
and Conservation (DEC), show that monitoring (for
reporting against NEPM criteria) has been concentrated
around the most populated areas of the State and the
industrial areas of the Kimberley and the Pilbara.

Baseline emissions of NO, can be inferred from studies
undertaken by the Commonwealth Scientific and
Industrial Research Organisation (CSIRO) (Meyer et al.
2001). These studies indicate that the annual Australian
natural (biogenic and weather) emissions of NO, are
generated from soil emissions (approximately 50 per
cent), lightning (approximately 8 per cent) and wild fires
(approximately 17 per cent). The balance of approximately
25 per cent is contributed from anthropogenic sources.
The average annual Australian emission rate of nitrogen
approximates 3 kg/ha/yr. The NO,_concentration in clean
Southern Hemisphere marine air is around 0.03 ppb, with
NO concentration ranging from O to 0.01ppb and NO,
concentration ranging from 0.01to 0.03 ppb. In remote
rural environments, NO, concentrations are higher ranging
from 0.01to 2 ppb. NO, is mostly present as NO, (85 per
cent) ranging from 40 per cent to 100 per cent, depending
on the time of day and the prevailing wind direction.

Baseline levels of Air Toxics and O, may be inferred from
studies undertaken by CSIRO across Australia (Meyer et
al.2008). This study indicates that for coastal locations
with lowland scrub and savannah, the 1-hour ambient

O, concentrations averaged about 10 ppb at the end of
the wet season and 20 ppb at the end of the dry season
after the impact of bush fires. Air Toxics were measured
during the bush fire season. Results for benzene, toluene,
ethylbenzene and xylenes were 0.16 ppb, 0.69 ppb,
0.095 ppb and 0.47 ppb respectively.

Based on these estimates SKM undertook a modelling
assessment (See Appendix C1) to determine the existing
“non-industrial” air quality in the area. The results for
NO,, O, and SO, are shown in Table 4.7.NO, and O, are also
shown in Figure 4.6, Figure 4.7, Figure 4.8 and Figure 4.9.

The air-quality assessment was carried out in line with
DEC (formerly known as DoE) guidelines for Air Quality
Modelling (DoE 2006). For this assessment,

the atmospheric dispersion model TAPM (The air pollution
model) was used. TAPM is a prognostic three-dimensional
model designed by CSIRO that can be used to predict
meteorological and air pollution parameters on an hourly
basis (Physick and Blockley 2001).
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Table 4.7: Summary of Modelled Existing Air Quality

Figure 4.6: One-hour Ground-level NO, (ppb) - Existing (Non-industrial) Sources
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Note: * CSIRO (2001) estimated “natural” background concentration

The model predicts flows that are of importance to
local-scale air pollution such as sea breezes and terrain
induced flows (Hurley 2005). The meteorological
parameters predicted by the model have been compared
to actual readings recorded during the Kwinana Coastal
Fumigation Study (Hurley and Luhar 2000) and the Pilbara
Air Quality Study (Physick and Blockley 2001). It was found
that the model predicts both near-surface parameters and
upper parameters well.

Due to the lack of available meteorological data for
the Onslow region the CSIRO model TAPM (ver4) was
also used to assess the potential ground-level
concentrations of pollutants.

126 | Chevron Australia Pty Ltd

Biogenic emissions of VOCs have been estimated at
1.3 g/m? for native vegetation in the Onslow region.

Nitrogen deposition in ‘clean’ Southern Hemisphere marine
air is around 0.001kg N/ha/yr as NO, (dry deposition) and
0.13 kg N/ha/yr as NO,™ (wet deposition). In remote rural
locations, this rate increases to around 0.28 kg N/ha/yr as
NO, (dry deposition) and to 0.94 kg N/ha/yr as NO,™ (wet
deposition) (Meyer et al. 2001). The predicted annual “non-
industrial” nitrogen deposition rate has been modelled

at less than 0.04 kg N/ha/yr (Figure 4.10) at Onslow.

This number is much lower than the predicted ambient
concentration in the CSIRO study discussed above.
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Figure 4.9: Maximum Four-hour Ground-level O, (ppb) -
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Source: SKM 2009
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4.3.3 Offshore Emissions

4.3.3.1 Construction and Commissioning

The key activities that may generate atmospheric emissions
during construction and installation will be associated with
marine vessel engines (e.q. drilling rigs, pipe-lay barges,
tugs, dredgers, hopper barges, supply boats and barges),
well clean-up, and commissioning of the offshore facilities
(see Chapter 2, Project Description).

The emissions from vessel movements during construction
are transitory and have not been assessed. The vessels
used will be maintained in accordance with a maintenance
schedule and comply with Australian regulations on fuel
(i.e. sulfur content in diesel).

Flaring during well clean-up is likely to be approximately
60MMscf/d over a 72 to 84 hour period.

The subsea wells and WP start-up sequence will be
optimised to minimise flaring while establishing well
performance and process stability as soon as possible,
hence minimising further shutdowns, associated flaring
and cold venting. Planned depressurising of the offshore
system is likely to occur two to three times during initial
commissioning; in addition, two to three unplanned
depressurising operations have been included in the
following estimate of commissioning flaring.

The volume of gas flared per depressurising event will vary,
depending on the mode of operation, number of trains,
sequencing etc. Typically a full blowdown and start up of
the topsides would result in around 115,000 Sm? of gas
flared; while a blowdown and restart of the entire flowline
system would result in around 8,500,000 Sm? of gas flared.

Assuming that there will be four to six full depressurisation
events during commissioning then the total volume of

gas flared during initial start-up would be in the range

34 -52 MMSm?3. During the front end engineering phase
detailed reliability studies and optimised commissioning
and start up scenarios will be developed to minimise flare
volumes and improve reliability to reduce the number of
blowdown events.

During construction, commissioning and start-up
procedures, diesel may be used to fuel generators

and gas turbine starters, as an alternative fuel source.
During well clean ups, increased well completion fluids
may be encountered in the produced water (PW). Well
clean up is not expected to have any significant impact
due to the relatively short durations, location remote
from sensitive habitats, and low volumes.
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Should additional water treatment be considered,

its susceptibility to solids entrainment during well clean
up will be investigated and if necessary provision made
for a by-pass.

4.3.3.2 Operations

Offshore, operational electrical and gas compression power
will be generated by the combustion of an estimated 0.7 x
10% Sm? per day of raw field gas in turbines equivalent to
the Solar MARS 90 and General Electric LM2500+ turbines.

Offshore operations are forecasting to lose just over 100
operating hours, from planned and unplanned stoppages,
each year®, with flaring through both the low pressure and
high pressure flares.

Estimated NO, emissions from the offshore operations
are summarised in Table 4.8. Greenhouse gas emissions
have been discussed in detail in Section 4.2.

Planned Insulate and Blowdown (I & B) and re-start

could comprise a full platform or train blowdown

and start-up discharging in the order of 320 MMscfd.
Conservatively assuming two to three such events
(planned and unplanned) annually, emissions could range
up to between 640 and 1000 MMscfd depending on the

| & B strategies developed.

The nearest sensitive receptor is a significant distance
from the WP; the nearest landfall is more than 100 km
away. The potential impact of emissions from the WP based
on the data in Table 4.4 and the distance to the nearest
sensitive receptor means that the potential impact on air
quality at that receptor location is considered insignificant.

4.3.4 Onshore Emissions

Onshore emissions will vary based on the phase of the
activities. The proposed activities are discussed in detail
in Chapter 2, Project Description. This section reviews the
potential emissions from the Project during the phases of
construction, commissioning, routine operations and non-
routine (emergency) operations.

The atmospheric dispersion modelling of key air emissions
was performed under different operating conditions to
determine the predicted ground-level concentrations.

4.3.4.1 Construction and Commissioning

The key emissions during the construction phase are dust
(see Appendix C1). In addition, there will be short-term
releases during the commissioning of the plant. These
emissions will be managed, wherever practicable.
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There will also be some associate emissions from

the temporary power generation equipment, which
could elevate ambient ground-level concentrations of
atmospheric pollutants. The details of the temporary
power generating equipment are currently being
determined. Potential emissions will be modelled once
the details have been determined and will be submitted
later as part of a works approval application.

Dust

Due to the current low levels of human activity at the
Ashburton North SIA, existing sources of dust and other
particulates are primarily due to wind erosion and bush
fires. Recreational vehicles visiting the area contribute
minor quantities of dust to the atmosphere.

The vast majority of dust generated during the
construction phase will consist of coarse particles and
particles larger than PM, . An emission study conducted

Table 4.8: Indicative Offshore Emissions

by SKM in 2000 (SKM 2003) found that the Pilbara region
emitted around 170 000 tonnes of windblown particulate
matter in the 1998/1999 financial year. Additional research
has also shown that background levels of dust in the Pilbara
region often exceed the NEPM PM,, standard of 50 pg/m3.

It is anticipated that site preparation will result in the
largest generation of dust. Key dust generation sources
during the construction phase are identified as:

+ Clearing of vegetation and site levelling
« Earthworks, such as cut and fill activities and excavation

+ Soil and fill material transfer from truck to stockpile
and stockpile to footprint

+ Wind erosion of stockpiled topsoils

«  Wind erosion of dewatered dredge material
(if placed on land)

+ Vehicle movements on unsealed roads

Phase 1 Phase 2
Process Area Initial Operations Compression

Export Compression

Flare - Pilot 0.2
LP Flare - Purge 0.0
LP Flare - Planned Streams 1
HP Flare - Purge 0.0
HP Flare - Blowdowns 38
Power Generation 283
Power Generation - Diesel 3
Emergency Power 0
Diesel Firewater Pumps 3
Diesel Cranes 3
Diesel Storage 0
Fugitive Emissions 0
Transport - Supply Vessels 0
Transport - Helicopter 2
Total 343

Notes:

tNO, /y tNO, /y
0 657

0.2
0.0
ll
0.0
38
283

N O O O W w O W

o
o
S)

1. Based on 200 MMscf start-up flaring, 100 MMscf blowdown and 4 MMscf topsides flaring, i.e. shutdown and blowdown once per year.

2. Flare pilot rates to be confirmed. Purge rates from John Zinc.

3. Firewater pumps based on 30 mins testing per week, emergency generator 30 mins per month.
4. Based on assumption of diesel backup run for start-up (1 hour per start-up, two per year) and testing (30 mins per month).
5. Transport/logistics emission sources are not considered only personnel helicopter travel.

130 | Chevron Australia Pty Ltd



Sandblasting of infrastructure
Operation of a crushing and screening plant

+ Operation of a concrete batching plant.

The volume and duration of dust emissions generated
during construction are expected to be variable and
intermittent. The emissions are unlikely to be concentrated
in a single location for any extended period. The impacts
of dust on vegetation are likely to be limited to dry-season
conditions—rainfall during the wet season will remove dust
from leaf surfaces.

A management plan will be developed as part of the
Construction Environmental Management Plan (CEMP),
with the key objective of managing dust generation and
dispersion in compliance with the EPA Guidance for the
Assessment of Environmental Factors - prevention of air
quality impacts from land development sites - No.18, 2000.
As part of the CEMP a range of management controls and
monitoring procedures will be developed and applied to
various activities at the onshore development area.

Odour

During the construction phase, excavation of organic
matter and onshore placement of nearshore dredge
material, containing decomposing organic matter, may
allow the emission of odorous compounds, such as
hydrogen sulfide (H,S), mercaptans (R-SH) and organic
amines. These compounds are highly odorous with
detection concentrations in the low-parts-per-billion range.
Liberation of odorous compounds will normally peak during
high temperatures and low wind velocity. Onshore dredge
material placement, if performed, could last several months
and will take an extended period before it dries adequately

Wheatstone Project 4.0 Emissions, Discharges and Wastes

to prevent odour generation. During this time, odour
management may be required, although it is anticipated
that odorous compound concentration will dissipate to
below detection concentrations within the buffer zone
indicated as required by the Project.

The potential for generation of anaerobic odours from
the operation of a sewage treatment facility is likely to
be managed by providing extended aeration. Operation
of the facility to Project control requirements should
reduce odour generation from this source.

Estimated Construction Emissions

Emissions from construction are very variable.

They depend on the activity taking place, the type of
equipment used, the maintenance of the equipment,

and the equipment load. Indicative construction emissions
from the Foundation Project are shown in Table 4.9.

For the construction of subsequent LNG trains, excess
power from the operating plants will be used. In addition,
fuel gas use will be maximised for stationary equipment.
Therefore, air emissions for the construction of the
subsequent LNG trains are expected to be lower than
the emissions from the construction of first two trains.

Commissioning

The onshore commissioning schedule sequence is
anticipated to be as follows:

Purging: Initial purging activity occurs during
displacement of nitrogen from the feed gas system and
initial regeneration of molecular sieves. Commissioning
gas from front-end units will be flared while the

Table 4.9: Indicative Construction Emissions from the Foundation Project [1]

MOP"e- S Sta.tlo.nary Equipment Total Emissions
Compound Emissions [2,4] Emissions [3]

Tonnes
NO, 271 3584 3855
CO 58 772 830
SO, 18 236 254
PM,, 19 252 271
VOC 21 284 306
Notes:

1. Based on 62-month construction period
2. Assumes all diesel vehicles/equipment will be used on site

3. Includes power generation for the accommodation village and at the construction site
4. Equipment spread and the numbers of vehicles are based on experience from previous projects of similar magnitude and durations.

Chevron Australia Pty Ltd | 131



Wheatstone Project 4.0 Emissions, Discharges and Wastes

cryogenic section becomes ready for service. Estimated
flaring of feed gas during these sequential operations is
5000 kg/hr for six days.

Dryout: Drying is the process of ensuring cryogenic
feed/methane/propane/ethylene circuits are dry
requiring defrost procedure. Hot dry gas is pressurised
through the system to flare lines. The estimated flaring
from this process is anticipated to be approximately
5000 kg/hr over six days. After the defrost procedure
the Propane and Ethylene circuits have to be charged
and purged to flare in order to achieve the required
purity 298 per cent. Estimated flaring of propane is
1000 kg/hr and of ethylene 500 kg/hr for two days.

+ Cool-down of Heavies Removal Column: This
procedure entails the operation of the plant at very
low rates until the required pressure and temperature
profiles are established. Flaring is estimated to occur
for three days at a rate of 20 000 kg/hr.

Cool-down of LNG Tanks: Cool-down of LNG tanks is
accomplished with LNG produced at very low rate

until the required pressures and temperatures are
established. During this short period flaring may
occur. Estimated flaring of gas is 5000 kg/hr
during three days.

The above estimates are only a guide to the quantities
flared as it is impossible to predict problems that occur
during start-up of a new plant. The above quantities do
not take into consideration any emergency or out of the
ordinary flaring that may be required.

4.3.4.2 Operations

Predicted Routine Emissions

Routine operations are those activities that occur on a day-
to-day basis during the production of LNG and gas for the
domgas market. Typical, estimated point source emissions,
from routine operations, are shown in Table 4.10. The
equipment listed is located within and in close proximity to
the LNG processing trains and power generation utilities.
This infrastructure is described in detail in Chapter 2,
Project Description.

Table 4.10: Typical Process Unit Annual Emissions - Routine Operations

6w o fwox  feo |

Tonnes per year

Heaters/Flares

Onshore
Flare Pilots & Purge Gas 2
Acid Gas Thermal Oxidisers - LNG 1

Acid Gas Thermal Oxidisers - Domgas <1
Flares/Vent

Onshore
Nitrogen Vent - LNG NA
Nitrogen Vent - Domgas NA
Gas Turbines
Offshore
Gas Compressor/Turbines ND
Power Generation Turbines ND
Onshore
Refrigeration Compressor/Turbines 246
Power Generation Turbines 47
Total 296

NA - not applicable; ND - not determined
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<0.1 30 26

40 8 7

6 1 1

<0.1 NA NA
<0.1 NA NA

10 337 362

6 163 180
<0.1 4,098 4,426
<0.1 746 806
62 5,383 5,808



During the storage and transfer of LNG some gas may
vaporise (gas temperature increases above -161°C and
returns to a vapour). This gas is referred to as Boil Off
Gas (BOG). The two main areas where this can occur are
inthe LNG storage tanks and during the loading of LNG
tankers. The LNG processing system is designed as a
closed system so that BOG that is generated during normal
operation is captured and returned to the liguefaction
process or to the onshore marine flares only during upset
conditions or when a warm ship from dry dock needs to
be purged and cooled down.

A pilot flame will be maintained at each flare tip for safety
reasons. This will allow for combustion of gases released
during emergency or non-routine operations. The volume
of gas used to maintain the pilot will be managed. Flaring
and venting procedures are discussed in more detail in
Chapter 2, Project Description.

Direct venting of hydrocarbons may be required to
maintain the safety of the facility. Vented nitrogen from
the nitrogen rejection unit may contain insufficient
hydrocarbon concentration to allow combustion. This
gas stream will, under these circumstances, be directly
vented to the atmosphere.

The amine regeneration system within the acid gas
removal unit will direct vented gases to thermal oxidisers
for destruction. Some of the BTEX present in the feed

gas will end up in the acid gas removal unit (AGRU) acid
gas stream and will be sent to the thermal oxidiser. The
thermal oxidiser will be designed to achieve a hydrocarbon
destruction efficiency of about 99 per cent, which would
result in a total of approximately 200 tonne of BTEX per
year being vented from the thermal oxidisers in the LNG
plant and domgas AGRUs.

Predicted Impact of Routine Emissions

Routine emissions have been modelled by SKM, and
reviewed by URS, using the Australian TAPM model.
This model has been used to predict ground-level
concentrations of NO,, O,, SO, and PM,_ . A full technical
reportisincluded in Appendix C1. A summary table is
also provided in Table 4.14.

NO emitted from LNG processing equipment will be
converted by the action of available atmospheric O,

into NO,. Depending upon the time of day and amount

of sunlight, NO, concentrations will vary due to the action
of ultra violet light converting NO, back to NO and forming
0O, as a secondary pollutant.
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Modelled ground level atmospheric NO, concentrations for
routine operations are shown in Figure 4.11and Figure 4.12.

A secondary pollutant, O, is not directly emitted from

the process but forms as a result of additional chemical
reactions. O, forms as a consequence of photochemical
reactions between NO, and ultraviolet light. O,
concentrations will fluctuate in the atmosphere due to
incident sunlight and the concentration of water vapour,
NO, and VOCs in the atmosphere. O, concentrations will
normally peak during the dry season and in the afternoon,
and diminish during overcast weather and in the evening.
Reactions on the surface of particulate matter and

water vapour may lead to a decrease in the production
of O,. Due to rate of flux in O, concentrations, predicted
concentrations are based on short-term (one-hour and
four-hour) results.

Modelled ground-level O, concentrations for routine
operations are shown in Figure 4.13 and Figure 4.14.

The estimated annual “non-industrial” concentration of SO,
has been assessed at less than 0.8 ppb at Onslow.

Modelled maximum ground-level atmospheric SO,
concentrations during routine operations at Onslow are
predicted to be less than 2 ppb.

Modelled ground-level atmospheric SO, concentrations
for routine operations are shown in Figure 4.15, Figure
4.16 and Figure 4.17.

PM,, include the subset of particulates less than

2.5 micrometers (PM, ). PM, emitted from LNG process
equipment during routine operations will tend to peak
during the afternoon and reach a minimum during the early
hours of the morning. Existing PM,  emissions within the
region are derived primarily from open-area erosion and
bushfires. These particulate emissions have been excluded
from this report due to the complexities of modelling short-
term events that vary spatially.

Modelled 24-hour ground-level atmospheric PM,g
concentrations during routine operations are shown
in Figure 4.18.

Deposition of Nitrogen and Sulfur
on Sensitive Environments

The rate of nitrogen deposition is controlled by wind
velocity, the rate of chemical conversion of NO, to
secondary oxides and vertical mixing (@ambient temperature
and atmospheric turbulence). Deposition flux will tend to
peak during the morning and then taper off during the rest
of the day. Modelled deposition rates (Figure 4.19) predict
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Figure 4.12: Annual Ground-level NO, (ppb) - Routine Operation
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Chevron Australia Pty Ltd | 135



Wheatstone Project 4.0 Emissions, Discharges and Wastes

{

280000

W5_EIS_276_V0.

Onslow

i L

'y

A
Q.

280000
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Figure 4.17: Annual Ground-level SO, (ppb) - Routine Operation
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Figure 4.19: Predicted Routine Nitrogen Deposition Rate (kg/ha/yr)

that the LNG facility will increase NO, deposition rates from
less than 0.04 to less than 0.3 kg N/ha/yr at Onslow.

0, deposition rates onto vegetation will be highest during
daylight hours, although dry deposition may occur during
the night and also during the active growing season. O,
deposition rates have not been modelled as available data
on O, uptake by endemic vegetation is insufficient.

Indicated sulfur content of raw gas from the Project

is at insignificant concentrations. Third-party gas

may contribute higher loads of sulfur, however,

similar gas fields in the Carnarvon Basin also contain
low concentrations of sulfur. It is anticipated that the
volume of SO, emissions from the Project will therefore
be extremely low and are unlikely to impact human
health or the surrounding environment.

Visible Smoke

Visible smoke (soot) is an indicator of incomplete
combustion or low-temperature combustion. Visible
smoke may also occur during periods of high wind velocity
due to formation of turbulent diffusion flame conditions.
Under routine operating conditions, the gas turbines and
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thermal oxidisers are unlikely to generate visible smoke.
During non-routine operating conditions, particularly
when gas turbines are operating at less than 60 per cent
of full load or when flares are burning at greater than
optimal burner fuel flow rates (rich mix), emissions of
visible smoke may occur due to increased generation

of particulates and VOCs. Flaring with visible smoke is
anticipated during commissioning of each train, and during
start-up conditions. Visible smoke is to be anticipated
when wet gas—containing higher concentration of higher
molecular weight compounds—is flared and will be managed
to ensure compliance with the Environmental Protection
(Unauthorised Discharges) Regulations 2004.

Air Toxics

Air toxics may be generated during incomplete combustion
of hydrocarbons in the temperature range of 250 to 450°C.
Formation may be highest during periods of low loading
and during start-up and shutdown operations.

Emissions of benzene, toluene and xylene have been
modelled and are discussed in detail in Appendix C1.
The predicted maximum concentrations are presented
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Table 4.11: Maximum Predicted Future Ground-level Concentrations for BTEX under Normal Operating Conditions

Modelled : .
Averaging Period

Benzene 1km Annual

Toluene 1km 24 hour ppb
1km Annual ppb

Xylene 1km 24 hour ppb
1km Annual ppb

Table 4.12: Fugitive Emissions - NPl Method 2 (tonnes/year)

ppb

NEPM :
L Maximum on Percentage of
Investigation Grid (ppb) Criteria
level (ppb) PP
3 0.3 8.4%
1000 1 0.1%
100 0.5 0.5%
250 1.3 0.5%
200 0.6 0.3%

<0.1

360 15 1.5 0.8 0.2

in Table 4.11. From this table it is apparent that the predicted
ground level concentrations of BTEX are very low with
benzene having the highest predicted impact on the model
grid at 8.4% of the NEPM investigation level.

Dust

During the operations phase, dust may be generated during
routine maintenance and due to on-site traffic movements.
A dust management plan will be developed as a section of
the site's Operations Environment Management Plan. It is
currently anticipated that the SIC is likely to be sealed. This
would assist in reducing any dust generated by day-to-day
vehicle movements.

Odour

Odour causing compounds in unprocessed gas are
normally associated with VOCs, such as BTEX, and sulfur
compounds, such as H,S, R-SH and carbonyl sulfide (COS).

Gas from the offshore fields will generally be low in
inorganic and organic sulfur compounds; however, these
may be present in gas supplied for processing from third-
party gas field operators. Such fields would provide feed
gas to LNG Trains 3,4 and 5.

A proportion of BTEX and most sulfur compounds will be
removed from the gas stream in the AGRU of both the LNG
and domgas processing lines and sent to thermal oxidisers
for conversion to CO, and SO, respectively. Emissions of
odorous BTEX and sulfur compounds will normally only
occur during incomplete combustion in thermal oxidisers,
venting and from fugitive emissions. Most process fuel

gas is sourced from processes downstream of the acid
gas removal unit and consequently contains insignificant
quantities of BTEX and sulfur compounds, reducing the
potential of odorous emissions from the other areas

of the plant.

Organic compounds recovered as solids from the mono-
ethylene glycol (MEG) recovery unit may generate odours

if not disposed of in a timely manner. Similarly, trace
hydrocarbon odours may also be generated from the
wastewater treatment system. It is anticipated that odorous
compound concentration will dissipate to below detection
concentrations within the buffer zone indicated as required
by the Project.

The operation of the sewage treatment plant may have the
potential for generation of anaerobic odours. Operation of
the facility to Project control requirements should reduce
odour generation from this source.

Fugitive Emissions

Fugitive emissions from gas service valves, oil service
valves, oil/water service valves, pressure relief vents,
flanges, pump seals, connectors and the natural gas
condensate (condensate) tanks will result in simple
hydrocarbons and other volatile organics being emitted to
the atmosphere. Estimated annual fugitive emissions are
shown in Table 4.12.

Fugitive emissions can be managed through design and
maintenance controls. Chapter 2, Project Description
provides details on the proposed design.
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Non-routine Operations

Non-routine operations include planned maintenance
and unplanned stoppages. It is anticipated that the
gas processing plant will be shut down for sufficient
time to require a warm start at least once a year, after
commissioning. A warm restart is anticipated

to take approximately fifteen hours, during which time
approximately 25 per cent of the design flare flow rate
may be directed to the flare as the LNG is brought to
product specification.

The second upset condition scenario is based on a

process emergency shutdown. It is anticipated that such
circumstances will occur less than ten times in the first
year of operation and be of less than one hour peak flaring,
reducing to six events per year over the next five years.

During shutdown events, whether for maintenance or
unplanned stoppages, the wet and dry flares, and vents will

be operated to maintain safe process operating conditions
by reducing gas pressure in the facility.

Non-routine Venting and Flaring

The Project has a design requirement to reduce

reliance on routine venting or flaring of hydrocarbons.
However, overpressure situations, caused by incidents
such as power failures, instrument air failures, equipment
failure or incorrect operating procedures, will require
emergency flaring to ensure the safe operation of the
plant. The following paragraphs describe the non-routine
(process upset or emergency) operation of the flare and
vent system on the plant.

Wet “warm” vapours that contain water and condensate,
either in vapour or liquid state, will be collected by the

wet gas flare header system and sent to the wet gas flare
knockout drum. Vapour from the drum will be sent to the

Table 4.13: Typical Process Unit Annual Emissions - Non-Routine Operations

Tonnes

Heaters
Onshore

Start-up Heaters 0.3
Flares/Vent
Offshore

Boom Flares

Upset ND

Onshore

Marine Flares

m  fso.  wo, e |

Warm Ship Cool-down ND
Upset ND

Wet Flares
Upset ND

Dry Flares
Upset ND
Total 0.3

NA - not applicable; ND - not determined
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0.2 5 4
0.7 1 60
<0.1 48 260
<0.1 1 6
<0.1 65 352
<0.1 4 21
0.9 134 703



wet flare. The header system will be continuously
purged with fuel gas or nitrogen, as backup.

Dry “cold" vapours, which contain no water but may
contain other liquids, will be collected by the dry gas
flare header system and sent to the dry gas flare
knockout drum. Cryogenic liguids, which vaporise in

the knockout drum will not be recycled to the process.
The header system will be continuously purged with fuel
gas or nitrogen, as backup.

Vapours from the LNG storage tanks and the LNG ships
will be collected by the marine flare header and sent to
the marine flare. The header system will be continuously
purged with fuel gas or nitrogen, as backup.

The most significant periods of flaring will be during
the start-up and shutdown of the LNG processing trains.
Capacity for reducing the volume of gas flared during
plant start-up is limited, as the gas flared will not meet
the specification for LNG sales and may be outside
specification for use as fuel. During a plant shutdown,
it will be necessary to ensure the safety of specific
facilities by depressurising and flaring the entire
inventory of the process unit subject to the shutdown.
The development of operating procedures for the
facility may consider methods for reducing the
amount of flared gas during shutdowns, to the extent
reasonably practicable. Reducing unintended plant
outages is fundamental to reducing flaring associated
with plant shutdowns.

Flaring during commissioning may be limited by
appropriate design and control of commissioning
procedures. Most low-pressure hydrocarbon streams

in the facility (including those from the various
regeneration processes) may be redirected to either the
fuel gas system or back into the LNG or domestic gas
processes. Compressors and other systems in the LNG

process may be designed to start up, operate continuously

and shutdown on full recycle to reduce flaring.

Flaring during cooling down / purging of warm LNG tankers

from dry dock may occur at a rate of 20 ships each year.

Extrapolated onshore operations forecasting indicates
that approximately 500 hours of planned and unplanned
maintenance downtime may be lost each year, with an
estimated 200 hours of gas flaring, through one or more
of the three wet gas flares and three dry gas flares.

The two marine flares are anticipated to operate for
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Non-routine flaring has the potential to be the most
significant source of emissions. SKM have modelled
(using TAPM) two non-routine upset conditions for
NO,, O,, SO, and PM, . These two non-routine upset
conditions are:

Non-routine operations—Upset Condition1-

cold start of single process train taking six hours
with 30 per cent of flow directed to flare. As this

is a short-term event, results are reported for one-
hour averages.

Non-routine operations—Upset Condition 2 -

process emergency shutdown resulting in peak flaring
for approximately 15 minutes. As this is a short-term
event, results are reported for one-hour averages.

The results from this modelling assessment are included
in the technical appendices (Appendix C1). A summary of
the ground-level concentrations is included below.

Modelled one-hour ground level concentrations of NO,
at Onslow are predicted to be less than 24 ppb during
Upset Condition 1 (Figure 4.20) and less than 23 ppb
during Upset Condition 2 (Figure 4.21).

Modelled one-hour ground-level concentrations of O,
at Onslow are predicted to be less than 38 ppb during
Upset Condition 1 (Figure 4.22) and less than 37 ppb
during Upset Condition 2 (Figure 4.23).

Modelled 24-hour ground-level concentrations of
PM,, at Onslow are predicted to be less than 25 pg/m?*
during Upset Condition 1 (Figure 4.24) and Upset
Condition 2 (Figure 4.25).

4.3.5 Comparison of Predicted Air Emissions
with Standards and Guidelines

Modelled criteria pollutants are all well below NEPM
guideline values (see Table 4.14):

Particulate concentrations have the potential to
exceed NEPM guideline values during periods of
significant regional bushfires, followed by dust-storm
events caused by erosion of the desiccated local soils.
This scenario may arise independently of the Project's
development in the area.

A risk assessment of air-quality impacts is included
in Chapter 9, Terrestrial Risk Assessment and
Management and Chapter 10, Social Risk Assessment
and Management.

approximately 12 hours each year for planned maintenance.
Typical atmospheric emissions from non-routine operations
are shown in Table 4.13.
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Table 4.14: Comparison of Modelled Criteria Pollutants to NEPM Guideline Values

Maximum on Grid Percentage of Criteria
Modelled Averaging NEPM

Existing Environment

NO, Tkm 1-hour ppb 120 1.2 0.8 1.0% 0.6%
Annual ppb 30 0.1 0.1 0.3% 0.2%
0, 3 km 1-hour ppb 100 23.8 19.5 23.8% 19.5%
4-hour ppb 80 21.8 19.5 27.2% 24.4%
Future - Normal Operations
NO, 1km 1-hour ppb 120 39 24 32% 20%
Annual ppb 30 3 0.4 9% 1%
PM,, 1km 24-hour pg/m* 50 27 25 53% 50%
SO, 1km 1-hour ppb 200 3.5 0.7 1.7% 0.3%
24-hour ppb 80 1.1 0.1 1.4% 0.1%
Annual ppb 20 0.6 0.0 2.8% 0.1%
0o, 3 km 1-hour ppb 100 44 38 44% 38%
4-hour ppb 80 40 34 50% 43%
Future - Ship Loading Conditions
NO, 1km 1-hour ppb 120 39 24 32% 20%
Annual ppb 30 2.8 0.4 9% 1%
SO, 1km 1-hour ppb 200 3.5 0.7 1.7% 0.3%
24-hour ppb 80 1.1 0.1 1.4% 0.1%
Annual ppb 20 0.6 0.0 2.8% 0.1%
PM,, 1km 24-hour pg/m* 50 27 25 53% 50%
0, 3km 1-hour ppb 100 44 38 44% 38%
4-hour ppb 80 40 34 50% 43%
Future - Start-up (Condition 1)
NO, 1km 1-hour ppb 120 39 24 32% 20%
SO, 1km 1-hour ppb 200 3.3 0.6 1.6% 0.3%
PM,, 1km 24-hour pg/m* 50 28 25 55% 50%
0, 3km 1-hour ppb 100 43 38 43% 38%
Future - Emergency Shutdown (Condition 2)
NO, 1km 1-hour ppb 120 36 23 30% 19%
SO, 1km 1-hour ppb 200 2.2 0.6 11% 0.3%
PM,, 1km 24-hour pg/m* 50 44 25 87% 50%
0, 3 km 1-hour ppb 100 44 37 44% 37%

* For full details of the modelling and any assumptions, please see Appendix C1.
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4.4  Light

4.4.1 Overview

The Project will produce light emissions during
construction, commissioning, operations and
decommissioning. This light will be generated by
Project activities, such as flaring and by lighting
systems that provide safe areas of operation.

The amount of light generated is determined by the
wavelength, intensity, orientation and location of the
source, light loss factors and method of light switching.
Intensity generally diminishes with the square of the
distance (i.e. over a distance of 10 m intensity drops to
1/100% of the intensity at 1 m from the source).

Lux (lumens/m?) is the measure of luminous emitted
and provides an indication of the human perception of
brightness. For example, a lit living room in a house at
night has an illuminance of around 50 lux, while light
from a full moon is around 0.27 lux.

Lighting or illuminance of work areas is required for
safety and security, to ensure that viewing conditions
are optimised for complex or detailed tasks and to
provide comfortable visual conditions.

Please note light emissions and the potential effects
on turtles is discussed in detail in the marine chapter,
Chapter 8, Marine Risk Assessment and Management.

4.4.2 Existing Environment

Background light levels in the coastal areas around Onslow
are influenced primarily by moonlight and modest sky glow
from the town site and adjoining light-industrial zone.

Recreational areas such as Five Mile Pool (used for
camping) and the Old Onslow Town Site heritage area are
located approximately 20 km south-west of Onslow. These
areas attract tourists and campers who contribute to low-
level light emissions in the area.

Onslow Salt is the main industrial activity close to Onslow.
The operation contributes light emissions from security
lighting and vehicle traffic.

Remote locations, outside the Onslow town site, will
typically have light emissions equivalent to between full
moon (0.3 lux) and new moon (0.002 lux) intensities.
Background light intensity has been referenced against
new-moon light intensity for this document.

The offshore location does not have any nearby light
emitting sources and is considered to have the same light
levels as remote onshore locations.
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4.4.3 Offshore

The main sources of light during installation and dredging
will be various vessels, drilling mobile offshore drilling units
(MODUs) and installation platforms. Typically, white light
such as fluorescent, metal halide and halogen is used on a
24-hour basis.

During commissioning and operations, the main sources will
be vessels, platform facility lighting and the flare system.

Safe illumination of the work areas and accommodation
modules will be provided. Levels and coverage will be
determined as part of the Safety Case and in compliance
with legislation, industry and Chevron standards and
best practise. The design reduces light spillage through
consideration of a range of techniques, typically:

Electrical = such as automated devices, spectral/
wavelength modification and delivered
wattage minimisation

Physical — such as shielding, placement, obstruction,
directional, elimination and timers.

Flaring intensity during commissioning and operations
will be low during normal operation and larger during non-
routine events. During normal operation, the low pressure
flare comprises minor offgas streams and minimal purge
and pilot. During blowdown events, the high-pressure
flare is designed to relieve the topsides equipment in as
short a period as practical (nominally around 15 minutes);
thereafter the flare duration will depend on additional
upstream inventories being released. Flaring is also
required to prevent hydrate formation during shutdown,
which could cause flowline blockages and an inability to
re-start some or all production. All reasonably practical
steps will be taken to manage the duration and frequency
of such events, although the expected frequency will be
around ten times per year post commissioning, if system
testing is included. Surplus gas is not flared and the
likelihood of blowdowns is reduced through comprehensive
integrity, reliability, monitoring, maintenance and control
measures adopted in the design.

Vessels and MODUs will be onsite during installation,
their durations varying from days to several months for
offshore facilities and pipelay but likely longer for initial
and maintenance dredging.

The platform location is more than 140 km from the
nearest mainland. The site is not near any known

critical aggregation areas for cetaceans, turtles or birds.
The potential impacts of light on turtles, cetaceans and
seabirds is further discussed in Chapter 8, Marine Risk
Assessment and Management.



4.4.4 Onshore

4.4.41 Overview

Lighting orilluminance of work areas is required for safety
and security. Operation of the LNG liquefaction facilities
requires lighting to comply with Australian Standard
AS1680.2.4:1997, SIDS:Section-9 and API-540.

Emissions of light from the proposed LNG facility are
required to meet AS 4282-1997 Control of the Obtrusive
Effects of Outdoor Lighting. This standard sets out criteria
related to the human perception of light and provides
criteria for both pre-curfew and curfew hours (23:00

to 06:00). The standard recommends the following
vertical illuminance criteria for curfew hours:

25 lux - at the boundary of commercial
and residential areas

10 lux - in residential areas.

4.4.4.2 Construction

During construction, light may be emitted from
temporary lighting structures, such as mobile light
towers, and construction vehicles, as presented in Table
4.15. These sources of light will be mainly transient and
will not provide a permanent light spill source.

4.4.4.3 Commissioning and Operations

During commissioning and operations, light will be
emitted from lighting for safety and security and from
the intermittent operation of gas flares.

The Project area will have a peak of illuminance, from
lights, at the liquefaction facilities, with lower levels of
illuminance radiating out from this central hub. Modelled
lighting at the extremities of the Project area indicates
aresidual illuminance of less than 25 lux. In addition,
intermittent operation of the flare system will increase
peak illuminance across the LNG facility and into the
surrounding environment.

Different locations in the Project area will have varying
requirements for lighting. Table 4.16 provides an estimate
of indicative lighting levels in different areas of the facility.

Modelled light emissions during flaring are predicted to
be less than 5 lux within 1000 m of each of the flares
(Figure 4.26), with a typical wavelength spectrum as
presented in Figure 4.27.
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Light spill along the beach and dunes south-west

of Entrance Point has been modelled and predicts
illuminance along the dune crest peaking at 0.2 lux,
while illuminance across the beach will generally be less
than 0.15 lux (Figure 4.28).

4.4.4.4 Light Spill

Light emissions from the onshore processing facility and
nearshore infrastructure will be visible from the marine
environment. The light emissions from the MOF and
Product Loading Facility (PLF) will meet the requirements
of Australian Standards, SIDS: 9, API-540 and Australian
Maritime Safety Authority Marine Order, Part 32 and are
anticipated to be less than 20 lux. The processing facility
will be substantially brighter although the most prominent
source of light will be infrequent flaring that is likely to be
visible from a considerable distance.

Offshore illumination will include flares and artificial
lighting on the offshore facilities.

Discussion of the potential impacts of light spill on the
marine environment is included in Chapter 8, Marine Risk
Assessment and Management.

4.4.4.5 Visual Impact

Viewshed analysis was performed for six agreed viewpoints
of interest (see Chapter 10, Social Risk Assessment and
Management) to provide a visual representation of the
view of the processing facility from Onslow. This estimate
accounts for the heights of major infrastructure within the
onshore development area (e.g. buildings, tanks, flares,
etc.) as well as the topography within the catchments of
each viewpoint. Allowances were not made for average
natural vegetation heights in areas of uncleared bushland.
The results and discussion of the analysis are included in
Chapter 10, Social Risk Assessment and Management.

From the results of the viewshed analysis and the lighting
study it can be inferred that, under normal operating
conditions at night, the onshore facility will be seen from
Onslow as a dull glow on the horizon.

Flaring may be more visible but will be infrequent. The PLF
and MOF will have low levels of illumination. The WP will not
be visible from the mainland.

Further discussion of the social impacts of light emissions
isincluded in Chapter 10, Social Risk Assessment and
Management. The lighting emissions study is included as
Appendix D1.
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Table 4.15: Estimate of Lighting Levels during Construction and Commissioning

Light at Source Light at 1000 metres
0.4

384000
7000

Mobile light towers (each)

Construction vehicles 0.007

Table 4.16: Estimate of Lighting Levels in the Project Area

Roadway, jetty, pathways, perimeter fence 20

Security lighting for administration buildings 168
LNG and domgas trains 395
Condensate and other tanks 235
Flares* 100

* Source: Journal of Applied Ecology: Vol 13, Issue 1, p 177-187, 1976, Published by the British Ecological Society

Flare Light Intensity (Horizontal) vs Distance from Source —— Marine Flare
—&— Dry Flare
1.E+03
—&— Wet Flare
—»— Office Lighting
1.E+02
" ” " L —— Family Living Room
—&— Full Moon, Clear Night
1.E+01
—— Moonless Clear Night
—e— Light from Sirius
5 TE+00 ¢
- 200 400 800 1,000 WO 3000 4000 4500 8000 8500 1500 12500 22967 43407
>
= 1E-01
w
(=
(]
-
c
- 1E02
} } } } } } } } } } } } }
1.E-03 Na
1.E-04
1.E-05
Distance - m

Figure 4.26: Flare Light Intensity with Distance from Source
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4.5 Noise

4.5.1 Overview

The Pilbara region is characterised by mining and industrial
centres separated by large distances. Regional towns are
sparsely scattered throughout the Pilbara and tend to be
hundreds of kilometres apart. There are also many pastoral
stations scattered throughout the region. These properties
are large and the homesteads are usually isolated from
anthropogenic noise sources. Given the vast distances
between receptors and noise sources in the Pilbara region,
background noise is often very low.

Background noise levels in the coastal areas around
Onslow are influenced primarily by ocean noise. Onslow

is aregional town with a permanent population of
approximately 500 people and a small light-industrial zone.

Recreational areas such as Five Mile Pool (used for
camping) and the Old Onslow Town Site heritage area are
more remote, located approximately 20 km south-west
of Onslow. These areas attract tourists and campers who
contribute to noise in the area.

Onslow Salt is the main industrial activity close to Onslow,
located approximately mid-way between the town and the
Ashburton North SIA. The operation contributes noise
sources such as vehicle traffic and process equipment to
the background noise levels.

4.5.2 Existing Environment

Continuous onshore noise monitoring was conducted

by SVT over a two-week period between 3 June and 17
June 2009 (Appendix E1), at five sites considered by the
Onslow community to be sensitive receptors. The selected
monitoring sites included the Onslow town site, Ten Mile

T
295000

Figure 4.29: Noise Monitoring and Prediction Locations
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Dam, Four Mile Creek, Five Mile Pool and the Old Onslow * L, isthe noise level exceeded for 90 per cent

Town Site heritage area. The Ashburton North SIA and the of the time.
sensitive receptors to noise are shown in Figure 4.29.

The L,,, noise level is applicable for representing
The noise monitoring equipment recorded L, L, and background noise levels. Noise measurements are provided
Lo NOise levels at 15-minute intervals. Noise level in decibels (dB) and have been weighted to approximate
measurements are defined as follows: human hearing - denoted by “(A)". The monitoring results

for the sensitive receptor sites are shown in Table 4.17.
L, is the noise level exceeded for one per cent

of the time Table 4.18 provides context for understanding noise levels

. . generated from various industrial and urban sources.
L, is the noise level exceeded for ten per cent

of the time

Table 4.17: Background Noise Monitoring Levels at Sensitive Receptor Sites

Underlying Background Noise Level

Sensitive Receptor Sites (Average L) dB(A)
osytime | vening | wime

Onslow town site 38 41 34

Four Mile Creek (camping area) 38 40 36

Five Mile Pool (camping area) 34 28 25

Old Onslow Town Site 36 34 25

(heritage area)

Ten Mile Dam (representative of accommodation village) 38 30 24
Assigned Night- Underlying Background Noise Level
time Levels (Average L,,, ) dB(A)

L,,, dB(A) Daytime Evening Night-time

Onslow town site 35@>450 mfrom 45 45 39
industrial zoning

Four Mile Creek (camping area) NA 46 45 41

Five Mile Pool (camping area) NA 44 35 30

Old Onslow Town Site (heritage area) NA 45 39 28

Ten Mile Dam (representative of accommodation village) B5 52 39 32

Source: SVT 2009

Table 4.18: Typical Comparative Sounds and Their Loudness

Noise Level . :
dB(A) Typical Sources of these Levels of Noise

55-60 Highway traffic, lawnmower or electric drill operating next door, light aircraft
in the distance

45-50 Busy local traffic, strong wind in the trees, noisy air conditioner next door
35-40 Distant suburban traffic, light wind in the trees, quiet air conditioner next door
2558 0) Rural area at night, light wind in the grass, far distant traffic

Source: EPA (2007)
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WA legislation requires that the maximum L, noise level
for residential areas greater than 450 m from land zoned
for industrial use, is 35 dB(A). For industrial sites, the L,
noise levelis 65 dB (A).

The existing offshore noise relating to marine mammals
is discussed in Chapter 8, Marine Risk Assessment
and Management.

4.5.3 Offshore Noise

Underwater acoustic emissions during construction

and installation, commissioning, operations and
decommissioning activities will be influenced by water
depth, characteristics of the seabed, characteristics of

the noise source (pressure, frequency and duration),
background noise levels and thermoclines in the water
column. The potential impacts are discussed in more detail
in Chapter 8, Marine Risk Assessment and Management.

4.5.3.1 Offshore Construction

This phase is likely to result in the most significant noise
generation in the Project. Each activity has multiple
installation and operation permutations with associated
acoustic emissions. It is not possible to determine, at this
stage, which of the possible technologies will be utilised
for installation and operation of infrastructure during
each of the phases. Table 4.19 summarises the potential
acoustic sources.

The following provides a general description of potential
noise generating activities. Further details are shown in
Chapter 8, Marine Risk Assessment and Management.

Drilling

Drill rig noise levels are typically between 85 and 135 dB re
1uPa when not drilling and between 100 and 160 dB re 1 uPa
in intensity when drilling, depending on whether a drill ship,
semi-submersible or jack up is used.

Construction Piling

Piling operations may use either piston-type or rotary-type
percussive hydraulic hammers using turbocharged diesel
engines (above water level) or underwater power-packs, or
vibratory head units.

Studies have indicated that percussive pile driving
generated source sound-pressure levels peaking at 220 dB
at 300 Hz with sound-pressure levels at 500 m away,

in 45 m of cold seawater, ranging between 142 to 176 dB
(re lyPa @ 1m), with sound-exposure levels of 133 to 154
dB (re 1uPa2-s). Acoustic emissions consisted of a low
frequency pre-pulse followed by the main pulse. Energy
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generated extended up to 20 kHz with most of the energy
below 2 kHz. The same studies indicated that vibro-piling
generated sound-pressure levels peaking at 142 to 155 dB
(re luPa @1 m). Chapter 8, Marine Risk Assessment and
Management, provides an assessment of the potential
impact of this on the marine environment.

Dredging

Sound levels from some large trailer suction hopper
dredges (TSHD) operating in rocky areas have been
recorded in excess of 150 dB at 1 km, while large cutter
suction dredges (CSD) can emit strong tones that are
audible 20 to 30 km away (Richardson et al. 1995).
Underwater noise levels from self-propelled hopper
barges engaged in transferring dredge material can
often be higher than the noises from the dredge itself,
particularly during the loading and dumping operation
of rocky material. Recorded noise levels for large cutter
suction dredgers are higher than those associated with
grab dredgers.

Trenching

Acoustic emissions produced by subsea trenching
operations vary with the nature of the seabed sediments.
A trenching noise spectrum reported by Richardson et al.
(1995), indicated that, for mechanical dredging, generated
source sound-pressure levels peaked at 178 dB (re 1uPa
@1m) at 160 Hz. Mechanical dredging may have higher
acoustic emissions than alternative trenching methods,
such as surface sediment fluidisation.

4.5.3.2 Offshore Operations

Pipeline and Trunkline

Given there are no substantial restrictions in the flowlines
or pipelines other than the subsea choke and safety and
isolation valves (open during routine operations) sound
levels from turbulent flow around obstructions will be low.
External rock dump, trenching and concrete coatings will
serve to insulate sound.

Wheatstone Platform and Wellheads

Given the platform is elevated above sea level, little
above-surface noise is transmitted underwater during
operations. The current structure will be gravity based so
no installation piling is planned.

Wellhead operational noise is typically low (broadband
noise around 110 to 115 dB re 1yPa), falling to background
levels within a few hundred metres of the wellheads.



Vessel and Helicopter Movements

Acoustic emissions from vessels arise mainly from
propeller cavitations and the propulsion drives and

is normally a combination of broadband interference
and tonal acoustics at specific frequencies. In addition,
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Helicopter acoustic emissions have been determined to
have source sound-pressure levels peaking at 122 to 162
dB (re 1uPa @ 1 m) for frequencies of 50 Hz to 7000 Hz.
Penetration subsea depends on the angle of the helicopter,
helicopter height above sea level and sea state.

emissions are generated from inboard dredge pumps,
generators, bow thrusters, compressors and welders.
This is discussed in more detail in Chapter 8, Marine Risk

Assessment and Management.

Table 4.19: Typical Offshore Construction Acoustic Emissions

Wellhead construction
and commissioning

Pipeline and flowline installation
and commissioning

Platform Installation
and commissioning

Near-shore infrastructure
development and maintenance

« Anchor (tension leg) placement or vessel Dynamic Positioning System (DPS)

« Drilling of exploration/production wells - low frequency acoustics from drill but
higher frequency acoustics from drilling vessels, helicopter service vehicles,
and flaring

+ Installation of support infrastructure

+ Supply vessels

+ Remotely operated vehicles

+ Heavy-lift vessels

+ Installation support vessels

» Support vessels and helicopters

« Power generators

+ Surveying the seabed (echo-sounder, side-scan sonar, sub-bottom profiler)

+ Pre-cut trenching by dredgers (backhoe, trailing suction hopper, bucket ladder
or grab)

» Post-laying trenching by ploughing (towed by mother ship) or powered
mechanical trencher

+ Pipeline stress reduction by use of rock placement (by fall-pipe vessel) to
eliminate free-span sag, as gravel cover, as gravel basement under tie-ins,
counter-fill under rock berms in certain seabed conditions, support for cable
crossings or as rock armouring

+ Pipelaying vessel, moored or dynamically positioned
+ Heavy-lift vessels

+ Pipe transport vessels

» Flare

« Installation and supply vessels

+ Support vessels and helicopters

+ Piling operations, including driven-pile foundations, suction piles or spread-
concrete foundations

» Navigation channel, ship turning basin, MOF and pipeline approach
corridor dredging

» Dredge vessels
+ Rock placement during construction and maintenance of MOF and jetty
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4.5.4 Onshore Noise

4.5.41 Potential Onshore Noise Emissions

during Construction
Noise emissions will be generated during site preparation,
civil works, mechanical installation of infrastructure and
commissioning.

Equipment for site preparation and civil works will include
excavators, loaders, compactors, water tankers, pile
drivers, dredges, dump trucks and air compressors. It is
possible that this equipment will be operating 24 hours
per day for seven days per week for the duration of the
required work, although it is unlikely that they will be
operating at maximum mode simultaneously.

However, in order to present worst-case conditions it

has been considered that 24-hour operations will occur.

Sound pressure levels for construction equipment range
between 60 and 130 dB(A) at 15 m. Typical noise point
sources will include dredges for:

+  MOF development: 80 to 110 dB(A)
+  Compactors: 87 dB(A)
*  Dump trucks: 82 dB(A).

The noise emissions from these activities have been
modelled and are predicted to fall below guideline values
(see Appendix E1).

Onshore and nearshore foundation works may include
the use of pile drivers, which may present the most
significant potential noise source for Onslow. It is

possible that up to ten pile drivers will be operating at

the processing facility site for up to 18 months, while pile
driving for construction of the export jetty and the MOF
may involve two pile drivers for up to 14 months. Modelled
noise emissions for the onshore processing facility
predict that pile driving, under worst case conditions, may
generate sound pressure levels in Onslow of 31dB(A) -
adjusted to 41 dB(A) if pile driving noise is impulsive —
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2. SVT Engineering Consultants. Environmental Noise Impact Assessment - Chevron Wheatstone LNG Plant, 2009
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and 22 dB(A) — adjusted to 32 dB(A) if pile driving noise is « Elevated flares: 60 to 85 dB(A) at
impulsive — at the proposed accommodation village site. up to 175 m from the
Modelled predicted noise contours for piling activities are flare base3.

shown in Figure 4.30.
The sound pressure levels indicated incorporate the use

The construction incinerator for treatment of wastes of the following acoustic dampening techniques:

may be located within 1500 m of the accommodation

village. Sound emissions from the construction incinerator, - Compressor suction, discharge and recycle piping
including pre-treatment of waste will range between 70 lagged with 100 mm acoustic insulation

and 100 dB (A) at 1 m. Pre-treatment will include shredding

; « Use of acoustic enclosures for the gas turbines
and baling.

+ Use of silencers on the gas turbine exhausts.
A noise management plan will be developed as part of

the CEMP. Predicted noise contours for routine operations are

shown in Figure 4.31. Chapters 8 and 10 provide more
4.5.4.2 Noise Emissions during Routine Operations detail of the potential impacts of noise emissions during
During the operations phase sound pressure levels will be routine operations.

dominated by:

+ Gas turbines: 80to90dB(A)at1m 3. Non-routine noise emissions were modelled based upon flare heights
. . . some 50 m lower than current design. This change has been assessed
+  Liquefaction compressors: 80t092dB(A)at1m by SVT and is considered immaterial to the final noise contours.
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Figure 4.31: Predicted Noise Contours During Routine Operations
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4.5.4.3 Non-Routine Operations

Non-routine operations represent approximately six per
cent of plant availability. During upset conditions the flares
may operate to maintain the facility within safe operational
guidelines. Wet and dry flares (85 dB(A) at 150 m from

the base), represent significant point source emissions.
Predicted noise contours for non-routine operations are
shown in Figure 4.32. Chapter 10, Social Risk Assessment
and Management provides more detail of the potential
impacts of noise emissions to the community during non-
routine operations.

4.6 Marine Discharges

4.6.1 Overview

This section discusses the possible discharges and wastes
from the offshore facilities and the discharges from the
onshore facilities into the nearshore environment.

The possible discharges and wastes from the offshore
facilities will be treated wastewater, including PW,

sewage water, cooling water (CW), hydrostatic test water,
hydrocarbon contaminated water, drill cuttings and fluids.

Potential onshore placement of dredged material will
generate large volumes of decant water containing
elevated levels of total suspended solids that will be
gravity released into the nearshore environment.
This topic is discussed in Chapters 8 and ©.

Discharges to the marine environment during each
phase of the Project are summarised in Table 4.20.

No controlled waste (as defined by the Environmental
Protection [Controlled Waste] Regulations 2004) will be
discharged to the marine environment. Controlled wastes
and all other non-biodegradable solid wastes will be sent
for onshore treatment and disposal or recycling and reuse
as appropriate.

o
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Figure 4.32: Predicted Noise Contours During Non-Routine Operations
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Table 4.20: Summary of Marine and Nearshore Discharges

Coichrgs L orting | construct | comison | paratons | bcammiion |

Offshore Facilities

Drill cuttings )

Drill fluids [

Sludges/sand ° )

Completion fluids )

Deck drainage ) ) ® ®
Sewage () () () ® ()
Galley wastes () () ° ® ®
Reverse osmosis rejects [ ) () () ® ®
Ballast water ) ) ) °
Cooling water ) ) ()

Process water )

Storm water )

Hydrate inhibitor () )

Produced water ° )

Control fluids ® ° )

Process chemicals ® ) )

Hydrostatic test ®

Onshore Facilities

Sewage () () () ()
Produced water [ )

Reverse osmosis rejects () () ® ®
Treated process water ° () ®
Ballast water ® ° ) °
Decant water )

Stormwater ® ) ) ()
Hydrostatic test ®
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4.6.2 Offshore

4.6.21 General Wastes

Food scraps from the offshore accommodation facilities
will be macerated to less than 25 mm in size, where
practicable, to enhance ease of dispersion and discharged
overboard with other treated waste waters in compliance
with MARPOL 73/78, Annex V and the Protection of the
Sea (Prevention of Pollution from Ships) Act 1983.

General solid waste, including scrap metal, plastics,
glass, other inert wastes, hydrocarbon-contaminated
materials, spent process chemicals and containers, will
be transported to the onshore facilities for appropriate
treatment and disposal.

4.6.2.2 Ballast and Bilge Water

Vessels and structures arriving from overseas locations
are required to exchange 95 per cent of their ballast water
in depths greater than 200 m outside Australian territorial
waters in line with an approved Ballast Water Management
Plan. Compliance with this regulation is administered by the
Australian Quarantine and Inspection Service (AQIS).

The control and management of bilge and ballast water
is described in greater detail in Chapter 8 Marine Risk
Assessment and Management.

4.6.2.3 Chemical Use

The potential for impacts upon the marine environment
from discharges and wastes will depend upon the volumes
and the ecotoxicity of the materials discharged. The choice
of chemicals used during drilling, commissioning, routine
production, non-routine production and decommissioning
will be guided by the Oslo and Paris Commissions (OSPAR)
Recommendation 2000/4 on Harmonised Pre-screening
Scheme for Offshore Chemicals. This scheme requires
that chemicals for use in the offshore petroleum industry
consider toxicity, biodegradation, bioaccumulation and
bioconcentration in selection of chemicals.

4.6.2.4 Chemical Transfers

Drilling rigs and the offshore facilities are likely to be
supplied with chemical reagents and diesel fuel on a
regular basis. Chemicals may include drilling muds,
biocides, lubricants, compressor oils, disinfectants, MEG,
TEG, heating oils, detergents, various acids and alkalis,
chemicals for reverse osmosis treatment and conditioning,
and a multitude of other chemicals.

Transfer of reagent and waste chemicals between the
drilling rigs, WP and service vessels will be managed in line
with appropriate legislation and guidelines.
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Spill response procedures will be developed, containment
and recovery equipment will be on hand and personnel will
be trained in the use of the equipment.

The risk associated with transfer of chemicals and wastes in
the offshore environment is discussed further in Chapter 8,
Marine Risk Assessment and Management.

4.6.2.5 Drilling Discharges and Wastes
Drilling Fluids

Drilling fluids (“muds") will be used during the drilling of
production well bores for:

Cooling the cutting tip of the drill bit

+ Lifting the drill cuttings to the surface
Providing buoyancy to the drill string
Sealing permeable formations

Providing a balance to pressure from the formation to
reduce the potential for well kicks and well blow-outs.

Drilling fluids are composed of a variety of different
components, each with its own specific function. Drilling
fluids used for the development of well boreholes may be
either water-based muds (WBMs) or synthetic based muds
(SBMs). For WBMs, the continuous phase is normally over
75 per cent water with over 50 per cent of the balance
attributable to barite (barium sulfate), bentonite clay and
salt. For SBMs, the continuous phase is an organic chemical
compound, such as esters, olefins, paraffins and polyols,
synthesised specifically for formulation of the mud product.

WBMs have limitations for some applications, particularly
where water sensitive formations can result in hole
enlargement or collapse. SBMs are beneficial in drilling
situations with high downhole temperature, hydratable
shales or salt, and for high-angle directional, horizontal
and extended-reach wells.

During drilling, the drill fluids are re-circulated. Mud and
cuttings are brought to the surface and passed through
separation equipment (shale shaker) where the cuttings
and mud are separated (see Chapter 2, Project Description).
As drilling proceeds, sand and silt not removed by the

shale shaker accumulate in the mud. The sand and silt are
periodically separated in desilters and desanders.

At the end of the drilling operation, or occasionally during a
drilling campaign, a large portion of the mud is discharged or
disposed. WBMs may be discharged overboard whereas SBMs
will be pumped to a vessel's storage tanks and transported to
shore for reconditioning and re-use on other wells or disposal
(typically incinerated) in an approved manner.



Drill Cuttings, Sand and Silt

Drill cuttings are particles of crushed rock, sand and

silt, produced by the grinding action of the drill bit as it
penetrates the ocean floor, that are carried to the surface
during subsea well construction.

Cuttings discharged at the completion of or during drilling
campaigns using WBMs usually contain five to 25 per cent
drilling fluids, whereas cleaned SBM cuttings normally
contain less than 10 per cent synthetic chemical. Cuttings
may also contain small amounts of hydrocarbons from the
geologic strata under penetration.

Drill cuttings discharged overboard from the MODU may
result in anincrease in the turbidity of the water column
below the MODU during well development campaigns.
Cutting piles may develop on the ocean floor as a result
of drill cutting disposal, water depth and dispersion due
to current and wave action. The impact of cutting piles
on bottom living biological communities is related mainly
to smothering and low sediment oxygen concentrations
caused by organic enrichment and toxicity of the drill
chemicals and hydrocarbons.

Sludges and sand that are separated from the drilling
muds may contain residual contamination from the drilling
mud. Sand and silt recovered from the desanders and
desilters may contain hydrocarbons and, potentially, minor
guantities of naturally occurring radioactive materials
(NORMs) and heavy metals.

Each drilling campaign will be subject to an approved
Environment Plan under the Offshore petroleum and
Greenhouse Gas Storage (Environment) Regulations 2009.

4.6.2.6  Commissioning

Modules and equipment will be pre-commissioned,
wherever possible, to reduce the requirement for
commissioning in the field.

Hydrostatic Test Fluids

Pressure vessels on the production platform and infield

and export pipelines will be pressure tested to ensure that
they are capable of maintaining operational pressures
without failure. Some vessels may be pneumatically tested
while large vessels and the pipelines will be hydrostatically
tested. Hydrostatic testing requires that pressure vessels or
pipelines are filled with water. A selection of inhibitors—such
as low toxicity biocides, oxygen scavengers and corrosion
inhibitors—and a tracer dye are added, and then pressure in
the system is increased to highlight defects.

The nearshore and offshore portions of the Trunkline are
likely to be installed by different pipelay vessels due to the
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limited water depth along the nearshore section. The
schedule for the two pipelay spreads is such that the
offshore portion of the Trunkline may be installed prior to
the nearshore section or visa versa depending on vessel
availability. This may require flooding of the nearshore
and/or offshore portions of the Trunkline separately,
both temporarily during installation and on completion

of pipelay. This could be for the purposes of ensuring
stability in a cyclone prior to secondary stabilisation being
installed and to confirm the integrity of the Trunkline. In
addition to the planned flooding and dewatering
operations, it may also be necessary to performa
contingency flood and dewater in the unlikely event of
dry or wet buckle during installation.

Flooding of the Trunkline could be from onshore to
offshore or conversely from offshore to onshore depending
on the available vessel spreads and practicalities of
obtaining water from the shore crossing location during
certain seasons of the year (namely cyclone season).

If flooding is to be performed from onshore to offshore
then the water will be obtained from the sea in the vicinity
of the shorecrossing location, and will be taken from a
suitable depth so as to avoid the ingress of excessive
amounts of siltation. In all cases, when flooding from
onshore to offshore, it is anticipated that a temporary
lagoon will be required at the shore crossing site to hold

a contingency volume of uninhibited seawater to mitigate
against the flooding operations being affected by tidal or
mechanical delays.

Alternative options are also under investigation to obtain
water from the jetty location or to utilise water from the
temporary lagoon used for onshore pressure vessel testing;
both these options would require the installation of a
temporary onshore pipeline within the site boundary.

The Trunkline and carbon steel infield lines will be flooded
with filtered seawater containing chemicals to control
oxygen levels and biological growth. The corrosion
resistant alloy clad infield lines will be flooded with

filtered seawater, or fresh water depending on corrosion
assessment, containing chemicals to control oxygen

levels and biological growth. If flooding of the nearshore
Trunkline is required, in an emergency, then discharge
during the flooding and subsequent dewatering operations
of the nearshore portion of the line may be at any location
in the nearshore area. Dewatering of the offshore portion
of the Trunkline, if required temporarily and on completion
of Trunkline installation, will be such that the hydrotest
water is discharged at the platform location.

The infield lines may be flooded from the drill centres or the
platform location depending on installation contractors and
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equipment selected. The discharge point for the infield
lines flooding and hydrotest water is likely to be at the
platform location, although this could also be at the
drill centres for certain lines depending on the selected
precommissioning philosophy.

The approximate volume of hydrotest water for the
Trunkline and infield lines, to cover the range of
contingency flooding, dewatering and final hydrotest
requirements, is 956 000 m3

Choice of chemicals will be guided, where practicable, by
OCNS. The export pipeline and infield production lines may
require swabbing with MEG to remove residual water prior
to commissioning.

Discussion of the impacts and management of hydrostatic
test water discharges is included in Chapter 8, Marine Risk
Assessment and Management

4.6.2.7 Production Discharges

Subsea Control Fluids

Subsea hydraulic control systems are used for operation
of valves and chokes on valve trees, manifolds and
pipelines. These systems require the use of hydraulic fluids
that can operate at required speeds and at challenging
temperatures and pressure. In such “open-loop” systems,
a small volume of hydraulic fluid is released into the
environment each time the values actuate. To reduce

the potential impact of these releases, the hydraulic fluid
selection will be guided by OCNS as described above.

The volume of control fluids required will depends upon a
number of factors including; number of wells and manifolds,
size and types of control valves, number of platform
shutdowns, trips and emergency shutdowns and the well
testing strategy assumed. It is estimated approximately
70m?3 per year will be used for routine operations.

Produced Water

Offshore Facilities Wastewater Discharges

Up to approximately 6 600 m? of PW (excluding MEG), 114
m3 RO brine, and 182,000 m* CW may be discharged from
the offshore facilities each day. Discharge volumes may
increase during shutdowns.

Up to 29 m3 per day of sewage and putrescible organic
matter, treated in compliance with the International
Convention for the Prevention of Pollution from Ships
(MARPOL 73/78, Annex IV), may be discharged overboard
from the WP. Detergents used in grey water will be low
nutrient types, where practicable.
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Treated wastewater, discharged overboard, will undergo
arange of degradation and dispersion processes. Direct
dilution will occur in two phases: rapid near-field and slower
far-field. The first phase is impacted by the discharge
velocity / momentum and density differences between

the discharge and surrounding water body. The second
phase is far-field mixing which rely on natural processes

of winds and waves inducing dilution. Plume distribution

is determined by tidal flows, wind velocity and regional
circulation patterns.

Dispersion modelling of offshore facility discharges
is discussed in Chapter 8, Marine Risk Assessment
and Management.

Hydrate Inhibitors

Hydrates are crystals consisting of water and certain
hydrocarbons. Hydrate formation can cause blockages in
flow lines and subsea wellheads. These blockages can be
potentially hazardous.

Under normal operations hydrates are not expected

to occur. However, after maintenance or emergency
shutdowns, hydrate inhibitors may be required to ensure
that blockages do not occur in the flowlines and risers.

It is anticipated that either kinetic and/or thermodynamic
hydrate inhibitors, such as MEG, will be used to inhibit
hydrate formation during commissioning and start-up

of operations. MEG would be injected through dedicated
delivery lines and then returned with the production fluids
to the offshore facility. Chapter 2, Project Description
provides an overview of the MEG system and includes
estimated volumes.

Discharge of MEG would be intermittent in varying
volumes and durations. The duration and volume of the
MEG used depends on a number of factors, including the
water cut and the degree of flowline cooldown. Work is
progressing on minimising MEG volumes; however, the
current conservative predictions are for a maximum MEG
injection case (i.e. when PW volumes are high and seabed
temperatures are low) of 150 m3/hr for 18 hours. Assuming
more typical operating conditions the MEG injection rates
are expected to be between 20 and 50 m3/hr, with total
MEG injection volumes around 1000 m?3.

The discharge will form part of the PW stream. Disposal
during each event is estimated to last for less than 24
hours with the MEG dispersion expected within 24 hours
of cessation of discharge. MEG toxicity is assessed as very
low (ANZECC and ARMCANZ 2000). MEG is also readily
biodegradable in water with degradation likely to occur
through aerobic bacterial activity.



Discussion of the impacts of MEG discharges is included in
Chapter 8, Marine Risk Assessment and Management.

Other Production Chemicals

A number of chemicals may be discharged to the marine
environment with the PW. These chemicals include
antifoams, scale inhibitors, kinetic hydrate inhibitors,
corrosion inhibitors, biocides, oxygen scavengers, pH
adjusters, emulsifiers and demulsifiers. The chemicals may
be added either continuously or intermittently and will
partition between the hydrocarbon phase and the water
phase to varying degrees.

Small volumes of methanol may be required primarily
for hydrate remediation purposes. In this case methanol
would return to the WP and the bulk would be discharged
overboard via the PW System while minor volumes may
continue to onshore.

Naturally Occurring Radioactive Material

NORMSs are aresult of naturally occurring radiation

in shales and silts. Fluid property reports for both the
Wheatstone and lago fields indicate that Pb-210 is
marginally high, while all other NORMs are below average
or minimal. As the production of NORMs is anticipated

to be minimal, there is no expected impact to the marine
environment as a result of offshore discharges.

Should the levels of NORMs increase or be found in levels
presenting a risk, proposed management shall be in line
with the legislation and industry guidelines.

Cooling Water

CW will be required at the offshore facility for a number

of purposes. CW will be sourced from the ocean and
treated with an appropriate biocide additive before being
circulated through the closed-loop, tempered water
system. As seawater is not directly circulated against heat
exchangers containing hydrocarbons but will be circulated
against the closed loop system there is no likelihood of CW
being contaminated by hydrocarbons prior to discharge.
Environmental impacts from the discharge of CW will be
managed through the consideration of discharge rates and
temperature, and discharge caisson design (such as depth
and diameter).

Further discussion of the impacts and management of
water temperature increase resulting from the Project
isincluded in Chapter 8, Marine Risk Assessment

and Management.

Wheatstone Project 4.0 Emissions, Discharges and Wastes

Deck Drainage

Deck drainage may consist of wash-down water, routine
fire drill water containing aqueous film-forming foams and
first flush rainfall run-off (from plated areas), all of which
may contain hydrocarbons and other process chemicals.
The offshore platforms will be constructed so as to collect
any potentially hydrocarbon-contaminated first-flush
stormwater in the open drains system. The stormwater
then passes to the slops tank and oily water separation
system where it will be treated prior to discharge overboard
through the open drains caisson. A proportion of deck
drainage may discharge directly overboard.

Further discussion of hydrocarbon discharges and their
impacts and management is included in Chapter 8, Marine
Risk Assessment and Management.

4.6.3 Nearshore

4.6.3.1 Anti-fouling Compounds

Antifouling coatings and the potential impact on the
environment are discussed in Chapter 8, Marine Risk
Assessment and Management.

4.6.3.2 Construction
Marine discharges associated with nearshore construction
activities are discussed in Chapter 2, Project Description.

4.6.3.3 Pre-commissioning and Commissioning
Hydrostatic Test Fluids

Pressure vessels, including pipelines, at the onshore

LNG production facility will be pressure tested prior

to commissioning to ensure that they are capable of
maintaining operational pressures without failure. Some
vessels may be pneumatically tested while large vessels
and pipelines may be hydrostatically tested. Hydrostatic
testing requires that pressure vessels or pipelines be filled
with water and then the pressure is increased in the system
to highlight fatigue cracks, weld imperfections and leaks
through the monitoring of the water pressure over a period
of time. If the integrity is compromised, a pressure drop will
be observed. Sometimes there is the addition of inhibitors,
such as low toxicity biocides, oxygen scavengers, corrosion
inhibitors and a tracer dye, added to the hydrotest water, if
necessary depending on water source and residence time
in the tanks/pipes.

The chemicals chosen will be guided, where practicable,
by OCNS. Hydrostatic test water may be treated and
discharged through one of the nearshore ocean outfalls
and is estimated to amount to over 180 000 kL.
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Table 4.21: Summary of Waste Generation Source

Examples of Offshore wastes brought onshore

Sludges () ) )
Personal protection [ () () )
Electronics ) ) )
Pallets ° ) ) )
Containers ° ) ) )
Plastics ° ) ) )
Paper/cardboard ) ) ) °
Controlled wastes* [ [ ) )
Filters ® () )
SBMs ° ° °
LNG facility/Export jetty wastes

Putrescible ® ° )
Paper/cardboard ) ) ) °
Radioactive loggers () ®

Personal protection () () ® ®
Electronics ° ® ) )
Pallets ° ® ) )
Containers ° ) ) )
Plastics ° ) ) )
Controlled wastes* ° ) ) )
Molecular sieves ) ) )
Ash o o ° °
Quarantine waste ) ) )
Biosolids ° ) ) )
Cellulose [ () )
Filters ) ) ) )
Activated carbon ) ) )
aMDEA (] [} ()
Accommodation village wastes

Putrescible ° ® ) )
Paper/cardboard ) ) ) °
Electronics ® ° ()
Pallets ° ® ) )
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Containers

Plastics )
Grease and oil )
MOF wastes

Controlled wastes* )
General wastes )

ction Commission Operation Decommission
) ) ) )

* Controlled Wastes include aerosols, light globes, paint, solvents, clinical wastes, batteries (NiCad, lithium, lead-acid), coolants, oils, grease, absorbents

contaminated with hydrocarbons, tyres.

Hydrotesting is discussed in Chapter 2 Project Description.
Discussion of the impacts and management of hydrostatic
test water discharge is included in Chapter 8 Marine Risk
Assessment and Management.

4.6.3.4 Operations Discharges
Ballast and Bilge Water

Ballast water will be discharged into nearshore waters
during LNG loading activities to maintain vessel stability
in line with Australian and international (MARPOL)
requlations. This water will be clean seawater, isolated
from bilge water and is not expected to have an adverse
environmental impact upon discharge.

Bilge water from dedicated service vessels will be handled

by third-party service providers for treatment and disposal.

The facility will not receive bilge water or grey water from
third party vessels arriving at the PLF or MOF.

Chemical Transfers

Transfer of reagents and waste chemicals between
dedicated service vessels and onshore storage vessels at
the MOF may occur. This will be managed in accordance
with appropriate legislation and guidelines.

Diesel refuelling of dedicated operation support vessels will
be carried out using transfer hoses fitted with “dry break"”
couplings. Spill response procedures will be developed,
containment and recovery equipment will be on hand and
personnel will be trained in the use of the equipment.

Risks to the environment associated with transfer of
chemicals and wastes are discussed in Chapter 8, Marine
Risk Assessment and Management and Chapter 9,
Terrestrial Risk Assessment and Management.

Sewage and Domestic Discharges

Treated sewage and domestic grey water generated during
the operations phase may be discharged through one of the
nearshore ocean outfall pipelines. Volumes for discharge
may range up to 435 kL per day. Treated domestic effluent
may achieve a quality suitable to be recycled for dust
suppression and vehicle wash water.

Process Water Discharges

During operations, process waters will include reverse
osmosis brines and filter backwash water, stormwater
contaminated with hydrocarbons, clean stormwater,
hydrostatic test water, and PW from offshore facilities. This
water will be treated through different parts of the plant,
depending upon the source and the level of contamination.

Treatment methods may include:

+ Reverse osmosis brines and filter backwash -
discharged without treatment through an ocean outfall.
Anticipated volumes range up to 5600 kL per day

« Stormwater - after a first flush of around 25 mm
of water it is anticipated that clean (non-contact)
stormwater will be discharged through the
sedimentation ponds. Stormwater volumes will vary
but may be up to 9,600 kL per day. Contact stormwater
and process water volumes are anticipated to range
up to 3100 kL per day, although anticipated volumes
are variable due to the erratic rainfall patterns of the
region. The proposed collection system for this first
flush is shown in Chapter 2 Project Description

+  PW - passes through the MEG recovery and oily water
separation system prior to discharge through an ocean
outfall. Anticipated volumes are up to 13 200 kL per day.
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Further discussion of discharge water quality, the potential
impacts to the environment and planned management
measures are included in Chapter 8 Marine Risk
Assessment and Outcomes.

Marine Outfalls

There is likely to be several marine outfalls for the 25MTPA
project. These are likely to be in two main locations;
beneath the jetty at the 5m contour, and running adjacent
to the trunkline to the 20m contour. The discharges from
these outfalls is discussed further in Chapter 8, Marine Risk
Assessment and Management.

4.7 Waste Management

4.71 Overview

This section discusses the onshore reuse, recycle or
disposal of wastes into the terrestrial environment.

Waste recycling, treatment or disposal will be required

for wastes from the onshore facilities and for waste
generated offshore for management onshore, such as inert
solids and controlled wastes, including dangerous goods.
Waste generated during each phase of the Project are
summarised in Table 4.21.

Wastes can be segregated into recyclable and dispose
only materials.

+ Recyclable materials include:

+ Economically recyclable - materials that provide a
positive economic return, accounting for transport
costs to the recycling markets in Perth, the Eastern
States or overseas. In broad terms, recyclables will
include ferrous and non-ferrous scrap metal, heavy
casing filters, some plastics and certain electronic
goods. These materials may be crushed to provide
maximum transport densities

» Uneconomically recyclable - materials may include
inert solids, such as concrete batch plant residue,
glass, decontaminated ceramics, and compostable
materials such as paper, green waste, biosolids,
putrescibles and timber (not treated with methyl
bromide or copper/chrome/arsenate)

+ Controlled recyclable - materials that are
controlled wastes requiring initial pre-treatment
to allow recovery of all or most of the waste. Such
wastes may be economic, such as aerosol cans or
uneconomic such as activated carbon.

+ Dispose only - Controlled wastes are materials that
are defined by legislation to be too hazardous to be
disposed to Class I, Il or lll landfills without treatment
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or encapsulation, or to be disposed to a sewer as
atrade waste. Controlled wastes, above a minimal
threshold volume, must be packaged appropriately and
then transported and treated by DEC licensed service
providers. Controlled wastes for onsite treatment or
disposal to third-party service providers may include
both prescribed and quarantine wastes.

4.7.2 Existing Waste Disposal Options

Waste management in the Pilbara region is currently
limited to:

+ Shire operated Class Il landfill disposal. Shire operated
Class Il landfills are generally unlined landfills that can
accept inert wastes, putrescible wastes, compostable
organics, biosolids and certain special wastes, such as
clinical waste. Class Il landfills cannot accept controlled
waste. Chevron is not intending to use these sites.
Controlled wastes, including quarantine wastes, can be
either transported to Perth for treatment and disposal
or disposed to appropriate, local, third-party waste
service providers

+ Transport of waste to Perth for recycling, treatment
and/or disposal

+ Disposal of waste to private, third-party, waste
management service providers (i.e. Port Hedland
hazardous waste incinerator).

4.7.3 Offshore

During construction and installation, there may be a
requirement for additional offshore accommodation in the
form of a floatel or similar. This may be near the proposed
platform location.

All solid wastes generated offshore during construction
and operations will be transported to shore for onshore
disposal. The only exception to this would be putrescibles
organic matter and sewage. This would be treated in line
with MARPOL requirements.

4.7.4 Onshore

4.7.41  Construction Wastes

During the construction phase a waste management
area is proposed. This waste management area would
be constructed to handle appropriately segregated
wastes. These wastes will be segregated by type and
toxicity. The wastes will be stored in accordance with
Australian standards and will be covered and bunded,
where appropriate.
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Table 4.22: Estimated Peak Construction Waste Tonnage

Recyclable Wastes (t/yr) Controlled Wastes (t/yr)

Waste Oil 30
Accommodation Village Rubbish

Batteries 250
Food 2300 Biosolids 200
Paper 1500 Engine oil filters 15
Cardboard 300 Electrical Fibre optic scrap 80
Glass 500 Welding rod tips 70
Plastics 900 Usedtyres 500
Total Accommodation Village Rubbish 5500 Air filters 250
Dunnage 1300 Aerosols 100
Scrap Metal 1100 Fluorescent tubes (no mercury) 100
Steel and Aluminium 90 Sealant containers 3
General inert 1500 Incinerator ash 700
Total 9490 Total 2298

* Totals from estimated maximum year of construction

Table 4.23: Estimated Peak Operations Waste Tonnage

Recyclable Wastes (t/yr) Controlled Wastes (t/yr)

Trash Waste lubricant oil 30
Food 70 Spent oils 4
Paper 50 Biosolids 15
Cardboard 10 Oily sludge/float 23
Glass 20 Spent solvents 1
Plastics 25 AGC (amine) 567
Total Trash 175 AGC (mercury) 135
Molecular Sieve Waste 238 Cellulose 4
Dunnage 15* aMDEA 250
Incinerator ash 50*
Quarantine 50%
Total 428 Total 129

- All figures from Bechtel except those marked *. These have been sourced from similar industries in the Northwest of WA
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Table 4.24: Onshore Waste Management

Waste Type

Waste Management (Average Tonnes per Year)

238 15%
190 12%
129 73%
1557

Economic recyclable 1820 15%
Uneconomic recyclable 8300 70%
Controlled 1668 14%
Total 11788

Recyclable Material

Recyclable wastes will primarily be generated by onsite
clearing and by construction of concrete footings, pads
and plinths, and by wastes resulting from the installation of
equipment, electrical and plumbing systems. Considerable
qguantities of dunnage and other packaging wastes,
including steel strapping, will also be generated. Estimated
annual waste generation during construction is presented
in Table 4.22. Wastes may be source-segregated into
economic and uneconomic for further waste management.

Controlled Wastes

Controlled wastes generated during construction may
include batteries, lubricants, aerosol cans and tyres.
Estimated annual controlled waste tonnages generated
during the construction phase are shown in Table 4.22.

4.7.4.2 Operation Wastes

Wastes generated during the operations phase will

be mainly related to spent process chemicals and
consumables. Relatively minor quantities of “domestic”
wastes will be generated after the completion of
construction activities due to the significant reduction in
onsite personnel. A waste management area is proposed
for the operational phase. This waste management area
would be constructed to handle appropriately segregated
wastes. These wastes will be segregated by type and
toxicity. The wastes will be stored in accordance with
Australian standards and will be covered and bunded,
where appropriate.

Recyclable Materials

Recyclable materials generated during the operations
phase consist mainly of ferrous and non-ferrous scrap
metal. Decontaminated inert wastes, such as ceramic

balls and molecular sieves form a significant portion of
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wastes that are uneconomic to recycle. Estimated waste
generation during operations are shown in Table 4.23.

Controlled Wastes

Controlled wastes estimated to be generated during the
operations phase are shown in Table 4.23. Controlled
wastes will include a range of process chemicals and
column packing materials. The main materials are activated
granular carbon (AGC) in the amine and mercury removal
units (this may occur very infrequently), molecular sieves,
and filters contaminated with hydrocarbons. The main
spent reagent will be activated methyl diethanolamine
(@aMDEA) from the acid gas scrubber unit. Certain oily
wastes, such as slops and knock-out drum bottoms will also
form a significant waste stream.

Scale

Although flowlines and pipelines may be dosed with scale
inhibitor, it is likely that small quantities of scale formation
may occur during normal operations of the onshore and
offshore facilities. Scale is likely to be collected at the slug
catchers and inlet separators. Scale will normally consist of
barium and strontium sulfates and calcium carbonate. It is
possible that scale may also develop that contains double
salts of radium sulfate (NORM). NORMs may occur from
the reservoir; however, initial indications are that levels
are considered low. Scale removed from the unit during
maintenance will be disposed offsite by an appropriately
licensed third-party service provider.

4.7.5 Waste Disposal Options

A landfill south of the main town of Onslow (See Chapter 5,
Stakeholder Consultation) was described as “nearing the
end of its operational life" in the 2003 Onslow Structure
Plan. Since this time, the Shire of Ashburton has employed
consultants to identify new sites for a potential landfill.



These sites are currently undergoing further investigation.
Chevron will review the preferred location and construction
of the planned landfill to determine if it is appropriate

for use.

Economic recycling may be employed for a range of
materials that can be processed and recycled as secondary
resources, representing approximately 15 per cent (see
Table 4.24) of waste tonnage. These materials include
ferrous and non-ferrous scrap (including batteries and
electronic waste). These materials will be consolidated and
transported to waste markets for on-selling.

Uneconomic recycling accounts for between 12 and 70

per cent (see Table 4.24) of waste tonnage and can be
employed for inert materials, such as concrete, glass,

and materials that form mulch or compost, such as green
waste, dunnage, paper and cardboard. During construction,
uneconomic wastes will be managed by either in-house
pre-treatment and/or incineration or by third-party

waste disposal. During operations, consideration of
environmental and economic outcomes will determine the
preferred waste management outcome.

Controlled wastes form the balance of generated waste
and account for between 14 and 73 per cent (see Table
4.24) of the waste tonnage, including quarantine wastes
and hydrocarbon wastes. During both construction and
operations, these wastes, excluding tyres and inorganic
mercury absorbent, may be treated either in-house by
incineration or by third-party waste disposal.

Due to the isolated location of the Project site, an
incinerator has been considered as a potential waste
management option. This is due to the lack of suitable
nearby waste management alternatives.

The proposed incinerator would be in-line with Australian
regulations for design, certification and emissions. It is
anticipated that any incinerator would be completed with:

+ Primary and secondary combustion chambers

» Dual fuel burners

+ Liquid waste storage and injectors

+Combustion air blower(s)

» Liquid fuel atomising air blower(s)

» Electric motor drivers for the blowers

+ Air manifolds

+ Automatic and manual waste lifting/dumping system
» Interconnecting ducting and stack

» Combustion control system with control panel
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* Instruments

+ Asystem of ladders and platforms for safe access
and operability.

The incinerator stack emissions will meet the emission
requirements for New South Wales as listed under Group 6
standards. The criteria includes the following:

+  Particulate matter - 50 mg/m?
+ NOx - 350 mg/m?

+ VOC (inc benzene) - 20 mg/m3
.+ CO-125mg/m?

+  Hydrocarbon - 5,000 mg/Nm?3

« Dioxins or furans - 0.1 ng/m?.

The design will also consider flue gas scrubbing to meet the
emissions criteria. The top of the incinerator stack will be a
minimum of 15 m above grade.

The planned operation of the incinerator is 12 hours per day
and seven days per week. The incinerator will be designed
not to exceed the maximum noise level requirements.

Incineration would be effective in processing all Project-
generated uneconomic recyclable and controlled wastes,
with the exception of tyres and inorganic mercury
absorbent, as they are not acceptable material for
incineration. This represents over 83 per cent of
generated wastes.

4.8 Accidental Releases (Spills and Leaks)

4.8.1 Overview

Spills and leaks are unplanned events where solids, liquids
or gas flow from a containment vessel into a secondary
containment (bund) compound or into the environment.

A spill or leak into a bund would be an on-site incident,
while a spill or leak into the environment may have serious
risk implications. Spills and leaks are different to planned
emissions of solid, liquid and gas to the environment under
DEC operating licence conditions.

Spills are normally the result of failure of safe work
practices. Spills may result from:

» Overfilling receiving storage vessels
+ Failure to observe correct hose disconnection protocols

« Overturning of transport vehicles (tankers or flat-tops)
during transport incidents

+ Reagent containerisation design failure.
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Leaks are normally the result of equipment failures,
where the designed containment system is compromised.
Leaks may result from:

» Transport tanker rupture

« Transport tanker valve failure
+ Storage tank rupture

+ Storage tank valve failure

« Transfer pipeline rupture

+ Transfer pipeline valve failure.

The potential for leaks from pipeline and vessel failure

is based on diameter, length (pipe sections), shape,

wall thickness, corrosion protection, environmental
conditions (such as vibration, movement, temperature,
and chemicals being transported), material of construction
and weld quality and influenced by the age (fatigue)

of the equipment.

Spills and leaks may occur across the Project life cycle.
The impact of any spill or leak is related to the volume
of chemical released into the environment, the toxicity
of the chemical released and the nature of the
receiving environment.

Leaks from reagent storage and process plant compounds
will be mitigated by construction of bunded compounds

to the appropriate Australian Standard for storage of
flammable (AS 1940:2004) materials. This is discussed
further in Section 4.8.3.

Fire fighting equipment will be maintained in compliance
with relevant Australian Standards.

4.8.2 Offshore

Chapter 8, Marine Risk Assessment and Management
details the potential spill scenarios associated with
offshore activities, the likelihood of occurrences and the
possible impacts on the environment. Credible scenarios
identified in risk assessments based on likelihood and
consequence were modelled to determine the probability
of hydrocarbons, if spilled, of reaching a particular
location and impacting to a particular degree. This
probability of impact is determined largely by the
location of the spill relative to the sensitive receptors,
characteristics of the hydrocarbons, spill mitigation and
the range of possible environmental conditions such as
currents, wind and temperature.
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In the first instance, worst-case credible scenarios were
defined to determine the envelope of potential scenarios.

Bunkering activities have historically had a higher likelihood
of incidents; however, the Project bunkering and storage
volumes are relatively small. Spills of diesel have been
modelled but spills of chemicals such as MEG or corrosion
inhibitor have benign environmental characteristics or
comprise small volumes respectively, hence such scenarios
are not considered to be defining the worst-case envelope.
Chemicals used in the umbilicals and process chemicals
will be selected in part based on their environmental
characteristics and as such leaks or spills are expected

to pose negligible biodegradation or bioaccumulation risk
and have a localised impact.

Bunkering procedures include limits set on acceptable sea
states, constant visual monitoring of couplings and hoses
and of tank levels, constant radio contact between vessels
and the platform and clear definitions of responsibilities
and accountabilities.

Loss of well control has also been modelled in Chapter 8,
Marine Risk Assessment and Management. The worst-case
scenario was considered to be the potential loss of well
control during drilling.

The following measures are being considered in the design
and operation of the offshore facilities to manage the risk
of accidental releases:

+ Design

+  Flowline and pipeline design (including compliance
with applicable standards and codes, construction
materials, corrosion allowance, pipeline external
concrete coating, external corrosion protection,
armouring of flowline/pipeline in dropped object
hazard zone, protection over pipeline crossings,
welding procedures, stabilisation). Predicted
stresses designed within allowable limits, fatigue
checks for cyclic loading

+ Dehydration facilities to manage pipeline corrosion,
splash zone corrosion protection.

+  Operations

« Integrity management including periodic ROV
pipeline and flowline inspections and pipeline
pigging as required (e.g. post cyclones or post
excursions from key performance indicators etc.)

+  Pressure alarms on pipelines and flowlines to
provide early warning of excursion



Hydrotesting and non destructive testing
inspections prior to start-up

Location and design of laydown areas with respect
to riser and pipeline/flowline location. Inspection
and maintenance of lifting equipment

Export pipeline corrosion inhibition

Hydrate remediation procedures, continuous
monitoring of moisture content of all streams
to pipeline

Qil spill contingency plans, ship based oil spill
emergency plans (SOPEP), pipeline and platform
emergency response plans

No anchoring in exclusion area gazetted and shown
on navigational charts.

4.8.3 Onshore

4.8.3.1 Construction Phase

Fuel

During the construction phase, diesel will be used on site
each day. Storage of diesel fuel will be by a transportable,
dual wall, tank system with integrated fuel bowser.

The delivery tanker will unload within an appropriately
constructed compound.

Diesel is a Class 3 dangerous goods (C1-combustible) with
significant potential for ecotoxic effects in water bodies
(EC,, - Daphnia magna - 4 mg/L). Diesel can move quickly
through the soil profile to groundwater, and attenuation is
dependent upon soil organic matter and silt/clay content.
Diesel can microbiologically biodegrade in soils; however,
the rate of biodegradation is limited by availability of soil
moisture and nutrients.

Fuel leaks are not anticipated during the construction
phase due to the high level of maintenance required for
the vehicle fleet.

Fuel spills will be managed by the use of dry disconnect
couplings on fuel hoses, where practicable. Spills will
be recovered by excavation of contaminated soil and
remediation, where applicable.

Lubricants, fuel, and hydraulic oils will be stored on
site. Waste oils and lubricants will be stored and either
incinerated or removed off site by third party service
providers. Any spills will be recovered by excavation of
contaminated soil and remediation, where applicable.
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Process Chemicals

During the construction phase, the main chemicals stored
on site will be Portland cement, for the concrete batch
plant, and sewage treatment chemicals, such as sodium
hypochlorite and ferric chloride.

Portland cement is an irritant material (X)) with minor
potential for ecotoxic effects. Portland cement will

be brought to site by road tankers and pneumatically
discharged into silos fitted with appropriate dust
abatement technology. Leaks of cement dust through

the filter baghouse are likely to occur periodically during
the construction phase. As these incidents will only

occur during silo loading operations, the potential for
environmental impacts is considered to be low. Spills will
be recovered by excavation and disposal to an inert landfill.

Sanitary treatment chemicals will be stored on portable,
self-bunded pallets. Chemicals will be received as packaged
goods in packaging between 20 and 1000 litres.

Both sodium hypochlorite and ferric chloride are
dangerous goods and are acutely ecotoxic in water

bodies (ferric chloride - EC, - Daphnia magna -15 mag/L),
(sodium hypochlorite - LC, - Daphnia magna - 0.01 mg/L).
Both chemicals degrade quickly in the soil to inert salts.

4.8.3.2 Operations Phase
Overview

Fuel and reagents stored on site, during the operations
phase, will include dangerous goods, hazardous and
non-hazardous chemicals. The toxicity of some of these
chemicals is shown in Table 4.25.

Significant risks for negative environmental impacts
exist from the transport, storage and use of
concentrated corrosives.

Minimum separation distances will be maintained between
incompatible classes of dangerous goods and goods of

the same class that will react violently (such as sodium
hydroxide and sulfuric acid). Each of the bulk storage

tanks and ISOtainers will be maintained within bunded
compounds. Bunds will comply with Australian Regulations.

Spills of fuel and reagents may occur as a result of
transport accidents, bulk reagent loading and bulk product
loading. It is not anticipated that tank spills will move
outside bunded compounds. Spills that occur outside
bunded compounds, including transport accidents and bulk
reagent loading will be recovered. Clean up equipment and
absorbent materials will be stored adjacent the storage
tanks to allow rapid spill response.
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Table 4.25: Toxicity and Ecotoxicity of Reagents

48h - EC_  -Daphnia
magna (mg/L)

Chemical DG Class Oral LD, - rat
(mg/kqg)

Fuel

Diesel 3 - Cl1combustible 5000 4
Reagents

Sodium hydroxide (50%) 8PGII 400 100
Sulfuric acid (98%) 8PGII 2140 87
Ferric chloride (40%) 8 PGl 450 15
Cement Non-DG/Hazardous 2000 >3000

Leaks may occur, due to equipment failures, during
transfers from delivery vessels to storage tanks; fuel
transfers from storage tanks to mobile and stationary
equipment; product transfers to transport vessels; failure
of storage vessels; and failure of isolation valves and
interlocks. Leaks may most likely occur due to the failure
of pump glands, flexible hoses, transfer pipes, valves,
flanges and couplings. The majority of leaks are likely to
occur within bunded and secondary bunded compounds.

Leaks that do occur outside bunded compounds will
be recovered. Clean up equipment and absorbent
materials will be stored in appropriate locations to
allow rapid leak response.

The movement of process chemicals and hydrocarbon
products due to the Project increases the risk of spills
and leaks of materials into the environment.

LNG Storage Tank Rupture

An assessment of the risk of spills and leaks (including
rupture of LNG processing facilities and the potential for
storage tank failure) to different facets of the marine and
terrestrial environment is provided in the Wheatstone
Draft EIS/ERMP (see Chapters 8 and 9). On all occasions,
the most conservative assessments determined a ‘Low’
risk potential. This assumed a consequence category of
‘Medium' and likelihood of ‘Unlikely".

Since LNG is odourless, colourless, non-combustible, non-
corrosive and non-toxic, it will not pollute land or water
resources. If it is spilled, either on land or water, it will form

a pool and vaporize rapidly, dissipating into the atmosphere

with no residual trace.
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There is however the potential for a flammable vapour
cloud to form. If this vapour cloud comes in contact with
anignition source, it will burn back to the source and form
a pool fire. If the vapour cloud is confined there is the
potential for an explosion to occur, resulting in hazards to
personnel and damage to equipment. Also in the event the
cloud does not ignite there is the potential for asphyxiation.
Due to the safety implications of such events there are
multiple controls in place to ensure that the potential for a
release of LNG is extremely remote. A detailed assessment
of the potential risk of a failure will be undertaken as part
of the Facility Safety Case, which will completed prior to
the commencement of operations. The proposed controls
that will be incorporated into the design to mitigate
against a release will be provided in the supplement to

this EIS / ERMP.

Given the information presented above, Chevron

does not expect a release of LNG to pose a significant
risk to the nearshore marine environment. As such,

we do not currently intend to update the Draft EIS/ERMP
as we believe that the information provided above
confirms our “Low" assessment for the risk of impact

to the marine environment.
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5.1 Stakeholder Consultation Strategy

Chevron Australia Pty Ltd. (Chevron) is undertaking a
transparent stakeholder and community engagement
process in the development of the Environmental Impact
Statement/Environmental Review and Management
Programme (EIS/ERMP). The program is consistent with
the Interim Industry Guidelines to Community Involvement
(Department of Environment 2003) and the International
Association for Public Participation Guidelines for best
practice in Social Impact Assessment (International
Association for Public Participation Australasia 2004).

The stakeholder consultation strategy is aligned with
Chevron's corporate values, which call for the company's
business to be conducted in a socially responsible and
ethical manner. Chevron respects the law, supports
universal human rights, protects the environment and
benefits the communities in which it operates (Chevron
Australia 2009a).

5.2 Aims of Stakeholder Consultation

The aim of the consultation undertaken for the proposed
Wheatstone Project (Project) and the associated impact
assessment process has been to:

Provide a forum for stakeholders to participate,
deliberate and contribute in a meaningful way
to discussion, to raise concerns, and to provide
suggestions and advice on the Project

Provide opportunities for stakeholder input and
feedback throughout the impact assessment process
to inform Project decision-making

Broaden Chevron's knowledge of the issues, concerns
and opportunities that may arise in relation to the
Project to enable the development of effective
mitigation and enhancement strategies

Allow Chevron to interact with stakeholders to find the
best ways to increase benefits from the Project and
reduce potential adverse impacts

Capture stakeholder issues and concerns during
the development of the EIS/ERMP

Consider stakeholder views in planning
future consultation.

5.3 EIS/ERMP Stakeholder Consultation

The level of engagement on each key potential impact
identified in the EIS/ERMP has varied according to the
level of risk, public interest and regulator concern. In most
instances this has involved public participation to a level of
“Consult” (as defined by the Interim Industry Guidelines to
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Community Involvement - DoE 2003 - and the International
Association of Public Participation framework). This level of
consultation means Chevron has:

Sought broad-based input and feedback on the
proposed Project

Kept stakeholders informed
Listened to and acknowledged stakeholder concerns

Provided feedback on how stakeholder input has
influenced Project decisions.

Consultation was undertaken with key identified
stakeholders as part of the scoping and EIS/ERMP
preparation processes. Workshops and meetings were held
with government representatives across technical sections
of agencies such as the Environmental Protection Authority
(EPA), Department of Environment and Conservation (DEC),
Department of the Environment, Water, Heritage and the
Arts (DEWHA), Department of State Development (DSD),
Department of Fisheries (DoF), Department of Health
(DoH), Department of Water (DoW), Heritage Council

of Western Australia (HCWA), and Pilbara Development
Commission. The workshops and meetings focused on:

Chevron's application of the risk-based approach
to the Project

Initial risk assessment results

The scopes and methodologies associated with
addressing the high and medium environmental,
social and health factors for the Project

Issues associated with dredging and dredge
material disposal.

A list of the meetings and workshops is contained in
Appendix B1, and the results of these workshops are briefly
provided in Chapter 7, Impact Assessment Methodology.

5.3.1 Community Consultation

Comprehensive community consultation was also
conducted throughout 2009, with the following objectives:

Identify stakeholder and community issues, concerns
and potential impacts in relation to the Project

Validate community issues and provide further
information on the Project through the preparation of
appropriate communication materials and engagement
forums

+ Identify appropriate strategies to address potential
adverse impacts and enhance positive impacts
associated with the Project



Incorporate social, economic and health issues raised
by the community in Project design, planning and
management commitments.

A key purpose of the community consultation was to collect
and analyse information that would be incorporated into
the social and health risk assessment for the EIS/ERMP.

Consultation involved local government, non-government
organisations, Indigenous organisations, Onslow residents,
tourists visiting Onslow and the private sector. These
stakeholders were considered to be potentially affected
parties under the Commonwealth Guidelines for the
Content of a Draft Environmental Review and Management
Programme/Environmental Impact Statement included

as Appendix 5 of the Environmental Scoping Document
(Scoping Document). Stakeholders identified and consulted
as part of the Project to date are listed in Appendix B1.

Approximately 343 community stakeholders were
consulted between March 2009 and March 2010. This was
done to support the social and health impact component
of the EIS/ERMP and a Social Impact Statement (SIS)
which is required under the Shire of Ashburton’s Local
Planning Policy - Social Impact Assessment. The social
impact assessment will provide information that may

Wheatstone Project 5.0 Stakeholder Consultation

inform Project design and subsequent social programs.
Stakeholders are summarised by sector group in Table 5.1.

54 Assessment, Consultation
and Communication Methods

A range of methodologies were utilised to assess
stakeholder issues and values. Table 5.2 summarises the
consultation methods utilised for the EIS/ERMP.

Consultation with government officials and environmental
stakeholders was primarily through workshops,
presentations and meetings, while consultation with the
Onslow community was through a number of interactive
engagements such as personal interviews. A range of
assessment and consultation mechanisms was utilised

to ensure that a representative number of community
stakeholders informed the EIS/ERMP.

It should be noted that a particular effort was made to
engage the local Onslow Aboriginal community. This
included monthly meetings with the Burrabalayji Thalanyji
Association Incorporated (BTAI) completion of a heritage
survey of the main Project area and its associated
infrastructure area, presentations and involvement in the
Wheatstone Project Aboriginal Social Impact Assessment

Table 5.1: Regional/Community Stakeholders Consulted for the SHIA Program

Sector Group No. Consulted

Onslow Community Residents Total = 95
Indigenous 31
Non-Indigenous 64
Visitors/Tourists 47
Health and emergency services 34
Tourism operators and accommodation providers 33
State Government agencies, including Pilbara Development Commission 27
Local business and business associations 23
Local government (Shire of Ashburton) 16
Commercial fishers and pearlers, and relevant associations 21
Students/Youth (Years 3, 4, 8, 9,10) 16
Service providers (e.g. education, childcare, policing and recreation) 12
Public utilities and infrastructure providers 8
Major industry (e.g. mining)

Community organisations 4
Total 343
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Table 5.2: Stakeholder Consultation Methods and Approaches

T GG Description/Detail
Approach

Stakeholder Workshops were held with government and non-government stakeholders to understand their

workshops key concerns in regard to the Project. These workshops were open to all stakeholders and
representatives from several State Government departments, the Commonwealth, local community
members and the Cape Conservation Group attended.

They included:

+ Workshops in November 2008 in Onslow and Karratha, and in December 2008 in Perth
on the site-selection process for the onshore LNG plant and associated coastal infrastructure

+ Three workshops on the Draft Scoping Document in February and March 2009
* One workshop on terrestrial risks in September 2009
+ One workshop on marine risks in September 2009.

Stakeholder Presentations have been provided to Commonwealth Government agencies, State Government
presentations agencies, the Shire of Ashburton and key non-government organisations such as the Cape
Conservation Group in Exmouth.

A combined Wheatstone and Gorgon briefing was held for the WA Conservation Council and World
Wildlife Fund (WWF) in January 2009. Participation by the Cape Conservation Group, Conservation
Council and WWF was funded under a contract through APPEA and Strategen.

Stakeholder Meetings have been held with:
meetings - Government agencies
+ BTAI

* Environmental non-government organisations (ENGOs)

- Pastoral lease owners/managers

» Local fishing and pearling businesses

« Key fishing, boat charter and pearling industry associations
+ Industry proponents such as BHP Billiton and Onslow Salt

+ Foreign consular representatives.

These included both broader meetings to discuss the Project and approaches to the EIS/ERMP,
or focused on a specific issue.

Senior A range of local, State and Commonwealth government officials have been consulted about the
government Project to date as part of the Project stakeholder engagement process. These include:
stakeholder * Ministers of the Crown

S LEn - Ministerial chiefs of staff

« Senior ministerial and political advisers

+ Government departmental and agency heads

« Government departmental and agency senior reports
» Local shire CEOs, presidents and councillors.

These consultations began in late 2007 and have continued since. Consultations have ranged
from general-information briefings to discussions on specific issues.

Public review of The Draft Scoping Document was released by the EPA for public review. Copies were also mailed

Scoping Document to a number of stakeholders and placed on the Chevron website (Chevron 2010). A total of 14
submissions were received by the EPA. Chevron prepared and submitted to the EPA and DEWHA
aresponse to the submissions.
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Approach

Survey research:
Mail surveys
Personal surveys
Telephone surveys
Intercept surveys

Aboriginal
household survey

Values mapping

TRC-Analysis

Description/Detail

A range of survey methods has been utilised to obtain information of relevance to the SHIA.
Surveys included mail, personal surveys and telephone surveys. In the current assessment,
personal surveys were most commonly utilised; however, mail and telephone surveys were also
undertaken as appropriate. The surveys were structured to collect information on community
needs and aspirations, Project issues and impacts, and service capacity.

Intercept surveys were also undertaken in areas perceived to be of “high value and/or use" to the
community, as identified through the values assessment. Surveys were conducted across three time
slots: 7 am to 10 am; 11am to 2 pm; and 3 pm to 6 pm, to gain a cross section of the uses of the areas
identified. Intercept surveys were undertaken at the following locations:

» Ashburton River

» Four Mile Creek

» Beadon Creek

» Sunrise Beach (locally known as “Front Beach”, near the War Memorial)
» Sunset Beach (locally known as “Back Beach")

* Hooley Creek.

Intercept interviews were also undertaken with visitors at the Ocean View and Beadon Bay
caravan parks.

A total of 24 intercept survey applications were undertaken (eight locations over three time slots)
which sampled 92 people.

An Aboriginal household survey was undertaken to collect current information from Aboriginal
households within the Onslow community. A total of 24 Aboriginal households were sampled,
totalling 87 Aboriginal people resident within the Onslow and Bindi Bindi communities. The survey
was structured to address socio-demographic questions included in the Australian Bureau of
Statistics Census survey, and to collect additional information on community needs and aspirations
regarding education, training and employment. The Onslow Aboriginal Household Survey thus
provides a recent snapshot of the local indigenous community’s family and household structure, age
distribution, education levels, and employment and training needs and aspirations.

The identification of values and uses of the locality were undertaken using a values mapping
technique. Responses from all stakeholders were collated and spatially referenced to produce maps
highlighting areas of community value/importance. Values mapping is a participatory technique
applied through survey/consultation methods with community stakeholders to identify visually what
they value about a place (i.e. what the place means to them, their attachment to it, their use of the
place and their vision for what the place could be in the future). A key advantage of the technique is
that it allows values to be identified without reliance on language and thus has wide application for a
range of demographic groups.

TRC (Town Resource Cluster)-Analysis was utilised to examine the link between resource use
and social systems. TRC defines the meaningful spatial units on which to base the SHIA and
engagement process.

(Cont'd)
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Methodology/ Description/Detail
Approach

Photovoice

Photovoice is an innovative method of needs assessment and community visioning that has been

used in a range of settings to provide community members/key stakeholders with an opportunity
to “paint a picture” of community life in their own terms. The method utilises photography to
document participants’ lived reality, concerns, hopes and aspirations.

A series of community workshops was held to outline the process, to collate and analyse
photographs and stories and to develop community centrepiece ideas to summarise

Project outcomes.

The photographs generated in the process present an opportunity to record a baseline of community
perception, experience and function, and to examine changes in community attitudes over time.

Project
information
session/open day

where five local Aboriginal people were trained to assist in
conducting the research, a survey of Aboriginal households
in the Onslow community, and developing community
feedback specifically for the Aboriginal community. In
total, representatives from approximately half of Onslow’s
Aboriginal households were consulted.

Table 5.3 summarises the methods and approaches
utilised across the stakeholder groups involved. Several
approaches were used for each stakeholder group.

5.4.1 Communications

In addition to the consultation methods listed in

Table 5.2, a range of communication tools were utilised

to provide information on the Project and feedback on key
assessment outcomes. The Community Reference Group
(CRG) has been a constant and ongoing mechanism for
this. Table 5.4 provides more detail on the communication
mechanisms utilised.

5.5 Proposed Consultation

Chevron shall engage stakeholders throughout each phase
of the Project to identify, monitor and manage key issues
and relevant impacts. Meetings and Project briefings with
government departments, environmental groups, the CRG
and local stakeholders are planned to be held on a regular
basis. Communication mechanisms such as media releases,
community open days and community bulletins have been
successful to date and shall continue through the planning,
construction and commissioning phases of the Project.

Where it is entitled to do so, Chevron shall make the
supporting data for the EIS/ERMP (including results of
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Poster and slide presentations about the environmental and social studies undertaken for the
Project were on display at community open days held in Onslow in August and December 2009.
This was an effective means of generating comment from the community.

environmental surveys, modelling studies and monitoring
programs) available to government agencies, scientific
organisations, academic institutions and the public to
further the understanding of the local environment in
the Project area.

Stakeholders shall have a formal opportunity to comment
on the EIS/ERMP during the Commonwealth and Western
Australian Government review of the draft EIS/ERMP and
the ten-week public review period.

5.6 Project Issues and Impacts

As part of the consultation program, stakeholders were
asked to identify the key issues and impacts of the Project.
The key issues and themes identified by community
stakeholders were somewhat different from those
identified by reqgulatory stakeholders, and are therefore
discussed separately. A summary of key potential impacts
and stakeholder concerns is presented in Table 5.5.

5.6.1 Requlatory Stakeholders

Regulatory stakeholders raised a number of environmental
issues at meetings, workshops or through the review of the
Scoping Document. This feedback has been considered in
the risk assessments presented in Chapters 8 to 10 of this
EIS/ERMP. The following environmental issues/impacts
were highlighted as the most important for this Project.
Potential impacts from dredging was the most commonly
raised concern, the remainder follow in no particular

order of importance. Note that no agency advised that

the proposal was in breach of any policy based on the
information before them.



Table 5.3: Stakeholder Consultation by Method and Approach

Indigenous
Groups/

Native Title
Bodies

Visitors/ Tourists

Non-Indigenous
Onslow
Community
Residents

Community
Organisations

Students/ Youth
(Yrs 3, 4, 8,9,10)

Local Business
and Business
Associations

Commercial
Fishers and
Pearlers and
Relevant
Associations

Health and
Emergency
Services

Public Utility and
Infrastructure
Providers

Service Providers

State and Cth
Govt Agencies

Local Govt

Industry/
Mining/ Salt

( M Presentations

government

consultation

Public review
[ M of Scoping

Document

Mail surveys

Personal

interviews
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Telephone

interviews/

Intercept
surveys

Aboriginal

Household
Values mapping
TRC analysis
Photovoice
Project
information
session/open

Chevron Australia Pty Ltd | 181



Wheatstone Project 5.0 Stakeholder Consultation

Table 5.4: Communication Mechanisms

N

CRG Chevron established Gorgon CRGs in Onslow and Karratha in 2005. The Onslow CRG, comprising
12 community, local government and regional body representatives, consented to become a
Chevron Onslow CRG in February 2008. Three CRG meetings were held in 2008 and four in 2009
to discuss the Project, site selection, social impact management, the EIS/ERMP process and any

community concerns.

Community
newsletter

Chevron commenced production of a Wheatstone Community Bulletin for Onslow in early 2009.
Distributed in March and July 2009, the bulletins contain articles about the Project, the EIS/ERMP

and social impact processes, investigative works programs and also provide relevant Chevron

contact details.

Community
information sheets
assessment program outputs.

Community
information day

Information sheets were developed and distributed to stakeholders as part of the SHIA program
at key Project milestones to provide information on the proposal, validate issues and summarise

Community information days were undertaken to provide feedback to the community regarding
the outcomes of the social and environmental assessment studies, to provide an opportunity for

stakeholders to discuss specific issues with company representatives and environmental experts,
and to gain feedback on proposed mitigation and enhancement strategies. Information days
were held in August and December 2009 with 84 and 17 people attending respectively. Posters
displayed at the open days were also reproduced as a booklet and distributed to stakeholders.

Project briefings
and presentations
and November 2009.

Media releases

A range of Project briefings and presentations have been initiated with key stakeholders.
These include briefings to the Shire of Ashburton in April and November 2008, and in March

Six Project media releases have been developed to provide information to the wider regional

community and to Perth. These include announcements regarding the preferred Project site
and the award of the Front End Engineering and Design contract.

Chevron website

Chevron has developed a website that includes information on the Project, economic and

community benefits and environmental responsibility and approvals. It also contains copies
of the Scoping Document and Environmental Impact Referral.
The website is http://www.chevronaustralia.com/ourbusinesses/wheatstone.aspx

5.6.11 Dredging

There was considerable concern surrounding potential
impacts of the large scale capital dredging program and
material placement required to create the navigational
channel, turning basin and port facilities. In particular,
requlatory stakeholders are interested in potential impacts
on BPPH and marine wildlife such as turtles and marine
mammals. These issues have been the focus of a detailed
assessment in Sections 8.3 and 8.4 of this EIS/ERMP.

5.6.1.2 Coastal Processes

In addition to dredging, reqgulatory stakeholders were
interested in understanding the potential impact on marine
coastal processes during construction and operation of the
onshore and marine facilities (including jetties, offloading
facilities and flood protection). As a consequence of
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potential impacts on marine coastal processes, reqgulatory
stakeholders were also interested in understanding
potential impacts on the ecological communities and
systems dependant on these natural processes. Potential
risks on physical marine processes are assessed in Section 8.5.

5.6.1.3 Mangroves and Corals

Potential impacts on the Ashburton River delta mangrove
system were a concern expressed by the EPA Board and
other government officials at a meeting in Onslow in
October 2009. In addition, participants at the risk ranking
workshops in September 2009 considered corals to be
sensitive receptors. Potential risks to the Ashburton North
and Hooley Creek mangrove communities are assessed in
Section 8.3. Potential risks from the Project on corals are
also assessed in Section 8.3.
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5.6.1.4  Turtle Nesting Areas

Turtles were raised as an issue by a number of participants
attending the risk ranking workshops in March and
September 2009. Of particular interest were potential
impacts on nesting areas both on the mainland and on

the nearby islands. Potential adverse impacts on turtles
due to light generated from the Project were also raised

at the September workshops. Potential risks to turtles

and turtle nesting areas are assessed in Section 8.4.

5.6.1.5 Island Nature Reserves

Concern was expressed regarding excessive recreational
use of the offshore islands close to Onslow by large
numbers of construction and operational workers.
Concerns included habitat degradation, disturbance

to fauna, and the introduction of non-native species

and damage to coral. Potential risks are assessed in
Section 8.4.4.5.

5.6.1.6  Greenhouse Gas Emissions

Through discussions at various workshops and meetings,
requlatory stakeholders enquired about potential
greenhouse gas emissions from the Project. They were
interested to know how Chevron planned to manage
these emissions. Greenhouse gas emissions from the
Project are discussed in Sections 3.7 and 4.2.

5.6.1.7  Surface Water Drainage

Potential effects on surface water flows from physical
barriers such as access roads and the plant area

were raised during the September 2009 workshops,
particularly in relation to cyclones and heavy rainfall
events. This was re-iterated by the EPA Board in terms
of how these potential barriers could affect nutrient
flows to the Ashburton delta mangrove system. Risks
to surface water drainage are assessed in Section 9.4.

5.6.1.8 Introduction of Pests and Weeds

The introduction of weeds and other non-native species
has been expressed as a concern by several government
departments during individual meetings and at the risk
ranking workshops. The spread of weeds at Ashburton
North and the introduction of non-native marine species

by vessels arriving from international ports of origin

were identified as requiring study and mitigation. These
assessments are presented in Sections 8.4.4.4, 9.5 and 9.6.

5.6.19 Fish and Fish Stocks

Fish and fish stocks were identified as potential receptors
which could be adversely affected by the disposal of dredge
material and changes to coastal processes. Prawns in
particular were identified as sensitive receptors and as

Wheatstone Project 5.0 Stakeholder Consultation

aresult have been included in the risk rankings for the
dredging program. Potential risks to fish and fish stocks
are assessed in Sections 8.4 and 10.4.

5.6.1.10 Mitigation

During the workshops held in September 2009,
participants were particularly interested in what
management measures were being proposed to mitigate
potential adverse environmental effects. Questions were
asked on the use of best practice, and specific Project
details. Chevron was also asked to clearly articulate the
assumptions behind the various risk rankings.

This information is provided in Chapters 8 to 12.

5.6.111  Mosquito Borne Disease

The DoH raised concern about the potential increase in
mosquitoes in the area and hence an associated increase
in mosquito-borne diseases. An assessment of the risk of
mosquito-borne disease from the Project is presented in
Section10.7.4.1.

5.6.2 Community Stakeholders

During consultation undertaken for the EIS/ERMP

and SHIA, a range of social, economic, health and
environmental issues/impacts were raised and have been
categorised according to issue/impact themes. A short
description of the main themes is provided as background
context and Figure 5.1 provides a summary of the potential
impacts raised. The responses are listed in descending
order of Multiple Response Frequency whereby participants
can provide more than one perceived community issue.

5.6.21 Population Change

This theme related to the potential influx of Project
construction and operational workforces. Stakeholders
were interested in understanding how the company
intended to manage workforce influx, particularly the
housing of workers and how behaviour would be effectively
managed to reduce impacts on the local community.

This stemmed from a general perception that increased
population may exacerbate existing issues within the
community related to alcohol and drug use and sexual
behaviour. In addition, concern was expressed on a growing
population’s potential impacts on the recreational fishery.
On a more positive note, there was a feeling that an
increase in population would result in improved access to
services within the Onslow community. Potential risks to
the recreational fishery are assessed in Sections 8.4.4.5
and10.4.

Population change has been the focus of internal
presentations to Project design teams and Chevron
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employees and contractors. These potential issues have
been validated through community open days in Onslow on
August 7 and 8, 2009. Feedback from the community has
also been presented to the Shire of Ashburton Council.

5.6.2.2 Economics and Employment

There was a strong belief among many stakeholders that
the Project would bring significant economic benefits to the
community and the region. Procurement opportunities for
local business, employment of local residents, and greater
company and employee expenditure in the community
were frequently cited. However, stakeholders also said that
the community would need to develop skills/training and
business practices so benefits could be enhanced at the
local level. There were also genuine fears that the Project
would significantly increase the cost of living. Consultation
shall continue on this issue with the community and the
Shire of Ashburton.

5.6.2.3 Service Provision

Although service provision is acknowledged as an
existing problem in Onslow and within the broader region,
the community raised concerns about the impact of
population change on service provision, particularly health
and emergency services, accommodation and housing.
There was a concern that health and emergency services
were already at capacity and were struggling to service
the existing population. There was also a perception that
existing public utilities such as power and water would not
cope with additional population growth and required an
infrastructure overhaul. Consultation shall continue on
Project related issues with the community, the Shire of
Ashburton, service providers and DoH.

5.6.2.4 Social Issues

A number of social issues were identified, particularly
those associated with the prevalence of alcohol and, to a
lesser extent, illicit drugs. There was a sense that the lack
of activities in town resulted in local licensed premises
being the focus of the majority of social events. Excessive
drinking was considered to be responsible for much of the
antisocial behaviour in the community such as disorderly
behaviour, domestic violence and sexual misconduct.
Community members expressed concern that antisocial
behaviour would be exacerbated if construction workers
were allowed to drink in town. Project related social issues
shall be identified through ongoing consultation with

the community and Shire. In addition, feedback from the
community has been compiled and discussed with Project
teams and presented to more than 450 Chevron staff.

Wheatstone Project 5.0 Stakeholder Consultation

5.6.2.5 Recreation

Fishing appears to define the Onslow community and is
considered a favourite pastime for locals and visitors.
Consequently, there were significant concerns about
the Project’s potential effects on fishing - particularly
recreational fishing, but also commercial fishing. Such
concerns included restricted access to fishing locations,
exclusion zones around the proposed Product Loading
Facility and potential impacts on marine health and habitat
such as fish nurseries and stocks. Community members
were also concerned that an influx in population may
lead to overfishing in the area, further depleting local
fish stocks.

Overall, based on community feedback, recreational
values in these areas clearly outweigh the other

identified values of commercial, historic/heritage and
physical/infrastructure. Interestingly, only a small number
of people identified environmental values associated with
the surrounding environs. But in discussion on recreational
values, many community stakeholders referred to the
beauty of the natural environment and the freedom to
enjoy it without disruption or disturbance. Furthermore,
some community stakeholders access recreational areas
such as Hooley Creek via the designated Project area.
Risks to recreation and other marine users are assessed
in Sections10.4 and 10.5.

5.6.2.6 Sense of Community

Many community residents mentioned the safe and
friendly nature of Onslow. Some people reported that
everybody got along well in town, while others spoke

of individual and group divisions. Some Aboriginal
stakeholders were concerned that a large workforce

influx could alter what is currently a good relationship
between the Aboriginal and non-Aboriginal communities
or that it could impact on the Aboriginal community’s sense
of security and safety. There was a desire to see any future
operational workforce in town integrated with the local
community in a physical and social sense to help preserve
Onslow's strong sense of community. Consultation shall
continue with the community and the Shire of Ashburton
on potential Project-related social issues.

5.6.2.7 Environment

Onslow was described by community stakeholders as a very
clean and pollution-free place in which to live. As a result,
Project issues regarding increased traffic, air emissions and
visual impacts were raised by some community members.
However, many of the comments obtained from local
residents were more general, reflecting the natural
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capital of the area and the relatively untouched nature of
particular local places. Air emissions from the Project are
assessed in Sections 4.3 and 9.8. Amenity is assessed in
Section10.6.7.

5.6.2.8 Trust and Engagement

Generally, stakeholders were complimentary of Chevron's
community engagement process, in which residents
received Project information via pamphlets, local media
releases, public meetings and the CRG. There was also
positive feedback about Chevron's individual consultation
on the Project, with many residents experiencing individual
engagement of this nature for the first time. Chevron shall
utilise engagement mechanisms such as those identified

in Table 5.4.

5.6.2.9 Health and Wellbeing

Community stakeholders were asked to identify potential
health issues/impacts associated with the Project. The top
three perceived health impacts were increased alcohol
consumption, increased illegal drug use, and additional
stress on health and emergency services. However, it was
noted that the Project may assist in further developing
community health and emergency services.

There was concern about an increase in prostitution
(including informal sexual bartering) and in the prevalence
of sexually transmitted diseases and ilinesses. Such issues
were thought to occur as a result of the presence of a
predominantly male fly-in, fly-out workforce.

Other health issues identified were more environmentally
focused and included the perceived impact of the Project
on air quality and water as a result of plant emissions.

Air emissions from the Project are assessed in Sections
4.3,9.8and 10.6.7.

Concerns were also raised in relation to potential plant
explosions and the introduction of foreign viruses and
disease. The Aboriginal community in particular was
concerned about a potential increase in communicable
diseases such as influenza and gastroenteritis. Chevron
shall consult with DoH on Project related health and
wellbeing issues.

57 EIS/ERMP Consultation with Native
Title Claimants

An estimated 53 per cent of the Onslow population is
Indigenous (approximately 300 people) with 11 language
groups identified, including the Thalanyji, Yindjibarndi and
Banyjima. The Thalanyji people are the determined native
title holders of the land in the Onslow area, including the

Ashburton North Strategic Industrial Area site.
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Chevron is committed to working with the Thalanyji

and signed a Heritage Agreement with the Burrabalayji
Thalanyji Association Incorporated (BTAI) in December
2008. This agreement was amended in August 2009 to
facilitate the appointment by BTAI of a dedicated heritage
liaison officer and heritage field representative to assist
with Aboriginal heritage issues on site, in support of
Chevron's ongoing investigative works program. Chevron
and the Thalanyji are also discussing opportunities for
BTAIl to provide Aboriginal cultural awareness training to
Chevron's Wheatstone team and the Project contractors’
field personnel.

In February 2009, Chevron signed a Negotiation

Protocol with the Thalanyji setting out the procedures

for negotiation of a Native Title Agreement for the Project.
Chevron and the Thalanyji continue to hold monthly
negotiation meetings with a view to reaching a Native

Title Agreement.

Chevron has also engaged the Thalanyji to undertake

a number of heritage surveys over the proposed Project
land area and is developing a Cultural Heritage
Management Plan with the Thalanyji for the Project.

Consultation with the Thalanyji has included:

Monthly meetings in Onslow or Karratha

Completion of a heritage survey of the main Project
area and its associated infrastructure area

Ongoing heritage surveys

A visit to the North West Shelf Venture Karratha
Gas Plant Visitors' Centre

Presentations and involvement in the Wheatstone
Project Aboriginal Social Impact Assessment -
developing research questions and recruiting local
research assistants for the assessment.

The Thalanyji and wider Aboriginal community will have a
formal opportunity to comment on the EIS/ERMP during
the statutory public review periods.

5.8 Native Title Claimants' Project Issues
and Impacts

As part of the native title negotiations and the social impact
consultation program, stakeholders were asked to identify
what they perceived to be the key issues and impacts of the
Project. The key issues raised can be categorised according
to the following issue/impact themes. A short description
of each is provided as background context.



Protection of Cultural Heritage - relates to protecting
all aspects of cultural heritage, including protection of
physical sites and improving understanding of cultural
heritage through appropriate staff training

Opportunities for Socio-economic Development -
relates to creating opportunities to improve education,
employment, and health, and business development for
Aboriginal people

Social Impact Issues - Aboriginal people consulted

as part of the Aboriginal Social Impact Assessment
identified the same themes as the broader Onslow
community. There was some additional concern that
an increase in population may have a more significant
impact on the Aboriginal community due to its higher
vulnerability on particular social indicators such as
health status. There was also more concern among the
Aboriginal community that an influx of people would
change the safe nature of Onslow and reduce children’s
free movement around the town.

Wheatstone Project 5.0 Stakeholder Consultation
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6.1 Introduction

This chapter describes the key physical and biological
features of the existing natural environment in the
Ashburton Shire of the Pilbara region and, in particular, the
proposed Wheatstone Project (Project) area. The Project
area comprises offshore Petroleum Titles WA-253-P,
WA-16-R, WA-17-R and WA-356-P, and an onshore gas
processing facility at the Ashburton North Strategic
Industrial Area (SIA), south-west of Onslow. The Project area
also includes associated pipelines and infrastructure linking
the gas fields to the processing plant, and the processing
plant to existing onshore infrastructure, such as the
Dampier-to-Bunbury Natural Gas Pipeline (DBNGP). Chapter
2, Project Description details the Project and its components.

To assess the existing marine and terrestrial environments
of the Project area, a variety of detailed scientific surveys
and studies have been undertaken. These provide a
description of the environment in, and surrounding, the
Project area. Information collected from the surveys

and studies has provided baseline information used to

inform the assessment of potential impacts resulting from
development of the Project. Discussion of the potential
impacts and proposed management measures for the
marine and terrestrial environments is included in
Chapter 8, Marine Risk Assessment and Management, and
Chapter 9, Terrestrial Risk Assessment and Management.

6.2

6.2.1

Regional Overview

The Pilbara Region

The onshore components of the Project are located within
the Ashburton Shire, in the south-west Pilbara region of
Western Australia (WA). The Pilbara is located between the
Tropic of Capricorn and latitude of approximately 19°48'.

It extends from the coast to the WA border and occupies an
area of 502 000 km?2. The region incorporates the shires of
Roebourne, Ashburton and East Pilbara, and the township
of Port Hedland.

Figure 6.1shows the boundary of the Pilbara and the
location of the onshore and offshore components of
the Project.
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6.2.2 Climate

The Pilbara region experiences an arid to tropical climate
and is 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. A pronounced dry period is typically experienced
from August to November (ANRA 2009).

6.2.2.1  Temperature

Meteorological data is recorded at a Bureau of Meteorology
(BoM) weather station at the Onslow Airport, located
approximately 12 km north-east of the Project site. This
data has been collected since 1940. The daily temperatures
inthe Project area can be expected to follow the pattern
illustrated by Figure 6.2. The figure shows that Onslow
Airport experiences mean daily summer temperatures
ranging from 19 °C to 36 °C with the maximum reaching

49 °C, During winter, mean daily temperatures range
between 13 °C and 27 °C with the minimum occasionally
dropping to 3 °C.

Wheatstone Project 6.0 Overview of Existing Environment

6.2.2.2 Rainfall

Average yearly evaporation for the Pilbara region is
approximately 3300 mm (BoM 2009). Tropical cyclones
contribute 40 to 60 per cent of the rainfall in the north,
but less than 30 per cent in the southern and eastern parts
of the region (ANRA 2009). The average annual rainfall
recorded at the BoM weather station at Onslow is 328 mm.
The mean monthly rainfall is presented in Figure 6.3.

The Project area is expected to follow this pattern due

to its proximity to Onslow. The figure shows that the
majority of rain falls between January and June. Rainfall
in the region varies significantly from year to year and

is dependent on rain-bearing low-pressure systems,
thunderstorm activity and passage of tropical cyclones.
Cyclonic events range from storms delivering up to

300 mm of rainfall to milder 30 mm events. Wet years
typically receive a large proportion of rainfall from tropical
cyclones (SKM 2009).
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Figure 6.2: Monthly Temperatures at Onslow Airport (1940 - 2009)

Source: BoM 2009
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Source: BoM 2009

6.2.2.3 Wind

Differential heating between the land and ocean commonly
causes formation of a local thermal cell structure, which
modulates the direction and strength of coastal winds
(Damara 2009). Three dominant wind patterns occur in the
western Pilbara region. These include an easterly pattern
with winds varying from north-east to south-east over the
diurnal period, a westerly pattern with winds varying from
north-west to south-west, and a rotation pattern with winds
rotating in an anti-clockwise direction through 360 degrees
over 24 hours (Physick 2001). The seasonal wind roses

are presented in Figure 6.4 to Figure 6.7. The figures
demonstrate that the dominant southerly to westerly winds
occur primarily during the spring and summer periods. The
land-sea breeze cycle is less defined during winter months.
Although a change in wind direction typically occurs

during late morning or early afternoon, southerly winds
occasionally remain persistent throughout the day.

Analysis of the directions associated with strong winds
(8.8 to 11 m per second) at Onslow Airport suggests that
they most frequently occur from the north-east quadrant.
However, this bias is not reflected in the distribution of
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winds stronger than 75 km per hour, which have occurred
from a wider range of directions. A relative absence of
strong and extreme winds occurs from the south-east to
south, which is likely to be caused by overland frictional loss
(Damara 2009).

6.2.2.4 Cyclonic Activity

An average of five tropical cyclones passes through

WA each year, although this may be highly variable from
year to year. Cyclones are typically generated offshore
from the Kimberley coast, which receives the highest
frequency of cyclone events. Although the Pilbarais to

the south-west of this zone, the region still experiences
significant winds—above 90 km per hour (Beaufort Force
10)—approximately once every two years (Damara 2009).
Cyclones that affect Onslow typically take a southerly or
south-easterly track as they move from offshore Kimberley
waters (BoM 2009a). Tropical cyclones passing to the
north-west of Onslow are more frequent, including systems
that track parallel to the North West Shelf (NWS) (Damara
2009). Figure 6.8 shows the tracks of cyclones that have
affected Onslow since 1953.
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The original Onslow settlement located near the mouth of
the Ashburton River—now a registered heritage site—was
relocated in 1925 due to significant changes to the river
channel believed to be caused by cyclone-related flooding.
Further information on the Old Onslow Town Site heritage
areais included in Section 6.5.

6.2.3 Ambient Air Quality

A Pilbara regional air quality study was conducted by

the Australian Commonwealth Scientific and Industrial
Research Organisation (CSIRO) in 2001. This included
surface and upper air meteorology, and surface air quality
at various locations in the Pilbara. The CSIRO study did
not extend as far as Onslow in the west and therefore this
section only addresses Pilbara regional air quality and its
relationship to emissions sources. Ambient air quality at a
scale local to the Project area is discussed in Section 6.3.

The air-quality data for the regional study were recorded
at the regional industrial centres of Dampier/Karratha

(approximately 300 km north-east of Onslow) and Boodarie
(approximately 500 km north-east of Onslow). Surface
air-quality data measured at Dampier/Karratha included
ten-minute averages of ozone (0,), nitric oxide (NO),
nitrogen dioxide (NO,), carbon monoxide (CO), particulate
matter of 10 microns or less and 2.5 microns or less (PM,
and PM, ; respectively). Surface air-quality data measured
at Boodarie included O, NO, NO,, sulfur dioxide (SO,),
hydrogen sulfide (H,S) and PM, . (Physick 2001). Data from
Dampier/Karratha would be expected to be slightly more
representative of the environment at Ashburton North
than Boodarie, but needs to be compensated for industrial
sources local to the area.

The CSIRO study revealed that ambient atmospheric
concentrations for CO, O, SO,, PM, ; and NO, in these
locations are very low and well below the National
Environment Protection Measure (NEPM) for Ambient
Air Quality standards (Physick 2001).
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Figure 6.8: Tracks of Notable Cyclones Affecting Onslow

Source: Bureau of Meteorology 2009a
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Data from Dampier indicated eight-hourly concentrations
of CO typically below 0.3 parts per million (ppm) compared
with a NEPM of 9.0 ppm. These values are typical of rural
background sites and may be even lower at Ashburton
North.

The study found that Karratha O, concentrations peaked

at 60 ppb for an hourly concentration. This is indicative of
some photochemical activity, since background levels in the
Southern Hemisphere are typically around 27 ppb. Given
the lack of industrial activity around Ashburton North,
these background values would typically be encountered
under most circumstances.

Data from Karratha indicated that hourly concentrations of
SO, were typically less than 1 ppb compared with a NEPM
of 200 ppb. A similar background level of SO, would be
expected at Ashburton North.

Local sources of NO, at Karratha reached maximum hourly
concentrations as high as 60 ppb, compared with a NEPM
of 120 ppb. Fiftieth percentile concentrations for the years
1999 and 2000 were approximately 5 ppb and 8 ppb
respectively. These latter concentrations are considered
most likely to be representative of those encountered at
Ashburton North.

Daily PM, values were measured between 1998 and 2001
at Dampier. These results show a strong seasonal cycle with
the lowest values being in April and May. A similar cycle

can be seen for the PM, . values measured at Boodarie. A
review of seasonal wind directions indicates a reversalin
dominant wind direction between winter and summer, with
strong easterly winds blowing during summer and strong
westerlies blowing during winter. This suggests that this

is a Pilbara-wide phenomena indicating that the summer
maxima for particulate matter—-which exceed the NEPM-are
from natural causes (e.g. wind-blown dust from the central
desert regions) and would therefore also be encountered at
Ashburton North.

6.2.4

The Interim Biogeographic Regionalisation for Australia
(IBRA) categorises the Australian continent into regions
of like geology, landform, vegetation, fauna and climate,
referred to as bioregions (DEWHA 2009b). There are

80 such regions throughout Australia, with 26 in WA.
The boundaries of the IBRA regions in WA are broadly
compatible with Beard's phytogeographic regions (Beard
1975), a hierarchical system of provinces comprised of
botanical districts and subdistricts.

Terrestrial Biogeographical Setting

The proposed onshore facilities are located close to
the boundary of the Carnarvon (CAR) and Pilbara (PIL)
bioregions, with the majority of the Project infrastructure

Wheatstone Project 6.0 Overview of Existing Environment

located within the north-eastern corner of the Carnarvon
bioregion. Figure 6.9 shows these bioregions and their
sub-regions. Important features of each bioregion are
presented in the following sections.

6.2.41 Carnarvon Bioregion

The CAR bioregion comprises 83 800 km? of land from
Onslow to south of Denham in WA. It includes the chain

of islands from Exmouth to Karratha, islands of the
Exmouth Gulf and islands within Shark Bay, including

Dirk Hartog Island. The Shark Bay World Heritage area

is also within the bioregion. The bioregion consists of a
gently undulating landscape with open drainage. The main
land use is pastoralism. Salt production also occurs in the
bioregion, particularly at the Lake McLeod salt lake and at
the Onslow Salt operations directly adjacent the Project.
The major population centres are Carnarvon and Exmouth
(ANRA 2009a).

The Carnarvon bioregion consists of two sub regions,
described as:

CAR1-Cape Range: rugged tertiary limestone

ranges and extensive areas of red aeolian dunefield,
Quaternary coastal beach dunes and mud flats.
Acacia shrublands (Acacia stuartii or Acacia bivenosa)
over Triodia on limestone and red dunefields, Triodia
hummock grasslands with sparse Eucalyptus trees
and shrubs on the Cape Range. Extensive Triodia
hummock grasslands on the Cape Range and eastern
dune-fields. Tidal mud flats of sheltered embayments
of Exmouth Gulf support extensive mangroves. Beach
dunes with spinifex communities. An extensive mosaic
of saline alluvial plains with samphire and saltbush low
shrublands along the eastern hinterland of Exmouth
Gulf. Islands of the Muiron, Barrow, Lowendal and
Montebello groups are limestone-based (Kendrick and
Mau 2002).

CAR 2 - Wooramel: Alluvial plains associated with
downstream sections and deltas of the Gascoyne,
Minilya and Wooramel Rivers. Includes Lake MacLeod
and Kennedy Range. Tree to shrub steppe over
hummock grasslands on and between aeolian red sand
dunefields are extensive in the north and east as well
as on top of Kennedy Range. Permian sediments are
common in northern parts. Southern areas comprise
limestone plateaux overlain by red sand plains. Acacia
shrublands (mulga, bowgada and Acacia coriacea)
over bunch grasses on red sandy ridges and plains.
Mangroves confined to small areas around Lake
MacLeod and near Carnarvon. Saline alluvial plains with
samphire and saltbush low shrublands in near-coastal
areas (Desmond and Chant 2001).
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6.2.4.2 Pilbara Bioregion

The PIL bioregion occupies 178 500 km?. The bioregion
adjoins the coast in north-western WA from Onslow to near
Pardoo (520 km east of Onslow). The bioregion comprises
Aboriginal land, leasehold land, conservation reserves and
provides the majority of the State's exports in petroleum,
natural gas and iron ore (ANRA 2009).

The Pilbara bioregion is divided into four sub-regions,
described by the DEC as:

PIL 1- Chichester: Archaean granite and basalt plains
supporting shrub steppe characterised by Acacia
pyrifolia over Triodia pungens hummock grasses.
Snappy gum tree steppes occur on ranges

PIL 2 - The Fortescue Plains: Alluvial plains and

river frontages. Salt marsh, mulga-bunch grass,
and short grass communities on alluvial plains.

River gum woodlands fringe the drainage lines.
Northern limit of Mulga

+  PIL 3 -Hamersley: mountainous area of Proterozoic
sedimentary ranges and plateaux with Mulga low
woodland over bunch grasses on fine textured soils
and Snappy gum over Triodia brizoides on skeletal
sandy soils

PIL 4 - Roebourne: Quaternary alluvial plains with grass
savannah of mixed bunch and hummock grasses, and
dwarf shrub steppe of Acacia translucens over Triodia
pungens. Samphire, Sporobolus and Mangal occur on
marine alluvial flats. Arid tropical with summer rain
(DEC 2005).

6.2.5 Seismicity

According to earthquake risk mapping for the Australian
continent by Gaull et al. (1990), the Pilbara region is located
in a zone with approximately an 11 per cent chance of a
significant earthquake occurring in the next 50 years.

This risk level is considered low but is higher than the
earthquake likelihood in most of central Australia and the
eastern seaboard.

The most significant concentration of seismic activity in
Australia has been recorded off the north-west coast of
WA. The onshore region of the north-west also has elevated
seismicity. One of the largest earthquakes known in the
Australian region occurred off the north-west coast on

19 November 1906. It had a magnitude of 7.75 and was

felt over the entire western half of WA. In recent times, a
magnitude 6.3 event occurred at Collier Bay, approximately
200 km north-east of Broome in August 1997, and a
magnitude 5.1 event occurred north-west of Exmouth in
October 2000. The last recorded earthquake near Onslow
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occurred west of Exmouth in 2006, registering a magnitude
of 3.4 (UWA 2009).

6.2.6 Soils and Landforms

6.2.6.1  Soil-Landscape Regions and Provinces

The Project area is part of the Western Region soil-
landscape region covering just under half of the total area
of WA (47.6 per cent or 1201400 km?). The boundaries of
the Western Region extend from the Indian Ocean to the
edge of the Sandy Desert and Central Southern Regions.
The Western Region is divided into ten soil-landscape
provinces. The Project area is located within the Exmouth
and Ashburton soil-landscape provinces. Figure 6.10 shows
the soil-landscape regions and provinces in WA.

The Exmouth Province occupies approximately 25100 km?
(1 per cent of WA) and generally comprises alluvial plains or
sand plains with coastal flats and dunes, and some ranges
and stony plains, on sedimentary rocks of the Carnarvon
Basin. The Ashburton Province is located to the south-
east of the Exmouth Province and occupies approximately
188 375 km? (7.5 per cent of WA). The Ashburton Province
comprises a mosaic of hilly terrain and stony plains with
rugged ranges, hills, ridges and plateaux found on the
sedimentary rocks of the Ashburton, Edmund and

Collier Basins.

Soils vary over the Western Region as a result of a
wide range of parent materials and climatic conditions
encountered. Soils of the Exmouth Province generally
comprise:

Sand plains and dunes dominated by deep red sands
and deep sandy duplexes

Red/brown non cracking clays, hard cracking clays
and deep red sandy duplexes on the alluvial plains and
floodplains, along with some red loamy earths

Tidal soils on the coastal flats

Coastal dunes of calcareous deep sands and
deep red sands

Calcareous shallow loams, red loamy earths and stony
soils on the Cape Range and other limestone hills

Red deep sands on the undulating sandy plains
to the south.

Soils of the Ashburton Province generally comprise:

Stony soils in the hilly terrain

Red shallow loams, red/brown non-cracking
clays, loamy earths and deep sandy duplexes on
the stony plains
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Red loamy earths and red/brown hardpan shallow
loams, deep red sands and shallow sandy duplexes
along the hardpan wash plains

Deep red sands, sandy duplexes on the sand plains

Red loamy earths, calcareous loamy earths and deep
red sands on alluvial plains

Calcareous shallow loams on the calcrete plains.

Discussion of the soils and landforms found in the
Project areais included in Section 6.4.4. A more detailed
descriptionis included in Appendix H1.

6.2.6.2 Acid Sulfate Soils

The probability of encountering acid-generating material in
the Western Region ranges from “extremely low" to “high”,
according to acid sulfate soils risk mapping completed by
the CSIRO (2009). The high probability areas are generally
located in low-lying areas of O to 3 m above Australian
Height Datum (AHD) including intertidal flats, supra-tidal
salt flats and mangrove swamps along the coast. Areas of
low risk are generally associated with red earths typically
encountered throughout most of the Exmouth and
Ashburton provinces.

Further discussion of acid sulfate soils is included in
Section 6.4.4.

6.2.7 Hydrogeology

The predominant known shallow aquifer resources of the
Pilbara coast occur in unconfined valley floor alluvial and
calcrete channel deposit aquifers beneath downstream
reaches of the De Grey, Yule, Fortescue, Robe and
Ashburton rivers. These aquifers are formed by relict fluvial
sand and gravel deposits in ancient riverbeds that occur
beneath and/or adjacent to the current watercourses. It is
expected that similar deposits beneath the watercourses of
the George, Maitland, Yannarie and Cane rivers might also
host groundwater resources, although the catchments-
and hence yield potentials—are smaller (URS 2004).
Groundwater recharge to these resources occurs mostly
from infiltration of stream flow and, less significantly, by
direct infiltration as a result of rainfall (Dow 2008).

Regionally, groundwater flow is to the north-west, towards
the coast, with groundwater levels typically less than

10 m below ground level in inland areas and within a few
metres of (or at) ground surface near the coast. Shallow
groundwater is generally brackish with total dissolved
solids (TDS) of around 6000 mg/L, increasing to become
saline towards the coast (10 000 mg/L TDS). Fresh
groundwater resources may occur locally near major river
systems (URS 2004).

Wheatstone Project 6.0 Overview of Existing Environment

Typically, the alluvial successions of the superficial
formations are less than 30 min thickness and are at
greatest thickness beneath the river systems. Groundwater
yields from the superficial formations are moderate to
small. Pastoral supplies of brackish to saline groundwater
are drawn from low-yielding bores and wells. Low-salinity
groundwater from alluvial palaeochannel aquifers beneath
the Cane, Yule and De Grey rivers is currently used for town
water supply (URS 2009a).

Groundwater is also hosted in confined aquifers in the
deeper Carnarvon Basin successions. Confined aquifers
underlying Ashburton North are formed by the Windalia
Radiolarite, Birdrong Sandstone (confined by the Muderong
Shale) and Mungaroo Formation (URS 2009a).

Most of the aquifer systems are untested locally except

for the superficial formations. However, the Birdrong
Sandstone is a major regional aquifer and is used to supply
industrial quality groundwater. Near Onslow, the Birdrong
Sandstone occurs approximately 500 m below ground
level and dips to the north-west. The Birdrong Sandstone is
predominantly glauconitic sandstone with minor siltstone
and conglomerate, and typically yields to production bores
from 500 to 4500 kL per day across the Carnarvon Basin.
The groundwater in the Birdrong Sandstone beneath
Onslow is saline with TDS of 12 000 mg/L, increasing to

30 000 mg/L TDS offshore (URS 2004). There are no
known major groundwater resources near the coast in the
rocks of the Pilbara Craton.

6.2.8 Surface Water

The surface water environment is characterised by three
main components: local rainfall, run-off from upstream
catchments and tidal variation.

The Project area is located in the Ashburton River
Catchment and several small coastal sub-catchments.
The Ashburton River Catchment area is approximately
78 777 km? and is depicted in Figure 6.11. The Ashburton
River is one of the major rivers of the Pilbara and is
typically ephemeral, flowing only in response to
significant rainfall.

The Ashburton River is characterised by:

A large catchment area

Long dry periods and high intensity rainfall events,
which generate significant stream flows. The magnitude
of stream flow is predominantly determined by the
Average Rainfall Interval (ARI) of the rainfall events.
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The WA Department of Water (DoW) operates several
stream flow gauges throughout the Ashburton River
Catchment. The lowest elevation gauge is at Nanutarra,
about 100 km upstream of Ashburton North, with stream
flow recorded since 1972. The recorded annual flow
volumes at this gauge are widely variable, ranging from
3 gigalitres (GL) in 2007 to 4500 GL in1997.

The largest flood event on record occurred in January 1997
when 477 mm of rain was recorded in 24 hours, of which
415 mm fell within five hours (Mitchell and Leighton 1997).
The associated peak flow rate recorded at Nanutarra was
12 600 m3 per second, which is estimated to be about a
once-in-60-years ARI flood event.

A flood frequency assessment of the Ashburton River

was performed to obtain the magnitude and frequency

of stream flow on the Ashburton River (URS 2009). Peak
flow rates for selected ARI events are shown in Table 6.1.
Major flows occur in the Ashburton River every one to three
years. River flows predominantly occur during the cyclone
season and are typically short-lived.

Run-off is channelled in the upper reaches of the
catchment due to greater topographic relief. Downstream
on the Coastal Plain, the Ashburton River fans into a deltaic
system (Ashburton River Delta) that hosts wide and braided
flow paths (Ruprecht and Ivanescu 2000). The delta hosts
tidal creeks and pools, the lower reaches of which are
subject to tidal inundation.

Landforms on the coast within the Ashburton River Delta
are influenced by tides. The highest recorded sea level at
the tidal gauging station at Onslow (Beadon Creek) is
+1.68 m AHD, recorded on 8 March 2000 (DPI 2004). Daily
tidal fluctuations affect expressions of inundation in the
lower reaches of the Ashburton River Delta.

Table 6.1: Ashburton River Flood Frequency

Wheatstone Project 6.0 Overview of Existing Environment

Storm surges pose a threat to coastal areas in the Pilbara.
Storm surges are a complex function of cyclone intensity
and motion, extent of maximum winds, bathymetry and
coastline shape. The associated seawater level, called

the storm tide, is a combination of the storm surge

and tidal variation. The worst-case scenario is to have

a severe cyclone pass near the coast during high tide.
This may cause seawater levels to rise above the highest
astronomical tide. Significant historical storm surges have
flooded parts of Onslow, particularly during the cyclones
0f 1934, 1958, 1961, and 1999 (BoM 2009a).

6.2.9 Terrestrial Biodiversity

The onshore Project area is located at the junction between
two of the IBRA bioregions, Carnarvon and the Pilbara.

The Carnarvon bioregion has a low and gently undulating
landscape, with major land tenure being pastoral leasehold.
The Pilbara bioregion is characterised by vast coastal plains
and inland mountain ranges with cliffs and deep gorges.

6.2.9.1 Floraand Vegetation

The onshore Project area lies across portions of both the
Carnarvon Botanical District and the Fortescue 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, wattles and
occasional eucalypts. The majority of the Project’s onshore
area (that area within the Carnarvon bioregion) is located
within the Carnarvon Botanical District and falls within the
Cape Yannarie Coastal Plain. The remainder of the Project
area (the eastern-most third of the domestic gas pipeline
corridor, that area within the Pilbara bioregion) is located in
the Fortescue Botanical District and falls within the Onslow
Coastal Plain (Beard 1975).

Average Recurrence Interval (years) Peak Flow Rate (m3/s)
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28700
52 000
81700
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Flora species of the highest conservation concern in WA
are listed as Declared Rare Flora (DRF) as defined by the
DEC under the Western Australian Wildlife Conservation Act
1950 (WC Act). There are two DRF known from the Pilbara
bioregion (Thryptomene wittweri and Lepidium catapycnon)
and a single DRF species listed in the Carnarvon bioregion
(Eucalyptus beardiana). These species are also listed as
Threatened species under the EPBC Act (Cth). The DEC

also defines four categories for species that are considered
Priority flora. Definitions of threatened species listed under
Western Australian and Commonwealth legislation are
listed in Table 6.22 and Table 6.23.

Based on DEC database searches, four Priority flora species
have previously been recorded near the Project area
(Onshore Environmental Consultants 2009). These are:

Abutilon uncinatum (Priority 1)
Helichrysum oligochaetum (Priority 1)
Carpobrotus sp. Thevenard Island (Priority 2)

Triumfetta echinata (Priority 3).

6.2.9.2 Threatened Ecological Communities

An ecological community is defined as "a naturally
occurring biological assemblage that occurs in a particular
type of habitat” (DEC 2007). A community is classified

as a threatened ecological community (TEC) if it has

been defined as “presumed totally destroyed”, “critically
endangered”, “endangered” or “vulnerable” by the Western
Australian Threatened Ecological Communities Scientific
Advisory Committee (English and Blyth 1997), the EPBC Act
(Cth) or by the DEC. A number of TECs have been defined by
the DEC for the Pilbara and Carnarvon bioregions; however,
these do not coincide with the Project area.

A Priority Ecological Community (PEC) is defined as a
possible TEC that does not meet the survey criteria for
TECs. The DEC lists a number of PECs for the Pilbara and
Carnarvon bioregions, none of which coincides with the
Project area.

6.29.3 Vertebrate Fauna

Mammals

There are 57 mammal species known to occur within
the Pilbara bioregion and 61 within the Carnarvon
bioregion. Twelve introduced mammal species have
been recorded within the Pilbara bioregion and nine
have been recorded in the Carnarvon bioregion. These
include the red fox, cat, rabbit, donkey, camel and sheep
(National Heritage Trust 2002).
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Birds

Important areas for waterbirds in the Pilbara and
Carnarvon bioregions include the Dampier salt works,
Barrow Island and the eastern and southern coastlines
of Exmouth Gulf. These areas support many thousands
of waterbirds, with Barrow Island supporting almost
20 000 individuals regularly. Town Beach in Onslow is
also considered to support locally significant numbers
of waterbirds (Bamford 2008).

Reptiles

The DEC Pilbara Biological Survey conducted between
2002 and 2009 recorded 140 reptile species in the
Pilbara region, including the discovery of several new
cryptic gecko species, two prevalent pebble mimicking
dragons and several species of sand-swimming skinks
(DEC 2008). A suite of species endemic to the Pilbara
occur in the Hamersley and Chichester Ranges and three
species are endemic to individual islands off the Pilbara
coast (DEWHA 2009c). The DEC's NatureMap (2009)
currently has records for 184 reptile species and
subspecies for the Carnarvon bioregion.

Amphibians

At least 12 species of frog are known from the Pilbara
region (Amphibian Research Centre 2009). The DEC's
NatureMap (2009) currently records 15 amphibian species
for the Carnarvon bioregion.

6.2.9.4 Claypan Ephemeral Invertebrate Fauna

The floodplains surrounding the Project area contain
many aquatic systems that include a large number of
ephemeral and often interconnected pools and claypans.
Claypans are a type of ephemeral wetland formed from an
impervious clay layer that makes up the base of the pan,
naturally restricting run-off and seepage (Timms 2002).
Claypans are often found in arid or semi-arid regions of
the world, which are seasonally flooded during rain events
and dry up due to evaporation (Hancock and Timms 2002).
As claypans are naturally filled from rainwater, they are
predominantly freshwater systems and often highly turbid.

The invertebrate fauna of claypans depends on the stage of
the filling/drying cycle, and is generally dominated initially
by phyllopod crustaceans and then by opportunistic insects
(Hancock and Timms 2002). Both suites of invertebrates
have adapted specialised methods to survive within these
unigue ephemeral habitats. Common claypan crustaceans,
such as fairy, clam and shield shrimp have adapted
evolutionary traits such as eggs that are



desiccation resistant and require for hatching a temporary
dormant state following submersion. Insects use flight to
increase the range of dispersal in search of other suitable
habitat. Due to these adaptations, many claypans will only
harbor one generation of most crustacean groups before
succeeding to an insect dominated environment (Biota and
Timms 2009).

The claypans surrounding the Project area can fill at other
times of the year; however, they most commonly fill during
cyclonic events between December and March. A review

of the literature by Biota and Timms (2009) suggests

that there has been very little previous work done on the
claypans surrounding Onslow. The only other sampling of
claypan ephemeral fauna in the Onslow locality has been
completed by the DEC. This sampling was very limited in the
Onslow area and was undertaken as part of the DEC Pilbara
Biological Survey.

6.2.9.5 Subterranean Fauna

Subterranean faunais a term used to describe a variety
of fauna species inhabiting a range of underground
niches. Stygofauna is a general term for aquatic fauna
that inhabit groundwater systems. They are known to
be present in a variety of rock types including karst,
fissured rock and porous rock. Troglofauna is a general
term for terrestrial fauna that inhabit air chambers

in underground caves or small humid air-filled voids
(Marmonier et al. 1993). Subterranean fauna in WA

can exhibit high levels of endemism and many appear
to have restricted ranges (EPA 2003).

Extensive subterranean fauna habitats (karstic,
fractured rock, vuggy [small cavities] Channel Iron
Deposits and porous aquifers, parafluvial and hyporheic
environments) are known to exist in the Pilbara region;
however, at present there are limited scientific data on
distribution and diversity.

Stygofauna known to occur in the Pilbara region include
arange of crustacean taxa, worms (platyhelminthes and
oligochaetes), water mites and beetles (Humphreys 1999;
Watts and Humphreys 1999; Biota unpublished data).

Troglobitic fauna within Australia are predominantly
represented from groups including the Schizomida,
(centipedes), Polydesmida (millipedes), Diplura (bristletails),
Thysanura (silverfish), Coleoptera (beetles) and Blattodea
(cockroaches) (Humphreys 2001; Biota 2006).

Five stygofaunal species recorded in the Pilbara region
have been declared as Specially Protected (Threatened)
fauna under the WC Act (WA).
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6.2.9.6 Groundwater Dependent Ecosystems

A groundwater dependent ecosystem (GDE) is a natural
ecosystem requiring access to groundwater to meet
some, or all, of its water requirements so as to maintain its
communities of plants and animals, ecological processes
and ecosystem services (Resource and Environmental
Management Pty Ltd 2007). Australia has a diverse set of
GDEs that can potentially include wetlands, vegetation,
mound springs, river base flows, cave ecosystems, playa
lakes and saline discharges, springs, mangroves, river
pools, billabongs and hanging swamps (Connected Water
2009). Cave and aquifer ecosystems, particularly, are very
specialised and characterised by high levels of endemism.

Two ecosystems in the Pilbara region are recognised as
GDEs (SKM 2001):

Pilbara spring systems - these ecosystems are entirely
dependent on groundwater where only slight changes in
key groundwater attributes below or above a threshold
would result in their demise. These have a high
conservation value.

Pilbara river pool ecosystems - these ecosystems are
communities where moderate changes in groundwater
discharge or water tables would result in a substantial
change in their distribution, composition and/or health.
These are highly dependent on groundwater and have a
moderate conservation value.

6.2.10 Coastal Geomorphology

A complex geologic framework determines the coastal
geomorphology of the western Pilbara region. The sub-
region lies north of the Gascoyne Sub-basin and on the
Peedamullah Shelf (GSWA 1982). Partially lithified and
unconsolidated alluvial sediments dominate the terrestrial
landscape near Onslow and the Ashburton North site.
Close to shore, these are overlain in places by sediments
of marine origin, including shelly sands and reworked
alluvial sands. Some of the sands are of recent Holocene
origin and overlie older Pleistocene sedimentary structures
(Semeniuk 1993).

Rivers in the Pilbara region play an important role in
structuring the coast. Flows are highly variable and
typically carry a high sediment load, which is discharged
to the ocean and deposited along the coast. This
sediment deposition and subsequent movement results
in a constantly changing coastline. Further discussion of
sediment loads and the effects on the Project area are
included in Section 6.2.11.
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Further seaward, the inner continental shelf landward of
the 20 misobath supports two major structural features:

Mary Anne reefs and Great Sandy and Barrow shoals
form an extensive ridge trending approximately
north-north-east off the mouth of the Cane River to
water over 20 m deep. This ridge and North West Cape
provide topographic controls in shaping the curved
shor