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ACRONYMS AND ABBREVIATIONS

Acronym Description

AFFF Aqueous Film Forming Foam

AFMA Australian Fisheries Management Authority

AHS Australian Hydrographic Service

AIMS Australian Institute of Marine Science

ALARP as low as reasonably practicable

AMFA Australian Fisheries Management Authority

AMOSC Australian Marine Oil Spill Centre

AMPs Australian Marine Parks

AMSA Australian Maritime Safety Authority

AODN Australian Ocean Data Network

APPEA Australian Petroleum Production and Exploration Association
AUV autonomous underwater vehicle

BESS Battery energy storage system

BHA bottom hole assembly

BIA biologically important areas

BOD biological oxygen demand

BOP blow out preventer

BRUVS baited remote underwater video stations

BTEX benzene, toluene, ethylbenzene and xylenes

CAMBA China Australia Migratory Bird Agreement

CCR crushed calcareous rock

CITES International Convention on International Trade in Endangered Species of Wild Fauna and Flora
CME Chamber of Minerals and Energy of Western Australia
COLREGS Convention on the International Regulations for Preventing Collisions at Sea 1972
CSIRO Commonwealth Scientific and Industrial Research Organisation
CTE critical technology elements

DAP data access portal

DAWE Department of Agriculture, Water and the Environment

DBCA Department of Biodiversity, Conservation and Attractions

DEE Department of Environment and Energy

DEWHA Department of the Environment, Heritage, Water and the Arts, ACT
DJTSI Department of Jobs, Tourism, Science and Innovation

DMIRS Department of Mines, Industry Regulation and Safety

DoEE Department of the Environment and Energy (former)

DoF Department of Fisheries

DoT Department of Transport

DP dynamic positioning

DPawW Department of Parks and Wildlife
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Acronym Description

DPIRD Department of Primary Industries and Regional Development

DST drill stem test

DWER Department of Water and Environmental Regulation

E&P exploration and production

EGPMF Exmouth Gulf Prawn Managed Fishery

EMBA environment that may be affected

EP environmental plan

EPBC Act Environment Protection and Biodiversity Conservation Act 1999

EPO environment protection order

EPO environmental performance outcomes

ESD ecologically sustainable development

FEED front end engineering design

FFFP film-forming fluoroprotein foams

FID final investment decision

FLNG floating liquefied natural gas

FPU floating production unit

FWS United States Fish and Wildlife Service

GHG greenhouse gas

GVP gross value of production

H2S hydrogen sulphide

HFC hydrofluorocarbons

HSEQ health safety, environment and quality

IAOGP International Association of Oil & Gas Producers

IAPP International Air Pollution Prevention

IEA International Energy Agency

IGEM Industry-Government Environmental Meta-database

ILTs in-line tee

IMCRA Integrated Marine and Coastal Regionalisation of Australia

IMS invasive marine species

ISV Subsea installation vessel

JAMBA Japan Australia Migratory Bird Agreement

KEF Key Ecological Features

KLC Kimberly Land Council

KP kilometre point

LE equivalent sound level

Lp sound pressure level

Lpk peak sound pressure level

LBL long baseline

LNG liquified natural gas
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Acronym Description

MAC Murujuga Aboriginal Corporation

MARPOL International Convention for the Prevention of Pollution from Ships
MBES multi-beam echo sounder

MDO marine diesel oil

MEG Mono-Ethylene Glycol

MMAs marine management area

MMF mackerel managed fishery

MNES matters of national environmental significance

MODU mobile offshore drilling unit

MP marine park

NBPMF Nickol Bay Prawn Managed Fishery

NCPMF North Coast Prawn Managed Fisheries

NDCs Nationally Determined Contributions

NDE non-destructive examination

NES national environmental significance

NICNAS Commonwealth Government’s National Industrial Chemicals Notification and Assessment Scheme

NOPSEMA | National Offshore Petroleum Safety and Environmental Management Authority

NOPTA National Offshore Petroleum Titles Administrator
NOXx Oxides of nitrogen

NTU nephelometric turbidity unit

NWBM non-water based muds

NWMR North-west Marine Region

NWS North West Shelf

NWSTF North West Slope Trawl Fishery

oDS ozone depleting substances

OPEP oil pollution emergency plan

OPGGS Act | Offshore Petroleum and Greenhouse Gas Storage Act 2006

OPMF Onslow Prawn Managed Fishery
OPP Offshore Project Proposal
OSMP Operational and Scientific Monitoring Plan
PFAS poly-fluoroalkyl substances

PK peak sound level

PNEC predicted no effect concentration
PPA Pilbara Ports Authority

PRCs perfluorocarbons

PTS permanent hearing loss

RFSU ready for start-up

ROV remotely operated vehicle

SBTF southern Bluefin Tuna Fishery

This document is protected by copyright. No part of this document may be reproduced, adapted, transmitted, or stored in any form by
any process (electronic or otherwise) without the specific written consent of Woodside. All rights are reserved.

Controlled Ref No:  SAO006AF0000002 Revision: 5 DCP No: 1100144791 Page 18 of 825

Uncontrolled when printed. Refer to electronic version for most up to date information.




Scarborough — Offshore Project Proposal

Acronym Description

SCE solid control equipment

SCM subsea control module

SDUs subsea distribution units

SEEMP ship energy efficiency management plan

SEL sound exposure level

SIv subsea installation vessels

SMPEP shipboard marine pollution emergency plan

SOLAS safety of life at sea

SOPEP shipboard oil pollution emergency plan

SPL sound pressure level

SPRAT species profile and threats database

SSDP southern seawater desalination plant

SSF specimen shell managed fishery

SURF subsea umbilicals, risers and flowlines

TAC total allowable catch

TACC Dampier Technical Advisory and Consultative Committee

TcF trillion cubic feet

D total depth

TPH total petroleum hydrocarbons

TRL technology readiness level

TSEP Trunkline system expansion project

TSHD trailing suction hopper dredgers

TSS total suspended solids

TTS temporary hearing threshold shift

UNCLOS United Nations Convention on the Law of the Sea 1982

USBL ultra-short baseline

VOCs volatile organic compounds

VSP vertical seismic profiling

WA Western Australia

WAF Water Accommodated Fractions

WAFIC Western Australia Fishing Industries Council

WAITOC Western Australian Indigenous Tourism Operators Council

WAMSI Western Australian Marine Science Institution

WBS water based muds

WCDSC West Coast Deep Sea Crustacean Managed Fishery

WDTF Western Deepwater Trawl Fishery

WHO World Health Organisation

WMS Woodside Management System

WOMP Well Operations Management Plan
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Acronym Description

Woodside Woodside Energy Limited

WHRU Waste heat recovery unit

WSTF Western Skipjack Tuna Fishery

WTBF Western Tuna and Billfish Fishery

WWEF World Wildlife Fund

XC Xanthomonas campestris / xanthan gum
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UNITS

Unit ‘ Description

°C degrees Celsius

Mg/l micrograms per litre

um micrometre

bbl/day barrels per day

Bg/m3 becquerels per cubic metre
cui cubic inches

dB decibel

dBre 1 yPa2.s

dB level of the time-integrated, squared sound pressure normalised to a one second period

DO (%SAT)

dissolved oxygen %saturation

FTU

Formazin turbidity unit

g/m? grams per metre squared
ha hectare

Hz hertz

kHz kilo hertz

km kilometre

kPa kilopascal

L litre

Lux unit of illuminance

m metre

m?2 metres squared

m3/d cubic metre per day
m?3/day cubic metres per days
m3/hr cubic metres per hour
ML/day megalitre per day

mm millimetre

Mm3 cubic megametre

MMScf millions of standard cubic feet
mol mole

mS/cm milli siemens per centimetre
Mt metric tons

NTU nephelometric turbidity unit
pH hydrogen ion concentration
ppm parts per million

psi pounds per square inch
SEL24h ?

t tonne

Tcf (100%, 2C)

trillion cubic feet (Ethane)

TSS

total suspended solids
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Unit ‘ Description

pug/m3 micrograms per cubic metre

wiw weight by weight

W/m?/sr watt per square metre per steradian (S| unit of radiance)
pPa micropascal
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EXECUTIVE SUMMARY
ES1. INTRODUCTION

The Scarborough gas resource, located in Commonwealth waters approximately 375 km off the
Burrup Peninsula, forms part of the Greater Scarborough gas fields, comprising the Scarborough,
North Scarborough, Thebe and Jupiter gas fields.

Woodside Energy Ltd (Woodside), is proposing to develop the gas resource through new offshore
facilities. These facilities are proposed to be connected to the mainland through an approximately
430 km trunkline to an onshore facility. Woodside’s preferred concept is to process Scarborough gas
through a brownfield expansion of the existing Pluto LNG onshore facility (Pluto Train 2)
(Figure ES-0-1). Part of the operating strategy of the expanded Pluto LNG facility may be to divert
some gas through the onshore interconnector pipeline to the Karratha Gas Plant.

The proposed offshore development, referred to as ‘Scarborough’, targets the commercialisation of
the Scarborough and North Scarborough gas fields, through the construction of a number of subsea,
high-rate gas wells, tied back to a semi-submersible Floating Production Unit (FPU) moored in
approximately 900 m of water close to the Scarborough field (Figure ES-0-2).

The proposed development of Scarborough is an integral part of Woodside’s Burrup Hub vision for
a regional gas hub which will secure economic growth and local employment opportunities for
Western Australia. In addition to the development of the Scarborough and North Scarborough fields,
the Thebe and Jupiter gas fields provide opportunities for future tieback to Scarborough
infrastructure. As the proposed trunkline route crosses the Carnarvon Basin, in close proximity to
other undeveloped fields, Woodside is also engaging with other resource owners to explore
opportunities for future development.

Woodside is targeting a final investment decision (FID) in 2020 to be ready for first cargo in 2024.
Achieving these milestones is subject to joint venture approvals, regulatory approvals and
commercial arrangements being finalised.
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Note: Refer to section 5.1 for definition of Environment that may be Affected (EMBA)

Figure ES-0-1: Location of the proposed development of Scarborough
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Figure ES-0-2: Schematic of the upstream components of the proposed development of Scarborough
(note schematic not to scale)

Proponent

Woodside is Operator of the various joint ventures relating to the Scarborough, North Scarborough,
Thebe and Jupiter fields, which comprise both Woodside and BHP Billiton Petroleum (North West
Shelf) Pty Ltd (“BHP”). Current equity participation of the joint venture is as described in Table ES-
0-1.

Table ES-0-1: Current Scarborough equity participants

Gas Fields Woodside Interest ‘ BHP Interest
Scarborough (WA-1-R) 73.5% 26.5%

North Scarborough (WA-62-R) 73.5% 26.5%

Thebe (WA-63-R) 50% 50%

Jupiter (WA-61-R) 50% 50%

Woodside is the largest Australian natural gas producer. The company operates Australia’s biggest
resource development, the North West Shelf Project (NWS Project) in Western Australia.

Woodside recognises that strong environmental performance is essential to success and continued
growth. Woodside has an established methodology to identify impacts and risks and assess potential
consequences of activities. Strong partnerships, sound research and transparency are the key
elements of Woodside’s approach to the environment.
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Document Purpose and Scope

This Offshore Project Proposal (OPP) has been prepared by Woodside as Operator of WA-1-R, WA
62-R, WA 61-R and WA-63-R in accordance with the requirements of the Offshore Petroleum and
Greenhouse Gas Storage (Environment) Regulations 2009 (Environment Regulations), and
associated guidelines.

Under the Environment Regulations, an OPP is required to be submitted for all offshore projects to
the National Offshore Petroleum Safety and Environment Management Authority (NOPSEMA) for
authorisation. The OPP process involves the proponent’s evaluation and NOPSEMA’s assessment
of the potential environmental impacts and risks of petroleum activities conducted over the life of an
offshore project. The process includes a public comment period and requires a proponent to ensure
environmental impacts and risks will be managed to acceptable levels.

Unlike the previous EPBC Act process, the requirement for an OPP applies to all offshore projects
regardless of the potential level of impact or risk to the environment that the project may present.

More information can be found on the OPP process on NOPSEMA’s website
https://www.nopsema.gov.au/environmental-management/assessment-process/offshore-project-

proposals/

This OPP presents the assessment of the potential environmental impacts and risks associated with
the project. It is an early stage, whole-of-project assessment which, subject to acceptance by
NOPSEMA, will form the basis for future activity-specific EPs that will be prepared and submitted to
NOPSEMA, and will be required to be assessed and accepted prior to any activity related to
Scarborough to commence.

As required under the Environment Regulations, the content of this OPP includes:
¢ adescription of the project, including location and proposed timetable

e adescription of the environment that may be affected by the project, including details
of relevant environmental values and sensitivities

e environmental performance outcomes for the project

e a description of any feasible alternative to the project, or alternative activity to that
forming part of the project

e adescription of the legislative and other requirements that apply to the project

e a description and evaluation of the environmental impacts and risks of the project,
appropriate to the nature and scale of each impact or risk

e a summary of any public comments made and how they were evaluated and
addressed

¢ ademonstration of any changes made to the proposal as a result of public comment.

The contents of this OPP are in accordance with the requirements of the OPGGS (Environment)
Regulations and align with current OPP content guidelines (N-04790-GN-1663) and NOPSEMA
OPP Assessment Policy (N-04790-PL-1650).

ES2. WOODSIDE HEALTH, SAFETY AND ENVIRONMENTAL
MANAGEMENT SYSTEM
The Woodside Management System (WMS) defines how Woodside will deliver its business

objectives and the boundaries within which all Woodside employees and contractors are expected
to work. Environmental management is one of the components of the overall WMS.
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Within the WMS, the overall direction for Environment is set through Woodside’s corporate Health
Safety, Environment and Quality (HSEQ) Policy. The policy provides a public statement of
Woodside’s commitment to minimising adverse effects on the environment from its activities and to
improving environmental performance. It sets out the principles for achieving the objectives for the
environment and how these are to be applied. The policy is applied to all Woodside’s activities, and
employees, contractors and Joint Venture partners engaging in activities under Woodside
operational control. Key principles of the policy include:

¢ Implementing a systematic approach to HSEQ risk management

e Complying with relevant laws and regulations and applying responsible standards
where laws do not exist

e Setting, measuring and reviewing objectives and targets that will drive continuous
improvement in HSEQ performance

¢ Embedding HSEQ considerations in our business planning and decision-making
processes

e Integrating HSEQ requirements when designing, purchasing, constructing and
modifying equipment and facilities

e Maintaining a culture in which everybody is aware of their HSEQ obligations and
feels empowered to speak up and intervene on HSEQ issues

¢ Undertaking and supporting research to improve our understanding of HSEQ and
using science to support impact assessment and evidence-based decision making

e Taking a collaborative and proactive approach with our stakeholders

¢ Requiring contractors to comply with our HSEQ expectations in a mutually beneficial
manner

e Publicly reporting on HSEQ performance

The objectives under the WMS define the mandatory performance requirements that apply to all
Woodside activities, and the performance of its employees and contractors within their area of
responsibilities. The management commitments made in the Scarborough OPP and subsequent
EPs will be implemented through a management framework specific to Scarborough but integrated
into the WMS.

ES3. ENVIRONMENTAL LEGISLATION AND OTHER ENVIRONMENTAL
MANAGEMENT REQUIREMENTS

Scarborough is located in Commonwealth waters and therefore falls under Commonwealth
jurisdiction. The legislation of relevance to Scarborough include:

o The Environmental Protection and Biodiversity Conservation Act 1999 - The EPBC Act is the
Commonwealth Government’s primary environmental legislation. This is the principal statute
for the protection and management of matters of National Environmental Significance (NES).
Under the EPBC Act, any action that is likely to have a significant impact on matters of NES
must not be undertaken without the approval of the Minister. Actions with the potential to
impact on matters of NES trigger the Commonwealth environmental assessment and
approval process. Assessment under the EPBC Act, administered by the Department of
Agriculture, Water and the Environment (DAWE) includes an assessment of the impacts of
a proposal on matters of NES listed under Part 3 of the EPBC Act.

However, in 2014, NOPSEMA became the sole Commonwealth regulator for environmental
management of offshore petroleum activities following streamlining of regulatory processes
under the OPGGS Act and the EPBC Act. The effect of streamlining is that offshore petroleum
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activities are no longer required to be subject to separate authorisation processes under the
OPGGS Act and the EPBC Act.

To allow for streamlining to occur, several changes to the Environment Regulations
administered by NOPSEMA were made. This included introducing the OPP authorisation
process to allow for public scrutiny and comment on offshore petroleum developments early
in the project lifecycle. The OPP process reflects the level of transparency and opportunity
for public comment that is provided for as part of the ‘Environmental Impact Statement/Public
Environmental Review’ assessment process under the EPBC Act.

o The Offshore Petroleum and Greenhouse Gas Storage Act 2006 - The OPGGS Act is the
principal Act governing offshore petroleum exploration and production in Commonwealth
waters. Specific environmental, resource management and safety obligations are set out in
associated Regulations:

o Offshore Petroleum and Greenhouse Gas Storage (Safety) Regulations 2009

o Offshore Petroleum and Greenhouse Gas Storage (Resource Management and
Administration) Regulations 2011 (Resource Management and Administration
Regulations)

o Offshore Petroleum and Greenhouse Gas Storage (Environment) Regulations 2009
(Environment Regulations)

Beyond the OPP, other approvals required under the OPGGS Act and associated regulations.
Unless an offshore petroleum activity has prior approval under the EPBC Act (pre-2014), an OPP
must be accepted by NOPSEMA before the proponent can submit EPs and other related approvals
for activities that make up the project: These are outlined below:

o EPs - Under the Environment Regulations, a titleholder is required to have in place an
accepted EP before commencing a petroleum activity. The EP must be appropriate for the
nature and scale of the activity and describe the activity, the existing environment, details of
environmental impacts and risks and the control measures for the activity. In addition, the EP
must include an implementation strategy to demonstrate that the impacts and risks can be
managed to ALARP and an acceptable level and to describe how appropriate environmental
performance outcomes, standards and measurement criteria outlined in the EP will be met.
The EP must also provide a summary of all consultation undertaken with relevant persons.
EPs will be supported with appropriate oil pollution emergency plans (OPEPs) and
operational and scientific monitoring plan (OSMPs), which are required as a part of an EP’s
implementation strategy, noting that these may be developed to support a range of activities
or phases of a project. The EPs will be submitted and accepted by NOPSEMA before the
activities listed above can commence.

o Other Petroleum Activity Approvals - In addition to environmental approvals as discussed,
the Resource Management and Administration Regulations also require that a Safety Case
and a Well Operations Management Plan (WOMP) are assessed and accepted by
NOPSEMA for petroleum facilities, along with any relevant licences to support pipelines,
infrastructure and production.
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ES4. DESCRIPTION OF THE PROJECT AND ALTERNATIVES
ANALYSIS

Project Overview
Key components of the proposed development of Scarborough include:

e Surface infrastructure — Floating Production Unit (FPU) in approximately 900 m of
water over the Scarborough reservoir

e Subsea infrastructure - infield infrastructure, including wellheads, manifolds,
flowlines and umbilicals, trunkline and communications lines

o Wells — anticipated to drilling in two phases. Drilling of the Scarborough and North
Scarborough gas fields, with potential for future fields (including Thebe and Jupiter
gas fields) to be tied back to the facility

e Trunkline installation — installation of a 32-inch gas trunkline to extend for a total of
430 km using trenching and backfill (for nearshore only)

¢ Commissioning — Commissioning of the overall production system will be conducted
from the FPU once on location

e Operations — hydrocarbon extraction and processing will take place at the FPU, to
meet the trunkline specifications. Gas will be exported via the trunkline.

¢ Decommissioning - the facilities will be decommissioned in accordance with good
oilfield practice and relevant legislation and practice at the time

Project Schedule

As Operator, Woodside is targeting Final Investment Decision (FID) in 2020. The first drilling phase
is scheduled in 2020 followed by the installation of the trunkline in 2022, FPU installation in 2023,
first cargo in 2024 and phase 2 drilling (potentially including Thebe and Jupiter) in 2025.
Decommissioning is expected to be commence in 2055".

Project Location

The proposed Scarborough and North Scarborough fields are located in permits WA-1-R and WA-
62-R (Permit Area), in Commonwealth waters approximately 375 km north west off the Burrup
Peninsula in the North West of Australia. Water depths within the Permit Area range between
approximately 900 m to 1000 m. Wells may also be drilled and tied back to the FPU from the Thebe
and Jupiter fields, located in permits WA-63-R and WA-61-R respectively.

All subsea and subsurface infield infrastructure and wells are located in Commonwealth waters. The
trunkline from the FPU to the onshore Pluto LNG Facility will be the only part of the offshore
development which traverses into State waters. The trunkline route is shown in Figure ES-0-2. The
location at which the trunkline will cross into State waters is about 20 km north-west from the shore
and in water depths of 31 m.

" If additional or third-party reservoirs have been tied into Scarborough Project infrastructure, this could increase the project’s economic
life and therefor delay decommissioning activities.
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Project Stages
Key stages of the development and associated activities are:

o Development drilling which includes:
0 Geotechnical surveys
0 Drilling operations
0 Well completion
o Well flow-back

e Installation and commissioning which includes:
o Installation of FPU
o0 Installation of subsea infrastructure
0 Pre-commissioning
0 Trunkline installation
0 Pipeline stabilisation

e Operations which includes:
o FPU operations
0 Hydrocarbon extraction
0 Hydrocarbon processing
0 Hydrocarbon export via pipeline

¢ Inspection, maintenance and repair which includes:
0 Inspection
0 Maintenance and repair
o0 Well intervention

e Decommissioning which includes:
0 Removal of subsea infrastructure (subject to other provisions of the OPGGS Act)
o Well abandonment

e Support operations which includes:
0 Mobile offshore drilling unit (MODU) operations
0 Vessel operations
0 Remotely operated vehicle (ROV) operations
0 Helicopter operations

Assessment of Alternatives

Woodside has considered development options and undertaken a comparative assessment
(including a ‘no development’ option) to identify the benefits, risks and impacts of each. The
comparative assessment process used by Woodside evaluated options against a set of criteria,
including environment and safety.

Five development concept options were identified for Scarborough. In consideration of all the
assessment drivers, Woodside’s preferred development concept is that Scarborough gas would be
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processed through a brownfield expansion of the Pluto LNG Facility, where additional LNG
processing capacity and domestic gas infrastructure will be installed. The composition of
Scarborough gas is well suited to the Pluto LNG Facility, which is designed for lean gas and nitrogen
removal.

As part of Woodside’s preferred concept of a brownfield expansion of the existing Woodside-
operated Pluto LNG Facility to process Scarborough gas, Woodside is considering and assessing a
range of options for facilities, activities, installation and construction methods, including mooring of
construction vessels, manning of the FPU, piling techniques, trunkline route and MODU design.
These are detailed in the OPP.

ES5. DESCRIPTION OF THE ENVIRONMENT

The proposed development of Scarborough occurs in Commonwealth waters off the northwest coast
of Western Australia (WA), within the North-west Marine Region (NWMR) (Integrated Marine and
Coastal Regionalisation of Australia (IMCRA) 4.0). The target fields occur within the Northern
Carnarvon Basin on the Exmouth Plateau, and are about 375 km offshore from Dampier, in water
depths of approximately 900 — 970 m, with the proposed trunkline ultimately crossing into State
waters along the same alignment as the Pluto Gas Export Pipeline (Figure 4-3).

The environmental context of the proposed development of Scarborough has been described
according to zones of relevance to the project:

¢ The Project Area, which is divided further into the Offshore Project Area (the area covered
by WA-1-R, WA-62-R, WA-61-R, and WA-63-R), the Trunkline Project Area (the proposed
trunkline route with a 1.5 km buffer either side) and the Borrow Grounds Project Area (the
proposed location for the borrow grounds).

o The environment that may be affected (EMBA) by Scarborough, which is the largest spatial
extent where unplanned events could have an environmental consequence on the
surrounding environment (Figure 5-2). The maximum extent of area that may be affected is
driven by the potential area that may be exposed to hydrocarbons in the event of a worst-
case spill scenario (i.e. a 2,000 m3 vessel fuel tank rupture; refer to Section 7.2.6). The EMBA
has been derived by merging the maximum spatial extent for all stochastic modelling results,
that is the result of 100 single trajectories run for each scenario. While the EMBA considers
all hydrocarbon phases, it is characterised by the low exposure zone for entrained
hydrocarbons. The EMBA has been set with some buffer (approximately a minimum of 50
km) to accommodate exposure below these levels (noting that below these levels any
biological impacts are not expected to occur). The EMBA also extended inshore to
accommodate for a spill scenario occurring anywhere along the trunkline route and simplified
to a rectangular shape for ease of use. The modelling that was used to derive the EMBA is
detailed in the report provide in Appendix .

Studies and reviews of the Exmouth Plateau and North West Shelf have been compiled and/or
undertaken to provide an understanding of the physical, biological and socio-economic
environmental conditions within the Project Area. These studies contribute to long-term datasets for
the region and the majority have been made available in the public domain.

A summary of the existing environment relevant to the proposed development of Scarborough is
provide below.

Marine Regional Characteristics

The Offshore Project Area, and the western part of the Trunkline Project Area, is in the Northwest
IMCRA Province. As the trunkline traverses the continental shelf it crosses into the Northwest Shelf
IMCRA Province (Figure 5-1). These provinces are the start of a transition between tropical and
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temperate marine areas; and include migration routes and breeding locations for some important
whale and bird species (DEWHA, 2008a). No additional IMCRA Provinces occur in the EMBA.

The continental shelf in the vicinity of the Project Area is wide, with a change of slope at about the
20 m bathymetric contour (IMCRA Technical Group, 1998). Inside this contour there is a series of
limestone islands (South and North Muiron, Serrurier, Bessieres, Thevenard, Rosily, Barrow and the
Montebello islands); with fringing coral reefs typically occurring on the seaward side of most of these
islands (IMCRA Technical Group, 1998).

Further offshore from the continental slope is the Exmouth Plateau, within which the Offshore Project
Area lies. The Exmouth Plateau is a deepwater plateau, with a narrow, steep southern slope and a
wider, less steep northern slope. The Montebello Trough along the south-east edge of this plateau
drains into the Cape Range Canyon; while the northern portion of the plateau comprises the Dampier
Ridge and Swan Canyon.

Physical Characteristics of the Project Area

The seafloor of the Offshore Project Area is generally flat and uniform with water depths ranging
from 900 m to 970 m. The Trunkline Project Area extends from the Offshore Project Area across the
continental slope to the inner continental shelf, in waters approximately 35 m deep. The Borrow
Ground Project Area lies in shallow waters (approximately 35 - 45 m), where the seabed in generally
flat and uniform with no important subsea features.

The predominant seabed type at the Offshore Project Area is mud and calcareous clay, and along
the Trunkline Project Area is calcareous gravel, sand and silt. The Borrow Ground Project Area is
characterised by calcium carbonate seabed deposits.

Currents, waves and winds, tides, water temperature and salinity in the Project Area, as well as
water and air quality, and underwater noise and ambient light conditions, are expected to be typical
of the North-west Marine Bioregion’s tropical offshore environment.

Marine Fauna of Conservation Significance

Primary productivity of the NWMR is generally low. Distribution of pelagic fauna is primarily
concentrated in waters closer to shore with species presence more likely along the Trunkline Project
Area than within the Permit Area. Many species however have known distribution which extends to
within the deeper waters of the Project Area. Demersal species are generally concentrated around
areas containing hard substrate habitats of which none are present within close proximity to the
Project Area. The benthic environment within the Project Area is homogenous and widely spread
with no sensitive species present.

Within the Offshore Project Area, a total of 25 conservation significant species may be present during
the project, with the addition of one BIA for the Pygmy blue whale. Within the Trunkline Project Area,
a total of 46 conservation significant species may be present with an additional ten BIAs intersecting
the Trunkline Project Area. Within the Borrow Ground Project Area, a total of 35 conservation
significant species may be present with an additional nine BlAs intersecting the area. Across the
entire EMBA, 92 conservation significant species may be present, covering 12 BlAs. Neither the
Project Area nor EMBA intersect any Threatened Ecological Communities.

Key Ecological Features

Key ecological features (KEFs) are not matters of NES and have no legal status in their own right;
however, they are considered as components of a Commonwealth marine area. KEFs are parts of
the marine ecosystem that are considered to be important for a marine region's biodiversity or
ecosystem function and integrity. KEFs have been identified by the Australian Government based
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on advice from scientists identifying regions with important attributes associated with ecosystem
function and biodiversity.

The Project Area intersects the following three KEFs (Figure 5-37):

¢ Exmouth Plateau (Permit Area and Trunkline Project Area).

¢ Ancient coastline at 125 m depth contour (Trunkline Project Area).

e Continental slope demersal fish communities (Trunkline Project Area).
Additional KEFs within the EMBA include:

¢ Canyons linking the Cuvier Abyssal Plain and the Cape Range Peninsula (~175 km from
Permit Area and ~21 km from the Trunkline Project Area).

o Commonwealth waters adjacent to Ningaloo Reef (~20 km from the Permit Area and 22 km
from the (Trunkline Project Area).

e Glomar Shoals (5 km from the Trunkline Project Area and ~34 km from the Permit Area).

All KEFs are solely within Commonwealth waters.

Protected Places

Protected places of the NWMR and adjacent State waters which either overlap with the Project Area
or the EMBA are listed below along with their approximate distance:

World Heritage Properties

0 Ningaloo Coast (186 km from Project Area; within the EMBA)

National Heritage Properties

0 Ningaloo Coast (natural) (186 km from Project Area; within the EMBA)

o Dampier Archipelago (indigenous) (8 km from Project Area; within the EMBA)

Commonwealth-managed Australian Marine Parks (AMPs)
Montebello (intersects Trunkline Project Area; within the EMBA)
Dampier (<1 km from Borrow Ground Project Area; within the EMBA)
Gascoyne (77 km from Project Area; within the EMBA)

Ningaloo (186 km from Project Area; within the EMBA)
Carnarvon Canyon (405 km from Project Area; within the EMBA)
o Shark Bay (475 km from Project Area; within the EMBA)
State-managed Marine Parks (MPs)

0 Montebello Islands (25 km from Project Area; within the EMBA)
o Barrow Island (73 km from Project Area; within the EMBA)

o Ningaloo (182 km from Project Area; within the EMBA)

o Shark Bay (550 km from Project Area, within the EMBA)
State-managed Marine Management Areas (MMAs)

o Barrow Island (40 km from Project Area, within the EMBA)

0 Muiron Islands (177 km from Project Area; within the EMBA)

Nationally important wetlands.
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Exmouth Gulf East (outside Project Area; within the EMBA)
Hamelin Pools (outside Project Area; within the EMBA)

© O O

Learmonth Saline Coastal Flats (outside Project Area; within the EMBA)
o Shark Bay East (outside Project Area; within the EMBA).

There are no Wetlands of International Significance within the Project Area or EMBA.

Socio-Economic Values
Socio-economic values in the NWMR of relevance to the Project Area and EMBA include:
¢ Five Commonwealth-managed commercial fisheries, overlapping the Project Area

o Seven State-managed commercial fisheries overlapping the Project Area, and three
additional fisheries overlapping the EMBA

o Recreation and tourism activities overlapping the EMBA, including charter fishing, other
recreational fishing, diving, snorkelling, whale, Whale shark, marine turtle and dolphin
watching, cruise ship stop overs and yachting.

¢ Commercial shipping, overlapping the Project Area, although mainly restricted to waters to
the east and south of the Offshore Project Area and along the Trunkline Project Area.

¢ Oil and Gas exploration and operation, overlapping the EMBA (closest project is located
70 km east of the Project Area).

e The Australian Defence Force have a Defence Training Area that intersects with the
Offshore Project Area and Trunkline Project Area.

ES6. IMPACT AND RISK ASSESSMENT METHODOLOGY

Under the OPGGS (Environment) Regulations, a titleholder is required to detail and evaluate all the
environmental impacts and risks associated with the proposed project, and to demonstrate that the
project can be undertaken in such a way that the environmental impacts and risks will be managed
to an acceptable level.

An assessment of the impacts and risks associated with the proposed development of Scarborough
has been undertaken in accordance with Woodside’'s Environment Impact Assessment Guideline
and Risk Assessment Procedure, following the systematic approach below:

1. CONTEXT SETTING
a. Establishing the context based on the proposed activities
b. Establishing the context for the environment in which the proposal is to take place
c. Review of the significance/sensitivity of receptors and levels of protection
d. Environmental legislation and other requirements
e. External requirements
f. Internal requirements
2. IMPACT AND RISK ASSESSMENT
a. Impact and Risk Identification
b. Impact and Risk analysis
c. Impact and Risk evaluation

d. Determining Acceptability
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3. IMPACT AND RISK TREATMENT
a. lIdentifying Controls

The other key steps of the Woodside Risk Management Process including implementation (which
includes the steps to monitor, review and report) and stakeholder consultation.

ES7. EVALUATION OF ENVIRONMENTAL IMPACTS AND RISKS

The OPP has identified the impacts and risks associated with the proposed development of
Scarborough. This will inform the subsequent EPs that must include an implementation strategy to
demonstrate that the impacts and risks can be managed to ALARP and an acceptable level and to
describe appropriate environmental performance outcomes, standards and measurement criteria.

The residual impacts and risks associated with each aspect of Scarborough were determined to be
acceptable following implementation of the key management controls, as outlined in Table ES-0-1
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Table ES-0-1 Summary of Environmental Impacts and Risks associated with the proposed development of Scarborough — Planned Activities

Aspect

Source of aspect
(Activities)

Receptor

Environmental Performance Outcome

Adopted Control(s)

Receptor sensitivity

Magnitude

significance

Acceptability

Routine Light Vessel operations Ambient light Change in EPO 1.1: Undertake the Scarborough development in a | CM1: Lighting will be limited the minimum Low value (open water) Slight Negligible | Acceptable
Emissions FPU operations ambient light manner that will not modify, destroy, fragment, isolate or | required for navigational and safety (F)
. disturb an important or substantial area of habitat such that | requirements, with the exception of , : , :
MODU operations Sgabirds and Change in an adverse i‘:npact on marine ecosystem functioning or en?ergency events. P High valu_e species (e.g. No lasting Slight (E) Acceptable
Hydrocarbon processing. | mMigratory fauna integrity results. wedge-tailed shearwater) | effect
shorebirds behaviour .
EPO 1.2: Undertake the Scarborough development in a
Marine reptiles manner that will not have a substantial adverse effect on a High value species (e.g. No lasting Slight (E) Acceptable
population of seabirds or shorebirds, or the spatial flatback turtle) effect
distribution of the population.
EPO 1.3: Undertake the Scarborough development in a
manner that will not substantially modify, destroy or isolate
an area of important habitat for a migratory species.
EPO 1.4: Undertake the Scarborough development in a
manner that will not seriously disrupt the lifecycle
(breeding, feeding, migration or resting behaviour) of an
ecologically significant proportion of the population of a
migratory species.
EPO 1.5: Trunkline installation and borrow ground
activities will be undertaken in a manner that aims to
avoid the displacement of marine turtles from important
foraging habitat or from habitat critical during nesting and
internesting periods.
Routine FPU operations Air quality Change in air EPO 2.1: Undertake the Scarborough development in a CM2: Vessel and MODU compliance with | Low value (open water) Slight Negligible | Acceptable
Atmospheric MODU operations quality manner that will not result in a substantial change in air Marine  Order 97  (Marine  Pollution (F)
Emissions . quality which may adversely impact on biodiversity, Prevention — Air Pollution), including:
affecting Air Vessel operations ecological integrity, social amenity or human health. . International Air Pollution Prevention
Quality Well flowback . (IAPP) Certificate, required by vessel class
Hydrocarbon processing. . Use of low sulphur fuel when available
. Ship Energy Efficiency Management
Plan (SEEMP), where required by vessel class
. Onboard incinerator to comply with
Marine Order 97.
CM3: Optimisation of flaring to allow the safe
and economically efficient operation of the
facility.
Routine FPU operations Climate Climate EPO 3.1: Optimise efficiencies in air emissions and CM4: Facilities will be designed and operated | Low value Slight Negligible | Acceptable
Greenhqus_e MODU operations change reduce direct GHG emissions to ALARP and Acceptable to optimise energy efficiency, including: (F)
Gas Emissions |\, | operations Levels. e The FPU will be designed to have no
EPO 3.2: Actively support the global transition to a lower continuous operational flaring
Well flowback carbon future by net displacement of higher carbon ¢  Design optimisation to reduce direct
Hydrocarbon processing. intensity energy sources. GHG emissions to ALARP
e development of energy management
plans prior to operations
e Fuel and flare analysis, baselining
and forecasting throughout the life of
operations
e Annual setting of energy efficiency
improvement and flare reduction
targets
e Ongoing optimisation of energy
efficiency through periodic opportunity
identification workshops/studies,
evaluation and implementation.
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Aspect

Source of aspect
(Activities)

Receptor

Environmental Performance Outcome

Adopted Control(s)

CM5: Reporting of Scarborough scope 1 GHG
emissions as per regulatory requirements.

CM38: The range of management and
mitigation measures relating to third party GHG
emissions may include:

e Working with the natural gas value
chain to reduce methane emissions in
third party systems (e.g. regasification
and distribution), such as through the
adoption of the Methane Guiding

Principles.
e Promoting the role of LNG in
displacing higher carbon intensity

fuels

e Supporting the development of new
technologies to reduce higher carbon
intensive energy sources

e Advocacy for stable policy frameworks
that reduce carbon emissions.

e Monitoring the global energy outlook
including the demand for lower carbon
intensive energy such as LNG and

displacing higher carbon intensive
fuels.
e Mechanisms to ensure adaptive

management of these measures for
the duration of the project in
accordance with the Environment
Regulations, including regular reviews
in conjunction with relevant operations
Environment Plan revision cycles.

Receptor sensitivity

Magnitude

Impact
significance

level

Acceptability

Routine Vertical seismic profiling Ambient noise Change in EPO 4.1: Undertake the Scarborough development in a | CM6: Woodside VSP Procedure implemented | Low value (open water) No lasting | Negligible | Acceptable
Acoustic Pre-lay surveys ambient noise | manner that will not modify, destroy, fragment, isolate or | while VSP operations are undertaken to effect (F)
Emissions Drilling operations Fish Change in disturb an important or substantial area of habitat such that | prevent prolonged exposure to marine fauna. High value species No lasting Slight (E) Acceptable
: . an adverse impact on marine ecosystem functioning or . i il viti i
(including MODU fauna integri\tly resulltsp ! y unctioning CM7: For impact piling activities, Woodside | (\iNES species known to | effect
operations) behaviour : _ will implement the soft start procedure at the | g present.)
Installati f EPU . . EPO 4.2: Undertake the Scarborough development in a | commencement of piling activities and shut
nls allation o - Injury/mortality | manner that prevents a substantial adverse effect on a | down zones during the activity.
priing . ]EZ rz:nne population of fish, marine mammals, marine reptiles, orthe | cmM8: EPBC Regulations 2000 Part 8
FPU operations . u spatial distribution of a population. Division 8.1 Interacting with cetaceans.
Hydrocarbon extraction Marine reptiles Change in EPO 4.3: Under’gake the Sgarborough developme_;nt ina| cmar: Impact piling activities required for High value species (i.e. No lasting Slight (E) Acceptable
Vessel operations fauna manner that will not seriously disrupt the lifecycle | Fpy installation will not occur during the peak | flatback turtle) effect
(including trunkline behaviour (breedi_ng, fee_din_g_, migration or resting behaviou_r) of an migration periods for the northern migration of
installation vessels) Injury/mortality | ecologically S|gn|f|cant proportion of the population of a | e pygmy blue whale (May and June) and
Helicopter operations to marine migratory species. southern migration (November and
e | EPO 4 pact pling acties il o occu dung the | December)
infrastructure. Marine Change in to avoid peak migration periods of the pygmy blue whale. High value species (i.e. No lasting Slight (E) Acceptable
mammals fauna pygmy blue whale) effect
behaviour
Injury/mortality
to fauna
Physical Surveys Commonwealth | Changes to EPO 5.1: Undertake the Scarborough development in a CM9: Vessels to adhere to the navigation | High value marine user Slight Minor (D) Acceptable
Presence — Vessel operations managed the function manner that prevents a substantial adverse effect on the safety requirements including the Navigation
fisheries interests or sustainability of commercial fishing. Act 2012 and any subsequent Marine Orders.
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Source of aspect

(Activities)

Receptor

Environmental Performance Outcome

Adopted Control(s)

Receptor sensitivity

significance

Acceptability

Displacement of | MODU operations State managed activities of EPO 5.2: Undertake the Scarborough development in a CM10: Notify Australian Hydrographic Service High value marine user Slight Minor (D) Acceptable
Other Users FPU operations fisheries others manner that does not interfere with other marine usersto | (AHS) of activities and movements prior to
Helicopt i a greater extent than is necessary for the exercise of right | activity commencing.
e |coP er. opera I.OHS Shipping conferred by the titles granted. CM11: Notify representatives of State and Medium value marine Slight Slight (E) Acceptable
Trunkline installation Commonwealth fisheries of activities. user
Installation of the FPU : : : :
I t M | light light (E A tabl
and subsea infrastructure. ndustry useedrlum value marine Slig Slight (E) cceptable
Removal of subsea
infrastructure
Physical Pre-lay surveys Water quality Change in EPO 6.1: Undertake Scarborough development in a CM12: Infrastructure will be positioned on the | Low value Slight Negligible | Acceptable
Presence — Drilling operations water quality manner that prevents a substantial change to water seabed within design footprint to reduce seabed (F)
Seabed ) ) ) quality that may adversely impact on biodiversity, disturbance. ) )
Disturbance Installation of the FPU Epifauna and Change in logical intearit ial it h health ] ) ) Low value Minor Slight (E) Acceptable
and subsea infrastructure | infauna habitat ecological integrity, social amenity or human heaftn. CM33: A 250m buffer zone will be implemented
Trunkline installation and : EPO 6.2: Undertake activities within the borrow ground to | Petween the offshore borrow ground and the | — : :
stabilisation Coral rC}:htz)a.nge in not harm or cause destruction to the sea floor habitats Dampier AMP High value Slight Minor (D) Acceptable
Removal of subsea abitat (including significant areas of sponge habitat) of the CM34: Development of a management
i Marine turtles Change in | Dampier Marine Park habitat protection zone. framework for dredging and backfill activities High value Slight Minor (D) | Acceptable
infrastructure . e
habitat EPO 6.3: Ch t t lity in the Montebell based on water quality to manage activities to
MODU operations . ) O nanges f0 Waler quany n the WOmEehe 'O | achieve EPO 6.2 and EPO 6.4
) Injury or Marine Park as a result of the trunkline installation will be
Vessel operations mortality not be inconsistent with the objective of the multiple use
ROV operations. AMP ch X zone. High val Slight Mi D A tabl
S ha:i?e?te n EPO 6.4: Undertake Scarborough development in a 'gh value 9 inor () coeplable
Ch . manner that will not modify, destroy, fragment, isolate or
ange In disturb an important or substantial area of habitat such
water quality . . L
that an adverse impact on marine ecosystem functioning
KEFs Change in or integrity results. High value Slight Minor (D) Acceptable
habitat EPO 6.5:Seabed Disturbance from trunkline installation
Change in within the Montebello Marine Park will be limited to less
water quality than 0.07%of the total park area.
Injury or EPO 6.6: Trunkline installation and borrow ground
mortality activities will be undertaken in a manner that aims to avoid
the displacement of marine turtles from important foraging
habitat or from habitat critical during nesting and
internesting periods.
EPO 6.7: Undertake Scarborough Trunkline Installation
within the Montebello AMP in a manner that will be not be
inconsistent with the objective of the multiple use zone.
EPO 6.8: Undertake Scarborough development in a
manner that will not modify, destroy, fragment, isolate or
disturb an important or substantial area of habitat such
that an adverse impact on marine ecosystem functioning
or integrity of the Continental Slope Demersal Fish
Communities KEF results.
Routine a_nd Vessel operations Water quality Change in EPO 7.1: Undertake Scarborough development activities CM13: Compliance with relevant MARPOL, Low value (open water) Slight Negligible | Acceptable
Non-Routine MODU operations water quality | in @ manner that does not result in a substantial change Commonwealth requirements and (F)
Discharges: EPU i in water quality which may adversely impact on subsequent Marine Order requirements for
Sewage and operations biodiversity, ecological integrity, social amenity or human | sewage management.
Greywater health.
Routine apd Vessel operations Water quality Change in EPO 8.1: Undertake Scarborough development activities CM14: Compliance with relevant MARPOL, | Low value (open water) No lasting Negligible | Acceptable
Non-Rautine MODU operations water quality | in a manner that does not result in a substantial change Commonwealth requirements and subsequent effect (F)
Discharges: EPU i in water quality which may adversely impact on Marine Order requirements for waste
Food Waste operations biodiversity, ecological integrity, social amenity or human | discharges.
health. CM15: Implementation of waste management
procedures which provide for safe handling
This document is protected by copyright. No part of this document may be reproduced, adapted, transmitted, or stored in any form by any process (electronic or otherwise) without the specific written consent of Woodside. All rights are reserved.
Controlled Ref No:  SA0006AF0000002 Revision: 5 DCP No: 1100144791 Page 38 of 825
Uncontrolled when printed. Refer to electronic version for most up to date information.




Scarborough — Offshore Project Proposal

Source of aspect

(Activities)

Receptor

Environmental Performance Outcome

Adopted Control(s)

and transportation, segregation and storage
and appropriate classification of all waste
generated.

Receptor sensitivity

Magnitude

Impact
significance

level

Acceptability

Routine and
Non-Routine
Discharges:
Chemicals and
Deck Drainage

Vessel operations
MODU operations
FPU operations

Water quality

Change in
water quality

EPO 9.1: Undertake Scarborough development activities
in a manner that does not result in a substantial change
in water quality which may adversely impact on
biodiversity, ecological integrity, social amenity or human
health.

CM14: Compliance with relevant MARPOL,
Commonwealth requirements and subsequent
Marine Order requirements for waste
discharges.

CM15: Implementation of waste management
procedures which provide for safe handling
and transportation, segregation and storage
and appropriate classification of all waste
generated.

Low value (open water)

No lasting
effect

Negligible
(F)

Acceptable

Routine and
Non-Routine
Discharges:
Brine and
Cooling Water

Vessel operations
MODU operations
FPU operations

Water quality

Change in
water quality

Plankton

Injury/
mortality to
fauna

Fish

Injury/
mortality to
fauna

Marine
mammals

Injury/
mortality to
fauna

KEFs

Change in
water quality

Commercial
Fisheries

Injury/
mortality to
fauna

EPO 10.1: Undertake Scarborough FPU and support
operations in a manner that prevents a substantial change
to water quality that may adversely impact on biodiversity,
ecological integrity, social amenity or human health.

EPO 10.2: Undertake Scarborough FPU and support
operations in a manner that prevents a substantial
adverse effect on a population of plankton including its
life cycle and spatial distribution.

EPO 10.3:Undertake Scarborough FPU and support
operations in a manner that prevents significant impacts
on the values of the Exmouth Plateau KEF.

EPO 10.4: Undertake Scarborough FPU and support
operations in a manner that prevents a substantial
adverse effect on a population of fish, or the spatial
distribution of the population.

EPO 10.5: Undertake Scarborough FPU and support
operations in a manner that prevents a substantial
modification, destruction or isolation of an area of
important habitat for a migratory species

EPO 10.6: Undertake Scarborough FPU and support
operations in a manner that prevents serious disruption of
the lifecycle (breeding, feeding, migration or resting
behaviour) of an ecologically significant proportion of the
population of a migratory species.

EPO 10.7: Undertake Scarborough FPU and support
operations in a manner that prevents a substantial
adverse effect on a population of marine mammals or the
spatial distribution of the population.

EPO 10.8: Undertake Scarborough FPU and support
operations in a manner that will not modify, destroy,
fragment, isolate or disturb an important or substantial
area of habitat such that an adverse impact on marine
ecosystem functioning or integrity in an area defined as a
Key Ecological Feature results.

EPO 10.9: Undertake Scarborough FPU and support
operations in a manner that avoids any change in
spawning biomass of a commercially important species
and does not lead to changes in recruitment that may be
discernible from normal natural variation

CM16: Chemicals will be selected with the
lowest practicable environmental impacts and
risks subject to technical constraints.

Low value (open water)

No lasting
effect

Negligible
(F)

Acceptable

Low value (open water)

No lasting
effect

Negligible
(F)

Acceptable

High value
species)

(protected

No lasting
effect

Slight (E)

Acceptable

High value
species)

(protected

No lasting
effect

Slight (E)

Acceptable

High value

No lasting
effect

Slight (E)

Acceptable

High value marine users

No lasting
effect

Slight (E)

Acceptable

Routine and
Non-Routine

Hydrocarbon extraction

Water quality

Change in
water quality

EPO 11.1: Undertake Scarborough FPU operations in a
manner that will not result in a substantial change in water

Low value (open water)

Slight

Negligible
(F)

Acceptable
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Aspect

Source of aspect

(Activities)

Receptor

Environmental Performance Outcome

Adopted Control(s)

Receptor sensitivity

significance

level

Acceptability

Discharges: Hydrocarbon processing. | sediment quality | Change in quality (including temperature) which may adversely | cm16: Chemicals will be selected with the | Low value (open water) No lasting | Negligible | Acceptable
Opgratlonal sediment impact on biodiversity, ecological integrity, social amenity | |qwest practicable environmental impacts and effect (F)
Fluids quality or human health. risks subject to technical constraints.
. EPO 11.2: Undertake Scarborough FPU operations in a | ¢M18: Develo t of t ) —
Plankton Injury/ - : : pment of a managemen Low value (open water No lastin Negligible | Acceptable
mjort}ajllit o manner that prevents a substantial change to sediment | framework for produced formation discharges. (op ) offect 9 (F)g 9 P
; y quality that may adversely impact on biodiversity,
auna ecological integrity, social amenity or human health.
Injurrtyll't . EPO 11.3: Undertake Scarborough FPU operations in a
mortality to manner that prevents a substantial adverse effect on a
fauna . . L .
population of plankton including its life cycle and spatial
Epifauna and Injury/ distribution. Low value (open water) No lasting Negligible | Acceptable
Infauna mortality to EPO 11.4: Undertake Scarborough FPU operations in a effect (F)
fauna manner that prevents a significant impact on the values of
KEFs Change in the Exmouth Plateau KEF. High value No lasting | Slight (E) | Acceptable
habitat EPO 11.5: Undertake Scarborough FPU operations in a effect
manner that will not modify, destroy, fragment, isolate or
disturb an important or substantial area of habitat such that
an adverse impact on marine ecosystem functioning or
integrity results.
EPO 11.6: Undertake Scarborough FPU operations in a
manner that will not modify, destroy, fragment, isolate or
disturb an important or substantial area of habitat such that
an adverse impact on marine ecosystem functioning or
integrity in an area defined as a Key Ecological Feature
results.
Routine and Installation of the FPU Water quality Change in EPO 12.1: Undertake Scarborough installation and | CM16: Chemicals will be selected with the | Low value (open water) Slight Negligible | Acceptable
g?“'r]ROUt'“e Installation of subsea water quality | commissioning in a manner that prevents a substantial | lowest practicable environmental impacts and (F)
Ischarges: i change to water quality that may adversely impact on | risks subject to technical constraints.
Subsea infrastructure Sediment quality | Change in biodi\?ersity ecological i)r/ﬂegrity sgcial ameni%y orphuman J Low value (open water) | Slight Negligible | Acceptable
Installation and | Commissioning. sediment health ; ; e
issioni ualit '
Commissioning d y EPO 12.2: Undertake Scarborough installation and
Plankton Injury/ commissioning in a manner that prevents a substantial Low value (open water) No lasting | Negligible | Acceptable
mortality to change to sediment quality that may adversely impact on effect (F)
fauna biodiversity, ecological integrity, social amenity or human
health.
Epifauna and Injury/ ea ) ) ) Low value (open water) No lasting | Negligible | Acceptable
Infauna mortality to EPO .12..3.. Urjdertake Scarborough installation and effect (F)
fauna commissioning in a manner that prevents a substantial
adverse effect on a population of plankton including its life
KEFs Change in cycle and spatial distribution. High value habitat No lasting | Slight (E) Acceptable
habitat EPO 12.4: Undertake Scarborough installation and effect
commissioning in a manner that will not modify, destroy,
fragment, isolate or disturb an important or substantial
area of habitat such that an adverse impact on marine
ecosystem functioning or integrity results.
EPO 12.5: Undertake Scarborough installation and
commissioning in a manner that will not modify, destroy,
fragment, isolate or disturb an important or substantial
area of habitat such that an adverse impact on marine
ecosystem functioning or integrity in an area defined as a
Key Ecological Feature results.
Routine apd Drilling operations Water quality Change in EPO 13.1: Undertake Scarborough drilling activities in a | CM19: WBM will be used during drilling | Low value (open water) Slight Negligible | Acceptable
N_O“'ROUt'f‘e Well abandonment. water quality manner that does not result in a substantial change in | activities as the first preference. Where WBM (F)
Discharge: ) . X - ) water quality which may adversely impact on biodiversity, | cannot meet required technical specifications, : —
Drilling Well intervention Sediment quality Chapge in ecological integrity, social amenity or human health. NWBM may be used following technical Low value (open water) Slight Negligible | Acceptable
sediment justification. (F)
quality
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Source of aspect

Aspect Receptor

(Activities)

Plankton Injury/
mortality to
fauna

Epifauna and Injury/

Infauna mortality to
fauna

KEFs Change in
habitat

Environmental Performance Outcome

EPO 13.2: Undertake Scarborough drilling activities in a
manner that prevents substantial change in sediment
quality, which may adversely impact biodiversity,
ecological integrity, social amenity or human.

EPO 13.3: Undertake Scarborough drilling activities in a
manner that prevents a substantial adverse effect on a
population of plankton including its life cycle and spatial
distribution.

EPO 13.4: Undertake Scarborough drilling activities in a
manner that does not modify, destroy, fragment, isolate or
disturb an important or substantial area of habitat such that
an adverse impact on marine ecosystem functioning or
integrity results.

EPO 13.5: Undertake Scarborough drilling activities in a
manner that prevents significant impacts on the values of
the Exmouth Plateau KEF.

EPO 13.6: Undertake Scarborough drilling activities in a
manner that will not modify, destroy, fragment, isolate or
disturb an important or substantial area of habitat such that
an adverse impact on marine ecosystem functioning or
integrity in an area defined as a Key Ecological Feature
results.

Adopted Control(s)

CM20: Bulk overboard discharge of NWBM is
prohibited.

CM21: Drill cuttings returned to the MODU wiill
be processed to reduce oil on cuttings to <
6.9% by weight on wet cuttings (measured as
a well average only including sections drilled
with NWBM) prior to discharge.

CM22: Drill cuttings returned to the MODU
will be discharged below the waterline.

Receptor sensitivity

significance

level

Acceptability

Low value (open water) No lasting | Negligible | Acceptable
effect (F)

Low value (open water) No lasting | Negligible | Acceptable
effect (F)

High value habitat Slight Minor (D) Acceptable
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Table ES-0-2 Summary of Environmental Impacts and Risks associated with the proposed development of Scarborough — Unplanned Activities

Unplanned
Discharge:
Chemicals

Source of aspect
(Activities)

Drilling operations

FPU operations.
Vessel operations
MODU operations
ROV operations
Helicopter operations

Receptor

Water quality

Change in
water quality

Environmental Performance Outcome

EPO 14.1: Undertake Scarborough development in a manner

that will prevent an unplanned release of chemicals to the
marine environment resulting in a substantial change in water
quality which may adversely impact on biodiversity, ecological
integrity, social amenity or human health.

Adopted Control(s)

CM16: Chemicals will be selected with the lowest
practicable environmental impacts and risks subject to
technical constraints.

CM15: Implementation of waste management procedures
which provide for safe handling and transportation,
segregation and storage and appropriate classification of
all waste generated.

Receptor
sensitivity

Low value
(open water)

Consequence

Negligible
(F)

Likelihood

Highly
Unlikely

Risk Rating

Low

Acceptability

Acceptable

Unplanned
Discharge: Solid
Waste

Vessel operations
MODU operations
FPU operations

Water quality

Change in
water quality

Migratory
shorebirds and
seabirds

Fish

Marine
mammals

Marine reptiles

Injury/mortality
to fauna

EPO 15.1: Undertake Scarborough development in a manner
that will prevent an unplanned release of solid waste to the
marine environment resulting in a significant impact.

EPO 15.2: Undertake Scarborough development in a manner
that will prevent a substantial change in water quality which may
adversely impact on biodiversity, ecological integrity, social
amenity or human health.

EPO 15.3: Undertake Scarborough development in a manner
that will prevent a substantial adverse effect on a population of
seabirds or shorebirds, or the spatial distribution of the
population.

EPO 15.4: Undertake Scarborough development in a manner
that will prevent a substantial adverse effect on a population of
fish or the spatial distribution of the population.

EPO 15.5: Undertake Scarborough development in a manner
that will prevent a substantial adverse effect on a population of
marine mammals or the spatial distribution of the population.

EPO 15.6: Undertake Scarborough development in a manner
that will not modify, destroy, fragment, isolate or disturb an
important or substantial area of habitat such that an adverse
impact results on marine ecosystem functioning or integrity
results.

EPO 15.7: Undertake Scarborough development in a manner
that will prevent a substantial adverse effect on a population of
marine reptiles or the spatial distribution of the population.

EPO 15.8: Undertake Scarborough development in a manner
that will not substantially modify, destroy or isolate an area of
important habitat for a migratory species.

EPO 15.9: Undertake Scarborough development in a manner
that will not seriously disrupt the lifecycle (breeding, feeding,
migration or resting behaviour) of an ecologically significant
proportion of the population of a migratory species.

CM23: Project vessels compliant with Marine Order 95
(pollution prevention — Garbage).

CM15: Implementation of waste management procedures
which provide for safe handling and transportation,
segregation and storage and appropriate classification of
all waste generated.

Low value
(open water)

Negligible
(F)

Remote

Low

Acceptable

High value
species

Minor (D)

Remote

Low

Acceptable

High value
species

Minor (D)

Remote

Low

Acceptable

High value
species

Minor (D)

Remote

Low

Acceptable

High value
species

Minor (D)

Remote

Low

Acceptable

Physical
Presence
(Unplanned):
Seabed
Disturbance

Vessel operations
MODU operations
FPU operations
Trunkline installation

Epifauna and
infauna

Change in
habitat
Injury/
mortality to
fauna

EPO 16.1: Undertake the Scarborough development in a
manner which prevents unplanned seabed disturbance.

EPO 16.2: Undertake the Scarborough development in a
manner which does not modify, destroy, fragment, isolate or
disturb an important or substantial area of habitat such that an

CM12: Infrastructure will be positioned on the seabed
within design footprint to reduce seabed disturbance.

Low value

Negligible
(F)

Highly
Unlikely

Low

Acceptable
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Source of aspect

(Activities) Receptor

Environmental Performance Outcome

Adopted Control(s)

Receptor
sensitivity

Consequence

Likelihood

Risk Rating

Acceptability

KEFs Change in adverse impact on marine ecosystem functioning or integrity High Value Minor (D) Highly Moderate | Acceptable
habitat results. Unlikely
EPO 16.3: Undertake the Scarborough development in a
manner which does not modify, destroy, fragment, isolate or
disturb an important or substantial area of habitat such that an
adverse impact on marine ecosystem functioning or integrity in
an area defined as a Key Ecological Feature results.
Physical Installation of FPU Epifauna and Change in EPO 17.1: Undertake the Scarborough development in a | CM24: Compliance with the Woodside Invasive Marine | Low value Negligible Remote Low Acceptable
Presence Installation of subsea | infauna ecosystem manner which prevents a known or potential pest species (IMS) | Species Management Plan. habitat (F)
f'\l./llgplanned): infrastructure dynamics becoming established. CM25: Requirements of the Australian Ballast Water (homogenous)
Trunkline Installation | Coral EPO 17.2 Undertake the Scarborough development inamanner | Management to be met. High value Minor (D) Remote Low Acceptable
MODU ti which does not modify, destroy, fragment, isolate or disturb an
operations Seagrass important or substantial area of habitat such that an adverse High value Minor (D) Remote Low Acceptable
Vessel operations. i t i functioni integri Its.
p Macroalgae impact on marine ecosystem functioning or integrity resu ts. Low value Negligible Remote Low Acceptable
EPO 17.3: Undertake the Scarborough development in a (F)
manner which prevents a substantial adverse effect on water
Industry, Changes to quality such that an adverse impact on industry use occurs. Medium value | Slight (E) Remote Low Acceptable
Shipping, the functions, | Epo 17.4: Undertake the Scarborough development in a
Defence interests or manner which does not interfere with other marine users to a
activities of greater extent than is necessary for the exercise of right
other users conferred by the titles granted.
Physical Vessel operations Marine Injury to/ EPO 18.1: Undertake the Scarborough development in a | CM8: EPBC Regulations 2000 Part 8 Division 8.1 | High value Slight (E) Highly Low Acceptable
Presence Mammals; mortality of manner which prevents a vessel strike with protected marine | Interacting with cetaceans. species Unlikely
(U”P'?””e‘.’): Marine reptiles fauna fauna during project activities. CM32: Marine fauna interaction mitigation measures to be
E)Aoll!3|or|1:W|th EPO 18.2 Undertake the Scarborough development in amanner | considered and implemented as appropriate during the EP
arine Fauna which does not modify, destroy, fragment, isolate or disturb an | process.
important or substantial area of habitat such that an adverse
impact on marine ecosystem functioning or integrity results.
EPO 18.3: Undertake the Scarborough development in a
manner which prevents a substantial adverse effect on a
population of marine mammals or the spatial distribution of the
population.
EPO 18.4: Undertake the Scarborough development in a
manner which prevents a substantial adverse effect on a
population of marine reptiles or the spatial distribution of the
population.
EPO 18.5: Undertake the Scarborough development in a
manner which does not seriously disrupt the lifecycle (breeding,
feeding, migration or resting behaviour) of an ecologically
significant proportion of the population of a migratory species.
Unplanned Drilling operations Sediment quality | Change in EPO 19.1: No release of hydrocarbons to the marine CM26: All vessels and facilities (appropriate to class) will | Low value Negligible Highly Low Acceptable
Hydrocarbon Commissioning sediment environment due to a vessel collision associated with the comply with MARPOL 73/78, the Navigation Act 2012, the | (open water) (F) Unlikely
Release . quality Scarborough development. Protection of the Sea (Prevention of Pollution from Ships
FPU operations . : .
X X Act 1983 and subsequent Marine Orders including: — -
Hydrocarbon Water quality Change in i Low value Negligible Highly Low Acceptable
extraction water quality * waste management requirements (open water) (F) Unlikely
Hydroca!rbon Plankton Injury/ * management ?f spills aboard Low value Negligible Highly Low Acceptable
processing mortality to e emergency drills. (open water) (F) Unlikely
Gas export fauna CM27: Relevant Stakeholders will be notified of activities
Decommissioning. Fish Change in prior to commencement. High value Minor (D) Highly Moderate | Acceptable
fauna CM28: Vessels will have in place a valid and appropriate | species Unlikely
behaviour Shipboard Oil Pollution Emergency Plan and/or Shipboard

Controlled Ref No:  SAO006AF0000002

Revision: 5

DCP No: 1100144791

Uncontrolled when printed. Refer to electronic version for most up to date information.

This document is protected by copyright. No part of this document may be reproduced, adapted, transmitted, or stored in any form by any process (electronic or otherwise) without the specific written consent of Woodside. All rights are reserved.

Page 43 of 825




Scarborough — Offshore Project Proposal

Receptor
sensitivity

Source of aspect

(Activities) Receptor Environmental Performance Outcome Adopted Control(s)

Consequence
Likelihood
Risk Rating

Acceptability

Injury/ Marine Pollution Emergency Plan. Emergency response | High value Minor (D) | Highly Moderate | Acceptable
mortality to activities will be implemented in accordance with the | gpecies Unlikely
fauna SOPEP/SMPEP.
Marine Change in CM29: Environment Plans apd Oil Pollution Emergency High value Minor (D) Highly Moderate | Acceptable
mammals fauna Plans will be accepted and in place, appropriate to the species Unlikely
behaviour credible hydrocarbon spill scenario associated with
activities during the development of Scarborough.
Injury/ Emergency response activities will be implemented in | High value Minor (D) | Highly Moderate | Acceptable
mortality to accordance with the OPEP. species Unlikely
fauna CM30: Emergency response capability will be maintained
Marine Reptiles | Change in in accordance with EP, OPEP and related documentation. | pjigh value Slight (E) Highly Low Acceptable
fauna CM31: Well Operations Management Plan accepted and | species Unlikely
behaviour in place for all wells, in accordance with the Offshore
Injury/ fe;eta?::;antsangich %332@% Gas  Storage  Act High value Minor (D) Highly Moderate | Acceptable
mortality to q ’ ) species Unlikely
fauna e Blowout Preventer (BOP) installation during
drilling operations
Seabirds and Change in e reqular testing of BOP High value Slight (E) Highly Low Acceptable
migratory fauna 9 9 ) species Unlikely
shorebirds behaviour
Injury/ High value Minor (D) Highly Moderate | Acceptable
mortality to species Unlikely
fauna
Coral Change in High value Major (B) Highly Moderate | Acceptable
habitat habitat Unlikely
Seagrass High value Slight (E) Highly Low Acceptable
habitat Unlikely
Macroalgae Low value Negligible Highly Low Acceptable
habitat (F) Unlikely
(homogenous)
Mangroves High value Slight (E) Highly Low Acceptable
habitat Unlikely
Shoreline Low value Negligible Highly Low Acceptable
habitats habitat (F) Unlikely
Saltmarsh High value Slight (E) Highly Low Acceptable
habitat Unlikely
KEFs Change in High value Minor (D) Highly Moderate | Acceptable
habitat Unlikely
AMPs Change in High value Minor (D) Highly Moderate | Acceptable
habitat Unlikely
Protected Medium value | Slight (E) Highly Low Acceptable
Places Unlikely
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ource of aspec Receptor Environmental Performance Outcome Adopted Control(s) eceptor = = 12 -g
(Activities) sensitivity o 2 x a
= — [72] o
rv Q
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Commonwealth | Changes to High value Slight (E) Highly Low Acceptable
and state the functions, marine user Unlikely
managed interests or
fisheries activities of
other users
Tourism and Changes to Medium value | Slight (E) Highly Low Acceptable
recreation the functions, users Unlikely
interests or
activities of
other users
Change in Medium value | Slight (E) Highly Low Acceptable
aesthetic value users Unlikely
Settlements Changes to Medium value | Slight (E) Highly Low Acceptable
the functions, users Unlikely
interests or
activities of
other users
Change in Medium value | Slight (E) Highly Low Acceptable
aesthetic value users Unlikely
Industry Changes to Medium value | Slight (E) Highly Low Acceptable
the functions, Unlikely
interests or
activities of
other users
Defence Changes to Medium value | Slight (E) Highly Low Acceptable
the functions, Unlikely
interests or
activities of
other users
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ES8. CUMULATIVE IMPACTS AND RISKS

Cumulative effects of other marine users, proposed developments, as well as all key stages and
aspects of the proposed development of Scarborough have been considered as part of this OPP
process ensuring a holistic/lifecycle assessment of impacts.

Cumulative impacts and risks from the proposed development of Scarborough may occur in two
ways:

o Aspect-based — Cumulative or combination effects may arise from other activities/projects
resulting in the same aspects as those identified in this OPP.

o Receptor-based — Cumulative or combination effects on a receptor may arise, both from
multiple aspects of Scarborough and similar/multiple aspects resulting from other
activities/projects.

Aspects arising from the proposed development of Scarborough may compound with similar aspects
caused by other third-party activities/developments, to result in a cumulative impact. Other
activities/developments include:

o Pluto LNG Project
e Equus Field Development
¢ Commonwealth and State managed fisheries
e Commercial shipping.
All other activities/developments are located outside of the EMBA.

The aspects identified which were common to these activities/developments and the proposed
development of Scarborough are those typically related to vessel movements, which include:

e Physical presence (routine): displacement of other users
e Light emissions
¢ Routine and non-routine discharges: project vessels.

As a large development within an already busy marine area, there was wide-ranging potential for
cumulative impacts to occur as a result of Scarborough. However, the cumulative impact assessment
has shown that there is little cross-over in spatial extent of aspects, both within Scarborough itself
and when considering aspects in combination with other activities/developments. The majority of
emissions and discharges, particularly those which will occur during the full lifecycle of Scarborough,
will be made within the Permit Area, which is remote and unlikely to result in interactions with other
activities/developments.

When considering potential cumulative impacts on receptors, it is clear that in most cases the phased
approach of development proposed for Scarborough will alleviate the potential for cumulative
pressure on receptors, allowing recovery/return to baseline conditions between impact events. It is
still possible that individuals will experience combination effects from multiple impact events in the
vicinity of the Offshore Project Area, however this is not predicted to occur on a population level for
any receptors. Where cumulative impacts are predicted, i.e. light emissions on marine reptiles, the
assessment concludes that no significant impacts will occur, and any cumulative impacts will be
acceptable.
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ES9. ENVIRONMENTAL PERFORMANCE FRAMEWORK

Overview

The proposed development of Scarborough will be undertaken in accordance with the OPP. This will
be implemented by ensuring that all petroleum activities are within the scope of the accepted OPP,
and the adoption of controls and EPOs specified in the OPP in any future petroleum activity EPs.

Woodside, as Operator, has developed the Environmental Management Implementation Approach
for Scarborough, which consists of:

e Managing activities in accordance with existing fit-for purpose systems, practices and
procedures under the Woodside WMS

o |dentifying key roles and responsibilities for Woodside and Contractor personnel in relation
to the implementation and management of EPOs for Scarborough

o Developing plans and procedures for emergency preparedness and response for all future
petroleum activities

e Monitoring of EPO implementation through successful implementation of controls,
environmental performance standards and associated measurement criteria specific to the
activity for which an EP is being developed.

e Undertaking environmental performance audits
¢ Reporting on the environmental performance of the project to NOPSEMA

e Managing changes to the OPP concerning changes to activity scope, changes in
understanding of the environment, and potential new advice from external stakeholders.

Implementing Requirements of the OPP in Future EPs

The OPP provides guidance on how the different elements of Scarborough which are petroleum
activities will be reflected within Environment Plans. Key Management Controls and Environmental
Performance Outcomes for each aspect of the project have also been presented, as follows:

o Aspects related to drilling activities

o Aspects related to installation and commissioning activities
o Aspects related to operational activities

e Aspects related to decommissioning activities

o Aspects related to installation, maintenance and repair activities

ES10. CONSULTATION

Stakeholder consultation and engagement is an integral component of the environmental impact
assessment and environmental authorisation process for OPPs.

The objectives of the stakeholder consultation process are to:

e Provide stakeholders with opportunities to obtain information about the development of
Scarborough including the physical, ecological, socio-economic and cultural environment
that may be affected, the potential impacts that may occur and the prevention and
mitigation measures proposed to avoid or minimise those impacts.

o Work with stakeholders to understand the key environmental and social factors associated
with the development of Scarborough and potential impacts.
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e Gain feedback from stakeholders on their concerns in relation to the development of
Scarborough and where possible, address stakeholder concerns through further activities,
or by implementing additional mitigation measures.

The stakeholder consultation for Scarborough is a component of Woodside’s broader consultation
program for all Burrup Hub opportunities including the Browse Development, NWS Extension, Pluto
Expansion, Pluto-NWS Interconnector and activities to integrate industrial-scale solar power
generation with gas-fired generation and battery storage for our future Burrup Hub LNG operations.

Specific to Scarborough, Woodside is undertaking a phased program of consultation:

e Phase 1: Preliminary consultation undertaken during the impact assessment process and
preparation of the OPP.

e Phase 2: Formal consultation under the public review process of the draft OPP by
NOPSEMA.

¢ Phase 3: Ongoing consultation during project planning and execution.

Phase 1 — Preliminary consultation commenced in 2018 and is built on the broader consultation
and engagement process that Woodside has in place for the region. It is undertaken up until the
point of formal consultation under the OPP process. Phase 1 consultation activities have included:

e Developing a dedicated project website https://www.woodside.com.au/our-
business/burrup-hub/scarborough-to-pluto which includes a detailed video explaining key
characteristics of the proposal, information regarding the approvals, up-to-date fact sheets
and point of contact.

e Preparing a Scarborough fact sheet uploaded to the Woodside website and provided
directly to key stakeholders via email.

e Preparing fact sheets uploaded to the Woodside website, describing some of the key issues
associated with the development of Scarborough.

¢ Holding community forums and group meetings including information sessions which were
undertaken in May 2019 in Karratha and Roebourne. These sessions were to address the
environmental issues associated with the development of Scarborough in preparation for
the release of the draft OPP and formal public consultation process (Phase 2).

¢ Holding one-on-one meetings between environment, stakeholder and project management
representatives.

¢ Emailing information directly to key stakeholders, including details of Scarborough and key
milestones including approval submissions.

Phase 2 — Formal consultation via a public review of the Scarborough OPP. It was determined by
NOPSEMA that an eight week formal consultation period would apply, and the formal consultation
period ran from 5 July 2019 until 30 August 2019.

Phase 3 - Ongoing consultation will continue on acceptance of the OPP, to engage with
stakeholders during the preparation of EPs and execution of Scarborough.
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1 INTRODUCTION

The Scarborough gas resource, located in Commonwealth waters approximately 375 km off Western
Australia’s Burrup Peninsula, forms part of the Greater Scarborough gas fields, comprising the
Scarborough, North Scarborough, Thebe and Jupiter gas fields. The Scarborough gas resource is
estimated to hold 11.1 Tcf (100%, 2C in accordance with reserves increase announcement 8
November 2019) of dry gas.

Woodside Energy Ltd (Woodside), is proposing to develop the gas resource through new offshore
facilities. These facilities are proposed to be connected to the mainland through an approximately
430 km trunkline to an onshore facility. Woodside’s preferred concept is to process Scarborough gas
through a brownfield expansion of the existing Pluto LNG onshore facility (Pluto Train 2) (Figure 1-1).
Part of the operating strategy of the expanded Pluto LNG facility may be to divert some gas through
the onshore interconnector pipeline to the Karratha Gas Plant.

The proposed offshore development, referred to as the development of Scarborough, targets the
commercialisation of the Scarborough and North Scarborough gas fields, through the construction
of a number of subsea, high-rate gas wells, tied back to a semi-submersible Floating Production Unit
(FPU) moored in about 900 metres of water close to the Scarborough field (Figure 1-2).

The proposed development of Scarborough is an integral part of Woodside’s Burrup Hub vision for
a regional gas hub which will secure economic growth and local employment opportunities for
Western Australia for years to come. In addition to the development of the Scarborough and North
Scarborough fields, the Thebe and Jupiter gas fields provide opportunities for future tieback to
Scarborough infrastructure. As the proposed trunkline route crosses the Carnarvon Basin, in close
proximity to other undeveloped fields, Woodside is also engaging with other resource owners to
explore opportunities for future development.

Woodside is targeting a final investment decision (FID) in 2020 to be ready for first cargo in 2024.
Achieving these milestones is subject to joint venture approvals, regulatory approvals and
commercial arrangements being finalised.
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Note: Refer to Section 7 for definition of Environment that may be Affected (EMBA)

Figure 1-1: Location of Scarborough
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Figure 1-2: Schematic of the upstream components of the proposed development of Scarborough
(note schematic not to scale)

1.1 Proponent

Woodside is Operator of the various joint ventures relating to the Scarborough, North Scarborough,
Thebe and Jupiter fields., which comprise both Woodside and BHP Billiton Petroleum (North West
Shelf) Pty Ltd (“BHP”). Current equity participation of the joint venture is as described in Table 1-1.

Table 1-1: Current Scarborough Equity Participants

Gas Fields Woodside Interest ‘ BHP Interest
Scarborough (WA-1-R) 73.5% 26.5%

North Scarborough (WA-62-R) 73.5% 26.5%

Thebe (WA-63-R) 50% 50%

Jupiter (WA-61-R) 50% 50%

Woodside is the largest Australian natural gas producer. The company operates Australia’s biggest
resource development, the North West Shelf Project (NWS Project) in Western Australia.

The Woodside-operated producing LNG assets in the north-west of Australia are among the world’s
best facilities. The NWS Project has been operating for 35 years delivering one-third of Australia’s
oil and gas production from one of the world’s largest LNG facilities. Pluto LNG also forms part of
Woodside’s outstanding base business, and since commissioning in 2012, has delivered over 500
LNG cargoes.

Woodside recognises that strong environmental performance is essential to success and continued
growth. Woodside has an established methodology to identify impacts and risks and assess potential
consequences of activities. Strong partnerships, sound research and transparency are the key
elements of Woodside’s approach to the environment.
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1.2 Proponent Contact Details
Woodside, as proponent of Scarborough, can be contacted at:

Scarborough

Mia Yellagonga

11 Mount Street, Perth, WA, 6000
Email: feedback@woodside.com.au
Phone: 1800 442 977

A dedicated Project Website is available at address:

https://www.woodside.com.au/our-business/burrup-hub/scarborough-to-pluto

1.3 Project Overview and Location

1.3.1 Project Overview

The upstream development concept for Scarborough comprises a number of subsea gas wells drilled
to target petroleum resources of the Scarborough and North Scarborough fields tied back to an FPU
moored in about 900 m of water, over the Scarborough field. Woodside proposes that the FPU
topsides have processing facilities for gas dehydration and compression. Once processed, it is
proposed that the gas will be transported through an approximate 430 km trunkline to onshore. The
Thebe and Jupiter fields provide opportunities for future tie-backs to Scarborough infrastructure.
Woodside’s preferred development option for the processing of Scarborough gas is a trunkline to
the Woodside-operated Pluto LNG Facility, which will require brownfield expansion under existing
approvals to process the Scarborough gas.

The Scarborough gas resource has been appraised and determined to be dry gas, with only trace
levels or no condensate expected. The gas has no detectable hydrogen sulphide (H>S) and only
trace levels of carbon dioxide.

The key components of Scarborough are:

e drilling of the Scarborough and North Scarborough gas fields, with potential for
future fields (including Thebe and Jupiter gas fields) to be tied back to the facility

¢ installation of subsea infield infrastructure, including wells, drill centres, manifolds,
flowlines, umbilicals, risers and moorings

¢ installation of an FPU over the Scarborough field

e installation of an approximately 430 km long trunkline from the FPU to the Burrup
Peninsula

e commissioning of the trunkline and production facilities

e operation of the facilities for their lifetime (designed for approximately 30 years?)
e maintenance of all infrastructure over the life of the project

e decommissioning after economic life is reached

e extraction of offshore sediments to be used for stabilisation of the trunkline.

2 While the design life for the Scarborough Project is 30 years, it is possible that this may be extended through various engineering
redesign options that may be contemplated in the future.
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1.3.2 Project Location

The Scarborough and North Scarborough fields are located 375 km west-north-west of the Burrup
Peninsula in the north-west of Australia, within offshore petroleum permits WA-1-R and WA-62-R.
The Thebe and Jupiter fields are located to the north and north-east of the Scarborough and North
Scarborough fields, within offshore petroleum permits WA-63-R and WA-61-R respectively (; the
commercialisation of these fields provide potential opportunity for future expansion of Scarborough.

In Commonwealth waters, the Scarborough Project Area comprises the areas outlined in Figure 1-1,
encompassing the extent of the retention lease areas for WA-1-R, WA-62-R, WA-63-R and
WA-61-R, defined as the Offshore Project Area, as well as the gas trunkline, which lies within the
Trunkline Project Area of 3 km width, extending from the location of the FPU to the State water limits
(from which point environmental approvals are required under the Environment Protection Act (EP
Act) and Environment Protection and Biodiversity Conservation Act (EPBC Act)). Additionally,
potential borrow ground areas have been identified for sourcing sediments to be used to stabilise
some of the sections of the trunkline in both State and Commonwealth waters and are termed the
Borrow Grounds Project Area.

For the purpose of this OPP, the area comprising the Offshore Project Area, Trunkline Project Area
and Borrow Grounds Project Area is collectively defined as the Project Area.

1.4 Document Purpose and Scope

1.4.1 Background to the OPP

This OPP has been prepared in accordance with the requirements of the Offshore Petroleum and
Greenhouse Gas Storage (Environment) Regulations 2009 (Environment Regulations), and
associated guidelines.

In 2014, NOPSEMA became the sole Commonwealth regulator for environmental management of
offshore petroleum activities following streamlining of regulatory processes under the Offshore
Petroleum and Greenhouse Gas Storage Act 2006 (OPGGS Act) and EPBC Act. The effect of
streamlining is that offshore petroleum activities only require approval by NOPSEMA under the
OPGGS Act, and no longer require separate approval by the Minister for the Environment under the
EPBC Act.

To allow streamlining to occur, several changes were made to the Environment Regulations
administered by NOPSEMA. This included introducing the requirement that a proponent submits an
offshore project proposal (OPP), for all offshore projects, to NOPSEMA for approval. The OPP
process involves the proponent’s consideration and NOPSEMA’s assessment of the potential
environmental impacts and risks of petroleum activities conducted over the life of an offshore project.
The process includes a public comment period prior to approval and requires a proponent to ensure
environmental impacts and risks will be managed to acceptable levels.

Unlike the previous EPBC Act process, the requirement for an OPP applies to all offshore projects
regardless of the potential level of impact or risk to the environment that the project may present. An
OPP for a project must be accepted by NOPSEMA before the proponent can submit Environment
Plans (EPs) for activities that make up the project.

More information can be found on the OPP process on NOPSEMA’s website
https://www.nopsema.gov.au/environmental-management/assessment-process/offshore-project-

proposals/.

Once the OPP is accepted, EPs will be developed and submitted to NOPSEMA for acceptance prior
to the commencement on any petroleum activities within the scope of this OPP (Section 3.2.1).

This document is protected by copyright. No part of this document may be reproduced, adapted, transmitted, or stored in any form by
any process (electronic or otherwise) without the specific written consent of Woodside. All rights are reserved.

Controlled Ref No:  SAO006AF0000002 Revision: 5 DCP No: 1100144791 Page 53 of 825

Uncontrolled when printed. Refer to electronic version for most up to date information.



https://www.nopsema.gov.au/environmental-management/assessment-process/offshore-project-proposals/
https://www.nopsema.gov.au/environmental-management/assessment-process/offshore-project-proposals/

Scarborough — Offshore Project Proposal

1.4.2 Purpose

This OPP has been prepared by Woodside as Operator of WA-1-R, WA 62-R, WA 61-R and WA-
63-R to present the assessment of the potential environmental impacts and risks associated with the
development of Scarborough. It is an early stage project assessment which, subject to acceptance
by NOPSEMA, will form the basis for future activity-specific EPs that will be prepared and submitted
to NOPSEMA, and will be required to be assessed and accepted prior to any activity related to
Scarborough to commence.

As required under the OPGGS (Environment) Regulations, the content of this OPP includes:
e adescription of the project, including location and proposed timetable

e adescription of the environment that may be affected by the project, including details
of relevant environmental values and sensitivities

¢ environmental performance outcomes for the project

e a description of any feasible alternative to the project, or alternative activity to that
forming part of the project

¢ adescription of legislative and other requirements that applies to the project

e a description and evaluation of the environmental impacts and risks of the project,
appropriate to the nature and scale of each impact or risk

e a summary of any public comments made and how they were evaluated and
addressed

e ademonstration of any changes made to the proposal as a result of public comment.

The contents of this OPP are in accordance with the requirements of the OPGGS (Environment)
Regulations and align with current OPP content guidelines (N-04790-GN-1663) and NOPSEMA
Policy of OPP Assessment (N-04790-PL-1650), as shown in Table 1-2.

Table 1-2: Concordance of OPGGS (Environment) Regulations with OPP

OPGGS (E) Requirements Relevant

Regulations Section of OPP

Regulation 5A Submission of an Offshore Project Proposal

5A (5) (a) Include the proponent’s name and contact details. Section 1.2

5A (5) (b) Include a summary of the project, including the following: Section 4
(i) a description of each activity that is part of the project
(ii) the location or locations of each activity

(iii) a proposed timetable for carrying out the project

(iv) a description of the facilities that are proposed to be used to
undertake each activity

(v) a description of the actions proposed to be taken, following
completion of the project, in relation to those facilities.

5A (5) (¢) Describe the existing environment that may be affected by the project. | Section 5
5A (5) (d) Include details of the particular relevant values and sensitivities (if any) | Section 5
of that environment.
5A (5) (e) Set out the environmental performance outcomes for the project. Sections 6 and 7
5A (5) (f) Describe any feasible alternative to the project, or an activity that is part | Section 4

of the project, including:

(i) a comparison of the environmental impacts and risks arising
from the project or activity and the alternative
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OPGGS (E) Requirements Relevant
Regulations Section of OPP

(i) an explanation, in adequate detail, of why the alternative was
not preferred.

5A (6) Requirement to address particular relevant values and sensitivities [as | Section 5
defined in the Environment Protection and Biodiversity Conservation
Act 1999 (EPBC Act)].

5A (7) The proposal must: Sections 2 and 3

a) describe the requirements, including legislative requirements,
that apply to the project and are relevant to the environmental
management of the project

b) describe how those requirements will be met.

5A (8) The proposal must include: Sections 7 and 8
a) details of the environmental impacts and risks for the project

b) an evaluation of all the impacts and risks, appropriate to the
nature and scale of each impact or risk.

Regulation 11A Consultation with relevant authorities, persons and organisations, etc

11A Consultation with relevant authorities, persons and organisations. Section 10

1.4.3 Scope

For the purpose of the OPP, the scope of the activity is limited to construction and operation of
Scarborough concept in Commonwealth waters only. This includes:

o site preparation surveys (geophysical and geotechnical surveys) at the FPU site and
the well locations

e drilling of development wells

e installation of subsea infrastructure, including umbilicals, risers and flowlines from
wells to an FPU

¢ installation, commissioning and operation of a new FPU, with the ability for gas
dehydration and compression to transport the gas to shore

¢ maintenance of all infrastructure for the life of the project

¢ installation, commissioning and operation of a new approximately 430 km trunkline
transporting Scarborough gas from the FPU to shore — the scope of the OPP will be
limited to the Commonwealth jurisdiction and as such cover installation and
operation activities up to the State water limits (for approximately 400 km of the
trunkline) at which point jurisdiction is under the EP Act and EPBC Act

e decommissioning activities at the end of the Scarborough resource life

e the sourcing of marine sediments from a borrow ground located in Commonwealth
waters to be used in trunkline stabilisation activities (in both Commonwealth and
State waters).

The development of Scarborough will also require both vessel and helicopter-based support
activities for all phases of the offshore development.

The State waters and onshore components of the Project are assessed and approved under other
regulatory mechanisms (via the EP Act and EPBC Act), and are not in scope of this OPP.
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144 Structure of the OPP

The structure of this OPP is summarised as follows:

Section 1 introduces Scarborough, and outlines the purpose and structure of the
OPP.

Section 2 describes the Woodside Management System which provides the
framework for management, governance and assurance to implement commitments
made in the OPP.

Section 3 summarises legislative requirements, standards and guidelines relevant
to the development of Scarborough.

Section 4 describes Scarborough and details key activities (from development
drilling through to decommissioning) relevant to environmental impact and risk
assessment. This section also provides an assessment of the alternative
development concepts and key activities considered in the project development
process.

Section 5 describes the existing environment for key physical, ecological and
socioeconomic values and sensitivities of the Project Area.

Section 6 describes the criteria Woodside have used to evaluate the acceptability
of the impacts and risks and summarises the EPOs and justifications for the
acceptability limits for each receptor.

Section 7 evaluates in detail all impacts and risks associated with Scarborough,
from both planned and unplanned activities.

Section 8 provides an assessment of cumulative impacts.

Section 9 outlines the environmental performance framework for the development
of Scarborough and describes how commitments made in the OPP will be
implemented.

Section 10 summarises Woodside’s stakeholder consultation methodology,
including identification of stakeholders, preliminary engagement undertaken to date,
and approach to address feedback received during the public comment process and
other future consultation.

Section 11 provides citations for all the references used throughout the OPP.
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2 WOODSIDE HEALTH, SAFETY AND ENVIRONMENTAL
MANAGEMENT SYSTEM

2.1 Overview

The Woodside Management System (WMS) defines how Woodside will deliver its business
objectives and the boundaries within which all Woodside employees and contractors are expected
to work. The WMS consists of a mission statement, policies, decision making committees, framework
of authorities and standards required, that when applied, provides management, governance and
assurance. Environmental management is one of the components of the overall WMS.

21.1 Environment Policy

Within the WMS, the overall direction for Environment is set through Woodside’s corporate Health
Safety, Environment and Quality Policy (Figure 2-1). The policy provides a public statement of
Woodside’s commitment to minimising adverse effects on the environment from its activities and to
improving environmental performance. It sets out the principles for achieving the objectives for the
environment and how these are to be applied. The policy is applied to all Woodside’s activities, and
employees, contractors and Joint Venture partners engaging in activities under Woodside
operational control.

In addition, Woodside Climate Change Policy (Figure 2-2) demonstrates a commitment to be part of
a solution to climate change. This includes promoting and pursuing a culture of energy efficiency
and improve resources use in designs and operation.
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Figure 2-1: Woodside’s corporate Health Safety, Environment and Quality Policy
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Figure 2-2: Woodside’s Climate Change Policy

2.2 Woodside HSEMS Standard

The WMS provides a structured framework of documentation to set common expectations governing
how all employees and contractors at Woodside will work. WMS documentation, which comprises of
four elements: Compass & Policies; Expectations; Processes & Procedures; and Guidelines outlined
below (and illustrated in Figure 2-3):

e Compass & Policies. Set the enterprise-wide direction for Woodside by governing
behaviours, actions and business decisions and ensuring Woodside meet their legal and
other external obligations;
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o Expectations. Set essential activities or deliverables required to achieve the objectives of
the Key Business Activities and provide the basis for development of processes and
procedures;

o Processes & Procedures. Processes identify the set of interrelated or interacting activities
which transforms inputs into outputs, to systematically achieve a purpose or specific
objective. Procedures specify what steps, by whom and when are required to carry out an
activity or a process; and

e Guidelines. Provide recommended practice and advice on how to perform the steps defined
in Procedures, together with supporting information and associated tools. Guidelines provide
advice on how activities or tasks may be performed; information that may be taken into
consideration; or, how to use tools and systems.

Figure 2-3: The four major elements of the WMS Seed

The WMS is organised within a Business Process Hierarchy based upon Key Business Activities to
ensure the system remains independent of organisation structure and is globally applicable and
scalable wherever required. These Key Business Activities are grouped into Management, Support
and Value Stream activities as shown in Figure 2-4. The Value Stream activities capture, generate
and deliver value through the exploration and production (E&P) lifecycle. The management activities
influence all areas of the business, while support activities may influence one or more value stream
activities.
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Figure 2-4: The WMS business process hierarchy

2.3 Relationship of the WMS to the OPP

The objectives under the WMS define the mandatory performance requirements that apply to all
Woodside activities, and the performance of its employees and contractors within their area of
responsibilities. The management commitments made in the Scarborough OPP and subsequent
EPs, will be implemented through a management framework specific to Scarborough, but integrated
into the WMS.
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3 ENVIRONMENTAL LEGISLATION AND OTHER ENVIRONMENTAL
MANAGEMENT REQUIREMENTS

Scarborough is located in Commonwealth waters and therefore falls under Commonwealth
jurisdiction. An outline of key Commonwealth environmental legislation and its relevance to
Scarborough, as an offshore petroleum activity being undertaken in Commonwealth waters, is set
out below.

3.1 EPBC Act

The EPBC Act is the Commonwealth Government’s primary environmental legislation. This is the
principal statute for the protection and management of Matters of National Environmental
Significance (MNES).

Under the EPBC Act, any action that is likely to have a significant impact on MNES must not be
undertaken without the approval of the Minister. Actions with the potential to impact on MNES trigger
the Commonwealth environmental assessment and approval process.

Assessment under the EPBC Act, administered by the Department of Agriculture, Water and the
Environment (DAWE) includes an assessment of the impacts of a proposal on matters of NES listed
under Part 3 of the EPBC Act.

However, in 2014, NOPSEMA became the sole Commonwealth regulator for environmental
management of offshore petroleum activities following streamlining of regulatory processes under
the OPGGS Act (see Section 3.2) and the EPBC Act. The effect of streamlining is that offshore
petroleum activities are no longer required to be subject to separate authorisation processes under
the OPGGS Act and the EPBC Act.

These changes took effect following the approval granted on the 27 February 2014 by the Minister
for the Environment under section 146B of the EPBC Act, for the taking of actions in accordance
with an endorsed “Program” under the EPBC Act.

The ‘Program’ is described in “Program Report — Strategic Assessment of the environmental
management authorisation process for petroleum and greenhouse gas storage activities
administered by the National Offshore Petroleum Safety and Environmental Management Authority
under the Offshore Petroleum and Greenhouse Gas Storage Act 2016”. The Program, which was
endorsed by the Minister for the Environment under section 146 of the EPBC Act on 7 February
2014, outlined the environmental management authorisation process for offshore petroleum and
greenhouse gas activities administered by NOPSEMA. The objective of this Program Report was to
demonstrate how the Program will ensure activities are conducted in a manner consistent with the
principles of ecologically sustainable development and will not result in unacceptable impacts to
matters protected under Part 3 of the EPBC Act. Specifically, the report outlined the commitments
and undertakings of NOPSEMA to ensure adequate protection of Part 3 protected matters.

The endorsement of the Program, and the final approval decision had the effect that certain actions
can be undertaken in accordance with the endorsed program without further approval under the
EPBC Act. This includes referral of a proposal, or further assessment under the EPBC Act. The
class of actions covered by this approval are petroleum and greenhouse gas activities taken in
Commonwealth waters and in accordance with the endorsed Program.

The approved class of actions excludes actions which are petroleum and greenhouse gas
activities that:

e have, will have or are likely to have a significant impact on the environment on
Commonwealth land

e are taken in any area of sea or seabed that is declared to be a part of the Great
Barrier Reef Marine park under the Great Barrier Reef Marine Park Act 1975 (Cth)
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¢ have, will have or are likely to have a significant impact on the work heritage values
of the Great Barrier Reef National Heritage place

e are taken in the Antarctic

e are injection and/or storage of greenhouse gas.

Additionally, actions taken in state or territory waters are also noted to not be covered by the
approved class of actions. The scope of this OPP does not include any of the excluded actions.

To allow for streamlining to occur, several changes to the Environment Regulations administered by
NOPSEMA were made. This included introducing the OPP authorisation process to allow for public
scrutiny and comment on offshore petroleum developments early in the project lifecycle. The OPP
process reflects the level of transparency and opportunity for public comment that is provided for as
part of the ‘Environmental Impact Statement/Public Environmental Review' assessment process
under the EPBC Act.

Unlike the EPBC Act assessment process previously applicable to offshore petroleum activities, the
OPP assessment process applies to all offshore petroleum activities regardless of the potential level
of impact or risk to the environment that the proposal may present.

3.2 OPGGS Act

The OPGGS Act is the principal Act governing offshore petroleum exploration and production in
Commonwealth waters. Specific environmental, resource management and safety obligations are
set out in associated Regulations:

o Offshore Petroleum and Greenhouse Gas Storage (Safety) Regulations 2009

e Offshore Petroleum and Greenhouse Gas Storage (Resource Management and
Administration) Regulations 2011

o Offshore Petroleum and Greenhouse Gas Storage (Environment) Regulations 2009
(Environment Regulations).

Assessment under the OPGGS Act, administered by NOPSEMA, aims to ensure all impacts and
risks of a petroleum activity are acceptable and as low as reasonably practicable.

3.21 EPBC Act Policy Statement 2.1 — Interaction between Offshore Seismic
Exploration and Whales

Assessment of Scarborough has identified the potential for interaction with whales and other marine
fauna. This policy encourages the goal of minimising the likelihood of injury or hearing impairment
of whales, based on current scientific understanding. The aim of the policy is to:

e provide practical standards to minimise the risk of acoustic injury to whales in the
vicinity of seismic survey operations

e provide a framework that minimises the risk of biological consequences from
acoustic disturbance from seismic survey sources to whales in biologically important
habitat areas or during critical behaviours

e provide guidance to both proponents of seismic surveys and operators conducting
seismic surveys about their legal responsibilities under the EPBC Act.

While this policy is applicable to the control of exploration seismic activities, it can be used to control
noise from other sources.
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3.2.2 Environment Plans

Beyond the OPP, other approvals required under the OPGGS Act and associated regulations include
Environment Plans (EPs) and Qil Pollution Emergency Plans (OPEPs).

Under the Environment Regulations, a titleholder is required to have in place an accepted EP before
commencing a petroleum activity. The EP must be appropriate for the nature and scale of the activity
and describe the activity, the existing environment, details of environmental impacts and risks and
the control measures for the activity. In addition, the EP must include an implementation strategy to
demonstrate that the impacts and risks can be managed to ALARP and an acceptable level and to
describe how appropriate environmental performance outcomes, standards and measurement
criteria outlined in the EP will be met. The EP must also provide a summary of all consultation
undertaken with relevant persons. The EPs required in support of Scarborough will address activities
related to:

e drilling development wells
¢ installing subsea infrastructure
¢ installing, commissioning and operating the FPU

¢ installing, commissioning and operating a new trunkline from the FPU to the State
water limits

¢ decommissioning activities at the end of Scarborough resource life.

EPs will be supported with appropriate OPEPs and OSMPs, which are required as a part of an EP’s
implementation strategy, noting that these may be developed to support a range of activities or
phases of a project. The EPs will be submitted and accepted by NOPSEMA before the activities
listed above can commence.

Unless an offshore petroleum activity has prior approval under the EPBC Act (pre-2014), an OPP
must be accepted by NOPSEMA before the proponent can submit EPs, and other related approvals
for activities that make up the project.

3.2.3 Other Petroleum Activity Approvals

In addition to environmental approvals as discussed, the Resource Management and Administration
Regulations also require that a Safety Case and a Well Operations Management Plan (WOMP) are
assessed and accepted by NOPSEMA for petroleum facilities, along with any relevant licences to
support pipelines, infrastructure and production.

Woodside will prepare and submit the required permit applications, Safety Cases and WOMPs to
NOPSEMA as the project is developed.

3.3 Other Relevant Commonwealth Legislation

Other Commonwealth legislation that may applicable to the environmental management of the
project is outlined in Table 3-1.
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Table 3-1: Other relevant Commonwealth legislation

Commonwealth

Legislation Summary

Relevance to Scarborough

Legislation

Air Navigation Act 1920

e Air Navigation
Regulations 1947

e Air Navigation
(Aerodrome Flight
Corridors) Regulations
1994

e Air Navigation (Aircraft
Engine Emissions)
Regulations 1995

e Air Navigation (Aircraft
Noise) Regulations
1984

e Air Navigation (Fuel
Spillage) Regulations
1999

This Act relates to the management of air
navigation.

Applies to helicopter activities
undertaken during all phases of the
project.

Not linked to the control of any
impacts and risks under this OPP.

Australian Radiation
Protection and Nuclear
Safety Act 1998

This Act relates to the protection of the health
and safety of people, and the protection of the
environment from the harmful effects of
radiation.

Radioactive traces may be used
during formation evaluation. These
sealed radioactive sources are
lowered into the well as a part of the
well logging tools and removed. Any
use of radioactive materials must
comply with this Act.

Not linked to the control of any
impacts and risks under this OPP.

Environment Protection (Sea
Dumping) Act 1981

Environment Protection (Sea
Dumping) Regulations 1983

This Act and associated regulations provide for
the protection of the environment by regulating
dumping matter into the sea, incineration of
waste at sea and placement of artificial reefs.

Sea Dumping Permits will be in
place where required.

Sea dumping activities will be
undertaken in accordance with the
act and under permit as required.

Industrial Chemicals
(Notification and Assessment
Act) 1989

This Act creates a national register of industrial
chemicals. The Act also provides for restrictions
on the use of certain chemicals which could
have harmful effects on the environment or
health.

All chemicals used in association
with this project will consider the
requirements of this act.

Not linked to the control of any
impacts and risks under this OPP.

National Environment
Protection Measures
(Implementation) Act 1998

National Environment
Protection Measures
(Implementation)
Regulations 1999

This Act and associated Regulations provide for
the implementation of National Environment
Protection Measures (NEPMs) to protect,
restore and enhance the quality of the
environment in Australia and ensure that the
community has access to relevant and
meaningful information about pollution.

The National Environment Protection Council
has made NEPMs relating to ambient air
quality, the movement of controlled waste
between states and territories, the national
pollutant inventory, and used packaging
materials.

Woodside will meet any
requirements of this Act including
submission of a greenhouse and
energy report as required.

Not linked to the control of any
impacts and risks under this OPP.
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Commonwealth

Legislation Summary

Relevance to Scarborough

Legislation
Navigation Act 2012

This Act regulates navigation and shipping
including Safety of Life at Sea (SOLAS).
Although the Act does not apply to the operation
of petroleum facilities, it may apply to some
activities of operations support vessels.

Vessel operations undertaken as a
part of this activity will adhere to
MARPOL and the various Marine
Orders (as appropriate to vessel
class) enacted under this Act.

Applicable requirements are
specified as controls to relevant
impacts and risks.

Ozone Protection and
Synthetic Greenhouse Gas
Management Act 1989

Ozone Protection and
Synthetic Greenhouse Gas
Management Regulations
1995

This Act and associated regulations provide for
measures to protect ozone in the atmosphere
by controlling and ultimately reducing the
manufacture, import and export of ozone
depleting substances (ODS) and synthetic
greenhouse gases, and replacing them with
suitable alternatives. The Act will only apply to
Woodside if it manufactures, imports or exports
ozone depleting substances.

Activities undertaken as a part of
this project will adhere to the
requirements of this Act including
restrictions on import and use of
Ozone  Depleting  Substances
(ODS) (in refrigeration and air
conditioning equipment) through
control measures in procurement.
Applicable requirements are
specified as controls to relevant
impacts and risks.

Protection of the Sea
(Prevention of Pollution from
Ships) Act 1983 (MARPOL)

Protection of the Sea
(Prevention of Pollution from
Ships) (Orders) Regulations
1994

e Marine Orders —
Marine Pollution
Prevention (Oil)

e Marine Orders —
Marine Pollution
Prevention (Noxious
liquid substances)

e Marine Orders —
Marine Pollution
Prevention (Packaged
harmful substances)

e Marine Orders —
Marine Pollution
Prevention (Sewage)

e Marine Orders —
Marine Pollution
Prevention (Garbage)

This Act implements into Australian law
Australia's obligations under the International
Convention for the Prevention of Pollution from
Ships (MARPOL Convention).

This Act and associated Regulations relate to
the protection of the sea from pollution by oil
and other harmful substances discharged from
ships. Under this Act, discharge of oil or other
harmful substances from ships into the sea is
an offence. There is also a requirement to keep
records of the ships dealing with such
substances.

The Act applies to all Australian ships,
regardless of their location. It applies to foreign
ships operating between 3 nautical miles (nm)
off the coast out to the end of the Australian
Exclusive Economic Zone (200 nm). It also
applies within the 3 nm of the coast where the
State/Northern  Territory does not have
complementary legislation.

Vessel operations undertaken as a
part of this activity will adhere to
MARPOL and associated Marine
Orders (as appropriate to vessel
class) enacted under this Act.

Applicable requirements are
specified as controls to relevant
impacts and risks.

Protection of the Sea
(Harmful Antifouling
Systems) Act 2006

This Act implements Australia's obligations
under the International Convention on the
Control of Harmful Anti-Fouling Systems on
Ships  (Harmful  Anti-Fouling  Systems
Convention)

This Act relates to the protection of the sea from
the effects of harmful anti-fouling systems. It
prohibits the application or reapplication of
harmful anti-fouling compounds on Australian
ships or foreign ships that are in an Australian
shipping facility.

Vessel operations undertaken as a
part of this project will comply with
anti-fouling system requirements in
accordance with this Act.

Applicable requirements are
specified as controls to relevant
impacts and risks.
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Commonwealth

Legislation Summary

Relevance to Scarborough

Legislation

Biosecurity Act 2015

Quarantine Regulations
2000

This Act provides the Commonwealth with
powers to take measures of quarantine, and
implement related programs as are necessary,
to prevent the introduction of any plant, animal,
organism or matter that could contain anything
that could threaten Australia’s native flora and
fauna or natural  environment. The
Commonwealth’s powers include powers of
entry, seizure, detention and disposal.

This Actincludes mandatory controls on the use
of seawater as ballast in ships and the
declaration of sea vessels voyaging out of and
into Commonwealth waters. The Regulations
stipulate that all information regarding the
voyage of the vessel and the ballast water is
declared correctly to the quarantine officers.

The project will comply with
biosecurity requirements in
accordance with this Act. This will
include biofouling and ballast water
requirements for vessels, offshore
facilities and associated in-water
equipment.

Applicable requirements are

specified as controls to relevant
impacts and risks.

Australian Heritage Council
Act 2003

This Act identifies areas of heritage value,
including those listed on the World Heritage
List, National Heritage List and the
Commonwealth Heritage List. The Act also
establishes the Australian Heritage Council and
its functions.

The project will take into
consideration any heritage values in
the area.

Underwater Cultural Heritage
Act 2018 (Underwater
Heritage Act)

The Act came into effect on 1 July 2019,
replacing the Historic Shipwrecks Act 1976.
This new Underwater Heritage Act continues
the protection of Australia’s shipwrecks, but has
also broadened to include protection to sunken
aircraft and other types of underwater cultural
heritage.

There are no planned activities
associated with this project which
will result in any interference with a
shipwreck or underwater cultural
heritage sites listed under the act.

Hazardous Waste
(Regulation of Exports and
Imports) Act 1989

This Act regulates the export and import of
hazardous waste to ensure that hazardous
waste is disposed of safely so human beings
and the environment, both within and outside
Australia, are protected from the harmful effects
of the waste.

Project will comply with the
requirements of this act with regard
to export of hazardous waste.

3.4 Commonwealth Policies and Guidelines

The following are Commonwealth Government policies and guidelines that are relevant to petroleum
activities in Commonwealth waters.

3.41 Greenhouse Gas Legislation

The United Nations Framework Convention on Climate Change (UNFCCC) came into force in 1994
and has been ratified by 197 countries. The UNFCCC established a goal of preventing dangerous
anthropogenic interference with the climate system. Subordinate treaties and agreements have been
ratified by parties to the UNFCCC, including the Paris Agreement in 2015. The Paris Agreement
establishes a series of targets including:

o keeping “global average temperature to well below 2°C above pre-industrial levels and pursuing
efforts to limit temperature increase to 1.5°C” (Article 2.1(a))

e ‘reach global peaking of GHG emissions as soon as possible...achieve a balance between
anthropogenic emissions by sources and removals by sinks in the second half of this century”
(Article 4.1).
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The adoption of the Paris Agreement under decision 1/CP.21 (UNFCCC, 2016) acknowledged that
the Nationally Determined Contributions (NDCs) made by countries as commitments under the Paris
Agreement were insufficient to meet the goals of the Paris Agreement. To manage this, the Paris
Agreement includes a process to update, or ‘ratchet-up’ NDCs every 5 years.

Australia has ratified the Paris Agreement and has set a target to reduce emissions by 26-28 per
cent below 2005 levels by 2030. The primary policy mechanisms to implement this target, and
therefore Australia’s current commitments under the Paris Agreement, are the National Greenhouse
and Energy Reporting (Safequard Mechanism) Rule 2015 (Cth) (SGM) made under the National
Greenhouse and Energy Reporting Act 2007 (Cth) (NGERS) and administered by the Clean Energy
Regulator (CER). The SGM was developed to ensure that emission reductions implemented through
the Emissions Reduction Fund (ERF) are not offset or exceeded by significant GHG emissions
(above ‘business-as-usual levels’) emanating from other industrial or economic sectors. The purpose
of the SGM has more recently been communicated to measure, report and manage greenhouse gas
emissions for industrial facilities. The SGM currently applies to facilities which emit greater than 0.1
MtCO2-e per annum, requiring annual covered emissions to be reported against a designated
emissions ‘baseline’.

In March 2019, modifications to the SGM were introduced to transition facilities from current
‘reported’ baselines (an absolute value based on the historical high-point of emissions) to a
‘calculated’ baseline (set based on production forecasts and emissions intensity). There is now an
expectation that existing facilities will transition to calculated baselines within the next two years.

This change to the SGM, also requires that calculated baselines which are valid for a fixed period,
to transition to ‘production adjusted’ baselines which adjusts for any difference between production
forecasts used to apply for a calculated emissions baseline and actual production. In some cases,
production adjusted baselines will adjust with annual production.

New facilities after 1 July 2020 will be subject to a ‘benchmark baseline’ which is expected to be
defined by the DAWE and be based on leading-practice emissions intensities (top 10% of
comparable facilities).

At the time of writing three schedules within the SGM remain unpublished. These will include the a)
benchmark parameters, b) production adjusted production variables and emissions intensities and
c) fixed production variables and emissions intensities (Schedules 1, 2 and 3 respectively). Schedule
2 and 3 were subject to significant consultation through 2019 and are expected to be published in
early 2020. Schedule 1 content, including whether the leading-practice approach will be retained, is
subject to greater uncertainty. The publication of this data is intrinsic to determining a baseline
emissions figure under the SGM amendments.

3.4.2 Australian Offshore Petroleum Development Policy

This policy encourages petroleum exploration in Australia’s offshore areas and is administered by
the Commonwealth Government. Commonwealth and State Government agencies issue titles to the
private sector to facilitate exploration and development of petroleum reserves within Australia. The
titteholders have an obligation to undertake exploration and/or development of their titles. They also
have an obligation to certify the nature and the extent of the reserves. Following the discovery of a
petroleum resource, the titleholder may apply for a licence to produce the resource and to construct
pipelines and other infrastructure. The environmental regulatory framework for offshore petroleum
development is principally provided by the OPGGS Act and associated regulations, as described in
Section 3.2.

3.4.3 Australia’s Ocean Policy

Australia’s Oceans Policy, introduced in 1998, is a framework for integrated and ecosystem-based
planning and management for Australia’s marine jurisdictions. Building on the existing effective
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sectoral and jurisdictional mechanisms, the policy promotes ecologically sustainable development
(ESD) of the resources of our oceans and the encouragement of internationally competitive marine
industries, while ensuring the protection of marine biological diversity. The policy also promotes
Integrated Planning and Management. The policy’s aims are to:

e exercise and protect Australia’s rights over its marine jurisdictions

e meet its obligations under the United Nations Convention on the Law of the Sea
1982 (UNCLOS)

e understand and protect the marine environment.

The core of Australia’s Oceans Policy is the development of Marine Bioregional Plans, based on
large marine ecosystems, which are binding on all Commonwealth Government agencies and
relevant to the environmental impact assessment process as set out below.

3.4.4 Marine Bioregional Plans

The Marine Bioregional Plans aim to strengthen the operation of the EPBC Act to help ensure that
the marine environment remains healthy and resilient. The Plans provide information on
conservation values and the current and emerging pressures within each region, as well as
describing conservation priorities and measures for the region. The Marine Bioregional Plans are a
source of information for Government and industry to improve the way the marine environment is
managed and protected (Commonwealth of Australia 2012b). The Marine Bioregional Plans:

e support strategic, consistent and informed decision-making under Commonwealth
environment legislation in relation to Commonwealth marine areas

o support efficient administration of the EPBC Act to promote the ecologically
sustainable use of the marine environment and its resources

e provide a framework for strategic intervention and investment by Government to
meet policy objectives and statutory responsibilities.

The Marine Bioregional Plans improve the understanding of Australian oceans by providing a
consolidated picture of the biophysical characteristics and the diversity of marine life
(Commonwealth of Australia 2012b). The four Marine Bioregional Plans that have been developed
are South-west, North-west, North and Temperate East. Scarborough lies within the North-west
Marine Region.

3.4.5 Australian Ballast Water Management Requirements 2017

Scarborough will make use of vessels deployed from both Australian and international ports. The
Australian Ballast Water Management Requirements (DAWR, 2017, version 7), provide guidance on
how vessel operators should manage ballast water when operating within Australian seas in order
to comply with the Biosecurity Act 2015. They also align to the International Convention for the
Control and Management of Ships’ Ballast Water and Sediments 2004 (the Ballast Water
Management Convention), which entered into force internationally on 8 September 2017. The Ballast
Water Convention aims to prevent the spread of IMS from one region to another, by establishing
standards and procedures for the ballast water management, including phasing out the use of ballast
water exchange in favour of other approved methods of ballast water management, including:

e use of a Ballast Water Management System
e Dballast water exchange conducted in an acceptable area

e use of low risk ballast water (such as fresh potable water, high seas water or fresh
water from an on-board fresh water production facility)
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e retention of high-risk ballast water on board the vessel

o discharge to an approved ballast water reception facility.

3.4.6 National Biofouling Management Guidance for the Petroleum Production and
Exploration Industry 2009

This guidance document aims to assist the operators of the petroleum production and exploration
industry to minimise the amount of biofouling accumulating on vessels, infrastructure and
submersible equipment and thereby to minimise the risk of spreading marine pests around the
Australian coastline.

3.4.7 Australian and New Zealand Guidelines for Fresh and Marine Water Quality
2000

These Guidelines are intended to provide Government, industry, consultants and community groups
with a comprehensive set of tools that will enable the assessment and management of ambient water
quality in a wide range of water resource types, and according to designated environmental values.
The Guidelines are the recommended limits to acceptable change in water quality that will continue
to protect the associated environmental values.

3.5 Western Australian Legislation

Western Australian specific legislation is described, where impacts from Scarborough in
Commonwealth waters may impact State jurisdiction.

3.5.1 Greenhouse Gas

The Western Australian Government released a GHG Emissions Policy for Major Projects on 28
August 2019. The Policy included an aspirational target of net zero greenhouse gas emissions by
2050. The Minister for Environment will consider how the Policy relates to major proposals assessed
under Part IV of the EP Act (Government of Western Australia, 2019) including onshore facilities
processing Scarborough gas.

The EPA’s current Environmental Factor Guideline for Air Quality describes the EPA’s role in
assessing greenhouse gas emissions within the State environmental impact assessment process if
the proposal’s expected total greenhouse gas emissions are deemed to be significant. The EPA
released its updated Draft Environmental Factor Guideline for Greenhouse Gas Emissions on 9
December 2019 following public consultation earlier in 2019. The final guidance is due to be
published in March 2020.

3.5.2 Dredging

Dredging activities occurring in WA will be assessed under the EP Act which is WA’s primary
environmental legislation for assessing and seeking approval for any activities likely to have a
significant impact. The Act sets out to prevent, control, and abate pollution and environmental harm,
for the conservation, preservation, protection, enhancement, and management of the environment.
The EPA’s current Environmental Factor Guideline for Air Quality describes the EPA’s role in
assessing greenhouse gas emissions within the State environmental impact assessment process if
the proposal’s expected total greenhouse gas emissions are deemed to be significant. The EPA
released its updated Draft Environmental Factor Guideline for Greenhouse Gas Emissions on 9
December 2019 following public consultation earlier in 2019. The final guidance is due to be
published in March 2020.
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3.6 EPBC Management Plans

3.6.1 Listed Threatened Species Management/Recovery Plans and Conservation
Advices

While unlikely to be significant, the development of Scarborough may trigger risks or impacts on
listed threatened species. The requirements of the species recovery plans and conservation advices
have been considered to identify any requirements that may be applicable to the impact and risk
assessment of the OPP. Recovery plans are enacted under the EPBC Act and remain in force until
the species is removed from the threatened species list. Conservation advice provides guidance on
immediate recovery and threat abatement activities that can be undertaken to facilitate the
conservation of a listed species or ecological community.

Table 3-2 outlines the management/recovery plans and conservation advices relevant to those
species identified as potentially occurring or having habitat within the Scarborough Project Area. The
table also summarises the key threats to those species, as described in relevant
management/recovery plans and conservation advices.

The management/recovery plans and conservation advices have been taken into consideration in
assessing the impacts and risks associated with the project (Section 7) and will be further
incorporated into implementation planning in activity-specific EPs.

Table 3-2: Summary of EPBC management/recovery plans and conservation advices relevant to the
project

Species/ Recovery plan/ Key threats Relevant Conservation Actions
Sensitivity conservation advice identified in the

(date issued) recovery plan/
conservation advice

All Vertebrate Fauna

All  Vertebrate | Threat abatement plan for | Marine debris No explicit management actions for non-
Fauna the impacts of marine debris fisheries related industries (note that
on vertebrate marine life management actions in the plan relate
(DEWHA, 2009) largely to management of fishing waste

(e.g. “ghost” gear), and state and
Commonwealth management through

regulation).
Marine Mammals
Sei Whale Conservation advice | Noise interference Once the spatial and temporal distribution
Balaenoptera borealis sei (including biologically important areas) of
whale (TSSC, 2015a) sei whales is further defined an

assessment of the impacts of increasing
anthropogenic noise (including from
seismic surveys, port expansion, and
coastal development) should be
undertaken on this species

Vessel disturbance Ensure all vessel strike incidents are
reported in the National Vessel Strike
Database.

Blue Whale Conservation management | Noise interference Anthropogenic noise in biologically
plan for the blue whale: A important areas will be managed such
recovery plan under the that any blue whale continues to utilise
Environment Protection and the area without injury and is not
Biodiversity =~ Conservation displaced from a foraging area.
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Species/
Sensitivity

Recovery plan/
conservation advice

(date issued)

Act 1999  2015-2025
(Commonwealth of
Australia, 2015a)

Key threats
identified in the
recovery plan/

conservation advice

Relevant Conservation Actions

EPBC Act Policy Statement 2.1—
Interaction between offshore seismic
exploration and whales is applied to all
seismic surveys.

Vessel disturbance

Ensure all vessel strike incidents are
reported in the National Ship Strike
Database

Ensure the risk of vessel strikes on blue
whales is considered when assessing
actions that increase vessel traffic in
areas where blue whales occur and, if
required, appropriate mitigation
measures are implemented

Fin Whale Conservation advice | Noise interference Once the spatial and temporal distribution
Balaenoptera physalus fin (including biologically important areas) of
whale (TSSC, 2015b) fin whales is further defined, assess the

impacts of increasing anthropogenic
noise (including seismic surveys, port
expansion, and coastal development).
Vessel disturbance Develop a national vessel strike strategy
that investigates the risk of vessel strikes
on fin whales and identifies potential
mitigation measures.
Ensure all vessel strike incidents are
reported in the National Vessel Strike
Database.

Humpback Approved Conservation | Noise interference For actions involving acoustic impacts

Whale Advice for  Megaptera (example pile driving, explosives) on
novaeangliae  (humpback humpback whale calving, resting, feeding
whale) (TSSC, 2015c) areas, or confined migratory pathways,

undertake site-specific acoustic modelling
(including cumulative noise impacts).

Vessel disturbance Ensure the risk of vessel strike on
Humpback Whales is considered when
assessing actions that increase vessel
traffic in areas where humpback whales
occur and, if required appropriate
mitigation measures are implemented to
reduce the risk of vessel strike.

Reptiles

Loggerhead Recovery plan for marine | Vessel disturbance Vessel interactions identified as a threat;

Turtle, turtles in Australia (DoEE, no specific management actions in

Hawksbill 2017) relation to vessels prescribed in the plan.

Turtle, ) ) . .

Green Turtle, Light pollution Minimise light pollution.

Olive Ridley Identify the cumulative impact on turtles

Turtle, from multiple sources of onshore and

Flatback Turtle offshore light pollution.

ﬁggtherback Acute chemical Ensure spill risk strategies and response

Turtle discharge (oil pollution) programs include management for turtles

and their habitats.
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Species/
Sensitivity

Recovery plan/
conservation advice

(date issued)

Key threats
identified in the
recovery plan/

conservation advice

Relevant Conservation Actions

Leatherback Approved conservation | Vessel disturbance No explicit relevant management actions;

Turtle advice for Dermochelys vessel strikes identified as a threat.
coriacea (Leatherback
Turtle) (TSSC, 2008a)

Short-nosed Approved Conservation | Habitat loss, disturbance | Monitor known populations to identify key

Seasnake Advice for Aipysurus | and modification threats. Ensure there is no anthropogenic
apraefrontalis (Short-nosed disturbance in areas where the species
Seasnake) (DSEWPaC, occurs, excluding necessary actions to
2011). manage the conservation of the species.

Sharks and Rays

Great  White | Recovery plan for the White | No additional threats | None applicable.

Shark Shark (Carcharodon | identified (ex. marine
carcharias) (DSEWPaC | debris)
2013a)

Dwarf Sawfish, | Approved conservation | Habitat degradation/ | No explicit relevant management actions;

Queensland advice for Pristis clavata | modification habitat loss, disturbance and modification

Sawfish (Dwarf Sawfish) (TSSC, identified as threats.

2009)

Sawfish and river shark Identify risks to important sawfish and
multispecies recovery plan river shark habitat and measures needed
(Commonwealth of to reduce those risks.

Australia, 2015b)

Green Sawfish, | Approved conservation | Habitat degradation/ | No explicit relevant management actions;

Dindagubba, advice for Green Sawfish | modification habitat loss, disturbance and modification

Narrowsnout (TSSC, 2008b) identified as threats.

Sawfish - - - - - -
Sawfish and river shark Identify risks to important sawfish and
multispecies recovery plan river shark habitat and measures needed
(Commonwealth of to reduce those risks.

Australia, 2015c)

Freshwater Approved Conservation | Habitat degradation/ | Implement measures to reduce adverse

Sawfish, Advice for Pristis | modification impacts of habitat degradation and/or

Largetooth (Largetooth Sawfish) (DoE, modification.

Sawfish, River | 2014).

Sawfish,

Leichhardt's

Sawfish,

Northern

Sawfish

Whale Shark Conservation advice | Vessel disturbance Minimise offshore developments and
Rhincodon typus (Whale transit time of large vessels in areas close
Shark) (TSSC, 2015d) to marine features likely to correlate with

Whale shark aggregations and along the
northward migration route that follows the
northern Western Australian coastline
along the 200 m isobath.
Whale Shark (Rhyncodon | Habitat degradation/ | No explicit relevant management actions;
typus) recovery plan 2005— | modification seasonal aggregations of Ningaloo
2010 (DEH, 2005) recognised as important habitat.

Grey Nurse | Recovery Plan for the Grey | No additional threats | None applicable.

Shark (west | Nurse Shark (Carcharias | identified (ex. marine

coast taurus) (DoEE, 2014) debris)

population)
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Species/
Sensitivity

Recovery plan/
conservation advice

(date issued)

Key threats
identified in the
recovery plan/

conservation advice

Relevant Conservation Actions

Seabirds

Red Knot Conservation advice | Habitat degradation/ | No explicit relevant management actions;
Calidris canutus (Red Knot) | modification oil pollutions recognised as a threat.
(TSSC, 2016a)

Curlew Conservation advice | Habitat degradation/ | No explicit relevant management actions;

Sandpiper Calidris ferruginea (Curlew | modification (oil | oil pollutions recognised as a threat.
Sandpiper) (TSSC, 2015f) pollution)

Bar-tailed Conservation advice Limosa | Habitat degradation/ | No explicit relevant management actions;

Godwit lapponica baueri (Bar-tailed | modification oil pollutions recognised as a threat.

(Western Godwit (Western Alaskan))

Alaskan) (TSSC, 2016b)

Bar-tailed Conservation advice Limosa | Habitat degradation/ | No explicit relevant management actions;

Godwit lapponica menzbieri (Bar- | modification oil spills recognised as a threat.

(Northern tailed Godwit (Northern

Siberian) Siberian)) (TSSC, 2016¢)

Australian Conservation advice for | Habitat degradation/ | Ensure appropriate oil-spill contingency

Fairy Tern Sterna nereis (Fairy Tern) | modification (oil | plans are in place for the subspecies’
(TSSC, 2011) pollution) breeding sites which are vulnerable to oil

spills.

Eastern Conservation Advice | Habitat loss, disturbance | Manage disturbance at important sites

Curlew, Far for Numenius and modification when the species is present.

Eastern madagascariensis (Eastern

Curlew Curlew) (DotE, 2015)

Australian Approved Conservation | Habitat loss, disturbance | Ensure there is no disturbance in areas

Painted Snipe Advice for Rostratula | and modification where the species is known to breed.

australis (Australian Painted
Snipe). (DSEWPaC, 2013a)

Greater Sand Conservation Advice for | Habitat loss and | Manage disturbance at important sites

Plover, Large Charadrius leschenaultii | degradation which are subject to anthropogenic

Sand Plover (Greater Sand  Plover). - disturbance when the species is present.
(TSSC, 2016¢) PoIIutlop o and

contamination impacts

Great Knot Conservation Advice | Habitat loss, disturbance | Manage disturbance at important sites
for Calidris and modification which are subject to anthropogenic
tenuirostriss (Great ~ Knot) disturbance when the species is present.
(TSSC, 2016d)

Common Wildlife conservation plan | Habitat degradation/ | No explicit relevant management actions;

Sandpiper, for migratory shorebirds | modification (oil | oil spills recognised as a threat.

Red Knot, (DoEE, 2015a) pollution)

Oriental

Plover,

Oriental

Pratincole,

Bar-tailed

Godwit,

Common

Greenshank
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3.6.2 Australian Marine Parks

Under the EPBC Act, Australian Marine Parks (AMPs), formally known as Commonwealth Marine
Reserves, are recognised for the purpose of conserving marine habitats and the species that live
and rely on these habitats.

The AMPs that occur within or near the Project Area, include those listed in Table 3-3.

Table 3-3: Marine Parks that occur within or near the Project Area

Marine Park Distance from Project Area (km) IUCN Protected Area Category
Montebello Overlap VI (Multiple Use Zone)
Dampier® Adjacent to Borrow Ground Project Area | Il (National Park Zone), IV (Habitat Protection Zone) &
(at 250 m distance) VI (Multiple use Zone)
Gascoyne 87 Il (National Park Zone), IV (Habitat Protection Zone) &
VI (Multiple use Zone)
Ningaloo 186 IV (Habitat Protection Zone)

Scarborough will include construction of approximately 80 km of pipeline through the Montebello
Marine Park Multiple Use Zone, as well as inspection maintenance and repair (IMR) activities along
the pipeline once operational. Mining operations may be undertaken in the Montebello Multi Use
Zone (MUZ) (V1) if authorised by a policy, plan or program endorsed under Part 10 of the EPBC Act
(“strategic assessment”) and conducted in accordance with that authorisation and a class approval
issued under the North-West Marine Parks Network Management Plan (Plan). A class approval
permitting mining operations and greenhouse gas activities was issued specifically under this Plan
dated 28 June 2018 https://parksaustralia.gov.au/marine/pub/class-approvals/North-
west Marine Parks Network.pdf, which includes the Montebello Marine Park MUZ as an Approved
Zone.

As these activities will be covered within a future environment plan(s), they do not require any further
assessment by the Director of National Parks (DNP). However, the DNP will still be a relevant person
for consultation under an OPP/EP with regard to activities in a marine park.

In addition to the identified Management Principles, activities must be undertaken in a manner that
is consistent with the objectives of the zone, and the values of the marine park (including natural,
cultural, heritage and socio-economic values) (Director of National Parks, 2018):

e The objective of the National Park Zone (ll) is to provide for the protection and
conservation of ecosystems, habitats and native species in as natural a state as
possible.

e The objective of the Habitat Protection Zone (IV) is to provide for the conservation
of ecosystems, habitats and native species in as natural a state as possible, while
allowing activities that do not harm or cause destruction to seafloor habitats.

e The objective of the Multiple Use Zone (VI) is to provide for ecologically sustainable
use and the conservation of ecosystems, habitats and native species.

Australian IUCN Reserve Management Principles for each category are set out in the Environment
Protection and Biodiversity Conservation (EPBC) Regulations and are summarised in Table 3-4.

The values of the marine parks are described in Section 5.6.

3 Currently included to support option to use adjacent borrow ground. Reference to this AMP will be removed if option is not carried
forward.
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Table 3-4: Australian IUCN reserve management principles

Category II: National Park:
Protected Area managed mainly

for ecosystem conservation and
recreation

3.01

3.02

3.03

3.04

3.05

3.06

3.07

3.08

The reserve or zone should be
protected and managed to
preserve its natural condition
according to the following
principles.

Natural and scenic areas of
national and international
significance should be protected
for spiritual, scientific,
educational, recreational or
tourist purposes.

Representative examples of
physiographic regions, biotic
communities, genetic resources,
and native species should be
perpetuated in as natural a state
as possible to provide ecological
stability and diversity.

Visitor use should be managed
for inspirational, educational,
cultural and recreational
purposes at a level that will
maintain the reserve or zone in a
natural or near natural state.

Management should seek to
ensure that exploitation or
occupation inconsistent with
these principles does not occur.

Respect should be maintained
for the ecological,
geomorphologic, sacred and
aesthetic attributes for which the
reserve or zone was assigned to
this category.

The needs of indigenous people
should be taken into account,
including subsistence resource
use, to the extent that they do not
conflict with these principles.

The aspirations of traditional
owners of land within the reserve
or zone, their continuing land
management practices, the
protection and maintenance of
cultural heritage and the benefit
the traditional owners derive
from enterprises, established in
the reserve or zone, consistent
with these principles should be
recognised and taken into
account.

Category IV: Habitat/Species
Management Area: Protected
Area managed mainly for
conservation through
management intervention

5.01

5.02

5.03

5.04

5.05

5.06

5.07

The reserve or zone should be
managed primarily, including (if
necessary) through active
intervention, to ensure the
maintenance of habitats or to
meet the requirements of
collections or specific species

based on the following
principles.

Habitat conditions necessary to
protect  significant  species,

groups or collections of species,
biotic communities or physical
features of the environment

should be  secured and
maintained, if necessary,
through specific human
manipulation.

Scientific research and
environmental monitoring that
contribute to reserve
management should be
facilitated as primary activities
associated with  sustainable

resource management.

The reserve or zone may be
developed for public education
and  appreciation of the
characteristics  of  habitats,
species or collections and of the
work of wildlife management.

Management should seek to
ensure that exploitation or
occupation inconsistent with
these principles does not occur.

People with rights or interests in
the reserve or zone should be
entitled to benefits derived from
activities in the reserve or zone
that are consistent with these
principles.

If the reserve or zone is declared
for the purpose of a botanic
garden, it should also be
managed for the increase of
knowledge, appreciation and
enjoyment of Australia's plant
heritage by establishing, as an
integrated resource, a collection
of living and herbarium
specimens of Australian and
related plants for  study,
interpretation, conservation and
display.

Category VI: Managed
Resource Protected Areas:
Protected Area managed
mainly for the sustainable

use of natural ecosystems

7.01 The reserve or zone
should be managed
mainly for the
sustainable use  of
natural ecosystems
based on the following
principles.

The biological diversity
and other natural values
of the reserve or zone
should be protected and
maintained in the long
term.

Management practices
should be applied to
ensure ecologically
sustainable use of the
reserve or zone.

Management of the
reserve or zone should
contribute to regional
and national
development to the
extent that this s
consistent with these
principles.

7.02

7.03

7.04
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3.7 International Agreements

Australia is a signatory to several international conventions and agreements relevant to
environmental protection. Those relevant to Commonwealth legislation that may apply to
Scarborough include:

International Convention on the Control of Transboundary Movements of Hazardous
Wastes and their Disposal 1989 (Basel Convention)

Agreement between the Government of Australia and the Government of the
People’s Republic of China for the Protection of Migratory Birds and Their
Environment (commonly referred to as the China Australia Migratory Bird
Agreement or CAMBA)

International Convention on the Conservation of Migratory Species of Wild Animals
1979 (Bonn Convention)

International Convention on International Trade in Endangered Species of Wild
Fauna and Flora (CITES)

Convention on the International Maritime Organisation 1948

International Convention for the Prevention of Pollution from Ships, London,
1973/1978 (commonly known as MARPOL 73/78)

International Convention on Harmful Anti Fouling Systems 2001 (AFS Convention)

International Convention on Civil Liability for Oil Pollution Damage, 1969 and 1992
(CLC 69; CLC 92)

Agreement between the Government of Australia and the Government of Japan for
the Protection of Migratory Birds and Birds in Danger of Extinction and Their
Environment (commonly referred to as the Japan Australia Migratory Bird
Agreement or JAMBA)

Kyoto Protocol 1997
Montreal Protocol on Substances that Deplete the Ozone Layer 1987

Protocol to International Convention on the Prevention of Marine Pollution by
Dumping of Waste and Other Matter, 7 November 1996 (previously known as the
London Dumping Convention)

Rotterdam Convention a multilateral treaty to promote shared responsibilities in
relation to importation of hazardous chemicals

Agreement between the Government of Australia and the Government of the
Republic of Korea on the Protection of Migratory Birds (commonly referred to as the
Republic of Korea Australia Migratory Bird Agreement or ROKAMBA)

The Convention on the International Regulations for Preventing Collisions at Sea
1972 (COLREGS)

UNCLOS

United Nations Framework Convention on Climate Change 1992.
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4 DESCRIPTION OF THE PROJECT AND ALTERNATIVES ANALYSIS

41 Project Overview

The Scarborough and North Scarborough gas fields are located 375 km west-north-west of the
Burrup Peninsula in the northwest of Australia within offshore petroleum permits WA-1-R and
WA-62-R. The Thebe and Jupiter fields, which may provide opportunities for future tie-back options,
are located to the north and north-east of the Scarborough and North Scarborough gas fields, within
offshore permits WA-63-R and WA-61-R respectively (Figure 4-1). These potential future field tie-
back options are included as part of the overall Scarborough Offshore Project Proposal. As the
proposed trunkline route crosses the Carnarvon Basin, in close proximity to other undeveloped fields,
Woodside is also engaging with other resource owners to explore opportunities for future
development. Any future development opportunities will be undertaken in accordance with the
environmental legislative requirements in force at that time.
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Figure 4-1: Proposed Scarborough and trunkline location
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The proposed development of Scarborough includes drilling of multiple subsea gas wells (which
includes wells in the Scarborough, North Scarborough, Thebe and Jupiter gas fields). Wells will be
tied back to an FPU moored in about 900 m of water, over the Scarborough field. Woodside proposed
that the FPU topsides has processing facilities for gas dehydration and compression to transport the
gas through an approximately 430 km long trunkline to a proposed brownfield expansion of the

existing Pluto LNG onshore facility (Pluto Train 2) (outside the scope of this Proposal).

The key characteristics of Scarborough are outlined in Table 4-1.

Table 4-1: Key project characteristics for Scarborough

Criteria Key Characteristics of the Development

Proponent

Woodside Energy Ltd (Woodside) for and on behalf of the Scarborough Joint Venture
(SJV) consisting of Woodside and BHP Billiton Petroleum (North West Shelf) Pty Ltd (BHP
NWS)

Field Location

375 km WNW of the Burrup Peninsula in the North West of Australia

Offshore Permits

WA-1-R (Scarborough field)

WA-62-R (North Scarborough field)

WA-63-R (Thebe field)

WA-61-R (Jupiter field)

With potential for other future tie-ins in the vicinity of these permits

Anticipated Hydrocarbon

Dry gas (i.e. trace or no condensate expected)

No detectable hydrogen sulphide (H,S) and extremely low reservoir CO2 (~0.1 mol%)
compared with other oil and gas reservoirs.

Key Project Phases

Development and infill drilling

Subsea infield infrastructure installation

FPU and installation

Trunkline installation (including crossing of existing trunklines)
Commissioning activities

Operation

Decommissioning

Proposed Number of Wells

Anticipated that a number of wells will be drilled in two phases in the Scarborough
reservoir. As an estimate only, this may include up to 20 wells:

e proposed seven wells at start up

o up to 13 future wells (including wells for subsequent tiebacks of other reservoirs
including Thebe (8 wells) and Jupiter (2 wells).

e While not currently planned, the assessment carries a contingency of 10
additional wells should this be required for the development.

Subsea Infrastructure

Infield infrastructure, including; wellheads, manifolds, flowlines and umbilicals,
trunkline and communications lines.

Surface Infrastructure

Minimally manned FPU in approximately 900 m of water to the southeast of the WA-1-R
permit area

Trunkline Installation
Techniques

Trenching and backfill

Final Investment Decision
— Woodside target

2020

First cargo — Woodside
target

2023

Project life’

2055 (estimation only)

" If additional or third-party reservoirs have been tied into Scarborough infrastructure, this could increase the

project’s economic life.
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411 Project Schedule

Woodside is proposing to conduct FEED activities in 2019 to support the Operator's targeted Final
Investment Decision (FID) in 2020. Woodside's target schedule for Scarborough is included in
Table 4-2.

Table 4-2: Woodside’s target preliminary schedule

Phase Timing

Select/Definition (Pre-FEED) 2018

Front End Engineering Design (FEED) FEED activities will be conducted in 2019 to be ready for FID
in 2020

Final Investment Decision (FID) 2020

Drilling 2020 Phase 1

2025 Phase 2 (potentially including Thebe and Jupiter)
Note that timing will be dependent on reservoir

performance
FPU Installation 2023
Trunkline Installation 2022
First Cargo 2024
Decommissioning’ 2055 (estimation only)

" Note decommissioning may occur in stages, and if additional or third-party reservoirs have been tied into
Scarborough infrastructure, this could increase the project’s economic life and thus postpone
decommissioning.

4.1.2 Definition of Project Area

For the purpose of this OPP, the Project Area has been defined to consist of the Offshore Project
Area (for the Scarborough, North Scarborough, Thebe and Jupiter fields i.e. the area covered by
WA-1-R, WA-62-R, WA-61-R, and WA-63-R), the Trunkline Project Area to the State water limits
(the proposed trunkline route with a 1.5 km buffer either side inclusive of Spoil Ground 5A) and the
Borrow Ground Project Area, as shown in Figure 4-3. This Project Area has been considered to
include the extent of all planned activities described in this proposal with sufficient buffer.

The Project Area will accommodate the movement of vessels around the offshore facilities during
installation, commissioning and operation. However, the OPP does not include the transit of vessels
to or from the offshore locations. These activities are undertaken in accordance with maritime
legislation including the Commonwealth Navigation Act 2012.

The OPP does not consider any activities undertaken in State waters or onshore. These activities
will be assessed under the relevant State and Commonwealth legislation.

4.2 Project Location

The proposed Scarborough and North Scarborough fields are located in permit area WA-1-R and
WA-62-R, in Commonwealth waters approximately 375 km north west off the Burrup Peninsula in
the North West of Australia. Water depths within WA-1-R range between 900 m to 1000 m. Wells
may also be drilled and tied back to the FPU from the Thebe and Jupiter fields, located in petroleum
permits WA-63-R and WA-61-R respectively.

All subsea and subsurface infield infrastructure and wells are located in Commonwealth waters. The
trunkline from the FPU to shore will be the only part of the proposed development which traverse
into State waters. The proposed trunkline route is shown in Figure 4-1. The location at which the
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trunkline will cross into State waters is about 20 km north-west from the shore and in water depths
of 31 m.

Table 4-3 presents the location of the key Scarborough infrastructure.

Table 4-3: Approximate location details for key infrastructure

oordinate A9 0

Longitude Latitude
FPU 113.242°E -19.926°S
WA-1-R Centre point 113.210°E -19.874°S
WA-61-R Centre point 113.543°E -19.582°S
WA-62-R Centre point 113.251°E -19.707°S
WA-63-R Centre point 113.147°E -19.322°S
Trunkline Point 1 116.669°E -20.321°S
Trunkline Point 2 115.291°E -20.050°S
Trunkline Point 3 115.034°E -19.789°S
Trunkline Point 4 114.642°E -19.704°S
Trunkline Point 5 114.399°E -19.761°S
Trunkline Point 6 113.939°E -20.016°S
Trunkline Point 7 113.264°E -19.860°S
Trunkline Point 8 113.230°E -19.906°S
Sediment Borrow Grounds - Suitable 116.769°E -20.468°S

4.3 Hydrocarbon Characteristics

The Scarborough gas resource contains gas which is classified as ‘dry’ with only trace levels of
condensate, and ‘sweet’ with no detectable H,S and <0.01 mol% of CO..

Understanding of the Scarborough gas composition was supported by information collected from
reservoir samples and well tests obtained from the SC-4 and SC-5 appraisal wells, and
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compositional analysis undertaken in 2018. The Scarborough gas composition is provided in
Table 4-4.

Table 4-4: Scarborough gas composition

Component ?r:;rll&c))sition Range
Carbon dioxide 0.01 to 0.06

Nitrogen 43t05.6

Methane 94.21t0 95.5

Ethane 0.06 to 0.1

Propane + 0.002 to 0.01

Table 4-5: Scarborough contaminants [S1, S4, S8]

Contaminant Maximum Concentration | Units

BTEX <1 ppm
Hydrogen Sulphide (H2S) <0.2 ppm
Mercaptans <0.2 ppm
Mercury (Hg) 30 ug/m3
Arsenic (As) <0.005 mg/m?
Helium (He) 0.025 mol %
Hydrogen (H2) 0.018 mol %
Radon (Rn) 300 Bg/m?

The development of Scarborough considers future tie-in to adjacent fields including the Thebe and
Jupiter fields. These fields are expected to be of a similar composition to the Scarborough gas
resource.

4.4 Development Infrastructure

The key infrastructure components of Scarborough include wells, subsea infrastructure, the FPU
and trunkline. These are discussed in Section 4.4.2.

441 Future Development

The project is designed to accommodate future tie-back opportunities including Thebe and Jupiter
gas fields and potentially other resources owned either by Woodside or other resource owners. Any
future development opportunities will be undertaken in accordance with the environmental legislative
requirements in force at that time.

Provision for tie-in to the FPU, such as spare riser slots and preinstalled tees in the export pipeline,
is part of the current design of Scarborough. The infrastructure to support Thebe and Jupiter field
development is likely to comprise development wells and subsea infrastructure such as manifolds,
possibly subsea compression and flowlines. While the design of these facilities is not yet matured,
consideration of the activities is within the scope of the assessment in this OPP.
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4.4.2 Current Infrastructure Design

4.4.2.1 Wells

It is anticipated that Scarborough will require a number of development wells to be drilled in the
target reservoirs over the life of the project. The number and location of these wells will depend on
reservoir target areas, seabed bathymetry and features to optimise reservoir recovery. Pressure and
saturation changes in the reservoir will be monitored over the life of the Project. Data will be used to
inform decisions regarding reservoir management.

Each well will be topped by a wellhead, which provides means of hanging the production well casing,
and installing the christmas tree and well flow control facilities. Each well is then fitted with a
christmas tree which enables reservoir fluids to flow from the well to the flowlines. Christmas trees
are used to:

e manage chemical injection

e control production, whereby hydraulically controlled valves on the christmas trees
are used to control flow rates and provide a well shut-off mechanism.

Wells will be grouped into drill centres, thereby optimising the layout of wells. For future tie-ins of the
Thebe and Jupiter gas fields, it is likely that one drill centre for each field will be required. While the
exact location of the wells has not yet been determined, they are proposed be located with the permit
areas as identified in Figure 4-1.

4.4.2.2 Subsea Infrastructure

The drill centres are connected to manifolds by well jumpers to allow reservoir fluids to be carried.
Connection between the flowlines and the FPU is achieved using flexible risers through a riser base
manifold.

Subsea infrastructure is powered, monitored and controlled from the FPU facilities using a network
of electro-hydraulic control umbilicals and subsea distribution units (SDUs). Wells are serviced by
static umbilicals likely to follow the same route as the infield flowlines, the static umbilicals are tied
back to the FPU using a dynamic umbilical. A telecommunications fibre optic cable will connect the
FPU and associated subsea infrastructure to shore. This line would most likely follow the path of the
Trunkline, though details regarding installation and operation will be determined during detailed
engineering design.

Other subsea infrastructure includes FPU mooring anchors and the riser base manifold.
All subsea infrastructure types described above will be located in Commonwealth waters.

The total extent of seabed required for the installation of subsea infrastructure for Scarborough is
estimated at about 0.234 km?. This total area is subject to refinement during the design process, but
a 50% contingency has been added to represent a conservative maximum extent (Table 4-6).
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Table 4-6: Approximate extent of seabed disturbance for infield subsurface disturbance*

Infrastructure Area (km?)

Scarborough Field

FPU and infield infrastructure (flowlines, umbilicals, in-line | 0.038
tees (ILTs), risers and anchors, flowlines)

Jupiter and Thebe fields (flowlines and interfield lines) 0.027
Jupiter and Thebe Field

Flowlines and interfield lines 0.090
Total Disturbance 0.156
Total Disturbance with 50% contingency 0.234

4.4.2.3 Floating Production Unit

The FPU will be a semi-submersible platform installed over the Scarborough field, in approximately
900 m water depth. Table 4-7 presents preliminary main characteristic of the FPU. The FPU will
provide all necessary systems and utilities to support gas compression and exporting to shore. MEG
will be continuously injected into the subsea gathering system to prevent hydrate formation. The
MEG will be regenerated and stored on the FPU and pumped to the subsea and topsides injection
points as required.

The Scarborough FPU is currently being designed so that the facility would be manned by the
minimum number of personnel required to operate safely, with the ability for remote control
operations. If required, additional personnel would be transferred to the FPU to complete
maintenance on the facility.

The FPU is envisaged as a production hub for other resources in the area. The Thebe and Jupiter
gas fields provide opportunities for future tie backs via subsea flowlines to the Scarborough FPU.

Table 4-7: Floating Production Unit (FPU) preliminary main characteristics®

Characteristic Unit Value

Hull type Conventional semi-submersible
Deck Dimensions (L x W x H) m-m-m 2@70x70x13

Draft m 28

Mooring radius m 1,400

Maximum POB persons 75

The FPU will be maintained on location by a semi-taut mooring system. The mooring lines will be
preferentially secured to the seabed by suction piles. The suction piles will typically be 6 to 10 m in
diameter and about 30 m in length, with each weighing about 400 tonnes. It is anticipated that up to
20 piles may be required. While the base case is for the use of suction piles, the option to use driven
piles will be carried depending on seabed conditions.

4 Note that this will be subject to change during FEED

5 Note these may be subject to change during FEED
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The topsides process configuration has been selected in line with the current minimum manning and
remote control of FPU operation philosophies. The FPU topsides process functionality will include:

¢ inlet reception facilities for wet well fluids
e gas/liquid separation
e gas conditioning (dehydration and hydrocarbon dew-pointing)
e dry gas export compression
¢ MEG Recovery Unit including regeneration and reclamation, storage and pumping
e MEG solids treatment and disposal
e produced water treatment and disposal
e contaminants removal and disposal — sand, mercury, oil
e gas back flow from the trunkline
e production flowline re-pressurisation
e process support utilities (including power generation and flare)
o temporary flowline pigging facilities.
The topsides will be designed to be operated remotely from shore, including shut-down, start-up and
steady state operation with minimal manning requirements.
4.4.2.4 Trunkline

Woodside proposes that gas will be exported from the FPU via a 32-inch carbon steel trunkline that
runs approximately 430 km from the FPU to a proposed and approved brownfield expansion of the
existing Pluto LNG onshore facility (Pluto Train 2). Under this proposal the trunkline will extend from
the FPU site to the Pluto platform and then run parallel to the existing Pluto trunkline, within the
existing trunkline corridor and come ashore on the Burrup Peninsula adjacent to the existing Pluto
trunkline shore crossing. Trunkline construction is anticipated to begin in 2022.

4.4.2.5 Onshore Development (out of scope)

Woodside’s preferred development for Scarborough proposes to transport feed gas to the existing
Woodside-operated Pluto LNG facility on the Burrup Peninsula for processing, where a second LNG
train will be built (known as Pluto Train 2). However, Train 2 is subject to separate State and
Commonwealth environmental approval mechanisms, and is out of scope of this OPP.

4.4.3 Drilling Activities

The proposed production wells will be drilled using a moored or semi-moored MODU, or dynamically
positioned (DP) MODU or drill ship.

The location of wells and associated subsea facilities will be influenced by reservoir targets, general
bathymetry, seabed features and hydraulic performance of subsea production systems.

A phased development drilling program is proposed with infill drilling as required. While the final
number and location of operating wells is not yet known, it is anticipated that seven wells will be
available at first cargo in 2024, and up to 13 wells (including eight wells in the Thebe field and two
wells in the Jupiter field) during a potential second future phase, that may begin in 2025. An additional
10 wells are proposed to be carried in this assessment as contingency. While the exact location of
the wells has not yet been determined, they are proposed be located with the permit areas as
identified in Figure 4-1.
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Each operating well is anticipated to take approximately 2-3 months from the start of drilling to
completions. Table 4-8 provides an estimate of Scarborough operating wells, noting that this is an
estimate only.

Table 4-8: Estimates for the Scarborough wells

Drilling Anticipated Reservoir Anticipated number of
Phase Timeframes wells
1 2020 Scarborough (Phase 1) 7
2 2025 Scarborough (Phase 2) 3
Thebe 8
Jupiter 2
Contingency wells (50%) 10
TOTAL 30

4.4.3.1 Drilling Method Overview
Several vessel types will be required to complete production drilling, including:
e semi-submersible moored MODU or DP MODU

e support vessels, required for activities such as to run and set anchors and support
the MODU, during operations.

Development wells will be drilled to depths of about 3000 m beneath sea level to intersect the
reservoirs. Wells will be spaced out optimising the layout of subsea infrastructure and bottom hole
targets.

Typically, the drilling process starts with the drilling of the largest size hole, and a smaller diameter
conductor will be cemented inside this hole. Next, a smaller diameter hole section will be drilled, and
an intermediate casing will be run in and cemented. Intermediate casings provide structural support
for the hole walls, isolate geological formations and allow pressure management that may be
experienced during drilling.

A blow-out preventer (BOP) and riser system will then be installed. With the BOP in place, a hole
will then be drilled to the top of the reservoir and a liner cemented over this hole section. The final
hole section is then drilled through the reservoir as required based on reservoir targets.

Once drilling and completion of the well is completed, the well is then flowed to the MODU. Once
stable flow is achieved the produced fluids are sent to tanks for separation onboard the MODU. The
produced hydrocarbons are flared while the water is treated to meet regulatory requirements and
then discharged overboard. This first production to the MODU is known as unloading and typically
lasts approximately 12 hours per well. Once unloading activities are completed, the wells are then
isolated until they are connected to the FPU.

Well construction activities are conducted in the stages described below. Detailed well designs will
be submitted to the Well Integrity department of NOPSEMA as part of the Approval to Drill and the
accepted Well Operation Management Plan (WOMP) as required under the Offshore Petroleum and
Greenhouse Gas Storage (Resource Management and Administration) Regulations 2011.
4.4.3.2 Top Hole Section Drilling
Drilling commences with the top-hole section of the well as follows:

1. The MODU arrives and establishes position over the well site.

2. A pilot hole or holes may be drilled close to the intended well location. Pilot holes are used
when confirmation of geology and shallow hazards or further understanding of the
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structural integrity of the rock is required. Pilot holes are drilled riserless, as described
below, and result in additional cuttings, sweeps and potentially deposition to seabed.

3. Top hole sections are drilled riserless using seawater with pre-hydrated bentonite sweeps/
(XC) Polymer sweeps or drilling fluids to circulate drill cuttings from the wellbore.

4. Once each of the top-hole sections are drilled, steel casings are inserted into the wellbore
to form the surface casing and secured in place by pumping cement into the annular space
back to about 300 m above the casing shoe, which may involve a discharge of excess
cement at the seabed.

Cuttings generated during drilling of the top-hole sections are discharged at the seabed. Discharged
volumes for each well have been estimated in Table 7-63.

4.4.3.3 Blowout Preventer and Marine Riser Installation

After setting the surface casing, a BOP is installed on the wellhead to provide a means for sealing,
controlling and monitoring the well during drilling activities. The BOP components are operated using
open hydraulic systems (utilising water-based BOP control fluids). Each time the BOP is operated,
the maximum volume of BOP control fluid released to the marine environment per well is 1320 —
2250 L of water-based fluid containing about 40 — 68 L of control fluid additive. BOP operation
includes pressure testing approximately every 21 days and a function test approximately every seven
days, excluding the week a pressure test is conducted.

Following installation of the BOP, a marine riser is installed to provide a physical connection between
the well and MODU. This enables a closed circulation system to be maintained, where weighted
water-based muds (WBM) and cuttings can be circulated from the wellbore back to the MODU via
the riser.

4.4.3.4 Bottom Hole Section Drilling

Bottom hole drilling involves drilling of the lower section of the well. Bottom hole drilling requires a
bottom hole assembly (BHA) that provides the force for the drill bit to break the rock in what can be
a more challenging mechanical environment.

Bottom-hole section drilling uses a closed system (post installation of marine riser) to the planned
wellbore total depth (TD). Bottom hole sections may be drilled using a combination of water-based
and non-water-based drilling fluids.

Protective steel tubulars (casings and liners) are inserted as required. After a string of casing/liner
has been installed into the wellbore and the cement holding it in place has hardened, the casing/liner
is pressure-tested.

Cementing operations are also undertaken to:
e maintain well control and structural support of the casing as required
e set a plug in an existing well in order to sidetrack
e plug a well so it can be abandoned.

Cements are transported as dry bulk to the MODU by support vessels, mixed as required by the
cementing unit on the MODU and are pumped by high pressure pumps to the surface cementing
head then directed down the well.

Once well operations are completed, excess cement (dry bulk), is either held on-board and used for
subsequent wells; provided to the next operator at the end of the program; or discharged to the
marine environment along with cement that does not meet technical requirements (least likely
option).
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Cuttings and drilling fluids circulated back to the MODU are separated from the drilling fluids by the
solids control equipment (SCE). The SCE comprises shale shakers to remove coarse cuttings from
the drilling fluid. After processing by the shale shakers, the recovered fluids from the cuttings may
be directed to centrifuges, which are used to remove the finer solids (4.5 to 6 um). The cuttings are
usually discharged below the water line and the fluids are recirculated into the fluid system. Volumes
of drill cuttings and fluids discharged per well are summarised in Table 7-63.

4.4.3.5 Well Clean-up

Prior to installing the drill stem test (DST) string, wells will generally be displaced from the drilling
fluid system to brine. A chemical cleanout fluids train will be circulated between the two fluids, then
seawater or brine circulated until operational cleanliness specifications are met. This will be in line
with Woodside's Reservoir, Drilling and Completions Fluids Guideline. Brine is typically a filtered
brine with <70 NTU and/or <0.05% total suspended solids (TSS). This results in a brine and seawater
discharge after this operation. Should there be clean-up brine contaminated with base oil, it will be
captured and stored on the MODU for treatment prior to discharge or returned to shore if treatment
is not possible.

4.4.3.6 Well Flow-back

Upon successfully drilling the production wells, Woodside may conduct well testing or well flowback
activities. The types of tasks associated with well testing and flowback may include:

e reservoir gas flaring
e reservoir gas venting.

During flowback, initial unloading of the well displaces the suspension fluids. These are discharged
overboard — the gas content makes it too dangerous to filter or treat them. Once the suspension
fluids are unloaded, the gas stream is sent to flare via the production separator.

After the objectives of the well testing and flowback are achieved, the flow is stopped and the well
may be cleaned using a brine that can include several chemicals, such as biocide and surfactant.

4.4.3.7 Completion

Once a well has been drilled, well completion activities will be undertaken including installation of
sand control screens, production tubing and the christmas tree, followed by well suspension. Lower
completions will require down-hole sand control to manage the potential for formation failure during
operation.

Installation of well infrastructure will consist of deploying the horizontal christmas tree and lock it to
the wellhead, followed by verification testing of the connector, flowline connector and subsea control
module (SCM) as required. The installation will be supported by remotely operated vehicles (ROVs)
with installation by wire from the MODU or vessel.

4.4.3.8 Subsea Equipment Preservation Chemicals

Following well completion activities, the wells may be left with subsea equipment (such as christmas
trees) installed, awaiting connection to the FPU. All subsea equipment will contain preservation fluids
to prevent corrosion and any other deterioration of the equipment before production. Such fluids will
be flushed back to the FPU when production from the well commences.

Prior to leaving the subsea equipment flooded and ready for start-up, pre-commissioning and final
hydrotests of the subsea infrastructure will result in discharge of treated seawater.
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4.4.3.9 Dirilling Fluids

Drilling fluids are used to lubricate the drill string, resist any pressure from the well stream and return
cuttings to surface. They are formulated according to the well design, the expected reservoir
geological conditions and the surrounding formations.

Drilling fluids are comprised of a base fluid, weighting agents and chemical additives used to give
the fluid the exact properties required to make the drilling as efficient and safe as possible. The
selection of fluid types will not be finalised until the detailed design phase when well design is more
confirmed.

All wells will be drilled using Water Based Muds (WBMs) for the top-hole sections and either WBMs
or Non-Water Based Muds (NWBMs) for the lower sections. The selection of mud types is dependent
on technical aspects of the drilling program that will not be known until completion of detailed design:

o \WBMiis typically used as the first preference when planning to drill a well, consistent
with the requirements of Woodside’s Environmental Performance Standard. WBM
is mainly comprised of water (salt or fresh). Some basic additives such
bentonite/guar gum may be added to the water. All WBM chemicals selected for use
will be assessed under the Woodside Chemical Selection and Assessment
Environment Guideline.

¢ NWBM may also be used subject to the development of a “business case deviation”
that details environment, technical, health and waste management considerations.
The requirement to use NWBM is typically based on a need for improved
management of the technical and safety aspects of drilling technically complex
wells. Al NWBM chemicals selected for use will be assessed under the Woodside
Chemical Selection and Assessment Environment Guideline.

Given the shallow depth of the target reservoir in the Scarborough, Thebe and Jupiter reservoirs, a
combination of horizontal and high angle wells is required with maximum well lengths of
approximately 2000 m.

4.4.3.10 Vertical Seismic Profiling

As a part of ongoing field evaluation, Woodside may undertake vertical seismic profiling (VSP) once
total depth is reached.

VSP is used to generate a high-resolution seismic image of the geology in the well’'s immediate
vicinity. It uses a small airgun array, typically comprising either a system of three 250 inch?® airguns
with a total volume of 750 inch® of compressed nitrogen at about 1800 psi (12,410 kPa) or two
250 inch? airguns with a total volume of 500 inches®. During VSP operations, four to five receivers
may be positioned in a section of the wellbore (station) and the airgun array is discharged
approximately five times at 20 second intervals. The generated sound pulses are reflected through
the seabed and are recorded by the receivers to generate a profile along 60 to 75 m section of the
wellbore. This process is repeated as required for different stations in the wellbore and it may take
up to 24 hours to complete, depending on the wellbore’s depth and number of stations being profiled.

444 Installation of Subsea Infrastructure

Subsea infrastructure required for start-up will be installed prior to the installation of the FPU, with
further infrastructure, including temporary infrastructure to support commissioning activities, installed
throughout the life of the project as required (e.g. for wells drilled in Phase 2 and in the Thebe and
Jupiter fields). Subsea infrastructure such as riser-based manifolds, risers, flowlines, umbilicals and
mooring system will be transported to site by a combination of installation vessels and cargo barges.
Subsea installation of equipment will be performed by subsea installation vessels (ISV). These will
be equipped with submersible ROVs, which will aid in the installation, hook-up and commissioning
processes.
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With the riser based manifolds in place, the subsea well jumpers, infield flowlines and umbilicals will
be installed on the seabed. The infield flowlines will be installed progressively within a defined
corridor using a pipe-lay vessel, whereby each flowline is lowered to the seabed as the vessel moves
forward. The flowlines and MEG lines will be laid directly on the seabed following seabed preparation
(if required) and umbilicals will be laid alongside the flowlines.

4.4.5 Installation of Flexible Risers

The flexible risers will be installed using an ISV. Each of the flexible risers will be installed, already
filled with MEG or freshwater/seawater. To achieve the final riser design configuration, buoyancy
modules will be installed directly onto the riser during the installation. Once each riser has been laid,
the subsea end will be installed to the riser base manifold. Diverless connectors are likely to be used
to connect each riser to the manifold. The installation of the flexible umbilical risers will follow the
same methodology; however, the umbilicals will be connected to the Subsea Distribution Unit (SDU).

446 Installation of FPU

The FPU components will be assembled and pre-commissioned as much as reasonably possible at
onshore fabrication/pre-assembly sites before transportation to its final offshore location.

The anchor piles and mooring legs will be installed in advance and laid on the seabed.

The FPU will most likely be dry towed to a sheltered location for offloading and wet towed to site.
Once at site, the mooring lines will be connected to the FPU.

Riser connection and offshore commissioning will then be completed. A marine spread will be at site
supporting anchor and riser connection.

Where suction piling is to be used, piles will be installed by gently lowering the pile onto the seabed
and using gravity to lower the pile into the soft substrate. The preferred installation method is to
pump out the entrapped water inside the pile, with the resulting differential pressure drawing the pile
deeper into the seabed. Should driven piling be required, current options being assessed are drilling
and cementing or impact piling, which involves the application of force to drive the pile into the
seabed.

4.4.6.1 FPU Utilities
The FPU will likely include utilities as described below.

Power Generation and Distribution: Power generation is likely to be supplied by gas turbine driven
generators that have the capacity to use diesel if gas is not available (such as during start-up
operations). The need for separate emergency power generation equipment will be determined
during FEED.

Fuel Gas Treatment. Gas would be the main source of fuel for power generation. A fuel gas
treatment system usually consists of pressure reduction, filtering, dew pointing and metering
equipment prior to use by turbines and other fuel gas users.

Diesel System: A diesel storage and distribution system may be required to provide a fuel source
for emergency power generation systems, materials handling cranes, firewater pumps, and as a
back-up fuel source for the main power generation system. Diesel would be transported to the FPU
by supply vessel.

Emergency Flare System: An emergency depressuring (flare) system, also referred to as a ‘safety
flare system’, will be installed on the FPU. The safety flare will be designed to provide a safe means
of rapidly disposing pressurised gas from process equipment in the event of an emergency or
process upset. The flare system is also required during commissioning, initial production, process
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shutdowns and restarts, maintenance, and equipment downtime. A pilot flare will keep the
emergency flare lit.

Chemical Storage and Injection Facilities: Chemicals may need to be stored on the FPU for
injection into the subsea systems (flowlines/wellheads/manifolds) and trunkline and for production
purposes. A wide variety of chemicals and other materials may be stored and used on the FPU,
including:

e acids and solvents

e hydrate and corrosion inhibitors

e surface active agents

e lubricating fluids and greases

e hydraulic oils and fluids

e paints

e specialised cleaning fluids

e seawater system treatment chemicals.

MEG will be continuously injected into the subsea gathering system to prevent hydrate formation.
The MEG will be regenerated and stored on the FPU and pumped to the subsea and topsides
injection points as required. Produced and condensed water extracted from the reservoir and
separated from the MEG during regeneration will be treated to acceptable quality and routinely
disposed of overboard, with volumes expected to be below 100 m3*/day.

Subsea Controls Support System: The subsea equipment will be controlled by an electro-hydraulic
system. The hydraulic fluid, power and controls communications functions will be transported to the
manifolds via an umbilical. This umbilical may also transport some of the production chemicals
required at the field. The FPU will house all the equipment needed to support these functions,
including a hydraulic pressure maintenance system, power supply and uninterrupted power supply
system, a master controls station and the umbilical initiation point.

Seawater Treatment. Seawater may be required for various purposes, including cooling of
wellstream fluids, process equipment, fire protection systems, and freshwater production. Seawater
treatment systems may include coarse filters to strain debris from the seawater and injection of
hypochlorite (or similar biocide) to prevent the build-up of marine fouling growth on the internal
surfaces of the system. Hypochlorite is the most widely used material and is normally produced
onboard by electrolysis of seawater.

Seawater used for cooling purposes will be routinely discharged overboard from either the surface
or at a point below sea level (depending on final FPU design) at a temperature less than 60°C and
rates up to 175,000 m3/d.

Accommodation Facilities: A project objective is to design the FPU to achieve minimally manned
operation. Accommodation facilities will be provided for core crew as well as increased manning
during maintenance or other activities.

Safety Systems: Safety systems will include escape equipment, fire/gas/smoke detection and
protection systems, and back-up power systems. The fire protection system will consist of passive
systems (such as equipment coatings) and active systems possibly including deluge, water, foam,
CO? and extinguishers. The most appropriate system for each area will be selected based on
detailed risk assessments. Ozone-depleting substances will not be used for these systems. Safety
equipment including fire pumps, emergency lighting and communications equipment, are generally
designed to be completely independent and with appropriate levels of redundancy. Independent fuel
or energy sources, such as diesel, may be used.
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Communication Systems: Standard offshore communications systems will be in place. Additional
safeguards will also be implemented such as the gazetting of the platform onto navigational charts
and the creation of a safety exclusion zone.

Flowline and Trunkline Pigging Facilities: For operational and inspection reasons, it may be
necessary to run ‘pigs’ through the flowlines and/or trunkline. The FPU may include
launchers/receivers for these activities.

Drains: The FPU drainage and disposal systems will include closed drains, open drains and liquid
hydrocarbon recovery systems. Deck drainage consists mainly of deck washdown water and
rainwater.

4.4.7 Gas Trunkline

The base case design is a dry gas trunkline between the FPU and the shore. The nominal size is
32-inch with a total route length of approximately 430 km.

The proposed route for the trunkline between the FPU and Pluto LNG is shown in Figure 4-1.
In deep water, the key routing drivers for the trunkline are:

e minimising environmental impact

e avoiding any identified geohazards

¢ finding an optimum route up the continental slope (1000 m to 300 m water depth)
which minimises intervention requirements and long-term integrity issues

¢ minimising the number of third-party trunkline crossings.

Figure 4-1 shows the preliminary trunkline route. At KP 200, about 20 km north-west of the Pluto
Riser Platform, the trunkline deviates to the south to avoid the existing facilities and manage
environment, technical and safety risks. From KP 160, about 20 km south-east of the platform, the
trunkline will be routed alongside the existing Pluto gas trunkline, within the same corridor as the
Pluto trunkline (about 100 m to the south) until it reaches Mermaid Sound.

4.4.7.1 Pre-lay Survey

A pre-lay survey of the trunkline will be undertaken prior to commencement of the trunkline
installation. This survey is aimed to identify debris and other hazards prior to laying the trunkline and
is not considered a full geophysical/geotechnical survey.

The pre-lay survey will be performed by a dedicated pre-lay survey vessel (which is typically similar
in size to support vessels) or potentially the ISV. The survey usually utilises a side scan sonar fish
towed behind the pre-lay survey vessel. The survey methods are non-intrusive and the equipment,
under planned operation, will not disturb the seabed. Information is transferred to the survey vessel
via an umbilical. The pre-lay survey may also be undertaken with ROV or autonomous underwater
vehicle (AUV) using side scan sonar.

A multi-beam echo sounder, a common survey tool for offshore surveys, may also be deployed to
establish the profile of the seabed, using sound pulses.

Geotechnical surveys typically involve in-situ testing and piston/push sampling. Following sampling,
all equipment is withdrawn from the seabed. A small hole (<1 m?) will remain, which will eventually
collapse and infill with the movement of surface sediments in ocean current

4.4.7.2 Trunkline Installation

The trunkline will be installed from a conventional pipelay vessel (Figure 4-2). The pipelay vessel
may be required to temporarily moor on location via an anchor.
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The trunkline is built up from pipe lengths, each being welded to the previous section. Following
completion of each weld, a Non-Destructive Examination (NDE) technique will be employed to
inspect the weld, and weld repairs will be performed if required. An anti-corrosion heat shrink sleeve
or cold tape will then be applied to the weld area, and the void between adjacent concrete coatings
may then be filled with a suitable infill. Upon completion of this process, the pipe is laid over a pipe
support ramp (stinger) on the stern of the lay barge and laid onto the seabed.

Laying the trunkline near existing trunklines (e.g. the Pluto trunkline, TSEP trunkline, etc.) will need
to be considered, and appropriate measures established to protect these trunklines.

Figure 4-2: Conventional pipelay vessel

4.4.7.3 Trunkline Stabilisation

During FEED, the trunkline dredging, protection and stabilisation design will be refined to provide an
optimum solution in terms of environmental impact, safety, cost and schedule. However, it is
anticipated that stabilisation is generally required in water depths shallower than 40 m, which
corresponds to a location about 50 km offshore. Accordingly, it is anticipated that for the section of
trunkline from shore to the State waters boundary (approximately KP32 ) out to KP50 (Figure 4-3),
there may be a requirement for some trenching and back fill to stabilise the export trunkline in both
state and Commonwealth waters.

The pre-lay dredging works associated with the trunkline installation involves the dredging of an
approximately 2.5-3.5 m deep trench along the trunkline route within an indicative trunkline corridor
of 30 m width.

Trailing suction hopper dredgers (TSHD) have been proposed for the pre-lay dredging works in
Commonwealth waters. Material will be dredged, placed alongside the trunkline route. This
stabilisation will be done using coarse sand. Trenched material will be disposed at existing spoil
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grounds within the region. In Commonwealth waters this is Spoil Ground 5A, which lies within the
Trunkline Project Area and is approximately 300 m wide and runs ~17km between the State waters
boundary and KP 50. While backfill will be sourced from one of the pre-identified borrow ground
locations. Estimated maximum volumes for trenching and backfill activities are presented in
Table 4-9.

Table 4-9: Estimated maximum dredge and backfill volumes

Activity Estimated maximum volumes

Commonwealth waters trenching 1.2 Mm?3

Commonwealth waters backfill 1.5 Mm3
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Figure 4-3: Trunkline Corridor within Commonwealth Waters and Potential Borrow Ground Project
Area
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In the vicinity of KP 209 , about 2500 m?® to 15,000 m?® of material may be displaced to allow safe
pipelay operations to be conducted as the Trunkline crosses the continental slope in approximately
580 m water depth. This seabed material relocation will be completed using a potential combination
of ROV or other subsea equipment based methods, such as mass flow excavation, heavy duty grab,
jetting or a grader. Any displaced material would not be recovered to the surface (except for small
samples for testing purposes) and could be placed in vicinity of the pipeline route (within a radius of
approximately 250 m), and/or relocated along the pipeline corridor.

4.4.7.4 Borrow Ground

Sand may be required to assist with trunkline stabilisation in some of the trunkline sections in
shallower water. This sand is proposed to be obtained from borrow ground locations in either State
or Commonwealth waters. The location of the pre-identified borrow ground in Commonwealth waters
is shown in Figure 4-3.

The sand would be dredged from the borrow ground using a TSHD. The volumes required, and
duration of the dredging activities is to be confirmed during detailed engineering design.

Consideration was given to the potential re-use of materials from existing Spoil Grounds to negate
the requirement to use a new borrow ground, however the geotechnical properties of the materials
in existing spoil grounds are not suitable for pipeline stabilisation (refer to Section 4.5 for additional
discussion regarding borrow ground selection).

44.8 Pre-Commissioning and Commissioning

Once installation and hook up of subsea infrastructure are complete, the subsea infrastructure,
including the subsea umbilicals, risers and flowlines (SURF) and the trunkline will be subject to pre-
commissioning activities, required to test the integrity of the subsea infrastructure. For SURF, this
will be conducted using hydrotest fluids, whereby the subsea infrastructure pressures will be
monitored to detect leaks. There will be a number of associated discharges. Fluids in the flowlines
will be left in place to provide corrosion protection prior to dewatering, at which time hydrotest fluids
will be discharged. The likely highest individual discharge volume of hydrotest fluids used for SURF
pre-commissioning is 5300 m?® with a 10% contingency, for flowline hydrotest dewatering, resulting
in @ maximum likely volume of 5800 m?3.

The preferred option for trunkline pre-commissioning does not involve the use of hydrotest fluids.
“Dry commissioning” relies on data gathered during fabrication and installation to provide assurance
of trunkline integrity. There is a possibility, however, that hydrotesting may still be required and as
such this has been included in the scope of activities under the OPP. Potential volume of pre-
commissioning fluid for the trunkline is 190,000 m*® of chemically treated seawater with a 20%
contingency, resulting in a maximum likely volume of 223,000 m?.

The location and timing of the pre-commissioning fluid discharge is unknown; however, it is assumed
it will be discharged from a single point on the seabed in the vicinity of the proposed location of the
FPU at any time of the year. For the purpose of undertaking this assessment, the discharge rate is
estimated at around 1500 m3/hr for the trunkline and 85 m?hr for flowlines. Residual biocide may be
present in the hydrotest water at the time it is discharged at concentrations in the order of 500 to
1500 ppm.

FPU will be pre-commissioned at the fabrication site prior to transportation to the offshore location.
Commissioning will include checking, inspection, cleaning, tightness testing, drying and inerting and
first fill of process chemicals and adsorbents for the gas treatment system.

Commissioning of the overall production system will be conducted from the FPU once on location.
Commissioning will include testing, adjusting and monitoring of all systems.
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449 Operations

4.4.9.1 Hydrocarbon Extraction
Hydrocarbons from the reservoir will flow via the subsea infrastructure to the FPU for processing.

Control of the subsea system is via the umbilical which transports electrical power, control fluids and
chemicals to the required subsea locations. Other chemicals including MEG will be injected into the
gas at the wellhead to prevent the formation of gas hydrate in the flowlines and risers and to assist
in corrosion inhibition.

4.4.9.2 Processing

Well fluids are processed on the FPU to meet the trunkline gas specification. MEG, water and any
salt, sand and scale are removed for further processing and disposal. The gas will then be
compressed to meet the requirements of the trunkline and metered prior to export via the trunkline.

Due to the temperature difference between the reservoir fluids and the FPU process, mercury
contained in reservoir fluids is expected to condense and collect in the topside process. The mercury
will be removed from the FPU process for onshore treatment and disposal.

Condensed water, resulting from the vapour in the gas stream which condenses out during gas
processing, will be produced throughout the life of the project at rates of about 285 bbl/day. This
water will be treated and discharged from the FPU to the marine environment.

Wells are not expected to produce formation water until they start to water out toward the end of well
life. Once they start to water out, about 200 bbl/day of formation water may be produced. At that
time, daily discharge of up to approximately 485 bbl/day (combined condensed water and formation
water) will be generated for a limited duration prior to watering out, at which point the well will be
shut-in.

The condensed water and produced formation water will also contain residual salt, MEG, scale,
corrosion inhibitors and sands. The condensed water and produced formation water will be
separated by distillation in the MEG unit and will contain a small amount of residual MEG and
corrosion inhibitors but no salt, scale, or fines. These streams will be directed to the produced water
treatment system for processing prior to discharge overboard either from the surface, or from a point
below the surface depending on the final design of the FPU.

Any solids will be recovered, dissolvable salts may be re-dissolved or slurried using treated water
and discharged overboard. Other solids will be recovered and transported to shore for treatment and
disposal.

4.4.9.3 Gas Export

Gas is to be exported from the FPU to shore via the 430 km long trunkline. The trunkline will operate
dry and liquids free. Any future hydrocarbon liquids from future field tie-backs will be exported
separately to the gas to avoid trunkline liquid management issues.

4.410 Decommissioning

At the end of Scarborough’s life, the facilities will be decommissioned in accordance with good oilfield
practice and relevant legislation and practice at the time. Decommissioning will occur once the
Scarborough, North Scarborough, Thebe and Jupiter fields have reached the end of their economic
life and may occur in stages. If additional or third-party reservoirs have been tied into Scarborough
infrastructure, this could increase the project’s economic life and thus postpone decommissioning.

The OPGGS Act (Section 572(3)) outlines that a titleholder “must remove from the title area all
structures that are, and all equipment and other property that is, neither used nor to be used in
connection with the operations”. However, this obligation is subject to other provisions of the Act and
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allows titleholders to identify and seek approval for alternative arrangements. Subsequently,
decommissioning may include:

¢ plugging of production wells and removal of christmas trees and wellheads down to
5 m below the seabed

e removal of manifolds

e removal of umbilicals

e cut off mooring and remove the FPU

e anchor piles and mooring legs remain at location, within the seabed

e removal of subsea infrastructure, (subject to other provisions of the OPGGS Act).

Given the expected life of the project, the decommissioning of Scarborough is not likely for many
years. While it is not possible to fully scope the decommissioning strategy that will be employed at
that time, and given the possible improvements in technology that may occur between now and the
time of decommissioning, it is intended within this OPP to identify the broad environmental
performance outcomes for decommissioning, and demonstrate how these will be met through
activity-specific Environment Plans to be developed closer to the time.

4.4.10.1 Well Abandonment

Once no longer required for use, wells must be abandoned in accordance with the requirements of
the OPGGS Act and industry best practice.

On abandonment, the surface casing, conductor, and wellhead may be cut off below the seabed and
recovered.

Well plug and abandonment include activities such as:
¢ install and pressure test BOP
e bullhead the well
e isolate the reservoir (deep set slick line plug)
e cut/perforate casing/production tubing
¢ install permanent reservoir barrier
o perforate the well casing/tubing
e install permanent surface barrier
e Remove BOP stack
e sever and remove surface casing and wellhead

e conduct post operation ROV survey.

4.4.11 Inspection, Maintenance and Repair Activities

All facilities supporting Scarborough, both subsea and topsides, will be subject to Inspection,
maintenance and repair activities. For the FPU this will be undertaken during campaign maintenance
periods to reduce the number of personnel onboard during normal production periods. For the
subsea systems activities will be conducted using ROVs.

Inspection, maintenance and repair activities may need to occur during the operational life of the
field to:

e prevent deterioration and/or failure of infrastructure
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e maintain reliability and performance of infrastructure.

4.4.11.1 Inspections

For Scarborough, wellheads, pipelines, trunkline umbilicals and subsea structures will be inspected
by an ROV from a vessel. Inspections may monitor:

e anode wastage

e coating damage

e cathodic protection measurements

e non-destructive testing

e external corrosion

o lack of integrity (missing components, broken loose or damaged appurtenances)
e marine growth

o damage (impact, environment or third party)

e scour

¢ variation of inspected components or operating conditions
o leaks (gas or liquid).

The frequency and duration of inspections is dependent in the issue however could take place at
any time of the year for a duration of a few hours to a few days.

4.4.11.2 Maintenance and Repair

Maintenance and repair activities may need to occur during the operational life of the field to:
e prevent deterioration and/or failure of infrastructure
e maintain reliability and performance of infrastructure.

Maintenance and repair activities are typically conducted in response to inspection findings,
engineering analyses, and/or external events. The activities are typically performed by ROV from a
vessel or may be undertaken by divers from a dive support vessel in shallower sections of the
trunkline.

Typical maintenance and repair activities include:
e cathodic protection system maintenance
o |eak testing
e marine growth and hard deposit removal
e removal of debris or fishing net
o rectification of electrical or hydraulic fault
e pipeline/trunkline repair
e pipeline/trunkline stabilisation
e general subsea infrastructure servicing

e general topsides servicing.
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4.4.11.3 Well Intervention

Well intervention generally occurs within the wellbore and includes activities such as:
¢ slickline/wireline/coil-tubing operations
o well testing and flowback
¢ well workovers (mechanical or hydraulic).

The frequency of well intervention activities depends on well performance.

During intervention activities, local control of the Christmas trees may be required. Valve actuation
of the trees may be required, which will result in small releases of subsea control fluids to be released
to the environment. Intervention activities also include removing marine fouling by mechanical or
acid soaking, resulting in the release of marine-fouling debris and small amounts of acid to the
environment. When retrieving intervention tooling, small volumes of wellbore fluids may be displaced
back into the well.

In addition, various other activities (described in Section 4.4.3 Drilling Activities) may also be
conducted during well intervention activities.

4.412 Support Activities

Support Vessels

The drilling, installation, commissioning and operation phases of the project will be supported by a
variety of vessels including barges, tugs, heavy lift vessels, accommodation support vessels, survey
vessels and supply vessels (thereafter referred to as support vessels) and installation (ISV) and
pipelay vessels. Vessels used during these phases may be sourced from international or Australian
based location, depending on the time of vessel needed and availability. Regional ports such as
Dampier and Exmouth are proposed for use during different phases of the project (including but not
limited to mobilisation/resupply/equipment transfer activities). Port based activities associated with
these vessels, are subject to all applicable maritime regulations and other requirements (including
Woodside’s Marine Operations Operating Procedure (WMOOO0OPG10120467).

While in the Project Area, support vessels will be required for transporting stores and equipment.
Support vessels also backload materials and segregated waste for transportation back to shore, as
well as carrying out standby duties where required. Standby duties may include but are not limited
to periods of helicopter operations and working over the side activities while in the field. During the
operations phase supply vessels will travel between the supply chain and logistics support facility
(or facilities) and the FPU.

During drilling activities, several different materials required for the campaign will be transferred from
vessels to the MODU in bulk. Cement, barite and bentonite are transported as dry bulk to the MODU
by support vessels and pneumatically blown to the MODU storage tanks using compressed air.

Vessels may also be employed to undertake various inspection, maintenance and repair activities,
both in-field of the subsea facilities, and along the trunkline.

While use of anchors by support vessel in deeper waters is unlikely due to depth constraints, there
may be occasions for example to conserve fuel, where support vessels anchor in shallower waters,
within the Project Area while working on the trunkline route.

Vessel requirements during the decommissioning phase are unknown at this stage due to
uncertainty regarding the methodology to be applied, but it can be expected that decommissioning
will use similar vessels to those engaged for installation activities.
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Helicopter Operations

Helicopters are the primary means of transporting passengers and/or urgent freight to/from during
drilling, installation, commissioning and operation phases of the project. They are also the preferred
means of evacuating personnel in an emergency. Helicopter support is principally supplied from the
Karratha and Exmouth Airports.

Remotely Operated Vehicles

All phases may be supported by remotely operated vehicles (ROV). These may be used during
drilling operations, inspection and maintenance and in decommissioning

The ROV can be fitted with various tools and camera systems that can be used to capture permanent
records (both still images and video) of the operations and immediate surrounding environment.

The ROV may also be used in the event of an incident to deploy the Subsea First Response Toolkit.

4.413 Key Aspects Associated with the Project

A summary of the project stages, the activities and identified environmental aspects based on the
activity as described in this section is provided in Table 4-10. This forms the framework for the impact
assessment undertaken in Section 7 of this OPP.
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Table 4-10: Relationship between the project phases, activities and aspects

Installation and Commissioning Operations

Aspect Name Drilling

Vertical Seismic Profiling
Installation of subsea
infrastructure

Trunkline installation
Trunkline stabilisation
Hydrocarbon extraction
Hydrocarbon processing
Leaving flowlines in place

Drilling Operations
Well flow-back
Completion
Pre-Lay Survey
Installation of FPU
Commissioning
FPU Operations
Gas Export
Removal of subsea
infrastructure

Well Abandonment

Inspection,
Decommissioning Maintenance
and Repair

Inspection

Maintenance and Repair

Well Intervention

Support Operations

MODU Operations

Vessel Operations

Helicopter Operations

ROV Operations

Planned

Q

Routine light emissions

\
<\

Routine atmospheric emissions affecting air quality

Routine greenhouse gas emissions 4

Routine acoustic emissions v v v v

NN NN
\

Physical presence (routine): Displacement of Other Users v v v v

Physical presence (routine): Seabed disturbance v 4 4 v v v v

Routine and non-routine discharges: Sewage and Greywater

Routine and non-routine discharges: Food Waste

Routine and non-routine discharges: Chemicals and Deck Drainage

NN

Routine and non-routine discharges: Brine and Cooling Water

N ANENENENEN RN ENENEN

AN ENENENEN RN RN NN

Routine and non-routine discharges: Operational Fluids

Routine and non-routine discharges: Subsea installation, and commissioning v v v

Routine and non-routine discharges: Drilling v

Unplanned

Unplanned Discharges: Chemicals v

Unplanned Discharges: Solid Waste

Physical presence (unplanned): Seabed disturbance v

Physical presence (unplanned): IMS v v v

SN XX

Physical presence (unplanned): Collision with Marine Fauna

Unplanned hydrocarbon release v v v

A N N N RN
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4.5 Assessment of Alternatives

4.51 Background

In 2018, Woodside acquired an additional 50% interest in WA-1-R containing the majority of the
Scarborough field, taking the Company's interest at the time to 75% in WA-1-R and a 50% interest
in WA-61-R, WA-62-R and WA-63-R . Prior to this acquisition, the previous Operator had evaluated
and selected as a concept the development of the Scarborough field via Floating Liquefied Natural
Gas (FLNG) technology. This Proposal was referred under the EPBC Act (reference no. 2013/6811)
by ExxonMobil to the Commonwealth in 2013 and was set a level of assessment as “assessed by
preliminary documentation”. The Proposal was approved the same year with conditions and varied
in 2015 to allow for changes resulting from the streamlining arrangements set in place for the
assessment of petroleum activities under the OPGGS Act and EPBC Act. Woodside is proposing to
bring Scarborough gas onshore to existing LNG facilities through an approximately 430 km
trunkline.

4.5.2 Proposal Need and Alternatives Considered

The Scarborough field was discovered in 1979 with the drilling of the Scarborough-1 well. Since
discovery, various development options have been considered.

The previous Operator evaluated two concept themes, a tieback to a shore-based LNG site and
Floating LNG (FLNG). Given high costs for developing a greenfield LNG site and the limited
commercial solutions for expanding existing LNG facilities at the time, the previous Operator selected
FLNG as the preferred development concept. The FLNG concept included proprietary technologies
of the previous Operator. Woodside’s view of the concept was that it would take several years to
fully mature the technology prior to being ready for deployment.

Woodside has further considered development options and undertaken a comparative assessment
(including a ‘no development’ option) to identify the benefits, risks and impacts of each. A summary
of the evaluation outcome is presented in Table 4-11, with environmental aspects potentially
resulting from different activities undertaken for each concept summarised in Table 4-12. A more
detailed evaluation against the key drivers of the concepts one to four is provided in Table 4-13.

8 Current equity participation of the joint venture is described in Section 1.1

This document is protected by copyright. No part of this document may be reproduced, adapted, transmitted, or stored in any form by
any process (electronic or otherwise) without the specific written consent of Woodside. All rights are reserved.

Controlled Ref No:  SAO006AF0000002 Revision: 5 DCP No: 1100144791 Page 104 of 825

Uncontrolled when printed. Refer to electronic version for most up to date information.




Scarborough — Offshore Project Proposal

Table 4-11: Woodside assessment of alternative concepts for the development of Scarborough

Concept ‘ Summary of Woodside evaluation

1. Semi-submersible to Pluto LNG

Semi-submersible platform with trunkline to
Pluto LNG. Includes infield processing and
compression at ready for start-up (RFSU).

Preferred approach — Pre-investment made during construction of Pluto
LNG (including the trunkline corridor, tanks and jetty infrastructure) for
future expansion, and existing primary environmental approvals for a
second LNG train, has provided cost benefits and reduced risk.

Processing Scarborough gas through Pluto LNG will maximise use of
existing infrastructure, extend the life of the facility and supply domestic
and export markets from mid-2020 for decades.

Lower environmental impact as area has previously been developed and
no additional onshore clearing or significant dredging required.

2. Subsea Tieback to Shore

Various subsea focussed development
options with initial free flow and later
installation of floating or subsea compression
facilities.

There is negligible difference in environmental impacts/risks between this
option and the preferred option (i.e. both have an infrastructure footprint,
and both require an export pipeline from the field site to the onshore
location).

Weakness in the concept are complexity in delivering design rate,
technology development risk and complex liquids management in the
trunkline.

3. Subsea Tieback via Pluto Upstream

Subsea development tieback to existing
offshore Pluto Platform.

Carries similar weaknesses to the above Subsea Tieback to Shore option
and presents higher technical risks and value impacts associated with the
offshore brownfield integration (i.e. integration of new platform with
existing riser platform, complex liquids management in the trunkline, shut-
down implications during offshore installation and integration).

4. FLNG Concept

As proposed by previous Operator, includes
immature proprietary gas processing, storage
and cryogenic offloading technology.

Higher technical risk including unproven technology in Scarborough
conditions.

Higher cost, longer schedule and risks to predictable delivery.
Does not support use of existing onshore LNG infrastructure

5. No Development

Titleholder is required to undertake certain petroleum exploration and
production related activities towards commercialising the Scarborough
gas resource.
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Table 4-12: Environmental Aspects related to Activities associated with each Concept

A Related ologica < < O and D arge pa

Installation and Commissioning

Pre-lay survey 1,2,3,4 v v

Installation of semi-submersible platform (FPU) 1,(2) v v v

Installation of moorings for FLNG 4 v v v

Installation of subsea infrastructure 1,2,3,4 v v v

Trunkline installation 1,2,3 v v v

Trunkline stabilisation 1,2,3 v v v

Installation of floating or subsea compression | (2), 3 v v v

facilities

Commissioning 1,2,3,4 v
Operations

FPU Operations 1,(2) v v v v v

FLNG Operations 4 v v v v v v

Infield hydrocarbon processing 1,4 v v
Subsea Compression Facilities (2), 3 v

Production via FLNG 4 v v v

Gas Export 1,2,3,4

Support Operations

Vessel Operations 1,2,3,4 v ‘ v ‘ v 4 v v

Note — Concept 2 may involve either floating or subsea compression facilities. Potentially related activities are marked (2).
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4.5.3 Comparative Assessment Process

To provide a broad comparison of the merit of the different alternative concepts that were determined
to be feasible for Scarborough, a qualitative assessment is presented in Table 4-15. This reflects
key considerations of safety, environment, technical and economic drivers and stakeholder/society
expectations. Specific details regarding the assessment criteria has been provided in Table 4-13.
These criteria were considered by Woodside as part of the decision-making process to identify the
optimal concept for the development of the Scarborough gas resource.

Criteria have been assessed against a rating system relevant to each of the options. Environmental
drivers and criteria described in Table 4-13 refer to relevant environmental aspects triggered by
activities undertaken for each concept. Where an environmental aspect is not triggered, low or no
risk is determined.

Table 4-13: Key criteria used in the assessment of alternatives (as relevant)

% @ Schedule Risk e Ability to meet the development timeline
% g Cost Risk e  Economic viability
o
u°.| Q Future Flexibility Risk |e  Ability to accommodate future development including ties-ins of other fields
% é’:: Safety Risk ¢ Inline with industry standards and good practice
3 <
§ t E Operability Risk e Technically feasible to meet the field life requirements
2359 , ,
5 E' > | Technical Readiness |e  Project considers an acceptable technology readiness level (TRL). TRL is a
0 & ',I, method of estimating technology maturity of Critical Technology Elements (CTE)
< W
i 3
% Ecological ~ Services |e¢  Physical presence (i.e. seabed disturbance)
QE: Impacts e  Vessel movements
Q IMS Risk e IMS
< -
; Em|SS|ons and [e  Underwater noise emissions
g Discharge Impacts e Atmospheric emissions
3 e Light emissions
§ e Planned liquid and solid discharges and waste
uz_l e Unplanned discharges
;:l ‘@ Socioeconomic ¢ Avoidance/minimisation of impacts to other industry
g g Impacts ¢ Avoidance/minimisation of impacts to fishery resources
x
(7]
Q
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Table 4-14: Ranking scale for comparative assessment of the options

Prafare O > DA O e R3 O
e ONno O e O oecono 2
dlc C O c Dd O d <
Least preferred evere atastrop 6
e g ajo ajo
q oderate oderate 4
Moderate Minor Minor 3
Low Slight Slight 2
- Negligible - 1
Most preferred

Notes:
1.  Woodside’s risk levels defined in Figure 6.3
2.  Woodside’s impact significance levels defined in Section 6.4.2.1
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Table 4-15: Woodside assessment against key drivers of alternative concepts for the development of Scarborough

Driver

Criteria

Evaluated Concepts

1. Semi-submersible to

Pluto LNG

2. Subsea Tiebacks to Shore

3. Subsea Tieback via Pluto

Upstream

4. FLNG Concept

Ranking | Risk/Impact Ranking | Risk/Impact Ranking | Risk/Impact Ranking | Risk/Impact
Schedule | Ability to meet 2 Able to meet 3 Risks to  meeting 3 Risks to meeting schedule High risk to
Risk the development development schedule as higher based on the technical risks meeting schedule
timeline timeframe based technical risks associated with the due to technical
on greater introduces risks of offshore brownfield uncertainties.
schedule schedule slippage. component.
certainty due to
low technology
risks.
8:3 Cost Risk | Economic 2 Economically 3 Higher costs 2 Reduced costs due to there 3 Higher costs
w viability viable as associated with the being no requirement for associated with
E offshore gas requirements for shallow water trunkline, and new technology.
=) processing and installation of late in any other opportunities to
O compression subsea compression share infrastructure/
= improves and the lower activities with Pluto.
2 trunkline production rates.
Q efficiency (such
O
w as flow rate and
assurance).
Future Ability to 1 Able to provide 2 Able to adjust subsea 3 Low reservoir pressure 3 High degree of
Flexibility accommodate future risers and compression but likely support would compromise complexity and
Risk future adjust for low that this will be costlier capacity. higher costs
development reservoir to implement in a associated with
including ties-ins pressure with subsea environment. future tie backs to
of other fields compression the FLNG facility.
facilities.
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Criteria

Evaluated Concepts

1. Semi-submersible to
Pluto LNG

2. Subsea Tiebacks to Shore

3. Subsea
Upstream

Tieback via Pluto

4. FLNG Concept

Ranking | Risk/Impact Ranking | Risk/Impact Ranking | Risk/Impact

Safety In line  with 3 Simple topsides 1 Safest option given 3 Comparable POB to Semi-

Risk industry processing and unmanned, however sub  option.  Additional
» standards and compression. there is still potential safety risks during
5 good practice Minimal manned requirements for Brownfield construction and
> and presents a subsea intervention integration.
DDC moderate risk which would contribute
> due to POB. to safety risks.
E Operability | Technically 1 Known 3 Complex liquids 3 Complex liquids
% feasible to meet operation, i.e. management in the management in the
a the field life topsides trunkline. trunkline. Uncertain
Z requirements compression shutdown implications
i and gas during offshore brownfield
= dehydration. integration.
—
o) Technical | Technology 1 Proven facility Novel subsea Some novel subsea
2 Readiness | readiness levels concept, compression and elements, uncertain
w (TRL) (Note TRL trunkline power, 1 or 2 suppliers trunkline capacity, Pluto
_ are a method of operation, of the technology, brownfield modifications.
6 estimating multiple uncertain trunkline
> technology suppliers capacity.
I maturity of available.
O "
L Critical
= Technology

Elements (CTE)
of a program.

<_t| Ecological | Physical 3 Seabed 2 Seabed disturbance is Low level of seabed
= services Presence (i.e. disturbance s slightly lower given no disturbance as gas is
E ‘£ seabed greatest based moored FPU, however exported to Pluto over the
=w disturbance) on subsea other infrastructure further shoreline options.
% E infrastructure, including trunkline
XA FPU moorings remains.
= and trunkline to
w shore.

Ranking | Risk/Impact

High manning and

new technology
introduce  safety
risks. Challenging
metocean
conditions for
FLNG design.

3 Unproven
technology in
Scarborough
conditions

Many novel design
components which
are not ready for
full field
application. No line
of sight to
technology
deployment ahead
of potential
Scarborough use.

1 Lowest
seabed
disturbance as gas
is not transferred

but processed
closer to the
location.
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Criteria

Evaluated Concepts

1. Semi-submersible to

2. Subsea Tiebacks to Shore

3. Subsea Tieback via Pluto

4. FLNG Concept

Pluto LNG Upstream
Ranking | Risk/Impact Ranking | Risk/Impact Ranking | Risk/Impact Ranking | Risk/Impact
Vessel 2 Moderate level of 1 Low level of vessel 1 Low level of vessel 2 Moderate level of
movements vessel movements due to movements due to subsea vessel movements
movements due subsea infrastructure. infrastructure. Limited to due to manned
to minimally Limited to construction construction and inspection status during
manned status and inspection activities. operation.
during operation. activities.

IMS risk IMS 3 Risk of invasive 2 Risk of invasive marine 2 Risk of invasive marine 3 Risk level may be
marine species species is likely to be species is likely to be slightly higher due
is likely to be similar for all options, similar for all options, noting to vessel
similar for all noting that water that water depths are not movements to
options, noting depths are not favourable for introduction support the
that water depths favourable for to region. manned offshore
are not introduction to region. facility.
favourable  for
introduction  to
region. Although
noting that the
mobilisation  of
the FPU to the
region
introduces an
additional
potential
pathway.

Emissions | Underwater 2 Underwater 2 Underwater noise is 2 Underwater noise is likely to 2 Underwater noise

and noise emissions noise may be likely to be lowest, be lowest, however there may be higher due

discharges slightly  higher however there are are some technical to operation of the
during some technical uncertainties with noise FLNG and
construction uncertainties with emissions associated with presence of offtake
phase only due noise emissions subsea compression (if vessels.
to requirement associated with subsea undertaken).
for piling during compression (if
mooring of the undertaken).
FPU.
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Criteria Evaluated Concepts

1. Semi-submersible to 2. Subsea Tiebacks to Shore 3. Subsea Tieback via Pluto 4. FLNG Concept
Pluto LNG Upstream
Ranking | Risk/Impact Ranking | Risk/Impact Ranking | Risk/Impact Ranking | Risk/Impact

Atmospheric 2 Emission levels 1 Emissions lowest due 1 Emissions lowest due to 3 Emission levels

emissions slightly  higher to subsea subsea infrastructure and highest due to
due to topside infrastructure and minimal surface activities. topside
machinery/plant minimal surface machinery/plant
and vessel activities. and vessel
movements. movements.

Light emissions 2 Moderate  light 1 Minimal lighting due to 1 Minimal lighting due to 2 Highest level of
levels to support lower surface lower surface light emissions to
the topsides. infrastructure. Noting infrastructure. Noting all support the FLNG.
Noting all all offshore facilities offshore  facilities and Noting all offshore
offshore facilities and vessels must meet vessels must meet facilities and
and vessels minimum requirements minimum requirements for vessels must meet
must meet for navigation and navigation and safety. minimum
minimum safety. requirements  for
requirements for navigation and
navigation and safety.
safety.

Planned liquid 2 Moderate level of 1 Lowest level of 1 Lowest level of discharge 3 Highest levels of

and solid discharges discharge based given based given subsea discharge  based

discharges and based on subsea infrastructure. infrastructure. on domestic
wastes domestic wastes, cooling
discharges from waters, etc.
minimally
manned facility,
and cooling
water/PW
discharge.
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Criteria

Evaluated Concepts

1. Semi-submersible to

2. Subsea Tiebacks to Shore

3. Subsea Tieback via Pluto

4. FLNG Concept

SOCAL DRIVERS

Avoidance/
minimisation
of impacts to
fishery
resources

facility and the
supply of gas for
domestic and
export markets.

for domestic and

export markets.

markets. Noting that
production capacity and
expansion options will be
more limited in the initial
phases of operation.

Pluto LNG Upstream
Ranking | Risk/Impact Ranking | Risk/Impact Ranking | Risk/Impact Ranking | Risk/Impact
Unplanned 3 Credible spill risk 2 Lowest risk of spill risk 2 Lowest risk of spill risk due 3 Credible spill risk
discharges highest due to due to no surface to no surface infrastructure highest due to
topside infrastructure and and associated topside inventories.
inventories. associated chemical/hydrocarbon Credible spill risk
Credible spill risk chemical/hydrocarbon inventories. Credible spill from the loss of well
from the loss of inventories.  Credible risk from the loss of well control  will be
well control will spill risk from the loss control will be similar across similar across the
be similar across of well control will be the options. options.
the options. similar across the
options.
Socio- Avoidance/ 1 Processing 1 Processing 3 Processing  Scarborough 3 Does not support
economic minimisation Scarborough Scarborough through through Pluto upstream and extension of the life
Impacts of impacts to through  Pluto Pluto LNG will extend LNG will extend the life of of the Pluto LNG
other oil and LNG will extend the life of the facility the facility and the supply of Facility.
gas activities the life of the and the supply of gas gas for domestic and export
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In consideration of all the assessment drivers listed in Table 4-15, Concept 1 is Woodside's
preferred development option, whereby Scarborough gas would be processed through a
brownfield expansion of Pluto LNG, where additional LNG processing capacity and domestic
gas infrastructure will be installed. The composition of Scarborough gas is well suited to the
Pluto LNG Facility, which is designed for lean gas and nitrogen removal.

In the context of the environmental impacts and risks associated with each of the options, the
following conclusions have been drawn:

e Option 1, based on FPU and trunkline to shore, results in additional seabed
disturbance; however, for onshore development (outside the scope of the
OPP) there are benefits in the use of the existing brownfield site and the
promotion of the Pluto LNG hub.

e Although Options 2 and 3 would result in lower discharges and potential for
unplanned events, due to the lack of surface infrastructure and minimal vessel
movements during the operations phase, there are significant technical and
economic disadvantages to these options.

e For Option 4, FLNG would result in less seabed disturbance, technical
uncertainties and lower opportunities for social benefits (contribution to the
domestic gas market), making this option less favourable.

4.5.4 Design/Activity Alternatives

As part of Woodside’s preferred concept of a brownfield expansion of the existing
Woodside-operated Pluto LNG Facility to process Scarborough gas, Woodside is considering
and assessing a range of options for facilities, activities, installation and construction methods.
At the current development phase, these are concepts which may eliminate or substitute risks
or impacts and are listed in Table 4-16. Further consideration of controls will be provided as
part of demonstration that risks and impacts are reduced to as low as reasonably practicable
in subsequent project Environment Plans.

Table 4-16: Alternatives considered that eliminate or substitute aspects of the project

Planned Aspects Alternatives Considered

Routine light emissions None identified that eliminate/substitute
Routine atmospheric emissions None identified that eliminate/substitute
Routine greenhouse gas emissions e Energy efficiency opportunities

e  Geosequestration of CO2

Routine acoustic emissions ¢  Mooring of vessels
e Piling techniques

¢ MODU design

Physical presence (routine): Displacement of other | None identified that eliminate/substitute
users

Physical presence (routine): Seabed disturbance ¢  Mooring of vessels
e Trunkline route

e Post-lay stabilisation and protection
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e Borrow ground location

e MODU design

Routine and non-routine discharges: Sewage and e Manning of FPU
greywater
e Sewage treatment on FPU

e Transport of sewage to shore for disposal

e Discharge of sewage overboard

Routine and non-routine discharges: Food waste e Manning of FPU

Routine and non-routine discharges: Chemicals and None identified that eliminate/substitute
deck drainage

Routine and non-routine discharges: Brine and None identified that eliminate/substitute
cooling water

Routine and non-routine discharges: Operational e Produced water reinjection

fluids
e  Onshore treatment of produced water

e Treatment and discharge of produced water

Routine and non-routine discharges: Subsea e  Trunkline dry commissioning
installation, and commissioning

Routine and non-routine discharges: Drilling e  Onshore disposal of cuttings or fluids

e  Dirilling fluid type

Drilling discharge management

Unplanned

Unplanned Discharges: Chemicals None identified that eliminate/substitute

Unplanned Discharges: Solid Waste None identified that eliminate/substitute

Physical presence (unplanned): Seabed disturbance None identified that eliminate/substitute

Physical presence (unplanned): IMS None identified that eliminate/substitute

Physical presence (unplanned): Collision with marine | None identified that eliminate/substitute
fauna

Unplanned hydrocarbon release None identified that eliminate/substitute

The following sections describe the alternatives for these key elements where they are evident
at the current phase of engineering maturity, with each alternative assessed against the
criteria for the respective drivers (Table 4-12). The criteria that are used for each decision are
those that demonstrate a material difference between the options under consideration.

4.5.4.1 Energy Efficiencies

While the majority of decisions that will influence the energy efficiency of the development will
be made during the design phase of the project, a number of alternatives which will benefit
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energy efficiency have been included in the development base case as preferred options.
These include:

¢ Allowance in design for future installation of a battery energy storage system (BESS)
to reduce the fuel gas consumption (and emissions) for power generation in steady
state operation, in the event additional design work and collection of operational data
determines that a BESS is ALARP for the facility.

e Selection of a minimally manned concept which provides benefits in the form of
reduced electrical load for the living quarters, reduced helicopter and vessel use and
associated philosophy of simplifying topsides process as much as possible. This
enables the facility to be operated with fewer personnel, but also reduces electrical
load associated with ancillary systems

o Use of waste heat from turbine exhaust to provide heating duty on the FPU, removing
the need for fired boilers for heating medium

¢ Providing pre-cooling of incoming gas using a gas-gas heat exchanger rather than
refrigeration

¢ Internally flow coated trunkline which reduces pressure drop along the length and
therefore requires lower compression on the FPU, and

e Turbine and equipment selection
Alternatives that have not been selected include:

o Alternative power sources such as offshore renewables or a cable from shore. These
options were not selected for implementation due to technical constraints associated
with the infrastructure and significant cost which was considered grossly
disproportionate to the emissions reduction

o Free flow to shore. This concept involves removing the hydrocarbon dewpointing
process on the FPU, and therefore the necessity to recompress the gas before export
using gas powered turbines. It was not considered technically feasible to implement
this option due to risk of liquid build-up in sections of the trunkline

A FEED phase energy efficiency workshop has been held to identify additional opportunities
which can be investigated during design. The workshop was facilitated by specialist
consultants and was attended by key discipline engineers to enable comprehensive
opportunity identification. Opportunities will be screened and implemented according to
ALARP principles and in alignment with the framework defined by the WMS including expected
benefit, economic, technical and health, safety and environment drivers.

These opportunities which reduce greenhouse gas emissions or intensity reflect the design
decisions taken to date based on ALARP principles. Demonstrations that greenhouse gas
emissions have been reduced to ALARP levels in future design decisions will be submitted to
NOPSEMA for approval as part of the regular Environment Plan process following approval of
this OPP (see section 3.2.2).

4.5.4.2 Geosequestration of CO;

Geosequestration involves the long-term capture of greenhouse gases associated with
processing and storage in a suitable underground reservoir, rather than emitting them to the
atmosphere, thereby reducing contribution to climate change. In gas processing, there are two
main emission streams that could be considered for geosequestration — CO- that exists with
hydrocarbon gas in the reservoir which is removed from the product stream during processing
(reservoir CO2) and the exhaust stream from gas turbines. Capturing emissions from flares is
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not possible because the flare produces widely variable heat and emissions and is required to
be unimpeded and physically separate from process equipment.

For Scarborough, emissions of reservoir CO; will occur from the onshore processing and not
from the FPU and is therefore not assessed under this Proposal. As described in section 0,
onshore greenhouse gas emissions from downstream processing are subject to other
approvals and regulations, which includes the requirement to offset reservoir CO, emitted from
the Pluto Gas Plant, which Scarborough gas processed at Pluto will also be subject to.

Geosequestration of CO, emitted from gas turbines on the FPU would require further
processing to strip the CO; from the exhaust stream, compress and reinject. This technology
is significantly complex and prohibitive on an offshore facility where space is restrictive. Gas
projects that employ geosequestration are onshore and typically capture reservoir CO; only.
It is not considered to be technically feasible for the Scarborough project.
4.5.4.3 Mooring of Construction Vessels
Three options for the mooring of construction vessels were considered:

e Option 1: Anchoring (drag anchors)

e Option 2: Mooring at location — using suction piles

e Option 3: Mooring at location — using driven piles

e Option 4: Dynamically positioned vessels.

The criteria considered when reviewing the type of mooring for construction vessels for the
development of Scarborough were as shown in Table 4-17. Evaluation of the applicable
environment drivers is provided in Table 4-18.

Table 4-17: Criteria considered when reviewing the type of mooring for construction vessels

Driver Category Criteria

Economic e  Economic viability

Technical feasibility and safety In line with industry standards and good practice

Environment e Physical presence: Seabed disturbance

Socioeconomic ¢ Avoidance/minimisation of impacts to other industry
¢ Avoidance/minimisation of impacts to fishery resources

¢ Avoidance/minimisation of risk to public health and safety
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Table 4-18 Woodside assessment against key environment drivers of alternatives mooring of
construction vessels

Evaluated Concepts

4. Dynamically
positioned vessels

1. Anchoring (drag |2. Mooring at location —
anchors) using suction piles

3. Mooring at location —
using driven piles

Ranking|Risk/Impact |Ranking|Risk/Impact Ranking|Risk/Impact Ranking|Risk/Impact

Physical 2 Slightly higher There will be There will be No impact

Presence: level of impact seabed seabed to the

Seabed due to the disturbance  at disturbance  at seabed.

disturbance potential the Project Area the Project Area Lowest level
number of where the piles where the piles of seabed

anchors are installed, are driven, disturbance
during however as area however as area
construction, does not does not

noting that intersect intersect
this is the environmentally environmentally
least feasible sensitive sensitive
option due to habitats, this habitats,

water depth. impact is low. impact is low.

this

Other than the trunkline installation for which piling is not currently planned, activities will occur
offshore in waters of about 900 m, and as such anchoring at this depth is unlikely to be suitable
for construction vessels. There will potentially be installed mooring facilities in the Offshore
Project Area, while other vessels may use dynamic positioning systems. For vessels being
used to support the trunkline installation, there will be a need for temporary anchor moorings
at various locations within the Trunkline Project Area.

The final decision for mooring will be determined during the FEED phase of the project.
Although DP vessels provided the lowest environmental impact / risk ranking, given that the
Project Area does not intersect environmentally sensitive habitats, the decision will be based
mainly on technical feasibility and economic criteria. The environmental impact assessment
however considers the worst-case impacts associated with each of the options. For example,
driven piles for installing moorings offshore are assessed in terms of the potential underwater
noise impacts (note that the alternatives of suctions versus driven piles is considered further
in the following sections).

4.5.4.4 Piling Techniques

Two options for the installation of the FPU are under consideration:
e Option 1: Suction piles
e Option 2: Driven piles.

The criteria considered when reviewing the piling techniques for the installation of the FPU for
the development of Scarborough were as shown in Table 4-19. Evaluation of the applicable
environment drivers is provided in Table 4-20.
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Table 4-19: Criteria considered when reviewing the piling techniques for installing the FPU

Driver Category Criteria

Economic e Ability to meet the development timeline
e Economic viability

e Ability to accommodate future development including ties-ins of other
fields

Technical feasibility and safety |e  In line with industry standards and good practice
e Technically feasible to meet the field life requirements

Environment e Underwater noise emissions

Table 4-20: Woodside assessment against key environment drivers of alternatives for piling
techniques

1. Suction piles 2. Driven piles
Ranking|Risk/Impact Ranking|Risk/Impact
Underwater 1 Some noise during 3 Piling is likely to generate underwater noise during
noise construction however this the construction period that will have the potential
emissions will be comparable to for minor short-term impacts up to approximately 40
typical vessel driven noise. km from the Project Area (Marshall Day Acoustics,
2019).

The preferred option for piling is Option 1 given the associated costs, safety and environmental
impacts are likely to be much less. However, there are potentially technical constraints for this
option based on the geotechnical conditions at the location of the FPU. On this basis,
Woodside are carrying both options until further investigative studies are undertaken including
geophysical and geotechnical assessment at the FPU location.

When compared on environmental drivers, suction piling presents the lowest potential impact
and risk to receptors. However, given final decisions will be determined in the FEED phase of
the project, the environmental impact assessment considers the worst-case impacts
associated with each of the options. For example, driven piles for installing moorings offshore
are assessed in terms of the potential underwater noise impacts.

4.5.4.5 Trunkline Route

An assessment of options associated with the Scarborough trunkline route have been divided
into two sections. The deepwater trunkline route (i.e. West of the existing Pluto platform) and
the shallower water trunkline route (i.e. East of the existing Pluto platform). The criteria
considered when reviewing the trunkline route for the development of Scarborough were as
shown in Table 4-21.

Table 4-21: Criteria considered when reviewing the trunkline route

Driver Category ‘ Criteria

Economic e Ability to meet the development timeline
o Not impact economics of other projects
e  Economic viability

Technical feasibilty and
safety

In line with industry standards and good practice
e Technically feasible to meet the field life requirements

e  Crossing angle of other pipelines
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e Avoidance of challenging seabed features such as rocky outcrops
e Approach angle to bathymetric features such as sand waves

Environment e Physical presence: Seabed disturbance

Socio economic e Avoidance/minimisation of impacts to other industry (including future
development)

Deepwater trunkline route (i.e. West of the existing Pluto platform)

A summary of the evaluation of the applicable environment drivers for the base case and three
alternative deepwater trunkline routes is provided in Table 4-22.

Table 4-22: Woodside assessment against key environment drivers of alternatives for the
deepwater trunkline route

Criteria Evaluated Concepts

1. Base case 2. Alternative 1 3. Alternative 2 4. Alternative 3
Ranking|Risk/Impact |Ranking|Risk/Impact Ranking|Risk/Impact  |Ranking|Risk/Impact

Physical 2 Pipeline 3 Greatest 2 Lowest 2 425km pipeline
Presence: length of pipeline length pipeline length length however
Seabed 430km. at 455km. at 415km. there are
disturbance Lower Limited crossing However unknowns  with

seabed with other additional respect to

intervention infrastructure crossings with environmental

given the however,  the infrastructure sensitivities and

location  of increased which increases in

the scarp pipeline length increases the crossings  with

crossing. and seabed potential risks. infrastructure

. intervention

While the required for

route scarp crossing

traverses the results in

Marine  park greatest area of

surveys seabed

show san_d disturbance.

waves at this

location with

little habitat.

The base case for the trunkline has an overall length of about 430 km. It traverses from the
Offshore Project Area to the north of the existing lo/Jansz subsea infrastructure before
approaching the continental slope to the north of the Pluto field.

A key driver for trunkline routes is to minimise risks associated with geohazards and abrupt
bathymetry features such as submarine landslide deposits, debris flows, turbidite flows, sand
waves and steep sections. Previous work undertaken by Woodside has identified an area of
the continental scarp that can be crossed without significant slope crossing construction
(including deepwater trenching and rock dumping) and avoidance of intolerable pipe spans
and geohazards and as such this is preferred for the base case. The route does not follow the
same corridor as the Pluto flowlines up the slope because there is no space for the
Scarborough trunkline to pass through a narrow ‘choke’ area between canyon features at the
Pluto flowline crossing. It also ensures that the trunkline runs parallel to the sand wave
features in this location which is important for a rigid trunkline (relative to the more flexible
Pluto flowline). This is depicted on Figure 4-4. Crossing the scarp in this location places the
trunkline within the far north-western corner of the Montebello Multiple Use Zone.

The base case route brings the trunkline to the south of the Pluto Platform and Pluto trunkline
and avoids an area of rocky outcrops to the south of Pluto Platform, as depicted on Figure 4-4.
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This is also on the same side as the shore crossing (which is restricted due to spatial
constraints). If the route took the Scarborough trunkline to the north of the Pluto trunkline, it
would require a crossing to bring it to the south side, a challenging sharp turn at the top of the
scarp and an additional crossing of the Pluto flowline. No alternative sites at which the trunkline
could safely cross the continental scarp further to the north of the Pluto Platform were
identified.

Once at the top of the slope, the pipeline will follow existing Woodside infrastructure before
heading into the south-easterly direction and crossing the Pluto, Julimar and Wheatstone
pipeline and umbilical systems. All route options have to cross existing pipelines, and since
crossings present technical challenge and safety/environment risk associated with damage to
the existing pipelines, the number of pipelines to be crossed is a key differentiator between
the options. The base case route is then located to the south of the Pluto platform comes into
close proximity to the existing Pluto trunkline (within about 100 m) and then follows the it to
shore.

Alternative Route 1 with the greatest route length of 455 km, follows the base case route from
the Offshore Project Area for the first 190 km, before deviating southwards, avoiding areas
proposed for future development, and limiting the number of pipeline crossings. This option
however presents some challenges for scarp crossing, which would require significant
engineering and construction based on industry experience for this area. The seabed
intervention required for this crossing would increase physical disturbance in the area
(including generation of turbidity from dredging and stabilisation), and associated presence of
deepwater construction vessels. As such and based on the potential implications to schedule
and cost, this option was not considered further.

Alternative Route 2 has a total length of 415 km and follows the base case route from the
Offshore Project Area for the first 75 km. It then deviates in an easterly direction and crosses
the continental slope at the same location as the base case route. The main point of difference
is that this alternative saves around 15 km of pipeline length by crossing the lo/Jansz pipeline
system in waters approximately 1200 m deep. Other crossings are in much shallower areas
(120 to 150 m) and this crossing therefore carries more technical risk. There is also a potential
for other deepwater developments at some time in the future, and therefore based on the
uncertainty and risks surrounding this deepwater crossing, this route was not considered
further, despite having an overall route slightly shorter than the base case.

Alternative Route 3 has a total route length of 425 km and follows the base case route from
the Offshore Project Area for the first 75 km. It then deviates in a south-easterly direction and
crosses the continental slope in an area for which high quality survey data is not available. For
example, it is unknown as to whether there are environmental sensitivities (i.e. deepwater
sponges or corals) on the slope in this area. The route will also result in a number of pipeline
crossings including the possible future developments and the existing lo/Jansz pipelines. Even
though this alternative offers some savings in total length (5 km), based on the above factors,
it has not been considered further.

The option selected by Woodside is the base case route, as shown in Figure 4-4, for the
deepwater section of the trunkline.
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Figure 4-4: Alternative alignments for the deepwater trunkline
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Shallow water trunkline route (i.e. East of the existing Pluto platform)

A summary of the evaluation of the applicable environment drivers (Table 4-23) for the proposed
option and alternatives for the Trunkline route east of the Pluto platform.

Table 4-23: Woodside assessment against key environment drivers of alternatives for the trunkline
route east of the Pluto platform

Evaluated Concepts

1. Base Case -
Along existing

Pluto trunkline
from shore then

2. Alternative A -

Along existing Pluto
trunkline from shore
for longer period

3. Alternative B - Use

of Existing Pluto
Trunkline and then
extension past

4. Alternative C —

New Route to North which
completely avoids Montebello AMP.

the existing
Pluto
trunkline)
that
introduces
additional
technical and
integrity risk
and costs.

future
projects.

deviate to the then deviate to the |platform in deeper
South. North prior to Pluto |waters.
platform.
Ranking|Risk/Impact|Ranking|Risk/Impact |Ranking|Risk/Impact |Ranking |Risk/Impact
Physical 3 Level of 3 Risky scarp 2 Risky  scarp 3 Risky scarp crossing location.
Presence: sgabed crossjng crossjng Not preferred as going to the
Sgabed dlstL_erance location. location. north would require crossing
disturbance equivalent Level of Not preferred the existing Pluto trunkline
to  other seabed due to due to the configuration of the
trunkline disturbance differences in existing shore crossing.
options. g;qhu;\r/alent to flud A new trunkline route in this
Route trunkline composition location would be traversing
avoids ontions between Pluto through less understood
rocky p. ' and bathymetry and seabed data.
outcrop This was not Scarborough, .
features to a preferred flow on Sgaped dlsturbancg not
the north. alternative impacts W'th'n. a pre-disturbed
Route for the (processing quttpnnt and is O{ a Ionbgedr
allows Scarborough complexity) d!stang:e (i.e. greater seabe
trunkline to trunkline as for the Isturbance.
align at this  would onshore
optimum have facilities and
angle to required as capacity of
traverse further that line is
sand waves crossings of already
and other existing accounted for
pipelines. infrastructure with  existing
(including and planned

When considering Woodside’s preferred Scarborough trunkline route and Alternative Route A,
following the existing Pluto trunkline corridor within the northern extent of the AMP Multiple Use Zone
provides technical benefits including using well understood bathymetry and seabed data. This
approach of following an existing disturbance corridor also reduces the cumulative physical footprint
impacts a result of multiple trunkline corridors and related seabed preparation (where required).

Deviating to the North around the Pluto Platform (i.e. outside the Montebello AMP Multiple Use Zone)
before meeting the Pluto trunkline (i.e. Alternative Route A) was considered, however this route
would have required further crossings of existing infrastructure (including the existing Pluto trunkline)
that introduces additional technical and integrity risk and costs. In addition, this route is less
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technically feasible as it would involve traversing an area of large sand wave features found on the
continental slope at a less than optimal traversing angle which would reduce stability and increase
span risk in this section. Crossing the sand waves on this different angle would have also required
seabed intervention and stabilisation that was not required for the Pluto flowlines due to its greater
pipe inherent flexibility when compared with a trunkline. As highlighted within the deepwater section
above, this alternative route would have been traversing the scarp through less understood
bathymetry and seabed data (i.e. similar to Alternative Route C). At present no alternative sites at
which the trunkline could safely cross the continental scarp further to the north of the Pluto Platform
have been identified.

Meeting the Pluto trunkline offshore on the southern side avoids an additional crossing which is
particularly sensitive for the Pluto trunkline due to the chemical supply pipe which is located on top
of the main Pluto trunkline. Since crossing risks are reduced by perpendicular approach angles, a
crossing of the Pluto trunkline would also require a loop to be introduced to achieve this and therefore
result in additional seabed disturbance. In addition, seabed surveys (Keesing, 2019) indicate that
seabed sensitivity is likely higher in the Trawl Fishery Area to the North/West of the Montebello AMP
Multiple Use Zone than within it. This includes a biomass of habitat forming filter feeders 5.5 times
greater than that within the Montebello AMP Multiple Use Zone.

Tie in to the existing Pluto trunkline (i.e. Alternative Route B on Figure 4-5) does not meet the
economic drivers listed in Table 4-23. The existing Pluto project and trunkline is expected to continue
operating at full capacity for a number of years. Therefore, use of this trunkline for Scarborough
would either mean significant delay to project start up (potentially making it non-viable), or limiting
production from existing Pluto wells to create space in the trunkline which impacts the economics of
the Pluto project. Additionally, due to different reservoir pressures significant infrastructure would be
required on either the Scarborough or Pluto platforms to reduce Scarborough pressure and allow tie
in at the Pluto platform. This is not considered feasible due to space and weight constraints on both
facilities.

Construction of a separate dry gas pipeline for Scarborough rather than co-mingling with the “wet”
Pluto trunkline also allows a simpler onshore gas plant design which does not have to separate
liquids, MEG condensate and heavy hydrocarbon gases. This represents both a cost saving and
reduction of onshore physical footprint

An option was also considered where the new Scarborough trunkline route avoids the Montebello
AMP Multiple Use Zone completely and extends to the north (Alternative Route C on Figure 4-5). A
new trunkline route in this location would be traversing through less understood bathymetry and
seabed data with the same challenges related to scarp crossing described above. In addition, this
route would be longer overall compared to other options causing a greater overall increase of seabed
disturbance. As described above spatial constraints at the shore crossing location mean that the
Scarborough trunkline must cross the coastline on the southern side of the existing Pluto trunkline,
so use of this route would require an additional pipeline crossing to bring it back to the south side of
the Pluto trunkline. Seabed surveys (described above) also indicate that seabed sensitivity to the
North/West of the Montebello AMP Multiple Use Zone (Keesing, 2019) is also higher, suggesting
greater potential for disturbance to habitats from this route.

Trunkline shallower waters

In shallow water (east of the Pluto Platform beyond the Montebello AMP Multiple Use Zone) it is
preferred that the trunkline follows the alignment of the Pluto trunkline to the entrance of Mermaid
Sound. Justifications regarding this selection are similar to the Base Case above where following
the existing Pluto trunkline corridor provides technical benefits including well understood bathymetry
and seabed data, but also reduces the cumulative physical footprint impacts a result of multiple
trunkline corridors. In addition, when the route gets closer to Mermaid South this course also
provides the advantage of known environment and geology, and the availability for use of the pre-
investment work (dredging and seabed preparation) undertaken for Pluto LNG.
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Figure 4-5: Shows the location of key features that influenced the preferred trunkline corridor
adjacent to the Pluto platform.
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4.5.4.6 Post Lay Stabilisation and Protection and Borrow Ground Location
Considerations when assessing trunkline stabilisation in Commonwealth waters included:
o Necessity to stabilise the trunkline
e Use of rock dumping or sand to stabilise the trunkline
e Source of rock or sand used to stabilise the trunkline

The criteria considered when assessing these options are summarised in Table 4-24.

Table 4-24: Criteria considered when reviewing the trunkline post lay stabilisation and protection

Driver Category Criteria

Economic e Economic viability
e Proximity of borrow ground to pipeline

Technical feasibility and safety ¢ In line with industry standards and good practice
e Stabilisation performance and protection

Environment e Physical presence: Seabed disturbance

As described in Section 4.4.7.3, it is anticipated that trunkline stabilisation will be required in water
depth shallower than 40 m. Use of rock for stabilisation may be required in some areas, however
sand is preferentially used due to its local availability which reduces cost and risk associated with
bringing rock from onshore locations. Woodside considered a range of stabilisation options as
presented in Table 4-25.

Table 4-25: Summary of assessment of stabilisation options

Stabilisation Option = Feasible? Justification

Use of Sand Material Woodside’s Location contains substantial amounts of highly suitable material of a
Sourced from Borrow Preferred quality and quantity to undertake stabilisation activities for the
Ground >250 m from Option Scarborough Scope. A 250 m buffer will be maintained from the Dampier
the Commonwealth Marine Park.

Marine Park

Use of Sand Material Feasible Location contains substantial amounts of highly suitable material of a
Sourced from Borrow quality and quantity to undertake stabilisation activities for the
Ground adjacent to Scarborough Scope.

Commonwealth Marine

Park

Use of Rock Material for | Feasible While this option is feasible, trench and backfill is valued as a superior
whole trunkline (no solution over stabilisation rock berms (no cover over the pipeline) for the
sand stabilisation) following reasons:

e Higher Health and Safety Exposure associated with rock
handling (onshore quarrying, transport over public roads,
stockpiling, load out to vessel) compared to the TSHD only
option.

e Costs impact associated with only using rock for trunkline
stabilisation would be significant compared to a combination of
rock and sand.

e Vessel time would be significantly increased over TSHD trench
and backfill option

Use of Sand Material Not Feasible Commonwealth Marine Park Area — Marine Habitat Protected Area.
Sourced from within There is a higher potential impact to the values of the marine park, and
Dampier as such Woodside’s preferred position is to focus on areas adjacent to
Commonwealth Marine the Marine Park where suitable sediment is located.

Park
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Stabilisation Option | Feasible? Justification

Use of Sand Material Unknown Additional work would need to be undertaken to prove material suitability
Sourced from Borrow and quantity. Location is expected to contain only marginally suitable
Ground within Mermaid material of a quality to undertake stabilisation activities for the
Sound Scarborough Scope. The areas with of acceptable material are thin and

spread across the area making dredging potentially inefficient. Possible
areas within Mermaid Sound contain higher proportions of fine sediment,
potentially increasing dredging times and turbidity.

Given the overlap with the PPA approved anchorages on the west and
the new Scarborough pipeline on the eastern side, the practical access
to the areas and the actual available volume may be less than required.

Use of Sand Material Unknown Comprehensive geotechnical investigations were undertaken in 2001,

sourced from covering a very large area both east and west of the pipeline corridor. It

alternative/new Borrow was identified that the sand layer thins significantly to the north and west

Ground at a greater of the proposed borrow area, making those areas unsuitable for TSHD

distance from the work.

Commonwealth Marine Based on the investigative work done in the past no other prospective

Park areas were identified outside of Mermaid Sound. An open ended search
for alternative borrow grounds will lead to significant delivery risk for
Scarborough.

Use of Sand Material Not Feasible Testing of this material undertaken during Pluto LNG demonstrated that

Sourced from existing the material is of inconsistent quality with a majority of the volume not

Spoil Grounds meeting minimum backfill requirements. Not suitable.

Use of Sand Material Not Feasible Suitable backfill sand is only available in limited quantities and from a

Sourced from Onshore significant distance away from the point of load out.

The cost associated with using onshore quarried sand would be
significant due and likely impacting the local sand (and concrete) trade.

Use of Sand Material Not Feasible Borrow Ground was used during TSEP and subsequently for the Pluto
Sourced from TSEP Foundation Project. As a result, it no longer contains adequate suitable
Borrow Ground material to undertake stabilisation activities for the Scarborough Scope.

For the assessment of stabilisation options, consideration was given to the suitability of stabilisation
material, proximity to the pipeline and proposed backfill and the environmental sensitivity of the
borrow ground and surrounding area when selecting suitable borrow ground locations.

A geotechnical survey was conducted in four distinct areas for the TSEP project to characterise
potential suitable borrow grounds. These surveys identified the most suitable location as that
identified in Figure 4-3.

Consideration was given to the potential re-use of materials from existing Spoil Grounds to negate
the requirement to use a new borrow ground, however the geotechnical properties of the materials
in existing spoil grounds are not suitable for pipeline stabilisation (refer to Section 4.5 for additional
discussion regarding borrow ground selection).

A benthic habitat survey of the potential borrow ground and surrounding areas within the Dampier
Marine Park was commissioned (Advisian, 2019c) to support the assessment of the suitability of the
borrow ground. Evaluation of the applicable environment drivers for the technically feasible options
is provided in Table 4-26.
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Table 4-26: Woodside assessment against key environment drivers of feasible alternatives for
trunkline stabilisation

Evaluated Concepts

1. Borrow ground >250 m from Dampier |2. Only rock material used |3. Borrow ground within
Marine Park for stabilisation Mermaid Sound
Ranking|Risk/Impact Ranking|Risk/Impact Ranking|Risk/Impact
Physical 2 Options presents some potential 2 Options presents 2 Area has had prior
Presence: for seabed disturbance however a less seabed disturbance, as such
Seabed buffer from the Dampier Marine disturbance as the the impacts may be
disturbance Park will be maintained, and the rock is likely to be less, however there
area was surveyed to show that sourced onshore. are increased
bare sandy substrate dominates However, there is technical challenges
the area identified for suitable additional onshore and the potential for
borrow. impacts, including impacts to social
clearance, receptors within the
transport and Port. Higher level of
additional vessel fines in Mermaid
movements Sound has potential to
required. increase dredging
times and turbidity.

New/alternative borrow ground greater
distance from marine park

2 An open ended search for
appropriate material carries
material safety and environment
risks and impacts. Modelling has
shown that borrow ground
operations directly adjacent to the
Marine Park are below threshold
levels predicted to result in impacts
to BCH. Therefore, increasing
distance from the Park is not
expected to provide any reduction
in impact.

Bare sandy substrate dominated most of the locations where towed/drop camera transects were
conducted. Where biota was observed, it typically consisted of invertebrates such as anemones and
crinoids at densities no greater than 10% and typically less than 5% cover. Of the 24 survey locations
within the potential borrow ground, sparse invertebrate cover was observed at only two locations. Of
the 51 survey locations within the habitat protection zone of the Dampier Marine Park immediately
adjacent to the proposed borrow ground, sparse invertebrate cover was observed at 12 locations.

Additional survey work completed by CSIRO shows that benthic cover in the habitat protection zone
of the Dampier AMP, adjacent to the proposed borrow ground, is not regionally significant and that
benthic cover in the habitat protection zone of the Dampier AMP, adjacent to the proposed borrow
ground, is lower than that identified regionally (Keesing, J.K. (Ed.) 2019).

It is feasible that suitable material in sufficient quantities could be located at a greater distance from
the Dampier AMP than the borrow ground currently selected. However, Woodside has sufficient data
to provide assurance that the proposed borrow ground meets the required criteria, whereas further
field investigation would be required to qualify a new area further afield, noting the geotechnical
investigation already undertaken to the north and west of this site did not identify areas of sufficient
size containing suitable material . Conducting a new investigation over a wider area would include a
bathymetric survey and geotechnical investigation. These field activities present safety risk, and
increase environmental risks and impacts associated with light emissions, acoustic emissions,
physical presence, displacement of users, seabed disturbance, routine discharges and unplanned
chemical or hydrocarbon spills. Undertaking such an investigation also carries risk to the project
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schedule and material cost. Additionally, modelling has shown that elevations in turbidity as a result
of operations at the borrow ground adjacent to the Dampier AMP will remain below the intensity-
duration thresholds predicted to cause impact to benthic communities and habitats of the Dampier
AMP, and that the activities are consistent with the objectives of zoning in the marine park (see
section 7.1.6.2). The known risk and impact associated with investigating new borrow ground areas
is not considered justified.

Based on an assessment of the existing environment at and surrounding the borrow ground and the
geotechnical properties of the regional seabed the borrow ground identified in Figure 4-3 is
considered the most suitable for the project.
4.5.4.7 Manning of FPU
Three options for the manning the FPU were considered:

¢ Option 1: Manned FPU

e Option 2: Minimally manned FPU

e Option 3: Unmanned facilities.

The criteria considered when reviewing the manning philosophy for the FPU as part of the
development of Scarborough were as shown in Table 4-27.

Table 4-27: Criteria considered when reviewing the manning philosophy for the FPU

Driver Category Criteria

Technical feasibility and safety ¢ Inline with industry standards and good practice
e Technically feasible to meet the field life requirements

Environment e Planned waste discharges

Environmental criteria are not a major consideration in the decision of manning the FPU as the
location of the FPU is at a sufficient distance offshore and from areas of environmental sensitivity
that the reduction in environmental impacts associated with domestic discharges and activities (such
as sewage, greywater and food waste discharge) from reduction in manning is minimal.

The key drivers for the manning philosophy are technical feasibility and safety criteria. Unmanned
facilities are viable for the subsea focused development options; however, these options were not
selected in the concept evaluation based on the technical feasibility and readiness of such options.
Offshore manning will be minimised through design of the facilities for minimal offshore maintenance
and remote control and operation.

As such Option 2: Minimally manned FPU is the preferred option, and it is a project objective to
design the Scarborough FPU so a minimally manned operation (aiming for potential future
unmanned activities) with campaign maintenance strategy can be achieved.

The final decision for manning will be determined during the FEED phase of the project. Given the
Project Area does not intersect environmentally sensitive habitats, the decision will be based mainly
on the technical feasibility and safety criteria. The environmental impact assessment however
considers the worst-case impacts associated with a manned option — i.e. to assess the potential
domestic discharges associated with up to 75 persons on board.
4.5.4.8 Sewage Management
Three options were considered for sewage management from the FPU during operations:

e Option 1: Treat using an onboard sewage treatment plant, then dispose overboard

e Option 2: Transport to shore for treatment and disposal

This document is protected by copyright. No part of this document may be reproduced, adapted, transmitted, or stored in any form by
any process (electronic or otherwise) without the specific written consent of Woodside. All rights are reserved.

Controlled Ref No:  SAO006AF0000002 Revision: 5 DCP No: 1100144791 Page 129 of 825

Uncontrolled when printed. Refer to electronic version for most up to date information.




Scarborough — Offshore Project Proposal

e Option 3: Discharge overboard

The criteria considered when reviewing the management of sewage generated from the FPU during
operations are shown in Table 4-28.

Table 4-28: Criteria considered when reviewing sewage management on the FPU during operations

Driver Category Criteria

Technical feasibility and safety e Industry standards and good practice
¢ Introduction of other risks
e Maintenance requirements (in minimum manning philosophy)

Environment e Planned waste discharges

Woodside’s experience with sewage treatment plants onshore is that they are operationally intensive
(which would impact manning levels), require special skills and health controls to manage and are
difficult to design and operate with fluctuating waste levels which will be the case for the FPU,
considering minimum manning during normal operations and significant increases during
maintenance campaigns. None of Woodside’s offshore facilities currently have a sewage treatment
plant, and it is industry standard for offshore facilities far from sensitive receptors to discharge
untreated sewage. For these reasons, inclusion of a sewage treatment plant on the FPU is not a
preferred option.

It would be possible to store sewage and transport it via support vessels to shore for treatment and
disposal/irrigation, however this option introduces the requirement for additional FPU to vessel
transfers, dedicated tanks or hoses and risk of personnel exposure to biologically hazardous
materials. It also introduces a requirement to manage storage and avoid exceeding capacity and
requiring discharge to ocean.

Options one and two would reduce or mitigate environmental impact associated with sewage
discharge to the environment. However, due to the open offshore water location and distance from
environmental or social receptors, it is considered environmentally appropriate to discharge sewage
from the FPU and therefore option three has been selected as the preferred alternative.
4.5.4.9 Produced Water Disposal
Two options were considered for disposal of produced water:

e Option 1: Reinjection into the reservoir

e Option 2: Transport and onshore treatment/disposal

e Option 3: Treatment and overboard disposal

The criteria considered in this decision are summarised in Table 4-29. Evaluation of the applicable
environment drivers for the options is provided in Table 4-30.

Table 4-29: Criteria considered when reviewing the disposal of produced water

Driver Category Criteria

Economic e Economic viability
e Impact on reservoir performance
e Maintenance requirements (in minimum manning philosophy)

Technical feasibility and safety ¢ In line with industry standards and good practice

Environment e Planned liquid and solid discharges and wastes

This document is protected by copyright. No part of this document may be reproduced, adapted, transmitted, or stored in any form by
any process (electronic or otherwise) without the specific written consent of Woodside. All rights are reserved.

Controlled Ref No:  SAO006AF0000002 Revision: 5 DCP No: 1100144791 Page 130 of 825

Uncontrolled when printed. Refer to electronic version for most up to date information.




Scarborough — Offshore Project Proposal

Table 4-30: Woodside assessment against key environment drivers of alternatives for produced
water disposal

Evaluated Concepts

1. Reinjection into the reservoir |2. Transport and onshore | 3. Treatment and overboard
treatment/disposal disposal
Ranking|Risk/Impact Ranking|Risk/Impact Ranking | Risk/Impact
Planned liquid 2 Would require drilling of| 2 Requires either| 2 Very low volumes for
and solid an additional well, with dedicated pipeline disposal anticipated.
discharges and potential for additional or additional vessel Modelling demonstrated
wastes impacts. trips, and discharge that impacts are localised
into more sensitive and will not result in any
nearshore significant impact.
environment.

The volume of water expected to be produced from Scarborough, Thebe and Jupiter is expected to
be very low in comparison with other offshore facilities where treated produced water is discharged
overboard, usually at a rate up to approximately 285 bbl/day with a maximum of 400 bbl/day (see
Section 4.4.9). This rate is considered small in comparison with other offshore facilities, as shown
below:

- Scarborough: 400 bbl/day
- Barossa: 20,500 bbl/day (OPP)
- Ichthys: 31,400 bbl/day (EIS)

- Browse: 36,000 bbl/day (ERD)

Option 1 would require drilling of an additional well, additional subsea and topsides infrastructure,
has considerations for reservoir performance and is not considered feasible. Drilling and completions
activities carry material associated health and safety risk, and environment impact associated with
acoustic emissions, seabed disturbance, discharges of cuttings and drilling fluids, and unplanned
discharges of chemicals and hydrocarbons. This is not considered justified to offset the relatively
small rate of produced water which will be treated to meet ecological thresholds. Reinjection also
incurs significant additional cost (estimated $300 million) associated with drilling activities which is
considered grossly disproportionate to the impact reduction offered.

Option 2, transport to onshore for processing and disposal is not considered feasible. Getting the
water to shore would require either a separate pipeline to be constructed, or transport by support
vessel. Both of these options require additional infrastructure on the FPU, either large pumps to
supply the pressure needed to pump water over 400 km to shore or holding tanks to store water in
between supply vessel visits. This is not considered appropriate for a weight constrained floating
facility. Additional safety and environmental risks and impacts are also presented by either
construction of a separate pipeline or increased number of supply vessel transits. The onshore Pluto
LNG Facility has specialised equipment to treat process effluent and could potentially receive
additional water from offshore. However, discharge of treated produced water into a more sensitive
nearshore environment from the onshore treatment plant is a worse environmental outcome than an
open water offshore environment.

Since modelling indicates that suitably treated produced water can be discharged with acceptable
environmental impact (see Section 4.4.9.2) the decision has been made to progress Option 3,
treatment and overboard disposal of produced water. Treatment options to manage the impact of
discharging produced water including tertiary treatment, comingling with seawater return and
discharge depth are currently being investigated with a goal of reducing the impact to ALARP.
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4.5.4.10 Trunkline Commissioning
Two options for trunkline pre-commissioning were considered:
e Standard or typical commissioning, including hydrotesting

e Partial dry commissioning — no flooding or hydrotesting, but with post installation cleaning
and gauging

e Full dry commissioning
The criteria considered for trunkline commissioning alternatives are shown in Table 4-31.

Table 4-31: Criteria considered when reviewing trunkline commissioning alternatives

Driver Category Criteria

Technical feasibility and safety ¢ Industry standards and good practice
¢ Introduction of other risks
¢ Verification to ensure same level of safety and integrity

Environment e Subsea commissioning discharges

Standard trunkline commissioning practice involves filling the trunkline with seawater dosed with
chemicals to mitigate corrosion, pumping to achieve a desired pressure and then holding at pressure.
This is done to provide assurance that there are no leaks in the trunkline (which would result in
pressure loss) and is known as hydrotesting. Following this process, the trunkline is de-watered and
the chemically treated seawater is discharged to the environment. For the Scarborough trunkline,
this is expected to be 190,000 m? of chemically treated seawater with a 20% contingency, resulting
in a maximum likely volume of 223,000 m?. It is not considered feasible to dispose of such a large
volume of saltwater onshore.

As described in Section 4.4.8, the preferred option for pre-commissioning of the trunkline is dry
commissioning, which does not require hydrotesting and subsequent discharge of fluid. Instead, the
appropriate level of assurance over trunkline integrity is provided by gathering of data during
manufacture and installation which are demonstrated to provide the same level of safety and
integrity. This option is expected to provide environment and safety benefits. Despite dry
commissioning being the preferred option, there are certain occurrences during installation which
may trigger hydrotesting of the trunkline so the fall-back position of standard pre-commissioning is
being carried as an option.

4.5.4.11 Drilling Fluid Type
Two options for drilling fluids were considered:
e Option 1: Water Based Mud (WBM)
e Option 2: Non-Water Based Mud (NWBM).

The criteria considered when reviewing the type of drilling fluids for the development of Scarborough
were as shown in Table 4-32.

Table 4-32: Criteria considered when reviewing the type of drilling fluids

Driver Category Criteria

Technical feasibility and safety ¢ Inline with industry standards and good practice
e Technically feasible to meet the field life requirements

The selection of drilling fluid types is dependent on technical aspects of the drilling program that will
not be known until completion of detailed design. WBM drilling fluids systems are used as the first
preference when planning to drill a well, consistent with the requirements of Woodside’s
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Environmental Performance Standard. NWBM may also be used subject to the development of a
“business case deviation” that details environment, technical, health and waste management
considerations. The requirement to use NWBM is typically based on a need for improved
management of the technical and safety aspects of drilling technically complex wells.

Where NWBMs are used these will be selected in accordance with the Woodside Chemical Selection
and Assessment Environment Guideline. Therefore, the key criterion for selection is technical
feasibility and safety and as such both Option 1: WBM and Option 2: NWBM are being progressed.
4.5.4.12 Drilling Discharge Management

Options considered for the management of drilling discharge of cuttings and drilling fluids (mud)
include:

e Option 1: Transport to shore and onshore disposal
¢ Option 2: Transport and disposal at an alternative offshore location
e Option 3: Discharge overboard

The criteria considered when reviewing drilling discharge options are shown in Table 4-33.
Assessment against environment drivers is provided in Table 4-34.

Table 4-33: Criteria considered when reviewing drilling discharge options

Driver Category Criteria

Technical feasibility and safety ¢ Inline with industry standards and good practice
e Introduction of other risks and impacts

Economic e  Economic viability

Environment e Planned solids and liquids discharges

Table 4-34: Woodside assessment against key environment drivers of alternatives for drilling
discharge options

Criteria Evaluated Concepts — Drilling Discharges
1. Onshore disposal 2. Alternate offshore 3. Overboard discharge
disposal
Ranking|Risk/Impact Ranking|Risk/Impact Ranking | Risk/Impact
Planned 2 Requires additional 2 Requires  additional| 2 Due to location
liquid and supply vessels to supply vessels to and water depth,
solid transport to shore, then transport. Impacts receptor
discharges disposal onshore with from discharge similar sensitivity is low
and wastes associated risks and to overboard and discharge will
impacts. discharge. have only slight
affect.

As summarised above, due to the offshore and deepwater location of the drilling locations, the level
of environment impact associated with alternatives available for cuttings and fluid disposal are not
materially differentiated.

Option 1 involves transport of cuttings and/or fluids to shore via support vessels. Transfer operations
and additional vessels required increase the risks and impacts associated with vessel operations
(see Table 4-10). This option also introduces onshore risks and impacts related to transfer of material
from vessels to trucks, transport to waste management facilities, processing and disposal onshore
in landfill. Given that this option does not present material environment benefit over other options
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considered, introduces other risks and impacts and is significantly more expensive, it is not currently
the preferred option.

Option 2 also increases risks and impacts associated with vessel operations as Option 1, however
not to the same extent because the cuttings/fluids would be discharged at an alternative offshore
location rather than transported all the way to shore. For Option 2 to be attractive environmentally,
an alternative offshore disposal location must be found with environmental sensitivity materially lower
than that of the drilling location — with enough of a difference to offset the risks and impacts
associated with increased vessel activity and cost. Because the drilling locations are already in
deepwater and away from sensitive receptors, this is not considered feasible.

Option 3 is expected to present a similar level of environmental risk/impact as the other alternatives,
lower safety risks (due to comparatively fewer vessel transfers) and lower cost. It is also aligned with
standard industry practice in offshore drilling locations that are not close to sensitive receptors.
Therefore, Option 3 is currently preferred.
4.5.4.13 Compression Facilities
Three options for the compression facilities were considered:

e Option 1: Conventional compression on a floating semi-submersible

e Option 2: Subsea compression at RFSU

e Option 3: Future platform or subsea compression.

The criteria considered when reviewing the type of compression facilities for the development of
Scarborough were as shown in Table 4-35.

Table 4-35: Criteria considered when reviewing the type of compression facilities

Driver Category Criteria

Economic o Ability to meet the development timeline
e  Economic viability
e Ability to accommodate future development including ties-ins of other fields

Technical feasibility and safety |e In line with industry standards and good practice
e Technically feasible to meet the field life requirements
e  Project considers an acceptable technology readiness levels (TRL)

Option 1 is a known mode of operation. Woodside is experienced with the use of topsides for
compression facilities, and this option provides schedule certainty.

Subsea compression (Option 2) is a novel technology. The adoption of this option would incur
significant schedule risk and costs to pursue.

Option 3 would not support the required production capacity at commencement, and as such does
not meet the project requirements.

4.5.4.14 MODU Design

Three options were considered for MODU design:
e Option 1: Jack-up MODU
e Option 2: Anchored floating MODU
e Option 3: DP floating MODU.

The criteria considered in this decision are summarised in Table 4-36. Evaluation of the applicable
environment drivers for the options is provided in Table 4-37.
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Table 4-36: Criteria considered when reviewing MODU design options

Driver Category Criteria

Economic o Ability to meet the development timeline
e Economic viability

Technical feasibility and safety ¢ In line with industry standards and good practice

Environment e Physical presence: Seabed Disturbance
e Underwater noise emissions

Table 4-37: Woodside assessment against key environment drivers of alternatives for MODU design

Evaluated Concepts

1. Jack-up MODU

2. Anchored floating MODU 3. DP floating MODU

Ranking|Risk/Impact Ranking | Risk/Impact Ranking|Risk/Impact
Physical presence: - Option not 3 Seabed disturbance 1 Footprint ~ minimised
Seabed disturbance technically footprint dependent on due to lack of anchor
feasible. anchor spread. spread.
Anchor handling required. No anchor handling
required.
Underwater noise - Option not No underwater noise 2 Thrusters generate
emissions technically emissions generated from underwater noise
feasible. positioning. emissions.

Due to the water depth in the Scarborough Project area, it is not technically feasible to use a jack-
up MODU. Option 1 was therefore screened out, with no further consideration undertaken.

The use of a DP MODU (Option 3) is considered the best option as it does not require the subsea
layout to accommodate mooring locations for anchors and provides lower risk as no anchor handling
is required, minimizing the potential to damage the infrastructure being laid on location if an anchor
is dropped. Having no anchors also minimises the potential environmental impact on the seabed.
The more mobile nature of using a DP MODU allows for more dynamic and efficient well sequencing,
reducing the total duration of the drilling activity.

Although the DP MODU (Option 3) is favourable with regards to minimising seabed impact and well
sequence flexibility, they generate more underwater noise when compared to an anchored MODU.
Additionally, DP MODUs generate more atmospheric emission due to the additional fuel
consumption associated with the use of DP thrusters.

Although Option 3 is the currently preferred option, Option 2 (Anchored MODU) has not been ruled
out as it is still a potential option and will depend on regional and local rig availability.
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5 DESCRIPTION OF THE ENVIRONMENT

5.1 Overview

Scarborough occurs in Commonwealth waters off the northwest coast of Western Australia (WA)
(Figure 5-1), located in the North West Marine Bioregion (NWMR) (IMCRA 4.0). The target fields
occur within the Northern Carnarvon Basin on the Exmouth Plateau, and are about 375 km offshore
from Dampier, in water depths of 900-970 m, with the proposed trunkline ultimately crossing into
State waters along the same alignment as the Pluto Gas Export Pipeline (Figure 5-1).

For the purpose of describing the environmental context relevant to the development of
Scarborough, two zones have been developed:

o The Project Area, which is divided further into the Offshore Project Area (the area covered
by WA-1-R, WA-62-R, WA-61-R and WA-63-R), the Trunkline Project Area (the proposed
trunkline route with a 1.5 km buffer either side) and the Borrow Grounds Project Area (the
proposed location for the borrow grounds).

e The environment that may be affected (EMBA) by Scarborough, which is the largest spatial
extent where unplanned events could have an environmental consequence on the
surrounding environment (Figure 5-2). The maximum extent of area that may be affected is
driven by the potential area that may be exposed to hydrocarbons in the event of a worst-
case spill scenario. (i.e. a 2,000 m3 vessel fuel tank rupture; refer to Section 7.2.6). The
EMBA has been derived by merging the maximum spatial extent for all
stochastic modelling results, that is the result of 100 single trajectories run for each scenario.
While the EMBA considers all hydrocarbon phases, it is characterised by the low exposure
zone for entrained hydrocarbons. The EMBA has been set with some buffer (approximately
a minimum of 50 km) to accommodate exposure below these levels (noting that below these
levels any biological impacts are not expected to occur). The EMBA also extended inshore
to accommodate for a spill scenario occurring anywhere along the trunkline route and
simplified to a rectangular shape for ease of use. The modelling that was used to derive the
EMBA is detailed in the report provide in Appendix I.

For planned and unplanned emissions and discharges, numerical modelling was undertaken as
outlined in Section 5.2.

This EMBA forms the basis of the EPBC Protected Matters search and Woodside has undertaken
an assessment of all the environmental values and sensitivities within this EMBA. Noting that the
thresholds at which impacts to biological and social impacts will vary, the level of detail provided on
each of the receptor will reflect this difference.

The key characteristics of the environment of the Project Area and EMBA have been summarised in
the sections below.

In addition, the key characteristics of the closest protected marine places outside the EMBA have
also been summarised. This is to provide additional regional context in consideration of potential in
the unlikely event of the worse-case spill scenario, for these protected places to be exposed to
hydrocarbon levels below the low exposure threshold used to define the EMBA (noting that biological
impacts are not expected as they are outside the EMBA).
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Figure 5-1: Environmental setting of the Project Area
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Figure 5-2: Results from stochastic hydrocarbon spill modelling used to define the EMBA
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5.2 Studies and Information Sources

5.21 Overview

Studies and reviews of the Exmouth Plateau and North West Shelf have been compiled and/or
undertaken to provide an understanding of the physical, biological and socio-economic
environmental conditions within the Scarborough Project area.

These studies contribute to long-term datasets for the region and the majority have been made
available in the public domain. Information on the existing environment gathered through these
studies has been supplemented by information from:

e peer reviewed journals
¢ industry and government technical reports
o standards and guidelines

e Department of Agriculture, Water and the Environment (DAWE) resources and
published literature including the Species Profile and Threats (SPRAT) database

e search tools such as the Department of Parks and Wildlife (DPaW) NatureMap and
an EPBC Act Protected Matters database search to identify listed species and
communities potentially occurring in the vicinity of Scarborough.

Baseline databases available for searching and accessing studies and scientific literature for the
NWS region include:

¢ Industry-Government Environmental Meta-database (IGEM):
http://www.igem.com.au

e CSIRO MarLIN Metadata System: http://www.marlin.csiro.au
e CSIRO Data Access Portal (DAP): https://data.csiro.au

o WAMSI research access, Pawsey Data Portal: https://data.pawsey.org.au/

e Australian Ocean Data Network (AODN): https://catalogue.aodn.org.au

e AIMS Data Centre: https://www.aims.gov.au/docs/data/data.html

e North West Access: https://maps.northwestatlas.org/.

5.2.2 Completed Studies

In the broader NWMR, many studies have been conducted by both petroleum titleholders (e.g.
studies undertaken by Woodside for the Pluto LNG development) and independent research
agencies (e.g. Brewer et al. (2007) reviewed trophic systems of the Northwest Marine Region).
Existing specialist studies that have been completed specifically for and have been made available
to support the assessment and management of the development of Scarborough include those
presented in Table 5-1.
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Table 5-1: Studies undertaken to support Scarborough

Organisation ‘ Study

Sinclair Knight Merz | Pluto LNG Development Offshore Marine Environmental Survey (2006) (and other associated
technical studies). Available from:
http://www.epa.wa.gov.au/sites/default/files/PER_documentation/1632-PER-
Technical%20Report%20-%20combined.pdf

Woodside Energy | Pluto LNG Development: Draft Public Environment Report/Public Environment Review (2006),
Limited and associated studies. Available from:
http://www.epa.wa.gov.au/sites/default/files/PER_documentation/1632-PER-
PLUTO%20LNG%20PER.pdf

Advisian. 2019a. Scarborough Offshore Benthic Marine Habitat Assessment. Prepared for
Woodside Energy Ltd. Advisian WorleyParsons Group. (Appendix A)

Advisian. 2019b. Montebello Marine Park Benthic Habitat Survey. Prepared for Woodside Energy
Ltd. Advisian WorleyParsons Group. (Appendix C)

Advisian. 2019c. Dampier Marine Park Benthic Habitat Survey. Prepared for Woodside Energy
Ltd. Advisian WorleyParsons Group. (Appendix B)

Marshall Day | Underwater noise modelling for the Scarborough Project (Marshall Day, 2019; Appendix E)

Acoustics

RPS/APASA Scarborough Gas Development Cooling Water Discharge Modelling Study (RPS, 2019a;
Appendix F)
Scarborough Gas Development Produced Water Discharge Modelling Study (RPS, 2019b;
Appendix G

Scarborough Gas Development Hydrotest Discharge Modelling Study (RPS, 2019c; Appendix H)
Scarborough Gas Development Quantitative Spill Risk Modelling (RPS, 2019d; Appendix I)

Scarborough Dredge Dispersion Modelling — Offshore Borrow Ground (RPS, 2019e; Appendix J)

5.3 Marine Regional Characteristics

5.3.1 Introduction

The Project area and EMBA occur within the North-West Marine Region (NWMR), which
encompasses waters from the WA/Northern Territory (NT) border to Kalbarri (Figure 5-1). The
NWMR covers a large area of continental shelf and slope, with a range of bathymetric features such
as canyons, plateaus, terraces, ridges, reefs, banks and shoals.

The Offshore Project Area, and the western part of the Trunkline Project Area, is in the Northwest
IMCRA Province. As the trunkline traverses the continental shelf it crosses into the Northwest Shelf
IMCRA Province (Figure 5-1). These provinces are the start of a transition between tropical and
temperate marine areas; and include migration routes and breeding locations for some important
whale and bird species (DEWHA, 2008a). The provinces are known to be important areas for the
petroleum and commercial fishing industries (DEWHA, 2008a). No additional IMCRA Provinces
occur in the EMBA.

The continental shelf in the vicinity of the Project Area is wide, with a change of slope at about the
20 m bathymetric contour (IMCRA Technical Group, 1998). Inside this contour there is a series of
limestone islands (South and North Muiron, Serrurier, Bessieres, Thevenard, Rosily, Barrow and the
Montebello islands); with fringing coral reefs typically occurring on the seaward side of most of these
islands (IMCRA Technical Group, 1998).

Further offshore from the continental slope is the Exmouth Plateau. The Exmouth Plateau is a deep-
water plateau, with a narrow, steep southern slope and a wider, less steep northern slope. The
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Montebello Trough along the south-east edge of this plateau drains into the Cape Range Canyon;
while the northern portion of the plateau comprises the Dampier Ridge and Swan Canyon.

5.3.2 Oceanographic Environment and Coastal Processes

5.3.2.1 Currents

The NWMR is influenced by a complex system of ocean currents that can change between seasons
and between years. The maijor surface currents in the region flow away from the equator, and include
the Indonesian Throughflow, Leeuwin Current, South Equatorial Current and the Eastern Gyral
Current. These surface currents are typically warm, low salinity and oligotrophic (DEWHA, 2008a).
There are also a series of subsurface currents that influence the area, the most important of which
are the Leeuwin Undercurrent and the West Australian Current (Figure 5-3). These subsurface
currents are typically cooler, with higher salinity and dissolved oxygen content (DEWHA, 2008a).

The Exmouth Plateau is known to influence the region’s currents due to its topography. The plateau
obstructs the flow of the warm surface currents and forces upwelling of the cold nutrient-rich waters
underneath, influencing the physical and biological properties of the environment.
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Figure 5-3: Surface (orange) and subsurface (teal) currents influencing the northwest Western
Australia (Note: seasonal surface currents are shown in blue)
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5.3.2.2 Tides

The NWMR experiences highly variable tidal regimes but can be broadly categorised as semi-diurnal
(two highs and two lows per day) with a diurnal inequality (difference between successive highs and
successive lows). Tides and winds strongly influence water flow in the coastal zone and over the
inner to mid shelf, whereas flows over the outer shelf, slope, rise and deeper waters are influenced
by large-scale regional circulation (DEWHA, 2008a). The interaction of the semi-diurnal tides with
the Exmouth Plateau generates internal tides, also known as barotropic tides (Holloway, 1988).
These internal tides can subsequently generate internal waves, which are dynamic, episodic events
strongly influenced by topography and caused by pronounced temperature differences in the water
column and the interaction between currents and the seafloor (DEWHA, 2008a). Internal waves are
large in amplitude (up to 75 m high) and encourage the mixing of surface waters with deeper, more
nutrient-rich waters, which is important for biological productivity in the region (DEWHA, 2008a).
Internal waves are considered to occur more frequently and to be stronger during the wet season
than the dry season when the water column is more stratified (Brewer et al., 2007; DEWHA, 2008a).

5.3.2.3 Waves and Wind

The wave climate of open waters of the NWMR is influenced by locally generated wind waves (seas)
and remotely generated swells. Swell directions can vary widely in the region, depending on wind
direction, locations of major storms, and local bathymetric effects. Fugro (2012) measured wave
height in the Offshore Project Area throughout the year and recorded a maximum of 9.2 m in
December.

Winds vary seasonally, with a tendency for winds from the south-west quadrant during summer
months (September—March) and the north-east quadrant in autumn and winter months (April—
August). The summer south-westerly winds are driven by high pressure cells that pass from west to
east over the Australian continent. During winter months, the relative position of the high-pressure
cells moves further north, leading to prevailing south-easterly winds blowing from the mainland
(Pearce et al., 2003). Winds typically weaken and are more variable during the transitional period
between the summer and winter regimes, generally between April and August.

5.3.2.4 Tropical Cyclones

Tropical cyclones are relatively frequent in the NWMR, with the Pilbara coast experiencing more
cyclonic activity than any other region of the Australian mainland coast (Bureau of Meteorology, n.d.).
Tropical cyclone activity can occur between November and April and is most frequent during
December to March (i.e. considered the peak period), with an annual average of about one storm
per month. Cyclones are less frequent in the months of November and April. Based on 47 years of
historical weather data from 1970 until 2016, 34 tropical cyclones have occurred in the region of the
Offshore Project Area (Bureau of Meteorology, n.d.). The likelihood of a tropical cyclone during the
first 28 days of November is far less than could be expected for the remainder of tropical cyclone
season.

5.3.2.5 Water Temperature and Salinity

Variation in surface salinity along the North West Shelf (NWS) (in the vicinity of the Trunkline Project
Area) throughout the year is minimal (between 35.2 and 35.7 Practical Salinity Units), with slight
increases occurring during the summer months due to intense coastal evaporation (Pearce et al.,
2003; James et al., 2004). This small increase in salinity during summer is countered by the arrival
of the lower salinity waters of the Leeuwin Current and Indonesian Throughflow in autumn and winter
(James et al., 2004). Across Dampier Archipelago waters, surface salinity closer to the mainland
coast is higher than outer archipelago waters throughout the year. In winter, denser (cooler and more
saline) water forms within the archipelago and wedges seaward beneath open shelf waters. In
summer, salinity increases in shallow coastal waters due to the localised effects of evaporation
(Pearce et al., 2003).

This document is protected by copyright. No part of this document may be reproduced, adapted, transmitted, or stored in any form by
any process (electronic or otherwise) without the specific written consent of Woodside. All rights are reserved.

Controlled Ref No:  SAO006AF0000002 Revision: 5 DCP No: 1100144791 Page 143 of 825

Uncontrolled when printed. Refer to electronic version for most up to date information.




Scarborough — Offshore Project Proposal

In the Offshore Project Area, temperatures of about 25°C and salinity of about 35 ppt were recorded
in surface waters; while deeper waters recorded temperatures of about 5°C and salinity of about
34.5 ppt (ERM, 2013a). Presence of both a thermocline and halocline were recorded; the level of
these varied by about 50 m seasonally.

5.3.3 Seabed Characteristics

5.3.3.1 Region and EMBA
The EMBA overlaps both the Northwest Shelf IMCRA Province and the Northwest IMCRA Province.

The Northwest Shelf IMCRA Province is located almost entirely on the continental shelf. The shelf
slopes gradually from the coast to the shelf break with a number of banks, shoals and valleys,
examples including Rankin Bank (Section 5.3.13) and Glomar Shoals (Section 5.5.6).

The Northwest Province occurs entirely on the continental slope and comprises muddy sediments.
There are many distinguishable topographic features, such as the Exmouth Plateau (Section 5.5.1),
as well as deep holes and valleys on the inner slope. The Montebello Trough occurs on the eastern
side of the Exmouth Plateau and represents more than 90 per cent of the area of troughs in the
NWMR (Baker et al., 2008).

The seafloor of the EMBA is strongly affected by cyclonic storms, long-period swells and large
internal tides, which can resuspend sediments within the water column as well as move sediment
across the shelf (Margvelashvili et al., 2006). The North West marine bioregion includes a variety of
geomorphological features (Figure 5-3).
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Figure 5-4: Geomorphology of the Australian margin within the vicinity of the development of
Scarborough
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5.3.3.2 Trunkline Project Area

The Trunkline Project Area, in the context of this OPP, extends from the State-Commonwealth
boundary on the inner continental shelf, onto the continental slope where it traverses the continental
slope westwards to the Offshore Project Area on the Exmouth Plateau. The eastern half of the
Trunkline Project Area is adjacent to the existing Pluto trunkline.

The inner continental shelf is the area from the coast to about 30 m water depth, and the middle
continental shelf is the area between 30 and 120 m water depth. At about 120 m depth, a terrace
(start of the outer shelf) of gradients of between 5° and 20° represents a paleo-shoreline and marks
an important divide between the continental shelf and the continental slope (SKM, 2006).

The continental slope in proximity of the Pluto field is the narrowest part of the continental slope in
the NWS. Assessment of geophysical and ROV data of this area confirmed that it is traversed by
several canyon systems where water depth ranges from 160 m to 1220 m (Geoconsult, 2005). The
continental slope can be characterised into three sub-divisions, nhamely:

e dendritic channel areas
e channel areas
e continental slope areas (between channels).

A total of six major and nine minor dendritic channel areas were recorded that are up to 200 m deep
and with gradients of 1:1. Major channels were well spaced through the site: in 300 m to 750 m water
depth: between 500 m to 1500 m wide and up to 5 km in length.

The minor channels are prevalent in 320 m to 550 m water depths: 500 m to 900 m wide and up to
2.4 km in length. They are formed by the gradual erosion of the continental slope as numerous small,
localised slumps, which trigger turbidity currents. It is suspected that dendritic channel areas act as
a focus for seafloor currents (Advisian, 2019a).

Geophysical data has been collected and is used to support the description of the seabed
features/characteristics identified from the State waters boundary to the the intersection of the
trunkline route with the North Western limit of the Montebello Islands Marine Park. A detailed
description of seabed features along this section of the trunkline route is provided in Table 5-2.
Where more complex seabed features are identified from the geophysical data, studies are used to
validate the presence of the features and the benthic communities and habitats associated with the
features.

Sediments previously disposed at Spoil Ground 5A from the Pluto trunkline route are expected to be
broadly similar to those noted in the original drop camera survey of the spoil ground, given the
proximity of sourced materials (<1km).
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Figure 5-5: Seabed features ground truthing data
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Table 5-2: Summary of seabed features along the proposed trunkline route

Section
of
Trunkline
Project

Geophysical Data

Environmental
Sensitivity

State waters boundary to KP 50 (the end of the proposed trunkline trenching operations)

Supporting
Studies

Conclusions

KP 32 -
KP 43.1

The seabed is predominantly flat, smooth and featureless between
KP 32 and KP 43.1. From KP 32 to approximately KP 35 there are
some minor east-west oriented ribbons/patches of higher
reflectivity. These are thought to represent current sorted
accumulations of coarser sediment.

Sediments comprise carbonate
components.

sands with some finer

This area of the
proposed trunkline
may be trenched
and backfilled to
ensure the stability
of the trunkline
during higher
energy metocean
conditions. These
activities have the
potential to disturb
a wider area of
seabed and will
temporarily
increase
suspended
sediment
concentrations

above background.

A geophysical and
geotechnical survey
of the proposed
trunkline route has
been completed
with key seabed
features described
in this table.

A drop camera
survey has been
completed between
KP 33 and KP 50.3
adjacent to the
proposed trunkline
route (Figure 5-14).

The seabed substrate observed on the drop
camera footage was representative of the
area (predominantly fine to coarse sand) and
is consistent with the geophysical and
geotechnical data collected along the trunkline
route. Sparse ascidians, sponges, invertebrate
communities, burrowing organisms and
octocorals were observed from the drop
camera study. This benthos is considered
representative of the area and is similar to that
observed in other regional studies (Keesing
2019, Advisian 2019b).

Given the similarity in the seabed substrate
observed from the geophysical and
geotechnical data collected along the trunkline
route and the drop camera footage, and the
proximity of the drop camera footage to the
proposed trunkline route, benthic communities
and habitats along the proposed trunkline route
are expected to be similar to those observed in
the drop camera study.
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Section | Geophysical Data Environmental Supporting Conclusions
Sensitivity Studies

of
Trunkline
Project

KP 43.1
~KP
525

The seabed is predominantly flat and featureless between KP 43.1
and KP 52.5. The exhibited low reflectivity correlates with a seabed
expected to comprise carbonate sand and shell gravel which was
confirmed by geotechnical sampling within this section of the
proposed route.

Between KP 43.9 and KP 44.9 a number of small patches of higher
reflectivity are apparent. These are thought to represent minor
accumulations of coarser sediments.

From KP 47.1 to approximately KP 50.0 the seabed displays
numerous bands/patches of high reflectivity. These bands/patches
tend to show an east-west orientation and are thought to represent
current sorted accumulations of coarser sediments.

From KP 50.3 to KP 52.4 calcarenite outcrops at seabed. This
appears characteristically highly reflective with some smooth, less
reflective areas which are expected to be due to a sediment veneer
which masks the position of the outcrop in some areas.
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Section
of
Trunkline
Project

Geophysical Data

From approximately KP 50 to KP 52 there are a number of isolated
depressions visible on the seafloor. These are representative of
depressions observed along the trunkline route.

Environmental
Sensitivity

Supporting
Studies

Conclusions

End of the

proposed trenching and backfill operations to the boundary of

the Montebello Islands Marine Park

KP 52.5
—KP
61.9

Some localised increases in the acoustic reflectivity are observed
along this section of the trunkline route. The increases in
reflectivity tend to be associated with the presence of numerous
depressions and exposure of the underlying calcarenite unit.
Seabed sediments are expected to comprise carbonate sands with
shell gravel which has been confirmed by geotechnical sampling
within this section.

From KP 524 to KP 52.5 the seabed appears moderately
reflective with some small isolated depressions. Between KP 52.5
and KP 52.7 the underlying calcarenite outcrops at the seabed.
The seafloor exhibits a higher reflectivity and appears slightly
mottled due to the presence of an intermittent veneer of sediment.

Whilst isolated depressions appear throughout the route corridor it
seems that the clusters of depressions mostly occur when the

The predominantly
featureless seabed
is not expected to
support abundant
or diverse benthic
communities and is
considered typical
of the North West
Shelf.

The calcarenite
outcrops are typical
of those found
across the North
West Shelf (Wilson
2013) and
generally run
perpendicular to
the trunkline
limiting the
intersection of the
trunkline with areas
of harder seabed
substrate.

A geophysical and
geotechnical survey
of the proposed
trunkline route has
been completed
with key seabed
features described
in this table.

The predominantly featureless seabed is not
expected to support abundant or diverse
benthic communities and is considered typical
of the North West Shelf.

The calcarenite outcrops identified in the
Trunkline Project Area are common across the
North West Shelf (Wilson 2013) and generally
run perpendicular to the trunkline. The
intersection of any exposed calcarenite would
not modify, destroy, fragment, isolate or disturb
an important or substantial area of habitat given
that the habitat is widespread across the North
West Shelf (Wilson 2013) and only a very small
area of the habitat will be intersected by the
trunkline route.

The presence of oil and gas infrastructure may
artificially increase habitat complexity in areas
of featureless seabed, resulting in higher
species richness and abundance of fish
species and epifauna associated with
infrastructure, compared to adjacent natural
habitats (McLean et al., 2020, McLean et al.,
2018; McLean et al., 2017; Bond et al., 2018).
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Section | Geophysical Data Environmental Supporting Conclusions
of Sensitivity Studies

Trunkline
Project

calcarenite is outcropping at seafloor. These depressions run
perpendicular to the proposed trunkline route.

KP 61.9
—KP
71.2

From KP 61.8 until KP 71.2, the seabed appears predominantly
moderately reflective. Localised increases in reflectivity tend to be
associated with the presence of numerous depressions and
exposure of the underlying calcarenite unit.

Seabed sediments are expected to comprise carbonate sands with
shell gravel. Geotechnical sampling within this section recovered
carbonate sands with some silt content.

The underlying calcarenite is expected to outcrop at the seabed
within this area, however apart from appearing marginally less
smooth and slightly mottled the seafloor otherwise appears,
visually, very similar to the rest of the corridor. This is thought to
be due to the intermittent veneer of sediment on top of the
calcarenite.
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Section | Geophysical Data Environmental Supporting Conclusions
of Sensitivity Studies

Trunkline
Project

Whilst isolated depressions appear throughout the route corridor
the clusters of depressions mostly occur when the calcarenite is
outcropping at the seafloor.

KP 71.2
—KP
80.6

From KP 71.1, until KP 80.6, the seabed appears predominantly
moderately reflective.

Localised increases in reflectivity tend to be associated with the
presence of numerous depressions and exposure of the
underlying calcarenite unit.

Seabed sediments are expected to comprise carbonate sands with
shell gravel. Geotechnical sampling within this section recovered
carbonate sands with some silt content.

The underlying calcarenite is expected to outcrop at seabed within
this area, however apart from appearing marginally less smooth
and slightly mottled the seafloor otherwise appears, visually, very
similar to the rest of the corridor. This is thought to be due to the
intermittent veneer of sediment expected on top of the calcarenite.
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Section | Geophysical Data Environmental Supporting Conclusions
of Sensitivity

Trunkline
Project

KP 80.6

89.8

From KP 80.3, until KP 89.8, the seabed appears predominantly
moderately reflective. Localised increases in reflectivity tend to be
associated with the presence of numerous depressions. Seabed
sediments are expected to comprise carbonate sands with shell
gravel which was confirmed by geotechnical sampling within this
section.
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Section
of
Trunkline
Project

KP 89.8

99.1

Geophysical Data

From KP 89.7, until KP 99.1, the seabed appears predominantly
moderately reflective. Localised increases in reflectivity tend to be
associated with the presence of numerous depressions and
exposure of the underlying calcarenite unit. Where the Calcarenite
unit is exposed it runs generally perpendicular to the proposed
trunkline route. Seabed sediments are expected to comprise
carbonate sands with shell gravel which was confirmed by
geotechnical sampling within this section.

The seabed depressions occur almost entirely within the northern
half of the route corridor, alongside the Pluto trunkline. There is
however a small group of isolated features expected to be
calcarenite outcropping or an accumulation of coarser sediments
which extend across to the southern side of the corridor around
approximately KP 94.2.

From KP 93.9 to KP 99.1 the seabed alternates between areas of
moderately reflective sand cover and more highly reflective
outcrops of calcarenite. The calcarenite outcrops are not extensive
but do occasionally occur on the route centerline.

Environmental Supporting Conclusions
Sensitivity Studies
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Section
of
Trunkline
Project

KP 99.1

108.4

Geophysical Data

From KP 98.9, until the end of this chart section at KP 108.4, the
seabed appears predominantly moderately reflective. Localised
increases in reflectivity tend to be associated with the presence of
numerous depressions and exposure of the underlying calcarenite
unit. Seabed sediments are expected to comprise carbonate
sands with shell gravel. This was confirmed by geotechnical
sampling in this section which recovered carbonate sands and
gravels with some silts.

The seabed depressions occur entirely within the northern half of
the route corridor, alongside the Pluto trunkline. One isolated
feature occurs on the route centreline at KP 104.8 whilst one
cluster extends onto the route at KP100.9.

The seabed within this section of the route is expected to
predominantly represent a cover of sand. However, calcarenite
outcrops occasionally along the route centerline, however the
outcrops run perpendicular to the trunkline route limiting the
intersection of the trunkline with these areas of outcropping.

Environmental Supporting Conclusions
Sensitivity Studies
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Section
of
Trunkline
Project

Geophysical Data

Environmental
Sensitivity

Supporting

Conclusions

Montebello Islands Marine Park

KP 108.4

KP117.6

From KP 108.2, unti KP 117.67, the seabed appears
predominantly moderately reflective. Localised increases in
reflectivity tend to be associated with the presence of numerous
depressions and exposure of the underlying calcarenite unit.
Seabed sediments are expected to comprise carbonate sands with
shell gravel which was confirmed by geotechnical sampling in this
section.The seabed depressions occur almost entirely within the
northern half of the route corridor, alongside the Pluto trunkline.

The seabed within this section of the trunkline route is expected to
predominantly represent a cover of sand. However, areas of higher
reflectivity similar to those observed as calcarenite outcrops were
observed along the route centreline at the following locations; KP
112.00 to KP 112.07, KP 113.36 to KP 113.44 and KP 115.75 to
KP 11591. An area of outcropping calcarenite/coarse
sediment/disturbed seabed occurs along the route between

This section of the
trunkline intersects
with the Montebello
Islands Marine
Park (Multiple Use
Zone)

A geophysical and
geotechnical survey
of the proposed
trunkline route has
been completed
with key seabed
features described
in this table.

The CSIRO study
(Keesing 2019) is
used to validate the
geophysical data in
the South East
Section of the
Marine Park
Multiple Use Zone
(Figure 5-5).

The ROV survey
(Advisian, 2019b) is
used to validate the
geophysical data in
the North West
Section of the
Marine Park
Multiple Use Zone
(Figure 5-5,

Figure 5-15 and
Figure 5-40).

Data used to describe benthic substrates and
biota from the 2017 CSIRO RV Investigator
voyage (Keesing 2019) in the South East
section of the Marine Park were principally
derived from still camera images. Camera sites
79, 80, 81 and 82 being the closest to the
Scarborough trunkline route (Figure 5-15)
showed that topography in the vicinity of the
Scarborough trunkline was predominantly flat
bottom with some occasional bioturbated areas
which is consistent with the interpretation of the
geophysical data. Substrate was typically fine
sands although site 81 was predominantly rock.
These sites within the vicinity of the
Scarborough trunkline had low numbers of
sponges, whips and gorgonians and as a
result, complex benthic filter feeder
communities were largely absent in this area of
the Marine Park.

An ROV survey of the trunkline route within the
North West section of the Montebello AMP was
undertaken in 2019 (Advisian, 2019b). This
survey predominantly targeted areas where the
Scarborough trunkline deviates from the
existing Pluto trunkline (i.e. the northwestern
extent). Bathymetry data was analysed to
select areas that could be expected to support
benthic communities, including areas of
potential harder substrate, the ancient coastline
KEF (see also Section 5.5.2), areas of sub-
cropping calcarenite with shallow sediment
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Section  Geophysical Data Environmental
of Sensitivity

Trunkline
Project

approximately KP 112.6 and KP 113.2. Similar areas also appear
along the outer edges of the corridor, in the vicinity of KP 112.6,
KP 116.3, KP 116.8 and KP 117.3. The shallow soils isopach in
these areas shows a cover of sand which suggests that these
areas are more likely to represent accumulations of coarse
material or disturbed seabed rather than calcarenite outcrop.

KP 117.6
- KP
126.8

From KP 117.4, until KP 126.8, the seabed appears predominantly
moderately reflective. Localised increases in reflectivity tend to be
associated with the presence of numerous depressions and
exposure of the underlying calcarenite unit. Seabed sediments are
expected to comprise carbonate sands with shell gravel. This was
confirmed by geotechnical sampling in this section which
recovered carbonate sands and silts.

The seabed depressions occur almost entirely within the northern
half of the route corridor, alongside the Pluto trunkline. However,
a number of isolated depressions were found on the route
centerline at KP 118.6, KP 118.8, KP 119.6, KP 122.4 and KP
123.9.

Supporting
Studies

Conclusions

cover, and areas of potential turtle foraging

habitat.

The results of previous benthic studies in the
Montebello AMP are largely in alignment with
the geophysical data (i.e. typically low relief
sandy seafloor (with various bedforms) with
occasional rubbly areas increasing at sites
more inshore) and dominant benthic organisms
identified (which varied in diversity and density
within and between survey areas, but typically
included a wide variety of sponges and soft
corals including whips and gorgonians,
hydroids, seapens and crinoids) (Advisian,
2019b).

The benthic communities and habitats of the
marine park are considered representative of
the region. Substrate type and topography of
the seabed within the Marine Park were similar
to those in the adjacent trawl fishery area
(Keesing 2019) with predominantly flat bottom
with fine sand substrate. Similar biota types
(sponges, gorgonians, whips and other soft
corals, hydroids, crinoids and sea pens) were
present in the marine park and adjacent trawl
fishery. The exception to this was that sponge
and whips were more abundant in trawel
fishery_than the South Eastern Section of the
Marine Park, making up more than 50% of biota
scored in images from 6 sites, while only one
site in the South Eastern Section of the
Montebello AMP had more than 10% of biota
scored as sponges or whips (Keesing 2019).
The biomass of habitat forming filter feeder
communities was also much greater (5.5 times
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Section  Geophysical Data Environmental
of Sensitivity

Trunkline
Project

The seabed within this section of the trunkline route is expected to
predominantly represent a cover of sand. However, calcarenite
outcrops along the route centreline at the following locations; KP
117.70 to KP 117.74, KP 118.06 to KP 118.19, KP 118.63 to KP
118.81, KP 119.89 to KP 119.96 and KP 120.82 to KP 120.92.
These outcrops extend in an approximate north-northeast - south-
southwest orientation across the corridor. Three small areas of
outcropping calcarenite/coarse sediment/disturbed seabed occur
along the outer edges of the corridor, in the vicinity of KP 118.67,
KP 118.79 and KP 119.28. From KP 122.38 until KP 126.85 the
seabed remains predominantly featureless with the exception of a
few minor isolated depressions which themselves peter out after
KP 124.

KP 126.7
—KP
136.2

From KP 126.75, unti KP 136.2, the seabed appears
predominantly moderately reflective. Localised increases in
reflectivity tend to be associated with the presence of numerous
depressions and exposure of the underlying calcarenite unit.
Seabed sediments are expected to comprise carbonate sands with

Supporting
Studies

Conclusions

higher) at sites in the trawel fishery than in the

South Eastern Section of the Montebello AMP.

The intersection of the trunkline with—iselated
areas of denser sponges associated with the
outer reef area identified from the geophysical
data is not expected to fragment the community
given that any loss of sponges will be localised
to the trunkline footprint and that sponge
communities are well represented in the Marine
Park and adjacent trawel fishery area. The
pipeline alignment was selected to ensure the
intersections with harder more complex areas
of seabed are minimised with the pipeline
generally running perpendicular to these areas.
Given the small footprint of the trunkline, and
subsequent percentage disturbance to the
Montebello AMP (0.07%) the project activities
are not expected to modify, destroy, fragment,
isolate or disturb important or substantial areas
of habitat important to turtles, whale sharks or
whales in the Montebello AMP.
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Section
of
Trunkline
Project

Geophysical Data

shell gravel which was confirmed by geotechnical sampling in this
section.

The seabed within this section of the route is expected to represent
a cover of sand. However, calcarenite does outcrop at seabed
along the route centreline between KP 131.38 and KP 131.61. A
number of areas interpreted as outcropping calcarenite/coarse
sediment/disturbed seabed occur along the route. The shallow
soils isopach in these areas tends to show a cover of sand which
suggests that these areas are more likely to represent
accumulations of coarse material or disturbed seabed rather than
outcrop.

KP
136.09 —
KP 145.5

From KP 136.1, until KP 145.5, the seabed appears predominantly
moderately reflective and generally quite featureless. Localised
increases in reflectivity tend to be associated with the presence of
small depressions. Seabed sediments are expected to comprise
carbonate sands with shell gravel which was confirmed by
geotechnical sampling in this section.

Environmental Supporting Conclusions
Sensitivity Studies
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Section | Geophysical Data Environmental Supporting Conclusions
Sensitivity

of
Trunkline
Project

A number of small depressions, present as both isolated features
and clusters, are the only seabed feature noted in this section of
the route. Two isolated depressions appear on the route at KP
137.53 and KP 137.57. Elsewhere, a number of clusters extend
from the Pluto trunkline, southwards, to occur on the route

centreline.
KP 145.4 Montebello Marine
- KP Park Survey
164.3 (Advisian 2019)
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Section | Geophysical Data Environmental Supporting Conclusions
of Sensitivity Studies

Trunkline
Project

From KP 145.4, until KP 154.9, the seabed appears predominantly
moderately reflective and generally quite featureless. Localised
increases in reflectivity tend to be associated with the presence of
small depressions. Seabed sediments are expected to comprise
carbonate sands with shell gravel which was confirmed by
geotechnical sampling in this section.

The underlying calcarenite is expected to outcrop at seabed within
this area, however apart from appearing marginally less smooth
the seafloor otherwise appears, visually, very similar to the rest of
the corridor. This is thought to be due to the intermittent veneer of
sediment on top of the calcarenite. A number of small depressions,
present as both isolated features and clusters, are the only seabed
feature noted in this section of the route.
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Section
of
Trunkline
Project

KP 164.3

KP173.6

Geophysical Data

From KP 164.1, until KP 173.5, the seabed appears predominantly
moderately reflective and featureless. The underlying calcarenite
is expected to outcrop at seabed within the majority of this area,
however, apart from appearing marginally less smooth and
sometimes slightly mottled, the seafloor otherwise appears very
uniform without any noticeable increase in reflectivity. This is
thought to be due to the intermittent veneer of sediment expected
on top of the calcarenite.

At approximately KP 173.0 the calcarenite exhibits subtle
northeast-southwest oriented lineations which is thought to mark
the edge of the outer reef. Seabed sediments are expected to
comprise carbonate sands with shell gravel. This was confirmed
by geotechnical sampling in this section which recovered silty
carbonate gravels and gravelly carbonate sands.

Environmental Supporting Conclusions
Sensitivity Studies
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Section
of
Trunkline
Project

KP 173.6
- KP
182.8

Geophysical Data

From KP 173.4, until KP 182.9, the seabed appears moderately
reflective and predominantly featureless.

The underlying calcarenite outcrops at seabed within this area.
Between KP 173.4 and KP 178.1 the seafloor appears more
irregular and slightly mottled. Lineations in the calcarenite are
oriented approximately northeast-southwest and this area is
thought to represent the outer reef which is characterised by linear
ridges and relict sandwaves.

Between KP 178.1 and KP 182.9 the seafloor appears smoother
though still represents outcropping calcarenite. Very little variation
in reflectivity is noted across this change which may be due to
variations in the intermittent veneer of sediment expected on top
of the calcarenite. Surficial seabed sediments are expected to
comprise carbonate sands with shell gravel.

The seabed is featureless from KP 173.4 to KP 180.9. From KP
180.9 to KP 182.9 a number of small depressions, present as both
isolated features and clusters, are noted. These depressions often
show associated small mounds.

Environmental Supporting Conclusions
Sensitivity Studies
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Section | Geophysical Data Environmental Supporting Conclusions
of Sensitivity Studies

Trunkline
Project

KP 182.8
- KP
191.6

From KP 182.7, until KP 191.6, the seabed appears moderately
reflective. From KP 183.6 to KP 190.6 the calcarenite outcropping
at seabed is thought to represent the outer reef. This is an area
characterised by relict sandwaves and numerous linear, northeast
southwest oriented ridges.

Relict sandwaves are defined as having been immobile over a
geological timescale and being cemented or indurated. Here they
are present along the proposed route from approximately KP 184.7
to KP 190.6. The sandwaves exhibit an approximate north-south
orientation, have wavelengths of between 150m to 300m and
measure up to 10m in height. Surficial seabed sediments are
expected to comprise carbonate sands with shell gravel. Between
approximately KP 183.1 and KP 187.7 a number of small
depressions, present as both isolated features and clusters.
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5.3.3.3 Offshore Project Area

The Offshore Project Area is situated on the Exmouth Plateau. The seascapes of the Exmouth
Plateau are not considered unique (Falkner et al. 2009), and consistent with the seascape of the
broader area at this depth range.

The seafloor is generally flat and uniform with water depths ranging from 900 m to 970 m within the
Scarborough permit, with a gradual increase from the north/north-west to the south/south-east of the
area (Figure 5-6 and Figure 5-8; Fugro, 2010). Water depths in the North Scarborough and Jupiter
fields are similar to Scarborough; however, Thebe is slightly deeper (1,000 m to 1,400 m) with a
south-east to north-west gradient.

To the south-west of the Offshore Project Area, craters (up to 400 m across and 10 m deep) and
smaller pockmarks (metres to tens of metres across) have been identified through geophysical
surveys (Fugro, 2010). The seafloor exhibits gradients less than 1° but extends to about 15° on the
edge of craters (Fugro, 2010). These crater and pockmark formations may be associated with
hydrocarbon seeps and associated authigenic carbonate formations (Fugro, 2010).

This document is protected by copyright. No part of this document may be reproduced, adapted, transmitted, or stored in any form by
any process (electronic or otherwise) without the specific written consent of Woodside. All rights are reserved.

Controlled Ref No:  SAO006AF0000002 Revision: 5 DCP No: 1100144791 Page 165 of 825

Uncontrolled when printed. Refer to electronic version for most up to date information.




Scarborough — Offshore Project Proposal

Figure 5-6: Bathymetry showing the 500 m depth contour in the vicinity of Scarborough
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Figure 5-7: Depth profile along the proposed Scarborough deep water trunkline route

5.3.3.4 Borrow Ground Project Area

The Borrow Ground Project Area lies just outside the State marine boundary to the NNE of the
Dampier Archipelago (~15 km). Water depths in this area are shallow (~35-45 m), increasing
gradually in a N/ NW direction. The Borrow Grounds Project Area lies within the continental shelf
and is characterised by a generally flat/ undulating and uniform seabed with no important submerged
features (i.e. pinnacles).

5.3.4 Marine Sediments

5.3.4.1 Region and EMBA

Marine sediments are the deposits of insoluble material found on the sea floor. These deposits can
include rock and soil particles originating from adjacent land masses (terrigenous) or the remains of
marine organisms (pelagic). They can also originate from volcanic sources beneath the surface of
the ocean or from chemical precipitation processes that occur in the water column.

The composition, distribution and movement of marine sediments is an important component of a
marine ecosystem. These sediments can influence the primary biological production in the water
column as well as the evolution and distribution of marine habitats.

Sediments in the outer NWS are relatively homogenous and are typically dominated by sands and
a small portion of gravel (Baker et al., 2008). Fine sediment size classes (e.g. muds) increase with
proximity to the shoreline and the shelf break but are less prominent on the continental shelf (Baker
et al., 2008). Carbonate sediments typically account for the bulk of sediment composition, with both
biogenic and precipitated sediments present on the outer shelf (Dix et al., 2005). Beyond the shelf
break, the proportion of fine sediments increases along the continental slope towards the Exmouth
Plateau and the abyssal plain (Baker et al., 2008). The predominant seabed type at the Offshore
Project Area is mud and calcareous clay, and along the Trunkline Project Area is calcareous gravel,
sand and silt (Figure 5-8).

Hard substrates occur in the region and can host more diverse benthic communities. Hard substrate
may be associated with the Ancient coastline at 125 m depth contour KEF (Section 5.5.2).

The NWMR comprises bio-clastic, calcareous and organogenic sediments deposited from relatively
slow and uniform sedimentation rates (Baker et al., 2008). Sediments in the region generally become
finer with increasing water depth, ranging from sand and gravels on the continental shelf to mud on
the continental slope and abyssal plain (Brewer et al., 2007).
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Figure 5-8: Benthic substrate within the vicinity of Scarborough
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5.3.4.2 Trunkline Project Area

Sediments along the Trunkline Project Area are expected to be dominated by sand as is typical of
the continental slope in the Northwest Transition bioregion (DEWHA, 2008a). These sediments will
be further characterised during the baseline survey of the Trunkline Project Area. Sediments on the
continental slope are expected to comprise very soft sandy clay/silt.

Six major and nine minor complete channels were identified on an area of the continental slope
traversed by the Trunkline Project Area (SKM, 2006). The presence of sand in the channels was
confirmed by drop cores and within the channel base current driven bedforms or erosive “back
stepping” of bedding planes were observed. ROV stills show current driven bedforms and rounded
cobble sized clasts and sediment clumps in the channel base. Channels are not only developed by
seafloor currents but have in the past been conduits for large scale turbidity currents. Present day
sedimentary processes are observed to be significant, with active seafloor currents. The area of
continental slope between channels undulates and deepens from the SE to the NW over a series of
linear and steep scarps from water depths of approximately 250 m to 1100 m (SKM, 2006).

Spoil Ground 5A lies within the Trunkline Project Area between approximately KP 32 to KP 50 and
has been previously subject to spoil disposal from the Pluto Foundation trunkline. Given the
relocation of sediments from nearby, it is expected that marine sediments will be consistent.

5.3.4.3 Offshore Project Area

The Offshore Project Area is located on the Exmouth Plateau which is characterised by a thick
Triassic sequence overlain by a Jurassic, Cretaceous and Cainozoic sediment sequence; and
fine-grained carbonate ooze (Fugro, 2010). Sediment transport on the outer shelf/slope of the
Exmouth Plateau is influenced by a combination of slope processes and large ocean currents.

Marine sediment quality surveys within the Scarborough (WA-1-R) permit were undertaken during
the 2012/2013 wet and dry seasons (ERM, 2013). The ERM marine investigation included sampling
at a number of sampling sites, as shown in Figure 5-9, to:

e provide a broad characterisation of the habitats within WA-1-R
e achieve spatial coverage across WA-1-R

e provide a representative selection of the various topographic features and
corresponding benthic habitats (i.e. crater/pockmark versus non-crater areas).

While no specific sediment sampling was undertaken within the North Scarborough, Thebe or Jupiter
permit areas, given the relatively close distance (<50 km), similar water depths, and exposure to
similar oceanographic conditions, the sediment characteristics of the Scarborough field are
considered to be representative of the Offshore Project Area.
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Figure 5-9: Sampling sites in the Permit Area WA-1-R on the Exmouth Plateau, undertaken by ERM in
the wet and dry seasons of 2012/2013 (Source: ERM, 2013)
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Key results included:

e All the sediment samples collected were predominantly (>97% w/w) composed of
clay and silt; and only small amounts (1-3% w/w) of sand and shell were detected
(Figure 5-10).

e Generally, low concentrations of metals and nutrients were detected.
e No hydrocarbons were detected.

Although crater and pockmark formations have been identified in the Offshore Project Area, which
have been associated with hydrocarbon seeps and authigenic carbonate formations (Fugro, 2010),
the absence of hydrocarbons in sediment samples indicates the lack of recent hydrocarbon seep
activity in the locations sampled (ERM, 2013).

Figure 5-10: Sediment types of Permit Area WA-1-R collected as still imagery during Habitat
Characterisation Survey (ERM, 2013)

5.3.4.4 Borrow Ground Project Area

The Borrow Ground Project Area lies within close proximity to the Dampier Archipelago (~15 km to
the NNE) within the Lampert Shelf. The Lampert Shelf is dominantly comprised of Cretaceous-
Cenozoic sedimentary rocks of up to 2000 m thick. The sediment formation of the offshore area
surrounding the Archipelago, including the Borrow Grounds is known as the Delambre Formation
which predominantly comprises of calcium carbonate skeletal remains or marine organisms ranging
in particle size from millimetres to a few microns.

5.3.5 Water Quality

5.3.5.1 Region and EMBA

Marine water quality considers chemical, physical and biological characteristics with respect to its
suitability to support marine life, or for a purpose such as swimming or fishing. Marine water quality
can be measured by several factors, such as the concentration of dissolved oxygen, the salinity, the
amount of material suspended in the water (turbidity or total suspended solids) as well as the
concentration of contaminants such as hydrocarbons and heavy metals.

In the NWMR, water quality is regulated by the Indonesian Throughflow, which plays a key role in
initiating the Leeuwin Current and brings warm, low-nutrient, low-salinity water to the NWMR. It is
the primary driver of the oceanographic and ecological processes in Western Australia. Water quality
is expected to reflect the offshore oceanic conditions of the Western Australian coast wider region
which has high water quality, with the exception of water quality in ports and harbours that can be
locally influenced by industry effluent.
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Coastal waters of the Pilbara are turbid due to a combination of high tidal ranges and terrestrial
run-off from rainwater, peaking during summer months (Human and McDonald 2009). Cyclones are
a prevalent meteorological feature during summer that adds to the turbidity (DEWHA, 2008a).

The water quality is influenced by tidal conditions and pre-existing disturbances that cause increased
turbidity levels (MScience, 2018b). Karratha is a major hub with existing infrastructure including the
Port of Dampier, Karratha Gas Plant and Pluto Trunkline. Mermaid Sound off Dampier was exposed
to elevated turbidity conditions during the Mermaid Sound dredging projects in 2004, and dredging
of Woodside Pluto Trunkline in 2009 (MScience, 2018a, 2018b). Increased turbidity and reduced
water quality were restricted to the dredging sites. Increased turbidity has been recorded within
500 m of the dredge site and turbidity outside 500 m of the dredge site was below the 80th percentile
of turbidity at two reference sites (MScience, 2018a).

In coastal waters off Dampier, dissolved concentrations of a range of heavy metals (e.g. cadmium,
copper, and mercury) and organic chemicals (e.g. petroleum hydrocarbons) are generally of very
high quality with little or no organic chemical detected in any of the samples and heavy metal levels
approaching those in the open ocean (DEWHA, 2008). Sediment quality in nearshore waters of the
NWMR is regarded as very good. Studies showed slight elevations of some metals in inner Dampier
port (DoE, 2006).

5.3.5.2 Trunkline Project Area and Borrow Ground Project Area

Water quality along the Trunkline Project Area portion of the Project area and the Borrow Grounds
Project Area is expected to be typical of an unpolluted tropical offshore environment. The nearshore
coastal waters of the Pilbara are turbid due to a combination of high tidal ranges and terrestrial runoff
from rainwater, peaking during summer months (Human and McDonald, 2009). Cyclones are a
prevalent meteorological feature during summer that adds to the turbidity (DEWHA, 2008a). Off
Dampier Archipelago, dissolved concentrations of a range of heavy metals (e.g. cadmium, copper,
and mercury) and organic chemicals (e.g. petroleum hydrocarbons) are generally of very high quality
with little or no organic chemical detected in any of the samples and heavy metal levels approaching
those in the open ocean (DEWHA, 2008a).

5.3.5.3 Offshore Project Area

Water quality in the Offshore Project Area is typical of an unpolluted tropical offshore environment.
Much of the surface water in this area is nutrient poor, transported from the Indonesian Throughflow
and has low primary productivity.

The marine water quality of the offshore environment of the Exmouth Plateau was measured by
collecting triplicate water samples at three stations per 15 sampling sites (across two seasons)
(ERM, 2013a). Key results from the water profiling and water quality sampling undertaken in the
2012/2013 wet and dry seasons are summarised in Figure 5-11 and Figure 5-12. Key results include:

o The deeper waters had significantly lower dissolved oxygen concentrations (about
23%) compared to the oxygen-saturated (>100%) surface waters.

e Generally low concentrations of metals, nutrients and chlorophyll-a were detected.

e Total suspended solid mean concentrations were higher during the wet season
(22,450 pg/L) than the dry season study (4000 ug/L) and showed variability across
sites and throughout the water column.

¢ No hydrocarbons were detected.

Results from the studies indicated that the water quality within the WA-1-R permit area is generally
typical of the North-west Marine Bioregion’s tropical deep-water environment (ERM, 2013a).
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Figure 5-11: Water profiling results summary from marine surveys undertaken in permit area WA-15-
R (ERM, 2013)

Figure 5-12: Water quality nutrients key results summary (ug/L) from marine surveys undertaken in
permit area WA-15-R (ERM, 2013)

5.3.6 Air Quality

There is a lack of air quality data for the NWP and greater offshore NWMR air shed. However, the
area is very remote relative to other areas of Australia and globally and therefore air quality in
nearshore and offshore waters of the Pilbara area is considered high.
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While vessels and industry developments contribute to emissions in the area, results from previous
monitoring (e.g. DEP, 2002; CSIRO, 2008) around the Burrup Peninsula suggest that concentrations
of measured air quality parameters remain low (ERM, 2012). For example, nitrogen dioxide (NO>)
concentrations during the early Pilbara air quality study were below NEPM standards (DEP, 2002;
ERM, 2012). Similarly, during the rock art air quality studies, concentrations of NO2> were higher at
sites closer to industrial sources (e.g. monthly average of 3.5-3.8 ppb) but was still considered as a
low concentration (CSIRO, 2008).

Due to the extent of the open ocean area and the activities that are currently undertaken within the
NWS, it is considered the ambient air quality in the EMBA and wider offshore NWMR will be high.

5.3.7 Ambient Light

The Project Area is offshore and remote from urban or industrial areas; as such local light emissions
via anthropogenic sources are limited to vessel traffic, particularly within fisheries zones and shipping
fairways (Figure 5-56) and oil and gas infrastructure (Figure 5-57). At the eastern end of the
Trunkline Project Area (KP 32.7 — KP 50), anthropogenically generated light is likely to increase due
to the proximity to industrial activity. Heavy vessel traffic exists within the Pilbara Port Authority
management area which recorded 10,521 vessel movements in the 2018/19 annual reporting period
(PPA, 2019). Twenty-six designated anchorages for bulk carriers, petroleum and gas tankers, drilling
rigs, offshore platforms, and pipe lay vessels are located offshore of Rosemary Island.

5.3.8 Ambient Noise

Physical and biological processes contribute to natural background sound. Physical processes
include that of wind and waves while biological noise sources include vocalisations of marine
mammals and other marine species.

Underwater noise surveys in the region detected fauna noise (Antarctic blue whales; pygmy blue
whales; dwarf minke whales; Bryde’s whales; sperm whales; humpback whales; Antarctic minke
whales; dolphins; and one fish chorus) and artificial noise (vessel noise; seismic survey signals;
mooring noise artefacts) (McCauley, 2011).

5.3.9 Planktonic Communities and productivity

EMBA

Plankton within the EMBA is expected to reflect the conditions of the NWMR. Primary productivity of
the NWMR is generally low and appears to be largely driven by offshore influences (Brewer et al.,
2007), with periodic upwelling events and cyclonic influences driving coastal productivity with nutrient
recycling and advection.

Seasonal weather patterns also influence the delivery of nutrients from deep-water to shallow water.
Cyclones and north-westerly winds during the north-west monsoon (approximately November—
March) and the strong offshore winds of the south-east monsoon (approximately April-September)
facilitate the upwelling and mixing of nutrients from deep-water to shallow water environments
(Brewer et al., 2007). Aggregations of marine life, high primary productivity and species richness on
the reefs are likely due to the steep rise of the reef from the seabed. On the shelf within the nearshore
waters, the plankton abundance and diversity are considered relatively low.

Zooplankton and may include organisms that complete their lifecycle as plankton (e.g. copepods,
euphausiids) as well as larval stages of other taxa such as fishes, corals and molluscs. Peaks in
zooplankton such as mass coral spawning events (typically in March and April) (Rosser and Gilmour,
2008; Simpson et al., 1993) and fish larvae abundance (Department of Conservation and Land
Management, 2005) can occur throughout the year.
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Within the region, peak primary productivity occurs in late summer/early autumn, along the shelf
edge of the Ningaloo Reef. It also links to a larger biologically productive period in the area that
includes mass coral spawning events, peaks in zooplankton and fish larvae abundance (Department
of Conservation and Land Management, 2005) with periodic upwelling throughout the year.

Trunkline Project Area and Borrow Ground Project Area

Primary productivity in the NWMR is generally low, with boom and bust cycles driven by monsoonal
seasonality. Seasonal weather patterns also influence the delivery of nutrients from deep water to
shallow water. Cyclones and north-westerly winds during the north-west monsoon (approximately
November—March) and the strong offshore winds of the south-east monsoon (approximately April—
September) facilitate the upwelling and mixing of nutrients from deep-water to shallow water
environments (Brewer et al., 2007). Aggregations of marine life, high primary productivity and
species richness on the reefs and in the surrounding Commonwealth waters are likely due to the
steep rise of the reef from the seabed. This causes nutrient-rich waters from below the thermocline
(about 100 metres) to mix with the warmer, relatively nutrient-poor tropical surface waters via the
action of internal waves and from mixing and higher productivity in the lee of emergent reefs (Brewer
et al., 2007). For this reason, in general, within the NWMR shallower, nearshore environments are
more productive, decreasing in productivity with increasing depth.

Offshore Project Area

Productivity is generally considered to be low in the region and on the Exmouth Plateau, with
upwelling events and peaks in primary productivity occurring during both the wet and dry seasons
(Brewer et al., 2007; DEWHA, 2008a). Satellite observations indicate that productivity is enhanced
along the northern and southern boundaries of the plateau and along the shelf edge (Figure 5-13).
This in turn suggests that despite the region’s productivity being low, the plateau is a significant
contributor to that productivity (Brewer et al., 2007).

Sampling within the Offshore Project Area returned low phytoplankton densities (ERM, 2013).
Seasonal variation was observed in the samples with total recorded taxa, species richness and
species diversity (Shannon-Weiner) being significantly greater in the dry season than in the wet
season (ERM, 2013). Dinoflagellates were the most abundant group within wet season study, and
diatoms were generally the most abundant group in dry season study (ERM, 2013).

Similarly, greater species abundance and diversity was recorded in zooplankton samples during the
dry season compared to the wet season (ERM, 2013). Copepods were the most dominant taxonomic
group during both studies in terms of abundance and concentrations, with other zooplankton
including ostracods, molluscs (pteropods), euphausiids (krill) and larvaceans also being identified in
relatively abundant amounts (ERM, 2013).

Concentrations of fish larvae were similar in both wet and dry season samples. For both seasons
ichthyoplankton communities largely comprised the larvae of meso-pelagic fishes (Myctophidae
(lantern fishes) and Gonostomatidae (bristlemouths)) (ERM, 2013).

It is noted that these survey findings do not reflect the productivity trends reported in scientific
literature for the region (DEWHA, 2008a; Brewer et al., 2007), whereby productivity is typically
greater during the wet season when the weakening of surface currents allows for increased
upwelling. However, the findings do indicate that productivity remains low across the seasons and
that while seasonal variations in plankton species composition potentially occurs, variations in
abundance are likely to be overall minor (ERM, 2013).
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Figure 5-13: Seasonal satellite primary productivity imagery (Source: ERM, 2013a)

5.3.10 Epifauna and Infauna

Region and EMBA

Studies completed within the region indicate that benthic composition in deep water habitats is
generally lower in abundance than shallow water habitats of the region (DEWHA, 2008a; Brewer et
al., 2007). Gage (1996) reported that the density of benthic fauna tends to be lower in deep water
sediments (>200 m) than in shallower coastal sediments, but the diversity of communities may be
similar.

The area of shallower waters between Dampier and Port Hedland is a hotspot for sponge
biodiversity. There is a high species richness of sponges within the region. A total of 275 species
have been recorded through three studies (Fromont, 2004, 2017) that looked at the biodiversity
(distribution and habitat) of sponges in the Damper Archipelago. This biodiversity in the Dampier
AMP (see Section 5.6.1.4) may reflect short pelagic stages for sponge larvae, resulting in minimal
larval exchange and high population differentiations between sponge communities (Director of
National Parks, 2018).

Trunkline Project Area

From the State waters boundary to approximately KP 50 the geophysical and geotechnical survey
results showed that the seabed was generally flat and featureless comprising carbonate sand and
shell gravel. There were some areas of sorted accumulations of coarser sediments and some small
depressions but these are not expected to support significant benthic communities. As part of the
Pluto LNG Foundation Project, surveys were completed to determine the presence and extent of any
sessile benthic assemblages adjacent to the proposed trunkline route. The survey was completed
between the State waters boundary and to a point adjacent KP 50.3 to determine the suitability of
the area for an offshore spoil disposal ground (Woodside, 2009). Twenty-nine sites were surveyed
with a drop camera (Figure 5-14). The seabed was characterised as fine to coarse sand with low
species abundance and diversity with sparse sponges and soft corals typical of habitat on the North
West Shelf. The seabed substrate observed on the drop camera footage was representative of the
area (predominantly fine to coarse sand) and is consistent with the geophysical and geotechnical
data collected along the trunkline route. Sparse ascidians, sponges, invertebrate communities,
burrowing organisms and octocorals were observed from the drop camera study. This benthos is
considered representative of the area and is similar to that observed in other regional studies
(Keesing 2019, Advisian 2019b). Given that the seabed substrate observed in the drop camera study
aligns with the geophysical and geotechnical data collected along the trunkline route and that the
drop camera study was within 1km of the proposed trunkline route, benthic communities and habitats
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along the proposed trunkline route are expected to be similar to those observed in the drop camera
study.

The drop camera surveys completed in Spoil Ground 5A prior to its use for the Pluto foundation
project showed that benthic communities and habitats were sparse. Sediments disposed at the spoil
ground from the Pluto trunkline route and are expected to be broadly similar to those noted in the
original drop camera survey, given the proximity of sourced materials (<1km). Further given that the
spoil ground is expected to contain sediments that are similar to those observed prior to its original
use and that the area has been previously disturbed during the Pluto foundation project, epifauna is
expected to be sparse within Spoil Ground 5A.
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Figure 5-14: Benthic habitat survey from KP 32 to KP 50
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Between KP 52.5 and KP 109 the seabed is generally featureless with the exception of some
depressions noted from the geophysical data that appear to expose the underlying calcarenite and
areas where the underlying calcarenite is intermittently exposed at the seabed (Table 5-2). The
areas of calcarenite are often overlain with a thin veneer of sediments which limits the spatial area
of hard exposed substrate. Seabed sediments were confirmed from the geotechnical survey as
comprising carbonate sands with some silt and shell gravel. The calcarenite outcrops generally run
perpendicular to the trunkline and are spread widely over the North West Shelf (Wilson, 2013). Any
intersections of the isolated calcarenite outcropping identified from the geophysical data represent a
very small area (<0.01km?), given the 32 inch diameter of the pipeline. Given the small area of
disturbance from the trunkline, the isolated nature of the calcarenite outcrops along the trunkline
route and the wide distribution of these outcrops across the North West Shelf (Wilson 2013), no
significant impacts to filter feeder communities that may colonise the outcrops along the trunkline
route are predicted.

The trunkline route intersects the Montebello Islands Marine Park between KP 109 and KP 191.7.
The seabed along the South East corner of the Montebello Islands Marine Park between KP 109
and KP 145 is generally featureless with the exception of some depressions noted from the
geophysical data that appear to expose the underlying calcarenite (Table 5-2). From KP 117.7 some
calcarenite outcrops intersect the trunkline route. The CSIRO study (Keesing 2019) summarised in
Section 5.6.1.3 showed that the topography in the vicinity of the Scarborough trunkline is
predominantly flat bottom with some occasional bioturbated areas, and the substrate is typically fine
sands, although site 81 is predominantly rock (Figure 5-43). These sites within the vicinity of the
Scarborough trunkline had low numbers of sponges, whips and gorgonians (Figure 5-44) and as a
result, complex benthic filter feeder communities were largely absent.

This document is protected by copyright. No part of this document may be reproduced, adapted, transmitted, or stored in any form by
any process (electronic or otherwise) without the specific written consent of Woodside. All rights are reserved.

Controlled Ref No:  SAO006AF0000002 Revision: 5 DCP No: 1100144791 Page 179 of 825

Uncontrolled when printed. Refer to electronic version for most up to date information.




Scarborough — Offshore Project Proposal

Figure 5-15: Montebello Survey Sites
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From KP 145 to KP 192 the seabed starts off generally featureless with the exception of some small
depressions. From approximately KP 173 the calcarenite exhibits subtle northeast-southwest
oriented lineations observed in the bathymetry, but a veneer of sediment is thought to cover these
outcrops. From approximately KP 185 relict sandwaves are observed from the geophysics data. Due
to the increased complexity in this area of the Montebello Islands Marine Park additional survey work
was completed (Section 5.6.1.3). Analysis of the high definition ROV video data (Advisian, 2019b)
found that the area in which the trunkline intersects the North West section of the Montebello AMP
is characterised by bare sandy sediments, interspersed with predominantly sparse benthic
communities and epifauna (Table 5-10, Figure 5-41). Denser areas of sponges were observed in
areas identified from the bathymetry as having a more complex seabed structure. Further description
of the epifaunal communities in the Montebello Islands Marine Park is provided in Section 5.6.1.3.

From KP 192 to the continental slope the seabed is generally featureless. Epifauna was most
abundant on the continental shelf compared to the slope and the abundance of the fauna appeared
to be inversely associated with depth, with distinct differences in the fauna on the shelf and slope.
The assessment of the offshore habitats that occur on the continental shelf (<300 m water depth),
have been based on ROV footage collected as part of subsea facility inspections around the Pluto
field within Permit Area WA-34-L and WA-48-L. While the Pluto platform itself is located within WA-
48-L, in 83 m water depth, much of the subsea infrastructure including pipelines and wellheads are
in WA-34-L in ~190 m water depth. The seabed composition through these areas has been
previously described as being predominantly flat and featureless and comprises thick,
unconsolidated fine-grained sands. The sediments support soft sediment benthic communities
dominated by infauna (including molluscs, crustaceans and worms) and isolated larger fauna (free
swimming cnidarian, demersal fish and benthic crustaceans). Interestingly, the habitats containing
the greatest biodiversity in these offshore environments are the habitats formed by colonising
invertebrates on oil and gas subsea infrastructure including the well heads and pipelines. These
habitats and the species present on these structures in the NWS of Western Australia have been
recently subject to detailed quantitative and qualitative assessment (McLean et al., 2017, 2018, 2020
Bond et al., 2018a, b).

The bathymetry of the seabed increases in complexity over the continental slope and thus additional
survey data has been collected over this area ( Figure 5-16 and Figure 5-17).
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Figure 5-16: North West Shelf and Continental Slope Survey Sites
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Figure 5-17: Distribution of Pinnacles
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A desktop study was undertaken summarising all known information and new survey data on benthic
habitats from the offshore slope and deeper development area which the trunkline will pass through
and is based on survey work previously completed in the Offshore Project Area (>950 m water
depth), on the escarpment of the continental shelf (i.e. slope) (300 to 950 m water depth) and on the
shelf (<300 m water depth) (Advisian, 2019a). This included a review of recent marine surveys,
including geophysical and ROV surveys that filmed the proposed trunkline route from the
Scarborough field such as the Base Case Slope ROV Investigation Field Report Scarborough
development Export Pipeline Route Survey (Ocean Affinity, 2018) that conducted ROV inspections
along the slope section of the trunkline route between Scarborough and Pluto. An ROV survey of
benthic habitats within the Montebello Marine Park was also undertaken and results have been
described in Sections 5.5.2 and 5.6.1.3.

The infauna of the continental slope, (as based on data collected from the Pluto field) was very
sparse with a maximum density of 167 individuals per m? from a sample collected in 400 m water
depth. Infauna was generally more abundant in sites located in shallow water, although this trend
with depth was somewhat obscured because three samples contained no infauna, both samples
from 800 m and one sample from 1000 m. A total of 47 individuals, representing 32 nominal species,
were collected from the 12 samples. The fauna was dominated by polychaetes, which comprised
79% of the fauna by abundance and 75% of the fauna by species richness. Some crustaceans,
sipunculids and nemerteans were also recorded but no molluscs or echinoderms were collected in
any of the box core samples. Box core samples found the sediments to be silt below about 400 m
and fine sand above this depth (SKM, 2006). The infauna recorded was sparse but highly diverse
(given the limited number of individuals collected). While a number of epifaunal species had not been
recorded previously in Australia, Western Australia or the NWS region, this is attributed to the limited
number of previous studies of the continental slope rather than the rarity of the fauna (SKM, 2006).

A survey of the outer shelf and slope habitats (SKM, 2006) included transects within and outside of
canyon systems observed from geophysical data along the slope. Over forty hours of ROV footage
was collected and twenty-five sled tows completed.

Approximately 1200 specimens were collected from 25 sled tows. Cnidarians, mostly free-living deep
water solitary corals, were the most abundant phyla, followed by malacostracan crustaceans, mostly
decapods, bony fish, and sponges. Together, these groups accounted for 70% of the fauna by
abundance and are typical of those found on the North West Shelf.

The fauna was most abundant along the 200 m contour but this was largely a result of the distribution
of the free-living deep water, solitary corals. Seventy percent of the corals collected occurred in
samples collected from the 200 m sites. Crustaceans were most abundant at 400 m. Sponges were
most abundant in the deeper stations (600 m and 800 m).

The Western Australian Museum identified the sponges, fish, molluscs, echinoderms, cnidarians and
most of the crustaceans and made comparisons with existing deepwater collections. Identification of
the samples by staff of the Western Australian Museum found that the fauna was consistent with
what would be expected to be found at the surveyed depths on the North West Shelf.

The greatest proportion of images analysed from around the Pluto field survey (SKM, 2006)
consisted of soft sediments supporting a typically sparse deep-water fauna. The fauna was typical
of the fauna expected on the North-West Shelf (NWS) and slope. A total of 231 epifaunal species a
species were identified during the SKM (2006) survey. The only natural habitat on the continental
slope that is not classified as soft sediment is the rock pinnacle field that lies in about 300 m water
depth. Investigations in the vicinity of the pinnacle field covered an area about 1km long x 4 km wide
(Figure 5-16), but the pinnacles are isolated forms restricted to an area about 100m long x 75m wide
(Figure 5-17), and do not constitute continuous reef. It remains unclear what the rock pinnacles are
constructed from, however the structures provide habitat for a diverse range of epifaunal and
demersal species that commonly occur elsewhere in the NWS. Many tens of fish were observed
gathered around these pinnacles, most probably belonging to either the Glaucosomidae or
Pricanthidae families. Crinoids, hydroids and ophiuroids were also common. Other species visible
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on the mounds include anemones, soft corals, small crustacean like shrimp and some larger
brachyurans, possibly Cyrtomaia suhmii (Advisian, 2019a).

Regional and site-specific studies reviewed indicate that seabed material along the proposed
Trunkline Project Area (and around the gas field) is predominantly flat and featureless and comprises
thick, unconsolidated fine-grained sands (Geoconsult, 2005, SKM, 2006, ERM, 2013).

Where the trunkline would be located within the deeper waters beyond the slope, epifauna and
infauna communities would be similar to those described for the Offshore Project Area. The low
energy, soft bottom seafloor around Scarborough supports sparse marine fauna as reported for the
Exmouth Plateau. Sediments are calcareous, fine-grained and low in nutrients. Benthic communities
are dominated by motile organisms, including shrimp, sea cucumbers, demersal fish and small,
burrowing worms and crustaceans. No threatened species/ecological communities or migratory
species were identified in the previous studies (as defined under the EPBC Act).

Offshore Project Area

Habitat characterisation studies undertaken in the Offshore Project Area included benthic habitat
assessment using towed video and stills. At each of the 15 sites, a minimum of 15 minutes of video
and 25 stills at three stations were collected (ERM, 2013).

The seafloor composition within the Offshore Project Area is expected to primarily be mud and clay
material (Figure 5-8; see also Section 5.3.3). The seafloor in the Offshore Project Area is
characterised by sparse marine life dominated by motile organisms (ERM, 2013). Such motile
organisms included shrimp, sea cucumbers, demersal fish and small, burrowing worms and
crustaceans. This soft bottom habitat also supports patchy distributions of mobile epibenthos, such
as sea cucumbers, ophiuroids, echinoderms, polychaetes and sea-pens (DEWHA, 2008). The
dominant types of epifauna were arthropods and echinoderms (especially shrimp and sea
cucumbers, respectively), while the dominant infauna groups were crustaceans and polychaetes
(ERM, 2013). Bioturbation traces are common in the Offshore Project Area (Figure 5-18) and
represent presence of benthic infauna including echinoderms and biota including foraminifera,
echiurans and annelids (ERM, 2013).

Benthic communities in the Offshore Project Area are representative of the Exmouth Plateau and of
deep-water soft sediment habitats reported in the region (e.g. BHP Billiton, 2004; Woodside, 2005;
Woodside, 2006; Brewer et al., 2007; RPS, 2011; Woodside, 2013; Apache, 2013). No organisms
identified to species level for the ERM (2013) studies were listed as Threatened or Migratory under
the EPBC Act according to the Species Profile and Threats (SPRAT) database.

Figure 5-18: Example of typical benthic habitat and bioturbation traces observed in Permit Area
WA-1-R (ERM, 2013)
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Hydrocarbon Seep-Associated Benthic Communities

Hydrocarbon seeps are the seeping of gaseous or liquid hydrocarbons (including oil and methane)
to the surface of the seabed from fractures and fissures in the underlying rock, resulting in possible
hydrocarbons and other chemicals in the water column (DEWHA, 2008). It is possible that these
formations may host thiotrophic (sulphur-based metabolism) or methanotrophic (methane-based
metabolism) benthic communities and chemosymbiotic benthic fauna reliant on methane-oxidising
bacteria, which usually aggregate in the form of mats over the seafloor (Barry et al., 1996).

Naturally occurring hydrocarbon seeps are known to be present in the region; however, no indication
of active seeps was observed during marine surveys (ERM, 2013). Bivalve shell debris and bacterial
mats (both with low percent cover, Figure 5-19) were the only identified features that may be
indicative of historic hydrocarbon seep activity. The benthic infauna analysis provided no evidence
of the presence of unique hydrocarbon seep chemosynthetic benthic communities, which are
typically characterised by species from the family Dorvilleidae (ERM, 2013; Thornhill et al., 2012).
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Figure 5-19: Mean percentage cover of bivalve debris and bacterial mats at study sites samples in the
permit area WA-15-R (source: ERM, 2013)
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Borrow Ground Project Area

Preliminary findings from the benthic habitat survey completed in the Borrow Ground Project Area
and adjacent areas of the Dampier AMP suggest that the benthic habitat is dominated by sandy
bottom and with little to no biota (Advisian, 2019c). Data captured included high resolution still
images and video footage at 24 drop camera locations outside the marine park and 51 drop camera
locations within the marine park. Within and outside the marine park little or no invertebrates were
observed (<10% coverage) (Figure 5-20 and Figure 5-21).

Figure 5-20: Example image of typical sand habitat with no biota observed within the Dampier Marine
Park area of interest

Figure 5-21: Example image of sand habitat with sparse invertebrates (<10%) observed within the
Dampier Marine Park area of interest
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5.3.11 Coral

EMBA

Corals are generally divided into two broad groups: the zooxanthellate (‘reef-building’, ‘hermatypic’
or ‘hard’) corals, which contain symbiotic microalgae (zooxanthellae) that enhance growth and allow
the coral to secrete large amounts of calcium carbonate; and the azooxanthellate (‘ahermatypic’ or
‘soft’) corals, which are generally smaller and often solitary (Tzioumis and Keable, 2007). Hard corals
are generally found in shallower (<50 m) waters while the soft corals are found at most depths,
particularly those below 50 m (Tzioumis and Keable, 2007).

Both zooxanthellate and azooxanthellate corals are found throughout the Dampier Archipelago,
including a total of 229 species from 57 hermatypic coral genera (Woodside, 2006; Griffith, 2004),
representing a large proportion of the 318 hermatypic species from 70 genera known to occur in
Western Australia (URS, 2004). The most diverse coral assemblages of the Dampier Archipelago
are on the seaward slopes of outer islands such as Delambre Island, Legendre Island, Rosemary
Island and Kendrew Island (Jones, 2004; CALM, 2005). A recent survey of Legendre Island showed
that coral cover was 5.7%. Coral cover has been historically low at Legendre compared to other
reefs in the Dampier Archipelago (MScience 2019). All hard coral categories were represented at
the Legendre survey site with Porites being the most abundant. Areas supporting a broad variety of
corals are also found at Madeleine Shoal, Hamersley Shoal, Sailfish Reef and north-west Enderby
Island (Woodside, 2006). Madeleine Shoals are approximately 15-30m below sea level.The shoal is
has mainly encrusting hard corals, faviids and plates, with many small Dendronepthyea sponges
either large mounds or cups and extensive encrustations (Fromont, 2004).

The coral communities along the mainland Burrup Peninsula coast show little evidence of reef
development; rather they grow by encrusting solid substrata such as Precambrian rock (URS, 2004;
Jones, 2004). Coral reefs have been recorded near King Bay, between Phillip Point and the Dampier
Public Wharf; however, water conditions in this area are extremely turbid and the reef is patchy
(Water Corporation, 2000). URS (2003) has recorded various species of coral along the western
coast of the Burrup Peninsula, with the most dominant genera being Favities, Favia, Platygyra,
Goniastrea and Caulastrea, as well as Turbinaria colonies. Other common corals recorded include
Porites, Pavona, Acropora, Lobophyllia, Symphyllia, Goniopora, Montipora and Pectinia species
(URS, 2003).

Other significant areas of coral reef in the EMBA include Ningaloo Reef, and those fringing the
Muiron Islands, Barrow Island and Montebello Islands.

Trunkline Project Area

Due to the water depths of the majority of the Trunkline Project Area in Commonwealth waters, no
zooxanthellate corals are expected to occur. However, free-living soft solitary corals were an
abundant phylum observed during sled tow sampling (SKM, 2006). The only natural habitat within
the Offshore Project Area and Trunkline Project Area that is not classified as soft sediment is the
rock pinnacle field that lies in about 300 m water depth, on the continental slope (Figure 5-16).
Investigations of the pinnacle field covered an area about 1km long and 4km wide, but found the the
pinnacles are isolated forms restricted to an area about 100m long x 75m wide (Figure 5-17), and
do not constitute continuous reef. It remains unclear what the rock pinnacles are constructed from,
however the structures provide habitat for a diverse range of epifaunal and demersal species that
commonly occur elsewhere in the NWS, including a very low percentage cover of live coral with only
a few live specimens of coral observed growing on top of the pinnacles. Professor Murray Roberts
(University of Edinburgh) was provided footage of ROV surveys of the rock pinnacles and determined
the coral species was “at first glance Dendrophyllia cornigera (well known in the Mediterranean Sea),
but perhaps more likely a Leptosammia species (same family: Dendrophylliidae)” (Advisian, 2019a).
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Figure 5-22: Zooxanthellate coral habitat within the vicinity of Scarborough
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Offshore Project Area

Given the water depths of the Offshore Project Area, no zooxanthellate corals are expected to occur
in this region. Soft corals were observed during surveys in the Offshore Project Area, though were
not dominant. Most sites where soft coral was identified were found outside of the seafloor crater
areas (ERM, 2013) (see ‘Epifauna and Infauna’).

Borrow Ground Project Area

As outlined above for epifauna and infauna, preliminary findings from the benthic habitat survey
completed in the Borrow Ground Project Area and adjacent areas of the Dampier AMP found that
benthic habitat within the Borrow Grounds Project Area consisted of sand with little to no biota
throughout the area. No Coral species were identified.

5.3.12 Seagrass and Macroalgae

EMBA

Seagrass beds and benthic macroalgae reefs are a main food source and provide key habitats and
nursery grounds for many marine species (Heck Jr. et al., 2003; Wilson et al., 2010). In the northern
half of Western Australia, these habitats are restricted to sheltered and shallow waters due to large
tidal movement, high turbidity, large seasonal freshwater run-off and cyclones.

Within the EMBA, significant seagrass and macroalgae communities are found in waters surrounding
islands of the Dampier Archipelago, Barrow Island and the Montebello Islands.

Seagrasses in the Dampier Archipelago are generally sparse, occurring in low abundance on shallow
sandy sediments in sheltered areas such as flats and larger bays (CALM, 2005; Jones, 2004).
Surveys in the region have identified the following nine species: Cymodocea angustata, Enhalus
acoroides, Halophila decipiens, Halophila minor, Halophila ovalis, Halophila spinulosa, Halodule
uninervis, Thalassia hemprichii, and Syringodium isoetifolium (Woodside, 2006). Recorded
occurrences of Halophila species in the Dampier Archipelago fluctuate depending on a variety of
factors such as salinity, success of seed set and colonisation, temperature and grazing by dugongs
(Woodside, 2006).

Macroalgae are most commonly found on shallow limestone pavements located throughout the
Dampier Archipelago (Figure 5-23). Large expanses of macroalgae are prevalent along the seaward
side of West Intercourse Island, extending south-west along the coast to Cape Preston and beyond.
Large macroalgal platforms are also evident at Rosemary Island, Nelson Rocks, Legendre Island,
West Lewis and East Lewis Islands, Enderby Island, Gidley Island, Eaglehawk Island, Malus Island
and Angel Island; these platforms generally occur on the northern and western sides of the islands
(Woodside, 2006). The most abundant group of algae in the region is brown algae; species from the
genus Sargassum, Dictyopteris and Padina are very common (Woodside, 2006). The most common
species of green algae in the Dampier Archipelago include Caulerpa species and calcareous
Halimeda species (CALM, 2005; Jones, 2004). A variety of red algae are also found in the Dampier
Archipelago including corallines, calcified red algae and algal turf (Jones, 2004).

In waters surrounding Barrow Island and the Montebello Islands, extensive subtidal macroalgal and
seagrass communities are important primary producers and refuge areas for fishes and
invertebrates. Macroalgae communities are most commonly found on shallow limestone pavement
in depths of 5to 10 m. The macroalgal assemblage is typically dominated by species of brown algae,
particularly of the genera Sargassum, Turbinaria and Pandina. Green algae from the genera
Caulerpa, Cladophora and Rhodophyta are also quite common. Other abundant taxa include
Halimeda, Dictyopterus, Dictyota, Cystoseira, Codium and Laurencia.

In the vicinity of the Montebello Islands, seagrasses do not appear to form extensive meadows but
instead are sparsely interspersed between the macroalgae assemblages. Seagrasses typically
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extend from the intertidal zone to approximately 15 m water depth. A total of seven seagrass species
have been recorded to date, these being Cymodocea angustata, Halophila ovalis, Halophila
spinulosa, Halodule uninervis, Thalassia hemprichi, Thalassodendron ciliatum and Syringodium
isoetifolium.

Offshore Project Area/Trunkline Project Area/Borrow Ground Project Area

Seagrasses and macroalgae are generally found in coastal waters at depths of <10 m, although they
have been recorded at 50 m in some Australian waters. Therefore, it is highly unlikely that
seagrasses are present within the Offshore Project Area (900 — 970 m depth).

The shallowest water depths in Trunkline Project Area and Borrow Ground Project Area are in the
order of 35 m. Seagrasses may occur in areas of the Trunkline Project Area where water depths are
less than 50 m. However, extensive areas of seagrass are not expected given distribution is typically
limited to water depths shallower than the Trunkline Project Area.
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Figure 5-23: Macroalgae habitat within the vicinity of Scarborough

This document is protected by copyright. No part of this document may be reproduced, adapted, transmitted, or stored in any form by
any process (electronic or otherwise) without the specific written consent of Woodside. All rights are reserved.

Controlled Ref No:  SAO006AF0000002 Revision: 5 DCP No: 1100144791 Page 193 of 825

Uncontrolled when printed. Refer to electronic version for most up to date information.




Scarborough — Offshore Project Proposal

5.3.13 Regionally Important Shoals and Banks

As outlined in Section 5.3.3, no shoals or banks occur in the Project Area. However, regionally
important shoals occur within the EMBA, namely Glomar shoals and Rankin Bank. Glomar Shoals
is a designated Key Ecological Feature (KEF) and is described further in Section 5.5.6.

Rankin Bank is on the continental shelf, about 40 km from the Project Area. While Rankin Bank is
not protected and is not a KEF, it is the only large, complex bathymetrical feature on the outer
western shelf of the West Pilbara and represents habitats that are likely to play an important role in
the productivity of the Pilbara region (AIMS, 2014). Rankin Bank consists of three submerged shoals
delineated by the 50 m depth contour with water depths of about 18-30.5 m (AIMS, 2014).

Rankin Bank was surveyed by AIMS in 2013 as part of a co-investment project between Woodside
and AIMS to better understand the habitats and complexity of the submerged shoal ecosystems.
Rankin Bank represents a diverse marine environment, predominantly composed of consolidated
reef and algae habitat (~55% cover), followed by hard corals (~25% cover), unconsolidated sand/silt
habitat (~16% cover), and benthic communities composed of macroalgae, soft corals, sponges and
other invertebrates (~3% cover) (AIMS, 2014). Hard corals are a significant component of the benthic
community of some parts of the bank, with abundance in the upper end of the range observed
elsewhere on the submerged shoals and banks of north-west Australia (Heyward et al., 2012).
Indeed, in a comparison between Glomar Shoals and Rankin Bank, Rankin Bank had both higher
cover of hard corals, and higher abundance of fish compared to Glomar Shoals (Abdul Wahab et al.,
2018).

Rankin Bank has been shown to support a diverse fish assemblage (AIMS 2014). This is consistent
with studies showing a strong correlation between habitat diversity and fish assemblage species
richness (Gratwicke and Speight, 2005; Last et al., 2005).

5.3.14 Coastal Habitats

Given the offshore location of the Project Area, coastal habitats occur in neither the Offshore Project
Area nor Trunkline Project Area. However, coastal habitats may occur within the EMBA and are
discussed below.

The coastline within the northwest of Western Australia is varied, but predominantly includes tidal
flats with smaller areas of rocky shores and sandy beaches (described in Section 5.3.15). Tidal flats
are shorelines exposed to high tidal variation; includes both sandy and muddy sediments. This
shoreline type can often be associated with mangrove or saltmarsh environments.

5.3.14.1 Saltmarshes

Saltmarshes are terrestrial halophytic (salt-adapted) ecosystems that mostly occur in the
upper-intertidal zone. They are typically dominated by dense stands of halophytic plants such as
herbs, grasses and low shrubs. The diversity of saltmarsh plant species increases with increasing
latitude (in contrast to mangroves). The vegetation in these environments is essential to the stability
of the saltmarsh, as they trap and bind sediments. The sediments are generally sandy silts and clays
and can often have high organic material content. Saltmarshes provide a habitat for a wide range of
both marine and terrestrial fauna, including infauna and epifaunal invertebrates, fish and birds.

There are no saltmarshes within the Project Area. However, saltmarshes are known to occur at
locations along the Pilbara coast and islands of the Dampier Archipelago as shown in Figure 5-24.
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Figure 5-24: Saltmarsh habitat within the vicinity of Scarborough
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5.3.14.2 Mangroves

Mangroves grow in intertidal mud and sand, with specially adapted aerial roots (pneumatophores)
that provide for gas exchange during low tide (McClatchie et al., 2006). Mangrove forests can help
stabilise coastal sediments, provide a nursery ground for many species of fish and crustacean, and
provide shelter or nesting areas for seabirds (McClatchie et al., 2006).

There are no mangroves within the Project Area. However, mangrove presence is known at locations
along the Pilbara coast and islands of the Dampier Archipelago as shown in Figure 5-25.
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Figure 5-25: Mangrove habitat within the vicinity of Scarborough
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5.3.15 Shoreline Habitats

Given the offshore location of the Project Area, shoreline habitats occur in neither the Offshore
Project Area nor Trunkline Project Area. However, shoreline habitats may occur within the EMBA
and are discussed below.

The shoreline within the northwest of Western Australia is varied, but predominantly includes tidal
flats (described in Section 5.3.14) with smaller areas of rocky shores and sandy beaches (Table 5-3).
Each of these shoreline types has the potential to support different flora and fauna assemblage due
to the different physical factors (e.g. waves, tides, light, etc.) influencing the habitat.

Table 5-3: Description of shoreline types

Shoreline Type ‘ Description

Rocky Hard and soft rocky shores, including bedrock outcrops, platforms, low cliffs (less than five metres),
and scarps.

Depending on exposure, rocky shores can be host to a diverse range of flora and fauna, including
barnacles, mussels, sea anemones, sponges, sea snails, starfish and algae. Australian fur-seals
are also known to use rocky shores for haul-out and/breeding.

Sandy Beaches dominated by sand-sized (0.063—2 mm) particles; also includes mixed sandy beaches
(i.e. sediments may include muds or gravel, but sand is the dominant particle size).

Sandy beaches are dynamic environments, naturally fluctuating in response to external forcing
factors (e.g. waves, currents, etc). Sandy beaches can support a variety of infauna and provide
nesting and/or foraging habitat to shorebirds and seabirds and pinnipeds. Sand particles vary in
size, structure and mineral content; this in turn affects the shape, colour and inhabitants, of the
beach.

5.3.16 Listed Threatened Ecological Communities

The Project Area does not intersect any Threatened Ecological Communities (TEC) as designated
under Section 181 of the Environment Protection and Biodiversity Conservation Act 1999 (EPBC
Act). However, the EMBA intersects with the Subtropical and Temperate Coastal Saltmarsh TEC.

5.3.16.1 Subtropical and Temperate Coastal Saltmarsh

The Subtropical and Temperate Coastal Saltmarsh is listed as a vulnerable TEC under the EPBC
Act. The TEC is predominantly distributed in southern Australia, however an area in the vicinity of
Carnarvon is known to occur (Figure 5-26).

The Subtropical and Temperate Coastal Saltmarsh ecological community occurs within a relatively
narrow margin along the coast, within the subtropical and temperate climatic zones; and includes
coastal saltmarsh occurring on islands within these climatic zones (DSEWPaC, 2013b). The physical
environment for the ecological community is coastal areas under regular or intermittent tidal influence
(DESWPaC, 2013b).

The ecological community consists mainly of salt-tolerant vegetation (halophytes) including grasses,
herbs, sedges, rushes and shrubs (DESWPaC, 2013b). Many species of non-vascular plants are
also found in saltmarsh, including epiphytic algae, diatoms and cyanobacterial mats (TSSC, 2013a).
The ecological community is inhabited by a wide range of infaunal and epifaunal invertebrates, and
temporary inhabitants such as prawns, fish and birds (and can often constitute important nursery
habitat for fish and prawn species) (DESWPaC, 2013b). Insects are also abundant and an important
food source for other fauna, with some species being important pollinators (DESWPaC, 2013b). The
dominant marine residents are benthic invertebrates, including molluscs and crabs that rely on the
sediments, vascular plants, and algae, as providers of food and habitat across the intertidal
landscape (DESWPaC, 2013b).
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Figure 5-26: Distribution of Subtropical and Temperate Coastal Saltmarsh TEC

5.4 Marine Fauna of Conservation Significance

Under Part 13 of the EPBC Act, species can be listed as one, or a combination, of the following
protection designations:

o threatened (further divided into categories; extinct, extinct in the wild, critically
endangered, endangered, vulnerable, conservation-dependent)

e migratory
e whale or other cetaceans
e marine.

Additionally, the Western Australia Wildlife Conservation Act 1950 (WA Wildlife Conservation Act)
provides for species or subspecies of native animals (fauna) to be specially protected and listed as
'threatened' in Western Australia because they are:

e under identifiable threat of extinction
e rare
e otherwise in need of special protection.

The EPBC Act Protected Matters Search Tool was used to identify protected species that may occur
within the Project Area and EMBA. Four separate EPBC Act Protected Matters Reports were
generated for the Offshore Project Area, Trunkline Project Area, Borrow Grounds Project Area and
EMBA.
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Details of listed fauna and their likely presence in the Project Area and EMBA are provided in the
following sections and appendices. Results of the EPBC Act Protected Matters Search Tool were
cross-checked against the Threatened and Priority Fauna List, downloaded from the Department of
Biodiversity, Conservation and Attractions website.

For the purpose of the OPP, only species listed as threatened or migratory under the EPBC Act likely
to occur in the Project Area are considered to have conservation significance warranting further
discussion. Likely occurrence was determined by the EPBC Act Protected Matters Reports or
through designation of important habitat (e.g. BIA).

5.4.1 Biologically Important Areas and Habitat Critical to the Survival of a Species

Biologically Important Areas (BIAs) are areas that are particularly important for the conservation of
protected species and where aggregations of individuals display biologically important behaviour
such as breeding, foraging, resting or migration. Their designation is based on expert scientific
knowledge about species’ distribution, abundance and behaviour. The presence of the observed
behaviour is assumed to indicate that the habitat required for the behaviour is also present.

BlAs and habitat critical to the survival of a species which overlap the Project Area and EMBA have
been identified for the following EPBC Act listed species using the Conservation Values Atlas and
are summarised in Table 5-4. Further details about the BIAs and critical habitat are included in the
relevant species sections below.

Table 5-4: Designated biologically important areas and habitat critical to the survival of a species for
protected species occurring in the Project Area and EMBA

Receptor Distance/overlap with BIA Description
5%
< o <
n =8 aq
w00
Sa< &
Australian >216 km Overlap | Overlap | Overlap | Breeding Birds from South West Marine
Fairy tern Region (SWMR) dispersing
northwards in winter — July to
late September. BIA located
around islands of Dampier
Archipelago, Barrow Island,
Montebello Islands and
Pilbara coast
g Brown >525 km >215km | >200 km | Overlap Breeding Breeding February to October
5 booby (but mainly in autumn). BIA
g located around Bedout Island
@ Lesser >211 km >34 km 114 km Overlap | Breeding Breeding March to June. BIA
2 crested tern located around Lowendal
8 Islands
©
o) Roseate >206 km >25 km Overlap | Overlap | Breeding Breeding from mid-March to
3 |tern July, birds from SWMR
@ dispersing north in winter.
BlAs located around
Lowendal Islands, Pilbara
islands and Dampier
Archipelago
Wedge- >106 km Overlap | Overlap | Overlap | Breeding Breeding visitor arriving in
tailed mid-August and leaving in
shearwater April. Large BIA covering
large proportions of
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Receptor

Distance/overlap with BIA

Offshore
Project
Area

Trunkline

Description

Commonwealth and State

waters

Marine mammals

Humpback
whale

>153 km

Overlap

Overlap

Overlap

Migration

Migration routes, including
timing, provided in
Section 5.4.4

>198 km

>198 km

>286 km

Overlap

Resting

Resting area in Exmouth Gulf

Pygmy blue
whale

>35 km

Overlap

>160 km

Overlap

Migration

Migration routes, including
timing, provided in
Section 5.4.4

>186 km

>186 km

>344 km

Overlap

Possible
Foraging
Area

Relatively small area off
Ningaloo Reef, activity could
occur year-round

Dugong

>198 km

>198 km

>284 km

Overlap

Nursing and
foraging

BIA for year-round breeding,
nursing and foraging in
proximity to Ningaloo Reef
and Exmouth Gulf

Marine turtles

Flatback
turtle

>164 km

Overlap

Overlap

Overlap

Internesting

80 km buffer around nesting
beaches, including Montebello
Islands, Barrow Island,
Dampier Archipelago and the
Pilbara coast, October to
March

>222 km

>10 km

>8 km

Overlap

Nesting

Smaller BIA restricted to a few
kilometres from key nesting
beaches at the Montebello
Islands, Barrow Island and
Dampier Archipelago, October
to March

>200 km

>10 km

>8 km

Overlap

Foraging

Nearshore waters off some
islands of the Dampier
Archipelago.

>224 km

>10 km

>10 km

Overlap

Mating

Nearshore waters surround
Montebello Islands, Barrow
Island and Dampier
Archipelago, October to
March

>165 km

Overlap

Overlap

Overlap

Habitat
Critical

Barrow Island, Montebello
Islands, 60 km internesting
buffer, October to March

Green turtle

>188 km

Overlap

Overlap

Overlap

Internesting

20 km buffer around nesting
beaches, including Muiron
Islands, North West Cape,
Montebello Islands, Barrow
Island and Dampier
Archipelago, November to
March

>226 km

>10 km

>8 km

Overlap

Nesting

Smaller BIA restricted to a few
kilometres from key nesting
beaches at the Montebello
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Offshore
Project
Area
Trunkline
Project
Area
Borrow
Ground
Project
Araa
EMBA

Islands, west coast of Barrow
Island, Muiron Islands and
North West Cape and
Dampier Archipelago,
November to March

>200 km >10 km ~9 km Overlap | Foraging Nearshore waters off some
islands of the Dampier
Archipelago.

>188 km Overlap | Overlap | Overlap | Habitat Nearshore waters surround
Critical Montebello Islands, Barrow
Island and Dampier
Archipelago, 20 km
internesting buffer, November
to March

Hawksbill >203 km Overlap | Overlap | Overlap | Internesting | 20 km buffer around nesting
turtle beaches, including North
West Cape, Ningaloo Reef,
Montebello Islands, Barrow
Island, Serrurier Island and
the Dampier Archipelago,
October to February

>222 km >9 km >6 km Overlap | Nesting Smaller BIA restricted to a few
kilometres from key nesting
beaches at the North West
Cape, Ningaloo Reef,
Montebello Islands, Barrow
Island, Serrurier Island and
the Dampier Archipelago,
October to February

>200 km >10 km >9 km Overlap | Foraging Nearshore waters off some
islands of the Dampier
Archipelago.

>203 km Overlap | Overlap | Overlap | Habitat Dampier Archipelago

Critical (particularly Rosemary
Island), Montebello Islands
and Lowendal Islands. 20 km
internesting buffer, October to
February

Loggerhead | >192 km Overlap | Overlap | Overlap | Internesting | 20 km buffer around nesting
turtle beaches, including North
West Cape, Ningaloo Reef,
Muiron Islands, Montebello
Islands and the Dampier
Archipelago, November to
March

>192 km >172km | >172km | Overlap | Habitat Exmouth Gulf and Ningaloo
Critical coast; 20 km internesting
buffer; November to May
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Receptor

Project
Area

Trunkline

Distance/overlap with BIA

Vv
5> |Offshore

Whale
shark

(6)]
=
3

Overlap

1

> Borrow
= |Ground
3 Project

Overlap

Foraging

Description

Broad BIA encompassing
migration and foraging post
aggregation at Ningaloo Reef
(see below) March to
November

Fish

>208 km

>193 km

>337 km

Overlap

Foraging
(high
density
prey)

Upwelling of nutrients result in
high primary production, mass
spawning of corals also brings
about increased zooplankton

production in April to June.
BIA smaller than Foraging BIA

5.4.2

Listed threatened species recovery plans (Recovery plans) and Conservation advices may be in
place for species of marine fauna of conservation significance. Recovery plans are enacted under
the EPBC Act and remain in force until the species is removed from the threatened list. Conservation
advice provides guidance on immediate recovery and threat abatement activities that can be
undertaken to facilitate the conservation of a listed species or ecological community.

Listed Threatened Species Recovery Plans

Table 3-2 outlines the recovery plans and conservation advices relevant to those species identified
as potentially occurring within or utilising habitat in the Project Area and EMBA and summarises the
key threats to those species, as described in relevant recovery plans and conservation advices.

5.4.3 Seabirds and Migratory Shorebirds

5.4.3.1 Overview

Birds in the marine environment can include seabirds and shorebirds. Seabirds refers to those
species of bird whose normal habitat and food sources are derived from the ocean (both coastal and
pelagic); pelagic seabirds include such species as shearwaters and petrels, coastal seabirds include
species such as cormorants. Shorebirds (sometimes referred to as wading birds) refers to those
species of bird commonly found along sandy or rocky shorelines, mudflats, and shallow waters;
shorebirds include such species as plovers and sandpipers

Seabirds spend most of their lives at sea, ranging over large distances to forage over the open
ocean. Many of these species also breed in and adjacent to the NWMR, including populations of
terns and shearwaters (DEWHA, 2008). Based on the results of two survey cruises and other
unpublished records, Dunlop et al. (1988) recorded the occurrence of 18 species of seabirds over
the NWS. Seabird distributions were generally patchy, except near islands (Dunlop et al., 1988).

Migratory shorebirds may be present in or fly through the region between July and December and
again between March and April as they migrate between Australia and offshore locations (Bamford
et al., 2008; DoE, 2015a). During their migration, shorebirds use several staging areas, typically
wetland habitat, as intermediate feeding sites to rest and restore energy reserves. Where wetland
habitat has been assessed as provided significant ecological value, including utilisation by
shorebirds, they are designated ‘Ramsar wetlands of international importance’. As outlined in
Section 5.6.8.1, there are no Ramsar wetlands of international importance located in the Project
Area or EMBA.
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There are numerous important habitats for seabirds and migratory shorebirds including key
breeding/nesting areas, roosting areas and surrounding waters important foraging and resting areas
within the NWMR. These include:

e Muiron Islands (186 km from Project Area)

¢ Montebello/Barrow/Lowendal Islands group (41 km from Project Area)

e Pilbara Islands (North, Middle and South groups) (>50 km from Project Area)
e Rowley Shoals (420 km from Project Area)

e Ashmore Reef (>1000 km from Project Area)

e Kimberley coast (>1000 km from Project Area)

e Shark Bay (607 km from Project Area)

e Houtman Abrolhos Islands (>1000 km from Project Area).

Other species may also utilise the marine environment, and are listed as marine under the EPBC
Act, but have distributions that also extend into freshwater or terrestrial environments. Such species
include passerines or raptors.

There are 19 seabird and shorebird species (or species habitat) that may occur within the Project
Area and an additional 60 seabirds or shorebirds that could occur in the EMBA. These include
species classified as threatened, migratory and marine under the EPBC Act (Table 5-5); however
no additional species are protected under the WA Wildlife Conservation Act. The type of presence
varies between species and location and includes important behaviours (e.g. breeding, foraging) for
a small number of species within the Trunkline Project Area (Table 5-5).

Breeding BIAs for seabirds and shorebirds are primarily restricted to within tens of kilometres of
emergent features, except the wedge tailed shearwater, as described in Table 5-4.
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Table 5-5: Bird species or species habitat that may occur within the Project Area and EMBA
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Species o = L 2 & 2 o
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Seabirds
Anous stolidus Common noddy viM) | v MO | MO MO LO
Ardenna carneipes Flesh-footed (M) | v LO
shearwater
Ardenna pacifica Wedge-tailed viM) | v | v(b) BKO
shearwater
Calonectris Streaked shearwater (M) | v LO LO LO
leucomelas
Catharacta skua Great skua v MO
Diomedea Amsterdam albatross E (M) | v MO
amsterdamensis
Diomedea exulans Wandering albatross \% (M) | v MO
Fregata ariel Lesser frigatebird viM) | v MO LO LO KO
Fregata minor Great frigatebird (M) | v MO
Larus novaehollandiae | Silver gull v BKO
Larus pacificus Pacific gull v BKO
Macronectes Southern giant petrel E (M) | v MO | MO MO MO
giganteus
Macronectes halli Northern giant petrel \% (M) | v MO
Onychoprion Bridled tern (M) | v BKO
anaethetus
Papasula abbotti Abbott’s booby E v MO
Pterodroma mollis Soft-plumaged petrel \Y, v FLO
Sterna caspia Caspian tern (M) | v BKO
Sterna dougallii Roseate tern viM) | v | Y(b) FLO | BKO | BKO
Sterna fuscata Sooty tern v BKO
Sterna nereis Fairy tern v BKO
Sternula nereis Australian fairy tern \Y, v (b) FLO | BKO | BKO
Sula leucogaster Brown booby v | vY(b) BKO
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Thalassarche carteri Indian yellow-nosed \% (M) | v FMO
albatross
Thalassarche cauta Tasmanian shy \% (M) | v MO
albatross
Thalassarche Campbell albatross \% (M) | v MO
impavida
Thalassarche Black-browed \% (M) | v MO
melanophris albatross
Thalassarche White-capped \Y (M) | v FLO
albatross
Thalasseus Lesser crested tern v | v(b) BKO
bengalensis
Thalasseus bergii Crested tern v BKO
Shorebirds
Actitis hypoleucos Common sandpiper (W) | v MO | MO MO KO
Ardea alba Great egret v BKO
Ardea ibis Cattle egret v MO
Arenaria interpres Ruddy turnstone viw) | v KO
Calidris acuminata Sharp-tailed viw) | v MO | MO MO KO
sandpiper
Calidris alba Sanderling viw) | v KO
Calidris canutus Red knot E viw) | v MO | MO MO KO
Calidris ferruginea Curlew sandpiper CE| v(W) |V MO MO KO
Calidris melanotos Pectoral sandpiper W) | v MO | MO MO KO
Calidris ruficollis Red-necked stint W) | v KO
Calidris subminuta Long-toed stint W) | v KO
Calidris tenuirostris Great knot CE| v(W) | v KO
Charadrius Greater sand plover \Y, viw) | v KO
leschenaultii
Charadrius mongolus Lesser sand plover E viw) | v KO
Charadrius ruficapillus | Red-capped plover v KO
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Charadrius veredus Oriental plover W) | v KO
Gallinago megala Swinhoe’s snipe W) | v RLO
Gallinago stenuar Pin-tailed snipe W) | v RLO
Glareola maldivarum Oriental pratincole viw) | v KO
Himantopus Pied stilt v KO
Limicola falcinellus Broad-billed viw) | v KO
sandpiper
Limosa lapponica Bar-tailed godwit IA viw) | v KO
Limosa lapponica | Bar-tailed godwit \% KO
baueri (baueri)
Limosa lapponica | Northern Siberian CE LO
menzbieri bar-tailed godwit
Limosa Black-tailed godwit viw) | v KO
Numenius Eastern curlew CE| v(w) | v MO MO KO
madagascariensis
Numenius minutus Little curlew W) | v KO
Numenius phaeopus Whimbrel W) | v KO
Phalaropus lobatus Red-necked W) | v KO
phalarope
Pluvialis fulva Pacific golden plover viw) | v KO
Pluvialis squatarola Grey plover viw) | v RKO
Recurvirostra Red-necked avocet v RKO
novaehollandiae
Rostratula australis Australian painted E v MO
snipe
Rostratula Painted snipe E v MO
benghalensis  (sensu
lato)
Stiltia isabella Australian pratincole v KO
Thinornis rubricollis Hooded plover v KO
Tringa brevipes Grey-tailed tattler viw) | v KO
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Tringa glareola Wood sandpiper v RKO
Tringa nebularia Common greenshank W) | v KO
Tringa stagnatilis Marsh sandpiper W) | v KO
Tringa totanus Common redshank viw) | v KO
Xenus cinereus Terek sandpiper viw) | v KO
Other Species
Apus pacificus Fork-tailed swift (M) | v LO LO LO
Chrysococcyx Black-eared Cuckoo (M) | v LO KO
osculans
Haliaeetus leucogaster | White-bellied sea- v BKO
eagle
Hirundo rustica Barn swallow v (T) v MO KO
Merops ornatus Rainbow bee-eater v MO MO
Motacilla cinerea Grey wagtail v (T) v MO MO
Motacilla flava Yellow wagtail v(T) | v MO KO
Pandion haliaetus Osprey W) | v MO MO BKO
Specially Protected Fauna: Biologically Important Area:
IA Migratory birds protected under an (b) Breeding
international agreement () Foraging

Threatened Species:

\Y, Vulnerable

E Endangered

CE Critically Endangered
Migratory Species:

M Marine

w Wetland

T Terrestrial

Type of Presence:

MO  Species or species habitat may occur within area

LO Species or species habitat likely to occur within

area

KO Species or species habitat known to occur within

area
FMO  Foraging may occur within the area
FLO  Foraging likely to occur within the area
BKO  Breeding known to occur within area
RLO  Roosting likely to occur within area
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Biologically Important Area
Borrow Grounds Project Area
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Threatened Species
Migratory Species
Listed Marine Species
Offshore Project Area
Trunkline Project Area

Species

RKO | Roosting known to occur within area

EMBA

A total of 61 seabirds or shorebirds (or habitat) of conservation significance may occur in the EMBA
(Table 5-5). Furthermore, five breeding BlAs (Australian Fairy tern, Brown booby, Lesser crested
tern, Roseate tern and Wedge-tailed shearwater) overlap the EMBA (Table 5-4, Figure 5-27).

Given the presence of emergent features and coastlines within the EMBA, seabirds and shorebirds
are likely to occur. Significant areas for seabirds and shorebirds in the EMBA include the Montebello
Islands, Barrow Island and the islands of the Dampier Archipelago (see Section 5.6.1.4 for further
details). Although some species may be resident year-round, peak occurrence of many species will
be associated with breeding and nesting, the timing of which will vary between species. Species may
breed in the area or be non-breeding visitors.

Trunkline Project Area and Borrow Ground Project Area

A total of 18 conservation significant seabirds or shorebirds (or habitat) occur in the Trunkline Project
Area (Table 