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environment plan summary

In accordance with regulations 28 and 35 of the Offshore Petroleum and
Greenhouse Gas Storage (Environment) Regulations 2023 Commonwealth (Cth)
(OPGGS(E)R) all Environment Plans (EPs) are published (with the sensitive
information part removed) on the National Offshore Petroleum Safety and
Environment Management Authority (NOPSEMA) website.

To fulfil the requirements of an EP summary for public disclosure, as required by
regulations 35(6) and 35(7), this Dino South-1 Exploration Drilling Environment
Plan Summary (Table 1-1) has been prepared from material provided in this EP,
and in the EP summary statement format preferred by NOPSEMA (Ref. 1).

Table 1-1: Environment Plan summary

Regulation EP summary material requirement Relevant section of this EP ‘

35(7)(a)(i) the location of the activity Section 2.2, Section 3.1.2
35(7)(a)(ii) a description of the receiving environment Section 4
35(7)(a)(iii) a description of the activity Section 3
35(7)(a)(iv) details of environmental impact and risks Section 7
35(7)(a)(v) a summary of control measures for the activity | Section 7
35(7)(a)(vi) a summary of the arrangements for ongoing Section 8
monitoring of the titleholder’s environmental
performance
35(7)(a)(vii) a summary of the response arrangements in Section 7.16, Ref. 2
the oil pollution emergency plan
35(7)(a)(viii) details of consultation already undertaken, and | Section 6, Section 8.3.4
plans for ongoing consultation
35(7)(a)(ix) details of the titleholder's nominated liaison for | Section 2.4
the activity
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2.2

introduction

Overview

Chevron Australia Pty Ltd (CAPL) is planning to conduct exploration drilling within
the Northern Carnarvon Basin off the northwest coast of Western Australia (WA)
between 2024 and 2025. The proposed exploration well, Dino South-1 (DS-1), is
targeting a dry gas reservoir.

This EP documents the assessment and management of potential environmental
impacts and risks associated with the DS-1 exploration drilling activities in
Commonwealth waters.

This EP has been prepared in accordance with the requirements of the Offshore
Petroleum and Greenhouse Gas Storage Act 2006 (Cth) (OPGGS Act) and
OPGGS(E)R, as administered and for regulatory acceptance by NOPSEMA.

Location

The proposed DS-1 exploration well, including bottom hole, is located within
exploration permit WA-392-P in Commonwealth waters, ~150 km northwest of
Onslow and ~100 km west-northwest of Barrow Island (Table 2-1, Figure 2-1).
The Operational Area (OA) (Section 3.1.2) is located within exploration permit
WA-392-P and extends into adjacent areas that overlap retention leases WA-73-
R, WA-82-R and WA-87-R (Figure 2-1). Note that although there is overlap with
the adjacent retention leases, the activity will be conducted under the authority of
WA-392-P and not the retention leases.

Table 2-1: Approximate coordinates and water depth for the proposed DS-1
exploration well

M‘ Petroleum title Latltude" Longitude? Water depth

Dino South-1 | WA-392-P | 202958.51"S | 114°252.96E | ~958m
A Coordinates provided in GDA94.
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Figure 2-1: Location of proposed DS-1 exploration well

2.3 Scope

2.31 In scope

This EP relates to a petroleum activity to be undertaken by CAPL consisting of
operations and works required for the proposed DS-1 exploration well, including:

mobile offshore drilling unit (MODU) operations (Section 3.2)
drilling (Section 3.3)

formation evaluation (Section 3.4)

well abandonment (Section 3.5)

field support (Section 3.7).

2.3.2 Out of scope

The following activities are excluded from the scope of this EP:

vessels (including emergence response vessels) transiting to or from the

Operational Area (OA) (i.e. outside of the OA); these vessels are subject to the

Navigation Act 2012 (Cth) and not performing the petroleum activity

helicopters transiting to or from the OA (i.e. outside of the OA); these aircraft
are subject to the Air Navigation Act 1920 (Cth) and Civil Aviation Act1998
(Cth) and not performing the petroleum activity.

2.4 Titleholder details

Chevron Australia (EP WA-392-P) Pty Ltd is the titleholder of the exploration
permit WA-392-P (Table 2-2). As outlined in Section 2.2, the OA extends outside
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2.51

2.5.2

of WA-392-P and into adjacent areas that overlap retention leases WA-73-R, WA-
82-R and WA-87-R. The activity will be conducted under the authority of WA-392-
P and not the retention leases. For reference, Chevron Australia (WA-374-P) Pty
Ltd is the nominated titleholder of WA-73-R, WA-87-R, and Chevron Australia (RL
WA-82-R) Pty Ltd is the nominated titleholder of WA-82-R. Chevron Australia (EP
WA-392-P) Pty Ltd, Chevron Australia (WA-374-P) Pty Ltd, and Chevron Australia
(RL WA-82-R) Pty Ltd are subsidiaries of CAPL. If required, CAPL or the relevant
subsidiary will obtain any necessary permit or authorisation for works in areas of
the OA that are outside of WA-392-P. The contact details for the nominated liaison
for this EP are listed in Table 2-3.

Regulation 23(3) of the OPGGS(E)R requires that CAPL notifies NOPSEMA of a
change in the titleholder, a change to the titleholder’'s nominated liaison, or a
change in the contact details for either the titleholder or the nominated liaison.

Regulation 286A of the OPGGS Act requires notification is provided to NOPSEMA
and the National Offshore Petroleum Titles Administrator (NOPTA) if there is a
change to a registered titleholder or contact details for the registered titleholder;
this notification is to occur within 30 days of such a change.

Table 2-2: Titleholder details

Title Detail Titleholder e Address
Titleholder

WA-392-P | Exploration | Chevron Australia (EP WA- Chevron Australia 1 The

Permit 392-P) Pty Ltd (EP WA-392-P) Pty | Esplanade,
Ltd Perth WA
6000

(ACN: 641 878 748)

Table 2-3: Nominated liaison

Name and lan Nott - Wells Manager
Position

Company ‘ Chevron Australia Pty Ltd
| 086 197 757

Business Address ‘ 1 The Esplanade, Perth WA 6000
Telephone ‘ +61 8 9216 4000
M‘ feedback@chevron.com

Environmental management framework

CAPL’s operations are managed in accordance with Chevron Corporation’s
Operational Excellence Management System (OEMS), which is described in
Section 8.

Environment policy

CAPL’s commitment to environmental management in all aspects of operations is
documented in Chevron Corporations’ Operational Excellence Policy 530
(Appendix a).

Relevant requirements

In accordance with regulation 21(4) of the OPGGS(E)R, the legislative
requirements and other requirements that apply to the petroleum activity and are
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relevant to the environmental management of the activity are provided in
Table 2-4 and Table 2-5.

Table 2-4: Commonwealth legislative requirements

Legislation

Australian Maritime

Description

Aims to promote

Requirements relevant
to the risks associated

with the petroleum
activity

Requirements include

Demonstration of
how requirements
are met

Roles and

EPBC Regulations
2000

important flora, fauna,
ecological
communities, and
heritage places.

protected matters.

Safety Authority Act maritime safety, the involvement of the responsibilities are
1990 protect the marine Australian Maritime described in the QOil
environment from Safety Authority (AMSA) | Pollution
pollution from ships or | in response to relevant Emergency Plan
other environmental spill events. (OPEP) (Ref.2).
damage caused by
shipping, and provide
for a national search
and rescue service.
Biosecurity Act 2015 This Act is about Pre-arrival reporting Section 7.6.2.
managing diseases (PAR) before arrival in
. . and pests that may Australian territory.
Bloseculrlty cause harm to
Regulations 2016 human, animal, or Ballast water Section 7.6.2.
plant health or the management plans and
environment. certlfrltqates% snﬁ wat
The Act provides for | '2Poring of ballast water
managing biosecurity
risk in Australia and
its external territories.
It also provides for
managing risks
related to ballast
water.
Environment Provides for the The EP must describe Section 4, and
Protection and protection and matters protected under | Section 7.
Biodiversity management of Part 3 of the EPBC Act
Conservation Act nationally and and assess any impacts
1999 (EPBC Act) internationally and risks to these

EPBC Regulations 2000

Section 7.2, and

— Part 8 Division 8.1 Section 7.6.
Interacting with

cetaceans.

Injury or fatality caused Section 8.4.2.

to EPBC listed fauna
shall be reported.

Navigation Act 2012 Provides standards Notice to Mariners. Section 7.1, and
regarding collision Section 7.14.
prevention for
vessels.
Navigation Act 2012 These Acts give effect | Marine Order 30— Section 7.14.
to international Prevention of collisions.
conventions where
Protection of the Sea o
(Prevention of Australiaisa Marine Order 91— Section 7.8,
Pollution from Ships) signatory, including: Marine pollution Section 7.13, and
Act 1983 ¢ International prevention—oil. Section 7.14.
Regulations for
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Legislation

Description

Requirements relevant
to the risks associated
with the petroleum
activity

Demonstration of
how requirements
are met

Protection of the Sea
(Harmful Anti-fouling
Systems) Act 2006

Marine Orders

Preventing
Collisions at Sea
(COLREGS)

e International
Convention for
the Safety of Life
at Sea (SOLAS)

e International
Convention for
the Prevention of
Pollution from
Ships (MARPOL
73/78).

Marine Order 95—
Marine pollution
prevention—garbage.

Section 7.8, and
Section 7.12.

Marine Order 96—
Marine pollution
prevention—sewage.

Section 7.8.

Marine Order 97—
Marine pollution
prevention—air
pollution.

Section 7.4.

Marine Order 98—
Marine pollution
prevention—antifouling
systems.

Section 7.6.2.

OPGGS Act

OPGGS(E)R

The OPGGS(E)R
under the OPGGS Act
requires a titleholder
to have an accepted
EP in place prior to
commencement of a
petroleum activity.

The regulations
ensure petroleum
activities are
undertaken in an
ecologically
sustainable manner in
accordance with an
EP.

An EP for a petroleum
activity must be
accepted by NOPSEMA
before activities
commence.

This EP, including
the OPEP (Ref. 2)
and Operational
and Scientific
Monitoring Plan
(OSMP) (Ref. 3).

OPGGS (Resource
Management and
Administration)
Regulations 2011

These regulations
require a titleholder to
have an accepted
Well Operations
Management Plan
(WOMP) in place.

The purpose of a
WOMP is to ensure
systems are in place
to manage well
integrity and well
activities.

A WOMP for a
petroleum well activity
must be accepted by
NOPSEMA before
activities commence.

CAPL will develop
a WOMP for the
exploration drilling
activities described
in this EP (Ref. 4).
The WOMP will be
accepted by
NOPSEMA before
activities
commence.

Underwater Cultural
Heritage Act 2018
(UCH Act)

Provides protection
for shipwrecks,
sunken aircraft, and
other cultural heritage
sites in Australian
waters.

Identification of the
presence of protected
cultural heritage sites
and assessment of any
impacts and risks to
these sites.

Section 4, and
Section 7.
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Table 2-5: Standards and guidelines

Standard / guideline

Description

Requirements relevant
to the risks associated
with the petroleum
activity

Demonstration
of how
requirements
TG

Australian Ballast Provides guidance on Ballast water Section 7.6.2.
Water Management how vessel operators management
Requirements (Ref. 5) | should manage ballast | requirements for vessels,
water when operating including having a ballast
within Australian seas water management plan
in order to comply with | and certificate (unless an
the Biosecurity Act exemption applies).
2015 (Cth). They also
align to the
International
Convention for the
Control and
Management of Ships’
Ballast Water and
Sediments 2004 (the
Ballast Water
Management
Convention).
Australian Biofouling Sets out vessel Biofouling management Section 7.6.2.
Management operator obligations for | for vessels, including
Requirements (Ref. 6) | the management of PAR, and having
biofouling when biofouling management
operating vessels plans.
under biosecurity
control within
Australian territorial
seas.
Control and International Maritime Requires a biofouling Section 7.6.2.
Management of Organization (IMO) management plan and
Ships’ Biofouling to guidelines for global record book to be
Minimize the Transfer | management of available and maintained.
of Invasive Aquatic biofouling.
Species (Ref. 7)
Minamata Convention | The Minamata Article 9 of the Section 7.9.
on Mercury Convention on Mercury | Convention concerns
is an international controlling, and where
treaty that seeks to feasible, reducing
protect human health releases of mercury or
and the environment mercury compounds to
from anthropogenic land and water.
emissions and Article 11 of the
releases of mercury Convention concerns
and mercury disposal of mercury
compounds. contaminated waste.
Australia ratified the
Convention in
December 2021.
National Biofouling Commonwealth Requires biofouling risk Section 7.6.2.
Management guidance document assessments to be
Guidance for the has been developed to | completed.
Petroleum Production | assist industry manage
and Exploration the risk of marine pest
Industry (Ref. 8) translocation and
introduction via
biofouling.
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Standard / guideline

Description

Requirements relevant
to the risks associated
with the petroleum
activity

Demonstration
of how
requirements
are met

National Light Outlines the process to | The EP must assess if Section 7.4.
Pollution Guidelines be followed where artificial lighting is likely
for Wildlife (Ref. 9) there is the potential to affect wildlife and
for artificial lighting to identify the management
affect wildlife. Applies tools to minimise and
to new projects, mitigate impacts and
lighting upgrades, and | risks.
where there is
evidence of wildlife
being affected by
existing artificial light.
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3.1.2

description of the petroleum activity

Overview

This section provides a description of the petroleum activity as required under
regulation 21(1) of the OPGGS(E)R. The description of the petroleum activity is
presented in the following sections:

¢ MODU—includes positioning, and general (non-drilling) operation activities
(Section 3.2)

e drilling—includes drilling and contingency activities (Section 3.3)
o formation evaluation—reservoir appraisal activities (Section 3.4)

e well abandonment—plug and abandonment activities, including wellhead
removal (Section 3.5)

o field support—includes use of support vessels, helicopters, and remotely
operated vehicles (ROVs) (Section 3.7).

Purpose

The purpose of the proposed petroleum activity is to explore and evaluate the gas
reservoir within WA-392-P.

There is no recovery of hydrocarbons associated with the exploration drilling
activities, and as such no gas processing, transport, or third party end-use of
hydrocarbons would occur as a result of the petroleum activity within scope of this
EP.

Operational area

The nominal location of the DS-1 exploration well is described in Section 2.2 (with
coordinates and approximate water depth shown in Table 2-1).

The OA for the petroleum activity is defined as a 5 km radius buffer around the
DS-1 exploration well (Figure 2-1). The OA is located wholly within
Commonwealth waters, and within exploration permit WA-392-P, and areas
adjacent to WA-392-P which overlap retention leases WA-73-R, WA-82-R and
WA-87-R. There are no islands or other emergent features within or adjacent to
the OA.

The petroleum activity described within Section 3 of this EP will be undertaken
wholly within the OA. As outlined in Section 2.2, the proposed DS-1 exploration
well, including bottom hole, is located within exploration permit WA-392-P. The
activity will be conducted under the authority of WA-392-P and not the adjacent
retention leases. Mooring lines will be laid in the adjacent retention leases and
support vessels may be on stand-by within the retention leases within a 5 km
radius of the DS-1 exploration well. The OA encompasses a 500 m safety
exclusion zone that will be requested around the MODU for the duration of
activities.

Timing
The DS-1 exploration drilling activities are planned to commence between 2024

and 2025 (pending MODU and vessel availability, regulatory approvals, or other
CAPL project requirements). The activity is estimated to take ~50 days to
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complete. However, this duration is indicative and subject to potential operational
delays (e.g. caused by weather conditions).

Activities covered within this EP will be conducted 24 hours/day and 7 days/week.

Reservoir properties

As the petroleum activity is exploration drilling, the exact fluid composition and
properties of the objective reservoir intervals are not known. However, the
reservoir characteristics (e.g. depth, thickness, porosity, permeability, pressure,
condensate gas ratio) have been predicted using known information from
previously drilled wells, and from geologic and seismic data, to predict gas and
condensate flow rates from the proposed DS-1 exploration well.

CAPL have identified the most appropriate analogue as Isosceles-1, a previous
gas exploration well located ~4 km to the east of DS-1. Isosceles-1 was a dry gas
well and based on the available data CAPL interpret that DS-1 fluids will be
comparable to the previous Isosceles-1. A partial assay report for the Isosceles-1
condensate was used by RPS to identify an appropriate proxy from the Spill
Impact Mapping and Analysis Program (SIMAP) database (Ref. 10). Gorgon
condensate was chosen as the most appropriate proxy condensate. The physical
properties, boiling point ranges, weathering, and behaviour of the condensate is
further discussed in the unplanned release spill modelling in Section 7.15.

Mobile offshore drilling unit

Positioning

A semi-submersible MODU will be used for the exploration drilling activities at
DS-1. With much of a semi-submersibles bulk below the water surface, the MODU
becomes a stable platform for drilling, moving only slightly with wind and currents.

The MODU will be positioned using an 8- to 12-point mooring system. Anchors
may be pre-deployed and tested at the site by the support vessels prior to the
MODU arriving. The mooring spread will encroach on the adjacent retention
leases within the OA (Section 3.1.2, Figure 2-1). Disturbance footprints from
anchoring systems vary, however it is estimated that for a semi-submersible
MODU with an 8- to 12-point mooring system, the anchoring system (allowing for
both anchor footprint and disturbance from anchor chains) could be up to
~13,000 m? (Ref. 11). Mooring systems will be removed at the end of the drilling
campaign. Installation and removal of MODU anchors will be supported by
vessels (as identified in Section 3.7.1).

An array of long baseline (LBL) and/or ultra-short baseline (USBL) transponders
may be used to accurately position the MODU over the proposed well location.
Transponder systems work by emitting short pulses of medium to high frequency
sound. Transmissions are not continuous but consist of short ‘chirps’ when active
and do not emit any sound when on standby. When required for general
positioning, they will emit one chirp every five seconds, and for precise
positioning, they will emit one chirp every second. Transponders may be used for
positioning the MODU for a period of up to ~48 hours.

Transponders are lowered to the seabed (with a clump weight if required). Both
the transponder and clump weight (if used) are retrieved to the surface by a ROV
following use.
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Due to their size, MODU’s have constrained manoeuvrability and as such, will
have the right-of-way over other vessels in the area (as per the 500 m safety
exclusion zone that is proposed around the MODU for the duration of activities).

Operations
The MODU is fitted with various equipment to support exploration drilling activities
including:
e power generation systems
o fuel storage
e cooling water and freshwater systems
e drainage, effluent, and waste systems
e primary and secondary (cuttings dryer etc.) solids control equipment.
Non-drilling activities occurring on the MODU include:
e bunkering or bulk transfer of fuel, chemicals, and supplies
o transfer of waste to supply vessels
e discharge of:
— sewage, greywater, food waste
— cooling water, reverse osmosis brine
— deck drainage and bilge.
e helicopter operations.

A contract with a semisubmersible MODU is in place for this exploration drilling. It
is expected the MODU will operate with up to 140 persons on board (POB).
Estimates of sewage and grey water volumes are ~0.04—0.45 m3 per person per
day, and estimates of putrescible food waste are in the order of ~1-2 kg per
person per day (Ref. 12). Based on an indicative 140 POB, this gives an
estimated discharge of sewage and greywater of up to 63 m3/day and

~280 kg/day for food waste from the MODU.

Several different materials will be transferred from support vessels to the MODU
for the exploration drilling campaign. For example, cement, barite, and bentonite
are transported as dry bulk, and are pneumatically blown from the support vessels
to the MODU storage tanks using compressed air. The MODU dry bulk storage
tanks vent excess compressed air to atmosphere and this venting process also
discharges small amounts of solids. Based upon previous programs it is estimated
that during each bulk transfer a dry bulk loss in the order of ~0.005% is expected
to be recorded. Based on an estimated storage capacity for bulk cement, barite,
and bentonite on the MODU, this equates to <0.05 m?3 of solids discharged for the
entire exploration program.

Drilling

Well design and drilling method

An indicative overview of the base-case drilling design and method for DS-1 is
provided in Table 3-1. The proposed drilling method uses water-base fluids
(WBFs). However, non-aqueous drill fluids (NADFs) may be used as a
contingency during the activity (Table 3-1). Should the proposed base-case
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design not reach the required depths, contingency reduced hole and casing sizes
may be adopted; these sections may also be drilled with NADFs or WBFs.

The design and methods are subject to change, depending on individual well
design requirements and final location of the well. Final well design and well
schematics will be provided in the WOMP (Ref. 4), which will be submitted to
NOPSEMA for acceptance prior to drilling activities commencing. Any changes to
well design between Table 3-1 to the final accepted WOMP, will be evaluated as
per the Management of Change (MoC) process described in this EP

(Section 8.3.2.2).

Table 3-1: Summary of the DS-1 well base case drilling methodology

Casin Depth | Length Estimated .
S|zeg below of hole volume of C_Uttmgs Drill fluid
seabed section cuttings discharge type

L w T

42 1 ,067 36 | 914 62 62 340 54 | Seabed WBF

177 444 | 13% | 346 1,292 1,230 | 1,258 | 200 | Seabed WBF

12% 311 9% | 244 2,392 1,100 528 84 | MODU NADF or WBF

8% 216 4,042 1,650 371 59 | MODU NADF or WBF
Total 4,042 | 2,497 | 397

MD = measured depth

Drilling fluids and cuttings handling and disposal

The top-hole (42” and 177%”") sections are to be drilled with seawater and WBFs,
with cuttings circulated to the seabed. Both sections will be drilled with seawater
and pre-hydrated bentonite and/or polymer high viscosity hole cleaning sweeps.
The open hole will be displaced with pre-hydrated bentonite mud.

The high viscosity sweeps and bentonite mud will comprise ~96% v/v drill water,
with the remaining ~4% v/v made up of drilling fluid additives that are either
completely inert in the marine environment, naturally occurring benign materials,
or readily biodegradable organic polymers with a very fast rate of biodegradation
in the marine environment. Drilling additives typically used include potassium
chloride, bentonite (clay), water soluble polymers, barite, and calcium carbonate.

Once the top-hole sections are complete, installation of the riser and blowout
preventor (BOP) provides a conduit back to the MODU, forming a closed
circulating system. As such, primary and secondary solids control equipment
onboard the MODU removes cuttings from drilling fluids before being recirculated
back to the well. Solids control equipment shall include:

e shale shakers
e centrifuge(s)
e cuttings dryer (if NADF is used).

Various shaker screen mesh sizes can be used to remove a specific cuttings
particle size, thereby optimising drilling fluid physical properties. Cuttings
discharged are expected to range from very fine (20 um) to very coarse (<1 cm
diameter) after removal from the drilling fluid.

Cuttings are expected to comprise predominantly claystone, and calcareous
formations from the upper sections and sandstone and siltstone from the lower
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sections of the well. An indicative cuttings volume of ~397 m?3 (based on the
volume of the base-case well design) is expected to be generated, but actual
volumes will depend on the final depth and drilling of the well (e.g. actual total
depth, lost circulation, well washout, potential re-spud, etc.).

If contingency NADF use is required, during the displacement of WBF to NADF,
the fluids will mix, and this mixture, or interface fluid, will be isolated in a MODU
tank and will be tested for composition (i.e. % NADF, % WBF, and % solids
content). Interface fluids tested to contain <1% v/v NADF (synthetic base oil)
content may be discharged to the ocean.

The NADF tanks on the MODU are cleaned when drilling operations are
completed. Volumes of residual NADF are consolidated and recovered by
mechanical means (e.g. squeegee, mud vacuum, etc.) before tank washing.
NADF tank washing residue will be tested for composition. Residual tank cleaning
fluids containing tested to <1% v/v NADF (synthetic base oil) content will be
discharged to the ocean.

In the instance of lost circulation, it may be controlled with the use of fluid control
materials such as bentonite, polymers, and/or other additives. In a severe case, it
might be required to pull back and cement the area where the losses occurred,
before drilling through the cement and recommencing.

Indicative volumes of NADFs (if required) and WBFs discharged for the well have
been estimated based on historical data and well planning (Table 3-2).

Cementing operations

On completion of the top-hole sections, a casing is to be inserted and the annulus
between the casing and the hole sealed with cement. For the conductor and
surface casing, a cementing product is pumped until returns are observed at the
seabed. When cementing top-hole sections (without a riser in place), the water-
based spacer fluid is displaced by the cement slurry and discharged directly to the
seabed at the mudline.

For the remainder of the drill hole, after a string of casing or liner has been
installed into the well, a cementing spacer is pumped to flush drilling fluids and
filter cake from the well to allow a good cement bond to be formed with the
formation. All cementing operations will be conducted with all returns to the
MODU via a riser. Depending on volumes of cement and spacer pumped, the
spacer will either remain downhole or returned to the MODU and discharged to
sea.

Cement slurry is pumped down the inside of the landing string and then casing (or
liner). A displacement fluid is then pumped into the casing with a wiper plug to
displace the cement out of the bottom of the casing and up into the annular space
between the pipe and the borehole wall. For all casing and liner cementations the
cement will predominantly remain downhole, with minor excess cement returned
to the MODU and discharged into the sea. When the wiper plug is pumped and
reaches the bottom of the casing string it stops and allows the casing to be
pressure tested.

Wherever possible, the cement line flush volumes are included in the planned
cement jobs. When a job is completed, the cement unit is cleaned, and the
residual cement discharged overboard from the MODU. The estimated discharge
volumes of residual cement products are ~10 m2. In the rare event that the
cement products become contaminated, the entire volume (~48 m3) may need to
be discharged to sea.
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3.3.5

3.3.5.1

3.3.5.2

Indicative volumes of discharges from cementing operations are provided in
Table 3-2.

Blowout preventer installation and testing

A BOP is installed after completion of the top-hole sections. A BOP consists of a
series of hydraulically operated valves and sealing mechanisms (annular
preventers and ram preventers) that are normally open to allow the drill fluid to
circulate up the marine riser to the MODU during drilling.

A BOP is to be used for the exploration drilling program to provide an additional
barrier to prevent a loss of well control event. The BOP is used to close in the well
in the event of an influx or kick, in which the hydrostatic pressure of the wellbore
fluid is exceeded by the formation pressure. The MODU’s high-pressure
circulating system would be used in this event, after closing of the BOP, to remove
the influx from the well and regain hydrostatic overbalance. The annular and ram
preventers are used to shut in around various tubulars in the well, while the blind
shear rams are designed to shear the pipe and seal the well.

Once installed, regular function and pressure tests are undertaken; function tests
will be undertaken weekly and pressure tests every three weeks (except in
exceptional circumstances). Function testing is undertaken by activating the
hydraulic control system onboard the MODU to pressurise and activate the rams
within the BOP stack.

The BOP control system discharges water-based hydraulic control fluids into the
sea upon operation. A full function test, which closes and opens all rams and
annulars, discharges ~2,500 L of diluted control fluid. The control fluid is a water-
soluble product and is diluted to ~1-3% with potable water. The control fluid is
fully biodegradable and expected to readily disperse after discharge from the BOP
to the marine environment.

Contingency activities

In the event of technical or operational issues during the drilling activity,
contingency activities may be required. The activities are not expected to cause
additional risks or impacts but may generate additional volumes of drilling fluids,
cuttings, cement, or seabed disturbance.

Indicative volumes of discharges from contingency operations are provided in
Table 3-2.

Well re-spud

If technical or operational issues are encountered while drilling, such as a failure
to meet installation criteria, a well re-spud may be required. The well re-spud will
be located within exploration permit WA-392-P (i.e. same exploration permit as
the proposed well). This activity could involve moving the MODU within the
immediate area of the primary well and to recommence drilling. A well re-spud
would result in an increase in the volume of cuttings and cement generated. No
movement of the MODU anchors would be required for a re-spud, and as such
there is no change to the area of seabed temporarily disturbed from anchoring.

Sidetrack

A sidetrack is an alternative to a well re-spud, which involves drilling a secondary
wellbore away from the primary wellbore. This may be done to avoid an unusable
section of the primary wellbore, or if it is otherwise inaccessible. A sidetrack would
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3.3.54

3.3.6

3.4

3.5

be expected to result in an increase of cuttings generated and potentially cement
discharges. If a sidetrack is required, it will be undertaken within exploration
permit WA-392-P (i.e. same exploration permit as the proposed well).

Well suspension

Well suspension involves the application of suitable barriers, the removal of the
riser and disconnecting the MODU from the well. Well suspension activities would
be undertaken in accordance with the NOPSEMA-accepted WOMP. In some
cases, the BOP may be left in place. Well suspension may be required in the
instance of extreme weather events. The process of a planned disconnection of
the riser would result in the riser being displaced with seawater prior to
disconnection and therefore no planned discharge of drilling fluids and cuttings.

Emergency disconnect sequence

If the MODU is required to rapidly disengage from the well, an emergency
disconnect sequence may be required. The sequence consists of closing the BOP
and disconnecting the riser. The process of disconnecting the riser would result in
discharge of drilling fluids and cuttings.

Cementing operations

Additional cementing operations may be required as a contingency activity due to
unplanned events (e.g. kick-off plugs, failed formation integrity test, lost circulation
remediation). The discharges are expected to be no different from those described
in cementing operations (Section 3.3.3)

Formation evaluation

A standard data acquisition program is planned for the evaluation of the DS-1
well. During drilling both ‘mudlogging’ and ‘logging while drilling’ data will be
collected for the entire well.

In a success case, additional wireline logs will be run at target depth (i.e. where
the reservoirs are predicted to be located) to further evaluate formation and fluids.
No vertical seismic profile is planned as part of the wireline logs.

Well abandonment

Once the exploration drilling activities are complete, the DS-1 well will be
permanently plugged and abandoned in accordance with the requirements of
section 572 of the OPGGS Act and the NOPSEMA-accepted WOMP.

Plug and abandonment procedures are designed to permanently isolate the well
and mitigate the risk of a potential release of wellbore fluids to the marine
environment. A combination of mechanical plugs and cement plugs will be
installed to serve as permanent barrier elements in accordance with the Chevron
Global Technical Standard — Well Barriers (Ref. 13).

A small discharge of cement contaminated seawater may be required upon
completion of this activity. Once in place, the wellbore contents above the
reservoir barrier will be displaced and circulated to inhibited WBF of appropriate
density. Wellbore content (weighted drilling fluid and cement contaminated mud,
water, barite, cement polymer) will be discharged from the surface. The
discharges are expected to be no different from those described in cementing
operations (Section 3.3.3).
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Once the permanent plugs have been set and tested, the BOP stack can be
detached from the wellhead and recovered back to the MODU. Prior to
disconnecting the BOP stack from the wellhead, the system will be flushed with
seawater.

A wellhead cutting tool is then landed onto the wellhead to sever the casing just
below the seabed (~1.5 m below the seabed). Cutting wellheads is anticipated to
take ~12 hours per location. Cutting will generate metal swarf (<0.01 m?3) and
some cement cuttings at the seabed. Cutting may also involve subsea discharges
of grit and flocculent. The wellhead is then pulled free and recovered to the MODU
through the moonpool.

Once the wellhead is removed, an ROV is deployed from the MODU to conduct a
post-activity survey. This survey records the condition of the seabed at the
completion of the program, to ensure that no dropped objects or subsea
equipment intended for removal remain on the seabed. This as-left survey
involves an ~50 m radius visual check from the wellhead location.

3.6 Summary of discharges

A summary of the discharges associated with the drilling activities for the DS-1
exploration well is provided in Table 3-2.

Table 3-2: Summary of planned and contingency discharges

Discharge Type Indicative volumes (m?3) Discharge location ‘

Drilling fluids and cuttings
WBFs (riserless / riser in place) 5163 / 2526 Seabed / Surface
NADFs (riser in place)* 100 Surface
(NADPWBE nfertace) (riser m place)’ 100 Surface
NADF residual tank washing* 100 Surface
Cuttings (riserless / riser in place) 368 /180 Seabed/Surface
Cementing operations
Cement slurry (riserless / riser in place) 80/20 Seabed/Surface
Spacer fluids (riserless / riser in place) 30/60 Seabed/Surface
Residual cement (line flushing) 10 Surface
Blowout preventer installation and function testing
BOP fluid (per function test) 2.1 Seabed
BOP fluid (per pressure test) 1 Seabed
Contingency activities
;:tsi(:)gs—well re-spud (riserless / riser in 368/ 180 Seabed/Surface
Slzr;e)nt — well re spud (riserless / riser in 80/20 Seabed/Surface
Cuttings—sidetrack (riser in place)* 161 Surface
;:tgie;gs—emergency disconnect (riser in 12 Seabed
\é\/BF or NAD_F dri_II quids—?mergency 180 Seabed
isconnect (riser in place)
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3.71

Discharge Type Indicative volumes (m?) Discharge location ‘

l(:r?sifrdi:irlgigj()b / cement contamination 48 Surface
Cementing operations (riser in place) 60 Surface
Cement — excess bulk (refer to Figure 7-1) 25 Seabed
Barite — excess bulk (refer to Figure 7-1) 25 Seabed
Well abandonment

Contaminated cement 100 Surface
Wellbore content <130 Subsurface
Metal swarf, cement cuttings, grit, <0.1 Seabed
flocculant (wellhead removal)

* Indicative volume if NADF is used as contingency.

A Indicative volume based on a worst-case 1214” side-track hole.
Field Support

Vessels

Vessels will be used during the exploration drilling activities, for several support
functions, including to:

¢ install and remove MODU anchors, mooring lines, and rig positioning support
during mooring operations (if required)

— each activity (i.e. to position the MODU and install or remove anchors and
mooring lines) may take two to three days to complete

e supply and transfer goods and materials (e.g. food, fuel, bulk products, drilling
fluids, etc.) to or from the MODU

— resupply activities will be undertaken routinely and only as required during
the exploration drilling activity and typically takes up to ~8 hours to
complete; however, there may be exceptions based on operational needs
(e.g. loading marine riser and casing to or from the MODU).

o transfer of waste or other material from the MODU
e assist in monitoring the 500 m radius safety exclusion zone around the MODU.

Given the different support functions (e.g. use of cranes, or bunkering equipment),
vessels of different sizes and specifications will be used.

During rig mobilisation to the well location, rig positioning, and mooring operations
up to three support vessels may be on site. Typically, one vessel is initially
connected to the towing bridle/line to maintain the position of the MODU over the
well location whilst the additional vessels are utilised for running out the mooring
lines and anchor handling/setting operations within the OA. Once the four primary
mooring lines are run, anchors set, and cross tensioning of lines is completed, the
vessel on the towing bridle will be released and assist with mooring operations for
the remaining secondary and/or storm lines.

For the main drilling activity, up to two vessels will remain within the OA at any
time performing supply logistics, standing by, or for emergency support, noting
that vessel presence may vary during different stages of the activity. Vessels only
enter the 500 m safety exclusion zone around the MODU under specific
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3.7.2

3.7.3

instruction from the MODU, such as for supporting specific activities, or when
transferring goods and materials to the MODU.

Support vessel anchoring within the OA shall not be permitted except during
emergencies (if required).

Vessels will not use Heavy Fuel Oil but will utilise a lighter marine fuel such as
marine diesel oil (MDO) or marine gas oil. All support vessels will return to port to
bunker; there is no refuelling at sea for the support vessels.

Vessels routinely discharge a variety of wastewater streams to the marine
environment including sewage, greywater, food waste, cooling water, brine, and
oily bilge water; vessels may also incinerate solid wastes.

In the event of unsafe environmental conditions (e.g. a cyclone passing over or
close to survey area), the support vessels may transit away from the OA to a safer
location. As per Section 2.3, once a vessel leaves the OA, it is no longer
undertaking a petroleum activity.

Helicopters

The MODU is serviced by helicopters, with an expected routine flight frequency of
~6 flights per week, with additional flights as required to meet operational
demands. Helicopter flights will primarily be used for passenger transfers/crew
changes and minor supplies. Helicopters will be refuelled onshore, should
helicopters have to refuel on the MODU, this will be undertaken in accordance
with MODU specific procedures.

Remotely operated vehicles

Underwater remotely operated vehicles (ROVs) will be deployed and controlled
from either the MODU or support vessel to support or undertake:

e pre- or post-activity site surveys

e mooring/anchoring placement

e equipment deployment, monitoring, or retrieval
e tool deployment and operation.

ROVs are generally equipped with a video camera and lighting. ROVs are also
used to deploy specialist tooling and equipment. ROVs are closed systems, such
that hydraulic fluids are circulated to move components, but these are not
released to the environment.

ROVs will typically be stored on the deck of the vessels and/or MODU, but may be
wet parked between activities, resulting in a temporary disturbance to a small area
of the seabed.
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4.1

description of the environment

Environment that may be affected

The environment that may be affected (EMBA) by the petroleum activity within
scope of this EP has been defined as the area where a change to environmental
receptors may potentially occur as a result of planned activities or unplanned

events.

For the purposes of this EP, CAPL have also defined sub-areas of the EMBA that
are used to support the subsequent impact and risk assessments (Table 4-1,
Figure 4-1). Receptors present within the EMBA (and relevant to purpose of each
of the specific sub-areas) are described in the following sections.

For the following sections, the document refers to the EMBA when it is applicable
to all the sub-areas identified in Table 4-1.

Table 4-1: Description of EMBA sub-areas for DS-1 exploration drilling

EMBA sub-area Description and purpose ‘

OA

The OA is defined as the area in which the petroleum activity will be
undertaken (Section 3.1.2).

The OA is relevant to the impact and risk assessments for all planned
activities and unplanned events (except where specified by an aspect-
specific EMBA), as the exposure area associated with these impacts
and risks is considered to occur within the spatial extent of the OA.

Underwater Sound
EMBA (Sound EMBA)

The Sound EMBA is relevant to the impact and risk assessments for
planned underwater continuous (non-impulsive) and impulsive sound
emissions (Section 7.6), and determined by the predicted spatial extent
of acoustic exposure at the relevant thresholds (Table 7-3).

Unplanned
Hydrocarbon Release
Ecological EMBA
(Hydrocarbon
Ecological EMBA)

The Hydrocarbon Ecological EMBA is relevant to the risk assessments
for ecological receptors from unplanned hydrocarbon release events
(Sections 7.14 and 7.15), and determined by the predicted spatial
extent of hydrocarbon exposure at the relevant thresholds for surface,
entrained, dissolved, and shoreline components (Table 7-10).

Unplanned
Hydrocarbon Release
Social EMBA
(Hydrocarbon Social
EMBA)

The Hydrocarbon Social EMBA is relevant to the risk assessments for
social, economic, and cultural receptors from unplanned hydrocarbon
release events (Sections 7.14 and 7.15), and determined by the
predicted spatial extent of hydrocarbon exposure at the relevant
thresholds for surface, entrained, dissolved, and shoreline components
(Table 7-10). The Hydrocarbon Social EMBA incorporates lower
thresholds for surface and shoreline hydrocarbon exposure that are
associated with visible oil but are below concentrations at which
ecological impacts are expected to occur.

The Planning Area for Scientific Monitoring is determined by the predicted spatial
extent of hydrocarbon exposure at the relevant thresholds for surface, entrained,
and dissolved components (Table 7-10). The values and sensitivities of this area,
are described within Appendix D of the Operational and Scientific Monitoring Plan:
Environmental Monitoring in the Event of an Oil Spill to Marine or Coastal Waters
(Ref. 3). The Planning Area covers the spatial boundary of the EMBA.

The above approach to defining the spatial extent of the EMBA is considered to
be consistent with NOPSEMA'’s advice in their oil spill modelling environment
bulletin (Ref. 14).
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Note: The Hydrocarbon EMBAs are shown as separate in-water (surface, entrained, dissolved) and
shoreline components. Shorelines are only part of a Hydrocarbon EMBA where stochastic spill
modelling predicts that shoreline loading above the relevant threshold occurs.

Figure 4-1: EMBA for DS-1 exploration drilling

4.2 Matters of national environmental significance

Matters of national environmental significance (MNES) are protected under the
EPBC Act (Cth). The presence of MNES within the EMBA has been determined
from the Australian Government’s online Protected Matters Search Tool (PMST)
(Ref. 15). Table 4-2 summarises the presence of relevant marine and/or coastal
MNES within the EMBA; the full PMST reports' are included in Appendix b.

It should be noted that the EPBC Act PMST is a general database that
conservatively identifies areas in which protected species have the potential to
occur.

Table 4-2: Presence of MNES within the EMBA

< c
[21] 0% ®
= 295«
w T DDom
Qowm
2 %o
3 288"
n T
World Heritage properties® x v v
National Heritage places” x v v
Wetlands of international importance x x x
(Ramsar wetlands)*

' The PMST is a general database that includes all MNES, including species or features (such as terrestrial
based species or features) that are not expected to credibly occur within the EMBA.
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4.3

431

and Social
EMBA

<
o
=
w
°
c
3
[s]
(2]

Hydrocarbon
Ecological

Nationally listed threatened species and v'species v'species v'species

2 A
communities Xxcommunities | ¥communities | Xcommunities

Nationally listed migratory species”® v v v
Commonwealth marine area® v v v
Great Barrier Reef Marine Park x x x

Nuclear actions (including uranium mining) — — —

Water resources (in relation to coal seam — — —
gas or large coal mining development)

A These MNES are also identified as relevant values and sensitivities under the OPGGS(E)R.
Where v = present, x = not present, and — = not relevant to the petroleum activity.

Ecosystems and their constituent parts, including people and communities

Benthic communities and habitats

Benthic communities are biological communities that inhabit the seabed and are
important for primary or secondary production. Benthic habitats are areas of
seabed that do, or can, support these communities. Benthic communities play an
important role in maintaining the integrity of marine ecosystems and the supply of
ecological services. There is strong evidence that benthic communities are also
important for the maintenance of biological diversity as they provide structurally
complex and diverse habitat, refuge for vulnerable life stages and a varied and
increased food supply (Ref. 18).

The EMBA occurs within the North-west Marine Region (NWMR), which is
typically characterised by shallow-water tropical marine ecosystems and high
species richness (Ref. 72; Ref. 26). The high species richness is thought to be
associated with the diversity of habitats available, such as limestone pavement,
coral reefs, and pinnacles (Ref. 72).

The geomorphology of Australia’s continental margin is varied. Based on
Geoscience Australia’s geomorphic classification of seabed within Australia’s
exclusive economic zone (EEZ) (Ref. 19), the geomorphic features present within
the OA and Sound EMBA are the ‘slope’ and ‘trench/trough’. Within the broader
Hydrocarbon EMBAs, the following geomorphic features have been identified:
canyon, deep/hole/valley, plateau, slope, terrace, and trench/trough. The
Hydrocarbon Social EMBA also intersects with shelf geomorphic features.

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 benthic habitats. The north-west WA comprises bio-clastic, calcareous, and
organogenic sediments deposited from relatively slow and uniform sedimentation
rates (Ref. 20). Sediments in the NWMR 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 (Ref. 21).

Based on CSIRQO’s marine benthic substrate database (Ref. 22), the predominant
seafloor sediment type within the OA and Sound EMBA is “calcareous gravel,
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sand and silt”. Within the Hydrocarbon EMBAs three seafloor sediment types were

identified: “calcareous gravel, sand and silt”, “calcareous ooze”, and “mud and
calcareous clay”.

The Integrated Marine and Coastal Regionalisation of Australia (IMCRA) is a
biogeographic regionalisation of oceanic waters within Australia’s EEZ (Ref. 23).
The OA and Sound EMBA occur within the Northwest Province provincial
bioregion?. The Hydrocarbon EMBAs also intersects with four additional
provinces. The geomorphology characteristics and biological communities for
each of these bioregions, as described in The North-west Marine Bioregional
Plan: Bioregional Profile (Ref. 26) are summarised in Table 4-3.

Listed threatened ecological communities (TECs) are a MNES under the EPBC
Act, and a relevant value and sensitivity under the OPGGS(E)R. There are no
known TECs within the EMBA.

Table 4-3: Features of provincial bioregions

IMCRA Provincial Bioregion?

<
fa1]
=
w
o
c
S
o
n

Social EMBA

Hydrocarbon
Ecological and

\

Central Western Shelf Transition | | ‘

Characteristics of the geomorphology and biological communities of the Central Western Shelf
Transition include:

e bioregion is located entirely on the continental shelf and is comprised mainly of sandy
sediments

o this bioregion includes both State and Commonwealth waters between water depths of 0 m to
~80m

—  Commonwealth waters in this bioregion represent <1% of the total area of the NWMR

o the benthic ecological communities of the bioregion, include both tropical and temperate
species transitioning along a north-south gradient
¢ Ningaloo Reef? is the most significant geomorphic feature of this bioregion:
— it extends along the Cape Range Peninsula for over 260 km, and is the only example in
the world of an extensive fringing coral reef on the west coast of a continent
— itis marked by a well-developed spur and groove system of fingers of coral formations
penetrating into the ocean with coral sand channels in between
— alagoon on the inshore side separates Ningaloo reef from the mainland
—  the biological communities of the Ningaloo Reef differ from the hard coral reefs located
elsewhere in the NWMR

e alarge proportion of this bioregion is covered by the State and Commonwealth Ningaloo
Marine Parks, which are one of the most significant hotspots of biodiversity within the NWMR

e the Ningaloo Marine Parks incorporate a diversity of habitats including the seabed of the
continental slope and shelf that supports demersal and benthic plants and animals including
fish, molluscs, algae, sponges, soft corals and burrowing bivalves; as well as coral reefs and
intertidal areas such as rocky shores and mangroves in State waters.

Features and areas of ecological importance within the Central Western Shelf Transition have
been identified as:

2 Provincial bioregions were classified based on fish, benthic (seabed) habitat and oceanographic data at a scale
that is useful for regional conservation planning and management (Ref. 26)

3 Ningaloo Reef also extends into the Northwest Province, Central Western Transition Province, and a small
portion of the Northwest Shelf Province. The geomorphology and biological communities of Ningaloo Reef are
discussed in this bioregion summary.
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e Ningaloo Marine Park — North West Cape.

Of these features and areas within the Central Western Shelf Transition, the shoreline component
of the Hydrocarbon Social EMBA intersects with the State Ningaloo Marine Park (refer to
Section 4.5.2).

Central Western Transition | | ‘ v

Characteristics of the geomorphology and biological communities of the Central Western
Transition include:

e the bioregion is characterised by large areas of continental slope, with sediments dominated
by muds and sands that decrease in grain size with increasing depth

e about 40% of the bioregion occurs in waters depths greater than 4,000 m and the deepest
areas of the bioregion occur within the Cuvier Abyssal Plain at ~5,330 m

e alarge part of the bioregion comprises the Cuvier Abyssal Plain

o Wallaby Saddle is another important topographic feature within this bioregion and is the most
extensive area of this type of topographic feature in the NWMR

e the benthic slope communities of this bioregion comprise both tropical and temperate species
along a north-south gradient

o the biological communities of the Central Western Transition are thought to be distinctive
owing to the proximity of deep ocean areas to the continental slope and shelf, resulting in
close interaction between pelagic species of the Cuvier Abyssal Plain and those of the slope
and shelf

e the harder substrate of the slope in waters of 200—2,000 m deep is likely to support
populations of epibenthos such as bryozoans, sponges and encrusting coralline algae; these
support larger infauna and benthic animals such as crabs, cephalopods, echinoderms and
other suspension-feeding epibenthic organisms

e in the deeper waters of the abyss, the benthic communities are likely to be sparse and include
meiofauna (e.g. nematodes).

Features and areas of ecological importance within the Central Western Transition have been
identified as:

o Wallaby saddle
e Cape Range Canyon and Cloates Canyon.

Of these features and areas within the Central Western Transition, the Cape Range Canyon and
Cloates Canyon occur within the Hydrocarbon EMBASs. Refer to Section 4.3.6.1 for further
descriptions of this features.

Northwest Province | v | v ‘ v

Characteristics of the geomorphology and biological communities of the Northwest Province
include:

e bioregion occurs entirely on the continental slope and is comprised of muddy sediments

e distinguished by a number of topographic features, such as the Exmouth Plateau, terraces
and canyons (including the Swan and Cape Range canyons), as well as deep holes and
valleys on the inner slope (including the Montebello Trough)

o the benthic shelf and slope communities of this bioregion comprise both tropical and
temperate species with a north-south gradient

o the continental slope between North West Cape and the Montebello Trough has been
identified as one of the most diverse slope habitats of Australia

o the Exmouth Plateau is also likely to be an important area for biodiversity as it provides an
extended area offshore for communities adapted to depths of ~1,000 m

e information available on sediments in the bioregion indicates:
—  benthic communities are likely to include filter feeders and other epifauna
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—  soft-bottom environments are likely to support patchy distributions of mobile epibenthos,
such as sea cucumbers, ophiuroids, echinoderms, polychaetes and sea pens

—  biological communities within canyons in the bioregion are also poorly understood.

Features and areas of ecological importance within the Northwest Province have been identified
as:

e Exmouth Plateau
e canyons on the slope, including the Cape Range Canyon
e demersal fish communities associated with the slope.

Of these features and areas within the Northwest Province, the demersal fish communities
associated with the slope occurs within the OA, Sound EMBA, and Hydrocarbon EMBAs. The
Exmouth Plateau and canyons on the slope also occur within the Hydrocarbon EMBAs. Refer to
Section 4.3.6.1 for further descriptions of these features.

Northwest Shelf Province | | ‘ v

Characteristics of the geomorphology and biological characteristics of the Northwest Shelf
Province include:

e bioregion occurs almost entirely on the continental shelf, except for a small area to the north
of Cape Leveque that extends onto the continental slope

e this bioregion includes more than 60% of the continental shelf in the NWMR

e continental shelf gradually slopes from the coast to the shelf break, but displays a number of
seafloor features such as banks/shoals and holes/valleys, including:

—  Glomar Shoals occur in ~26—70 m water depth and are distinguished by highly fractured
molluscan debris, coralline rubble and coarse carbonate sand

— Leveque Rise (large plateau), which is one of only two shelf plateaux within the NWMR

— significant areas of tidal sandwaves or sandbanks (ranging in height ~5—10 m) occur on
the inner-most reaches of Exmouth Gulf, and are one of only three major occurrences of
this type of feature in the NWMR

— shelf also contains several terraces and steps that extend into adjacent bioregions and
reflect ancient coastlines from when the sea level in the NWMR was lower; the most
prominent of these occurs at a water depth of ~125 m

e sediment differentiation occurs on a north-south gradient

— south of Broome, sediment is relatively homogenous and dominated by sands with small
proportion of gravel

— north of Broome, sediment is highly variable with sand or gravel dominance in no
discernable spatial pattern

— mud increases within ~100 km of the coast, and within ~100 km of the shelf break, but is
mostly absent from other areas

e sandy substrates on the shelf withing this bioregion are thought to support low density benthic
communities of bryozoans, molluscs, and echinoids

e sponge communities are also sparsely distributed on the shelf, but are found only in areas of
hard substrate

Features and areas of ecological importance within the Northwest Shelf Province have been
identified as:

e Browse Island and surrounding waters
e Lacepede Islands and surrounding waters
¢ Quondong Point, north of Broome and surrounding waters

e West coast of the Dampier Peninsula, including Beagle and Pender bays and surrounding
waters

e Pilbara coast (between Exmouth and Broome) and surrounding waters
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e  Exmouth Gulf—Muiron Islands and surrounding waters
e ancient coastline at 125 m depth contour
e  Glomar Shoals.

Of these features and areas within the Northwest Shelf Province, the ancient coastline at 125 m
depth contour occurs within the Hydrocarbon EMBAs. Refer to Section 4.3.6.1 for further
descriptions of this features.

Northwest Transition | | ‘ v

Characteristics of the geomorphology and biological communities of the Northwest Transition
include:

e around half (52%) of the bioregion occurs on the continental slope, with smaller areas in the
north-west of the bioregion located on the Argo Abyssal Plain and continental rise

e encompasses a range of water depths, from the shelf break (~200 m water depth) to
~5,980 m over the Argo Abyssal Plain

e other topographic features within the bioregion include areas of rise, ridges, canyons and
apron/fans

e sediments of the slope are dominated by sands, whereas the sediments of the abyssal
plain/deep ocean floor are dominated by muds

e the bioregion also has reefs such as Mermaid, Clerke, and Imperieuse reefs, which are
collectively known as the Rowley Shoals

o the benthos of the deep ocean areas are likely to support meiofauna (e.g. nematodes), larger
infauna (e.g. polychaete worms, ispods), and sparsely distributed epibenthic communities
(e.g. sea pens)

o mobile benthic species (e.g. deepwater sea cucumbers, crabs, polychaetes) are likely to be
associated with the seafloor, and bioregion may support sparse populations of bentho-pelagic
fish and cephalopods in low densities

Features and areas of ecological importance within the Northwest Transition have been identified
as:

o Rowley Shoals—Mermaid Reef Marine National Nature Reserve, Clerke and Imperieuse
reefs and surrounding waters
e  Fish communities associated with the slope

Of these features and areas within the Northwest Transition, the demersal fish communities
associated with the slope occurs within Hydrocarbon EMBAs. Refer to Section 4.3.6.1 for further
descriptions of these features.

ASource: Ref. 26

Coastal habitats and communities

Coastal communities are biological communities that inhabit the coastal zone.
Coastal habitats are areas of shoreline types that do or can support these
communities. Similarly, to benthic communities (as described in Section 4.3.1),
coastal communities are likely to play roles in maintaining the integrity and
diversity of coastal ecosystems, and the supply of ecological services.

The OA and Sound EMBA occur offshore and do not have any interface with the
coast. The Hydrocarbon EMBASs do interface with the coast (due to predicted
shoreline loading associated with unplanned hydrocarbon release events;

Table 4-1). The Hydrocarbon Ecological EMBA interfaces with the west coast of
North Muiron Island only. The Hydrocarbon Social EMBA also interfaces with the
west coast of North Muiron, South Muiron, and Serrurier Islands, as well as
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around the Point Cloates / Ningaloo Station area (Figure 4-1). The coastal
communities and habitats that may be present within the Hydrocarbon EMBAs are
summarised below.

Based on Smartline (Ref. 24), a spatial database containing geomorphic
classifications for Australia’s coasts, the types of shoreline present within the
Hydrocarbon EMBAs include rocky coasts and sandy beaches (Muiron and
Serrurier islands), sandy tidal flats (Point Cloates / Ningaloo Station).

The Seamap Australia spatial database collates and classifies marine and coastal
habitats on the Australian continental shelf (Ref. 25). Review of this dataset did
not identify any sensitive marine or coastal habitats (such as mangroves) within
the Hydrocarbon EMBAs.

Listed TECs and wetlands of international importance (Ramsar wetlands) are
MNES under the EPBC Act, and a relevant value and sensitivity under the
OPGGS(E)R. There are no known TECs or Ramsar wetlands within the
Hydrocarbon EMBAs.

4.3.3 Marine fauna

Listed threatened or migratory species are MNES under the EPBC Act, and a
relevant value and sensitivity under the OPGGS(E)R. The following sections
identify the presence of these species within the EMBA.

Note that the Commonwealth Climate Change, Energy, Environment and Water
(DCCEEW) Australian Marine Spatial Information System (AMSIS) Map View
(Ref. 326) and the dataset from the DCCEEW website (Ref. 327) were used to
verify the presence of Biologically Important Areas4(BIAs) and habitat critical to
survival of the species within the OA and EMBAs.

4.3.3.1 Marine mammals

Based on searches of the online PMST (Ref. 15; Appendix b), the threatened
and/or migratory mammal species shown in Table 4-4 may be present within the
EMBA. The full list of marine species identified from the PMST is provided in
Appendix b. BIAs associated with regionally significant marine mammal species
are listed in Table 4-5.

For the threatened and/or migratory species with BIAs within the OA or Sound
EMBA (i.e. EMBAs associated with planned activities), additional information has
been provided in the following subsections. Additionally, for completeness,
species with BIAs within the vicinity of the Sound EMBA have also been described
in the following subsections. Further details on other threatened and/or migratory
species are included in Appendix e.

The threatened and/or migratory cetaceans that may be present within the OA
and Sound EMBA are predominantly low-frequency cetaceans® (Antarctic Minke
Whale, Blue Whale, Bryde’'s Whale, Fin Whale, Humpback Whale, Sei Whale) and
high-frequency cetaceans® (Sperm Whale, Killer Whale, Spotted Bottlenose

4 Biologically important areas are spatially defined areas where aggregations of individuals of a species are
known to display biologically important behaviour such as breeding, foraging, resting or migration.

5 Low-frequency cetaceans are the functional cetacean hearing group that are specialised for hearing low
frequencies (e.g. baleen whales).

6 High-frequency cetaceans are the functional cetacean hearing group that are specialised for hearing mid
frequencies (e.g. toothed whales, beaked whales, dolphins).
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Dolphin). Very-high-frequency cetaceans”’ (e.g. Dwarf Sperm Whale, Pygmy
Sperm Whale) were also identified within the PMST (Ref. 15; Appendix b) as
species or species habitat that may occur within the OA and Sound EMBA, these
species are not listed as threatened and/or migratory under the EPBC Act. As
shown in Table 4-5, except for Pygmy Blue Whales, there are no other known
BlAs or aggregation areas for other cetacean species that intersect with the OA or
Sound EMBA; as such, it is expected that any presence cetacean species within
the OA and Sound EMBA would be of a transitory nature.

Table 4-4: Presence of threatened and/or migratory marine mammals

Common name

<
0
=
T}
T
c
=]
o
(7]

Social EMBA

Hydrocarbon
Ecological and

Cetaceans (whales)

Antarctic Minke Whale (Migratory)

Blue Whale (Endangered, migratory)

Bryde's Whale (Migratory)

Fin Whale (Vulnerable, migratory)

Humpback Whale (Migratory)

AN N N N B NR RN
N N NE R NI B NR RN

Sei Whale (Vulnerable, migratory)

Southern Right Whale (Endangered, migratory)

NN N N N RN NN

Sperm Whale (Migratory) v v

Cetaceans (dolphins)

Australian Humpback Dolphin (Migratory)

Australian Snubfin Dolphin (Migratory)

Killer Whale (Migratory) v v

NIRNIENIIRN

Spotted Bottlenose Dolphin (Migratory) v v

Sirenians

Dugong (Migratory) | | | v

Table 4-5: Prescence of BIA’s for marine mammals

Common . Seasonal
BIA behaviour
name presence

<
o0
=
w
©
c
>
o
»

Hydrocarbon
Ecological EMBA
Hydrocarbon
Social EMBA

Dugong Breeding Year round v

7 Very-high-frequency cetaceans are the functional cetacean hearing group that are specialised for hearing high
frequencies (e.g. Kogia spp.).
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<
i)
= 6| 65
— i | 85| 82
BIA behaviour casond = cg ou
presence c 2= O w
3 T 0 T O
o >= >0
n I3 | T»
ww
Calving Year round v
Foraging (high density | Year round
seagrass beds)
Nursing Year round v
Humpback | Migration (north and Northern migration, v v
Whale?® south) late July to
September.
Pygmy Foraging (Not defined in v v
Blue database)
Whale
Migration Northern migration v v v v
(enter Perth canyon
January to May;
pass Exmouth April
to August; continue
north to Indonesia).
Southern migration
(follow Western
Australia (WA)
coastline from
October to late
December)
Southern Migration April to October v
Right i
Whale Reproduction May to September v

ASource: Ref. 64

4.3.3.1.1 Pygmy blue whales

Pygmy Blue Whales migrate along the west coast of Australia in the northern
direction to their breeding grounds near the Indonesian Archipelago from mid-
February to early June, and in the southern direction to the feeding grounds in the
Southern Ocean from mid-November to early January (Ref. 65). Recent
information collected from satellite tags shows that the Banda and Molucca seas
in Indonesia are the likely destination for the northern migration of whales that
feed off the Perth Canyon (Ref. 66; Ref. 67; Ref. 68). These seas are considered
the northern terminus of the migration and potentially the breeding and calving
ground, but may also act as a feeding area (Ref. 69; Ref. 70).

Acoustic monitoring conducted by McCauley and Jenner (Ref. 71) in the Exmouth
and northern Montebello Islands region identified a peak period in the northern
migration of Pygmy Blue Whales from April to August, and from November
through to late-December during the southern migration. It was estimated by

8 Although the PMST report (Appendix b) indicates the Migration (north and south) BIA for Humpback Whales
overlaps the OA and Sound EMBA, the PMST webserver (figure attached in Appendix b), the DCCEEW AMSIS
Map View, and the dataset from the DCCEEW website do not show any overlap. The OA and Sound EMBA are
~28 km and ~15 km northeast of the BIA, respectively.
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McCauley and Jenner (Ref. 71) that between 700 and 1,500 Pygmy Blue Whales
migrated southward past Exmouth in 2004.

It is known the Pygmy Blue Whales tend to follow the WA continental shelf edge
between their feeding grounds at the Perth Canyon and the North West Cape.
However, the migratory pathway of whales north of the North West Cape is less
defined.

The migration BIA for Pygmy Blue Whales has been historically described as
occurring along the continental shelf edge between 500 m and 1,000 m water
depths (Ref. 72; Ref. 59). However, more recent studies (e.g. Ref. 65; Ref. 66)
suggest that Pygmy Blue Whales are likely to transit through deeper and further
offshore waters north of the North West Cape. Satellite tracking data showed
Pygmy Blue Whales on their northern migration travelled relatively near to the
Australian coast (100£1.7 km) in water depths of 1,369.5+47.4 m, until reaching
the North West Cape, after which they travelled further offshore (238+£14 km) into
progressively deeper water (2,617£143.5 m) (Ref. 66). Data from tagged Pygmy
Blue Whales also indicates that during their northern migration, the width of the
migration path increases north of Montebello Islands, from ~175 km to ~690 km at
its widest point (Ref. 201). Gavrilov et al. (Ref. 65) conducted a study using an
array of ocean bottom seismographs to detect Pygmy Blue Whales traversing the
area to the northwest of the North West Cape during their southern migration. This
study found that Pygmy Blue Whales migrated southward much further from the
WA coast compared to the northbound migration, at distances of up to 400 km
from shore (Ref. 65). Pygmy Blue Whales have demonstrated extensive use of
continental slope habitat off Western Australia and only limited use of shelf waters
(Ref. 201). This contrasts with southern Australia, where use of the shelf and shelf
break by Pygmy Blue Whales is more common.

McCauley and Jenner (Ref. 71) recorded 24-hour average counts of Pygmy Blue
Whales along the WA coast during their migrations periods and found that the
migratory habits are short and sharp pulses for the southbound Pygmy Blue
Whales and a more protracted pulse of northbound Pygmy Blue Whales. This
suggests that the southern migration Pygmy Blue Whales are swimming
purposefully through the area to reach their southern feeding grounds, thus
resulting in the data collected for Pygmy Blue Whales migrating through the area
is not confounded by lingering Pygmy Blue Whales but they are swimming
steadily past. A difference in travel speed was also reported by Thums et al

(Ref. 201), where median speed during northward migration was 2.4 km/h (<0.1-
15.4 km/h, n=22), and southward migration was 4.0-5.0 km/h (n=2).

A recent study incorporating data collected from both passive acoustic monitoring
and satellite telemetry data, was analysed and determined the ‘most important
areas’ for migration® along the WA coast as an almost continuous stretch from
southern WA to around the latitude of Rowley Shoals, and thereafter was more
dispersed (Ref. 201). The OA is situated ~6 km north of an area classified as part
of this most important area for migration; however, the southern section of the
Sound EMBA intersects with this most important area for migration (Figure 4-2).

Ferreira et. al (Ref. 302) compiled satellite tracking data for 38 Pygmy Blue
Whales and used movement models to distinguish between low and high move
persistence and correlated the data with environmental variables. Typically high
move persistence is indicative of migration, while low move persistence is

9 Grid cells with overlap between two metrics: largest percentage of whales and high move persistence, were
designated as the ‘most important areas’ for migration (Ref. 201).
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generally indicative of foraging or reproduction (Ref. 201). In alignment with other
studies, the continental slope off the north-west Australian coast was predicted to
be suitable habitat for migration (Ref. 302).

Predictions from modelling based on passive acoustic data indicate greatest
numbers of Pygmy Blue Whales during April and June/July (northern migration),
and November and December (southern migration) (Ref. 201). Monthly spatial
predictions indicated higher densities around the Montebello Island region during
May and June (northern migration) and November and December (southern
migration) (Ref. 201, Ref. 302). As the DS-1 exploration drilling activities are
planned to commence between 2024 and 2025, the activity could overlap with the
months of predicted higher densities of Pygmy Blue Whales.

Pygmy Blue Whales aggregate in the Austral summer to feed at known locations
on or adjacent to the continental shelf including the Perth Canyon, Great Southern
Australian Coastal Upwelling System, and the sub-tropical convergence zone
(Ref. 201). The areas around the Perth Canyon and Australian Coastal Upwelling
System correspond to ‘Foraging Areas’ and ‘Known Foraging Areas’ within the
Conservation Management Plan for the Blue Whale (Ref. 59). The Conservation
Management Plan for the Blue Whale (Ref. 59) also identifies ‘Possible Foraging
Areas’ "%, including two in WA, one off the Ningaloo coast, and another around
Scott Reef. These ‘Possible Foraging Areas’ have been characterised as foraging
BIAs and occur ~140 km southwest and ~960 km northeast of the OA
respectively.

Thums et al (Ref. 201) determined that Pygmy Blue Whale movement off north-
west WA was predominantly relatively fast, directed travel (high move
persistence) interspersed with relatively short (median 28 h) periods of low move
persistence (Ref. 201).

The satellite tracking data reviewed in the recent study by Ferreira et. al.,
indicates 17 out of 38 tracked whales (~45%) displayed foraging movement
behaviour in north-west WA (Ref. 302). Suitable foraging habitat was identified as
a large semi-continuous area from the southern extent (28°S) to the northeastern
edge of the modelled region (11.5°S) (Ref. 302). This area occurred almost
exclusively on slope (91%), with a small amount of suitable habitat in deep ocean
floor (7%) and on the shelf (2%) (Ref. 302). The OA and Sound EMBA are located
within the area identified as suitable for foraging.

Owen et. al. (Ref. 293) deployed a multi-sensor tag on a single Pygmy Blue
Whale, tracked its movement from the Perth Canyon region to Geraldton, and
examined its dive behaviour. The whale completed a total of 1,677 dives over the
duration the tag was attached (7.6 days). A total of 21 feeding dives were
identified, with a mean maximum depth of 129 + 183 m (range 13-505 m).
Feeding behaviour appears to be largely a function of prey availability (krill) and
their associated oceanographic drivers (i.e. surface currents, light attenuation,
upwellings and seabed features) (Ref. 294, Ref. 301).

Data collected from both passive acoustic monitoring and satellite telemetry data,
was analysed and determined the ‘most important areas’ for foraging'' along the

10 “Evidence of feeding is based on limited direct observations or through indirect evidence, such as occurrence
of krill in close proximity to whales, or satellite tagged whales showing circling tracks. Blue whales travel through
on a seasonal basis, possibly as part of their migratory route” (Ref. 59).

" Grid cells with overlap between three metrics: greatest time spent, largest percentage of whales, and lowest

move persistence, were designated as the ‘most important areas’ for foraging (and/or resting/breeding)
(Ref. 201).
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WA coast included the Perth Canyon and vicinity, the shelf edge off Geraldton,
and discontinuous use of the shelf edge from Ningaloo Reef to Rowley Shoals
(Ref. 201). Although foraging areas are described as static, they are likely to be
dynamic given their dependence on presence of prey (Ref. 201; Ref. 73). Studies
(Ref. 294, Ref. 301, Ref. 302) have identified that variability in chlorophyll-a and
oceanographic conditions (e.g. sea surface temperature, surface height anomaly)
had a moderate to strong influence on probability of occurrence of whales
suggesting suitable habitats and migratory occurrence may vary.

The OA and Sound EMBA intersect with an area classified as this most important
area for foraging (Figure 4-3).

Data from a tagged Pygmy Blue Whale off Exmouth (Ref. 295) suggests that
Pygmy Blue Whales within the waters off the North West Cape (i.e. within the
EMBA) demonstrate preferential surface foraging in response to the vertical
distribution of krill within these waters, primarily within the upper 100 m of the
water column. Thums et al. (Ref. 201) states that ten of the 24 Pygmy Blue
Whales that were encountered during the 2020 field trip were observed to be
surface feeding (implied by the visible baleen and pleats on the surface).

Biologically, surface feeding is an optimal behavioural response for Pygmy Blue
Whales, given the significantly reduced energetic costs associated with this
strategy over lunge feeding at depth, which requires a significant oxygen and
energetic demand (Ref. 293). Studies in several locations where Pygmy Blue
Whales are known to aggregate (New Zealand [Ref. 296]; California [Ref. 297],
South Australia [Ref. 298]; Canada [Ref. 299]; Chile [Ref. 300]) have
demonstrated evidence of surface or sub-surface (<100 m) foraging, determined
through visual observations of lunge feeding and/or analysis of tagged data. In
these instances, surface foraging was driven by the aggregation of krill at the
surface (or sub-surface). Torres et al. (Ref. 296) noted that surface foraging
adheres to the principles of the ‘optimal foraging theory’, which states that to
maximise fithess, an animal adopts a foraging strategy that provides the most
benefit (i.e. energy) for the lowest cost, thereby maximising the net energy gained.

The OA is located in water depths of ~940—1,020 m, and ~95 km from the
mainland coast. The defined migratory BIA for Pygmy Blue Whales overlaps with
the OA; however, it is expected based on satellite tracking and acoustic detection
studies that Pygmy Blue Whales are likely to travel further offshore and/or within
the continental slope, particularly on their southern migration (November to
December), but also during the northern migration (April to August). While
foraging BIAs have not been identified along the North West Shelf (NWS), recent
analysis indicates that there may be short interspersed periods of foraging
occurring along the shelf edge during migration (Ref. 201) primarily within the
upper 100 m of the water column. The OA and Sound EMBA intersect with areas
identified as important and suitable for foraging; however, the use of these areas
is expected to be associated with migration (and associated timing).
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Figure 4-2: Most important areas for migration along WA coast as determined by
Thums et al (Ref. 201)

)N\
60

Kilometres

120

Broome

onsidw

Carnarvon

Geraldton

Perth

Barrow
Island

Coastal Waters

Montebello
Islands

Chevron

«

Dampier.

f\, State/Commonwealth Waters Bdy
f;-_-} Operational Area
™ sound EMBA
6 Hydrocarbon Social EMBA
\,ﬁ Hydrocarbon Ecological EMBA
[] Permit (WA-392-P)
Pygmy Blue Whale
Important Area (Foraging)
//// Foraging BIA

Figure 4-3: Most important areas for foraging along WA coast as determined by
Thums et al (Ref. 201
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4.3.3.1.2 Humpback Whales

4.3.3.2

Humpback Whales (WA subpopulation) migrate annually between their feeding
grounds in Antarctic waters and their calving grounds in Kimberley waters

(Ref. 328). The exact timing of the migration period can vary from year-to-year,
however in general the species are sighted in southern Australian waters in May,
they then migrate northwards and southwards along the coast, with sightings rare
after November (Ref. 329; Ref. 309).

Northbound Humpback Whales tend to remain around the 200 m water depth
contour, while southbound Humpback Whales tend to travel closer to Barrow
Island and generally occur between 50 m and 200 m water depths (Ref. 328). The
migration (north and south) BIA corridor extends from the coast to out to ~100 km
offshore in the Kimberley and Pilbara regions; reducing to ~50 km offshore south
of North West Cape.

The Humpback Whale breeding and calving grounds in the southern Kimberley
region extend from Broome to the northern end of Camden Sound, particularly
between Lacepede Islands and Camden Sound (Ref. 328). Breeding and calving
occur in the region between mid-August and early-September (Ref. 328), followed
by the start of the southern migration. Exmouth Gulf and Shark Bay are both
important resting areas for migrating Humpback Whales, particularly for cow-calf
pairs on the southern migration (Ref. 328). The southerly migration, from around
the Lacepede Islands (north of Broome) extends parallel to the coast on
approximately the 20—30 m depth contour (Ref. 328, Ref. 330). Southbound
migration is more diffuse and irregular, lacking an obvious peak. An increase in
southerly migrating individuals may be observed between the North West Cape
and the Montebello Islands between August to early September (Ref. 328;

Ref. 331). The predicted peaks in Humpback Whale migration in the Montebello
Islands region are late-July (northern migration) and early-September (southern
migration) (Ref. 328). Females and calves are known to stop and rest in Exmouth
Gulf and Shark Bay (Ref. 328).

The OA and Sound EMBA occur in water depths >770 m and are ~28 km and
~15 km northeast of the BIA, respectively. Consequently, it is considered unlikely
that Humpback Whale migration will occur within these areas.

Reptiles

Based on searches of the online PMST (Ref.15; Appendix b), the threatened
and/or migratory reptile species shown in Table 4-6 may be present within the
EMBA. The full list of marine species identified from the PMST is provided in
Appendix b. Habitat critical to survival of marine turtle species, or BlAs associated
with regionally significant marine reptile species, are listed in Table 4-7 and

Table 4-8 respectively.

No threatened and/or migratory species with BIAs, or habitat critical to the survival
of a species, were identified within the OA or Sound EMBA. However, for
completeness, species with BIAs and/or habitat critical to survival of marine turtles
within the vicinity of the Sound EMBA have been described in the following
section. Further details on other threatened and/or migratory species are included
in Appendix e.

The Salt-water Crocodile was identified within the PMST as potentially being
present within the OA or Sound EMBA, however this species is not considered
likely to be present. The Salt-water Crocodile inhabits Australian coastal waters,
estuaries, lakes, inland swamps, and marshes (Ref. 346; Appendix e). The OA
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and Sound EMBA occurs offshore and is ~100 km west-northwest of Barrow
Island. There are no islands or other emergent features within or adjacent to the
OA or Sound EMBA.

Table 4-6: Presence of threatened and/or migratory reptiles

©
AT
& §3a
Common name = o
5 525
o >0 0
(77} THe
Crocodiles
Salt-water Crocodile (Migratory) | v | v | v
Turtles
Flatback Turtle (Vulnerable, migratory) v v v
Green Turtle (Vulnerable, migratory) v v v
Hawksbill Turtle (Vulnerable, migratory) v v v
Leatherback Turtle (Endangered, migratory) v v 4
Loggerhead Turtle (Endangered, migratory) v v v
Seasnakes
Leaf-scaled Seasnake (Critically Endangered) v
Short-nosed Seasnake (Critically Endangered) v

Table 4-7: Habitat critical to the survival of marine turtles

°
c
Nesting location Internesting | Seasonal < 1T} § _g L
9 buffer presence = =
5 52°%
<} >0 0
n THo
Flatback Barrow Island, 60 km October to 4
Turtle 12 Montebello Islands, March

coastal islands from
Cape Preston to Locker

Island
Green Turtle | Barrow Island, 20 km November 4
Montebello Islands, to March

Serrurier Island, and
Thevenard Island

Exmouth Gulf and 20 km November v
Ningaloo Coast to March
Hawksbill Cape Preston to mouth of | 20 km October to v
Turtle Exmouth Gulf including February

12 Although the PMST report (Appendix b) indicates the Internesting buffer BIA and habitat critical to the survival
for Flatback Turtles overlaps with the Sound EMBA, the PMST webserver (figure attached in Appendix b), the
DCCEEW AMSIS Map View, and the dataset from the DCCEEW website do not show any overlap. The Sound
EMBA is ~21 km west of the BIA and habitat critical to the survival for Flatback Turtles.
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4.3.3.21

Common Internesting = Seasonal <
(@)

Nesting location

name buffer presence

Sound EMBA
Hydrocarbon
Ecological and
Social EMBA

Montebello Islands and
Lowendal Islands

Loggerhead | Exmouth Gulf and 20 km November v
Turtle Ningaloo Coast to May

Table 4-8: Prescence of BIAs for marine reptiles

<
o
= &3 §%
= 2w 2=
elien BIA behaviour Seasonal presence "-'; 3 S gu
name c 25| 2=
3 328 338
n T3 | T»
w
Flatback | buft Early summer v
Turtle? nternesting buffer
Summer v v
Nesting Summer v
Green Turtle | Internesting buffer | Summer v v
Nesting Summer v
Hawksbill Internesting buffer | (not defined in database) v v
Turtle . ) .
Nesting (not defined in database) v
Loggerhead | Internesting buffer | (not defined in database) v 4
Turtle
Nesting (not defined in database) v v

ASource: Ref. 64

Flatback Turtles

The Montebello Islands and Barrow Island support Flatback Turtle nesting,
occurring from October to March, with a peak in November to January (Ref. 347).
The Montebello Islands and Barrow Island are identified as nesting habitat critical
to the survival of the Pilbara stock, as is the 60 km internesting buffer around the
Montebello Islands (Ref. 159).

Typically, Flatback Turtle nesting on Barrow Island occurs between October and
March, with peak nesting activity occurring between November and January. On
Barrow Island, nesting activity is concentrated on the central east coast on sandy,
low-sloped, low-energy beaches with wide, shallow intertidal zones (Ref. 332;
Ref. 333). Limited nesting activity has also been recorded on the south-west,
north, and north-east beaches of Barrow Island (Ref. 334).

During internesting, turtles remain close to the nesting beach or rookery

(Ref. 159). The 60 km internesting buffer defined within the Recovery Plan for
Marine Turtles in Australia (Ref. 159) is based primarily on the movements of
tagged internesting Flatback Turtles in WA (Ref. 109). The study tracked

56 turtles from four different rookeries, which demonstrated varying internesting
movements, with distances ranging from 3-62 km, with some turtles at all four
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4.3.3.3

rookeries remaining within 10 km of their nesting beaches. However, tracking data
showed these movements were largely longshore movements in nearshore
coastal waters or travel between island rookeries and the adjacent mainland,
which represent the greater distances (Ref. 109). There is little evidence to
suggest that Flatback Turtles move to deep offshore waters during internesting
periods.

A habitat suitability modelling study for internesting Flatback Turtles in the NWS
region of WA (Ref. 335) was conducted to identify areas of suitable Flatback
Turtle internesting habitat and determine overlap with identified industrial hazards.
The study used a turtle tracking dataset of 47 nesting female turtles from five
important rookeries in the NWS study area, including Barrow Island, located

~55 km from the OA. The results showed internesting Flatback Turtles from all
rookeries remained within water depths of <44 m, with a mean depth of <10 m
(Ref. 335). Results also showed internesting turtles from all rookeries remained
within <28 km of the nearest coast, with a mean distance from the coast of

<6.1 km. The habitat suitability modelling study defined suitable Flatback Turtle
internesting habitat as water depths of 0—16 m within 5—10 km of the coast.
Unsuitable Flatback Turtle internesting habitat was defined as waters >25 m deep
and >27 km from the coast (Ref. 335). The OA and Sound EMBA are located in
waters classified as unsuitable for internesting Flatback Turtles.

Another recent study involving satellite tracking data for 11 Flatback Turtles
following nesting on the Lacepede Islands (Ref. 336) found that Flatback Turtles
remained at an average distance of 15.75+£12.25 km from the nesting beach in
water depths of <20 m.

Other previous studies (e.g. Ref. 337; Ref. 338; Ref. 339) have also presented
findings that internesting behaviour was only observed in water depths of <40 m.
One of these studies (Ref. 339) further indicates that internesting Flatback Turtles
have relatively shallow dives, with 85% of the time during spent in <20 m water
depth, of which most was spent in 5-10 m (27+£2.7%) and 10-15 m (22.3+3.5%)
water depths.

The OA and Sound EMBA are located in water depths >770 m, are ~80 km from
Barrow Island, and are ~34 km and ~21 km west of the BIA and habitat critical to
the survival for Flatback Turtles. In addition, the OA and Sound EMBA are in
deeper waters and are further offshore than the areas in which internesting
behaviours have been observed in studies (Ref. 109; Ref. 335; Ref. 336; Ref. 337;
Ref. 338; Ref. 339). Therefore, it is considered highly unlikely that internesting
behaviour will occur within the OA or Sound EMBA.

Fishes including sharks and rays

Based on searches of the online PMST (Ref. 15; Appendix b), the threatened
and/or migratory fish species shown in Table 4-9 may be present within the
EMBA. The full list of marine species identified from the PMST is provided in
Appendix b. BlAs associated with regionally significant fish species are listed in
Table 4-10.

No threatened and/or migratory species with BIAs were identified within the OA or
Sound EMBA. However, for completeness, species with BIAs within the vicinity of
the Sound EMBA have been described in the following section. Further details on
other threatened and/or migratory species are included in Appendix e.
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Table 4-9: Presence of threatened and/or migratory fishes, including sharks and

rays
<
5 §2 &8
= &% &
Common name T § _% § 3
2 28 33
n == ] Tw
w
Sharks
Dwarf Sawfish (Vulnerable, migratory) v v
Freshwater Sawfish (Vulnerable, migratory) v v v
Green Sawfish (Vulnerable, migratory) v v 4
Grey Nurse Shark (Migratory) v v v
Grey Nurse Shark (west coast population) (Vulnerable) v v v
Longfin Mako (Migratory) v v v v
Narrow Sawfish (Migratory) 4 v v v
Oceanic Whitetip Shark (Migratory) v v v v
Scalloped Hammerhead (Conservation dependent) 4 v v v
Shortfin Mako (Migratory) v v v v
Whale Shark (Vulnerable, migratory) v v v
White Shark (Vulnerable, migratory) v v v 4
Rays
Giant Manta Ray (Migratory) v v v v
Reef Manta Ray (Migratory) v

Table 4-10: Prescence of BlAs for fishes, including sharks and rays

S | 558
= = ,—t =
Common BIA w S ouw
. Seasonal presence - Q.= _
name behaviour e (=
3 2%
o >0 0
(7] T9®
Whale Foraging Spring v
Shark 13

ASource: Ref. 64

4.3.3.3.1 Whale Shark

The BIA is associated with foraging behaviours during northward migration from
Ningaloo Reef / North West Cape along the 200 m isobath during July to
November (Ref. 161).

13 Although the PMST report (Appendix b) indicates the Foraging BIA for Whale Sharks overlaps with the Sound
EMBA, the PMST webserver (figure attached in Appendix b), the DCCEEW AMSIS Map View, and the dataset
from the DCCEEW website do not show any overlap. The Sound EMBA is ~23 km west of the BIA.
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Whale Sharks have a global distribution in tropical and warm temperate waters,
including within Australian waters (mainly Northern Territory, Queensland and
northern WA) (Ref. 340; Ref. 161). Within Australia, Whale Sharks form seasonal
aggregations at Ningaloo Reef (March to July), Christmas Island (December to
January), and in the Coral Sea (November to December) (Ref. 161). Ningaloo
Reef is considered the main known seasonal aggregation area (Ref. 341). Whale
Sharks aggregate off Ningaloo Reef between March and July each year to feed
(Ref. 340; Ref. 342). Their presence off Ningaloo Reef has been linked to coral
mass spawning timing (Ref. 340). The Whale Shark is a suction filter feeder, with
a diet consisting of planktonic and nektonic prey, and feeds at or close to the
water’s surface by swimming forward with mouth agape, sucking in prey

(Ref. 340). While the species is generally encountered close to or at the surface, it
will regularly dive and move through the water column. Following the aggregation
period around Ningaloo Reef, their movements are largely unknown, although
three migration routes from Ningaloo reef have been identified through various
surveys (Ref. 343):

e north-west, into the Indian Ocean
e directly north, towards Sumatra and Java

e north-west, passing through the NWS region, travelling along the shelf break
and continental slope.

No presence of Whale Sharks were identified within the OA (Table 4-9).
Furthermore, the OA and Sound EMBA occur in water depths >770 m and are
~36 km ~23 km west of the BIA, respectively. Consequently, it is considered
highly unlikely that Whale Shark foraging will occur within these areas.

Seabirds and shorebirds

Based on searches of the online PMST (Ref. 15; Appendix b), the threatened
and/or migratory seabird and shorebird species shown in Table 4-11 may be
present within the EMBA. The full list of marine species identified from the PMST
is provided in Appendix b. BIAs associated with regionally significant seabird and
shorebird species are listed in Table 4-12.

For the threatened and/or migratory species with BIAs within the OA (i.e. EMBA
associated with planned activities), additional information has been provided in the
following subsections. No other species with BIAs within the vicinity of the OA or
Sound EMBA have been identified. Further details on other threatened and/or
migratory species are included in Appendix e.

Table 4-11: Presence of threatened and/or migratory seabirds and shorebirds

Common name

Hydrocarbon
Social EMBA

Hydrocarbon
Ecological EMBA

Australian Fairy Tern (Vulnerable) v v

Australian Painted Snipe (Endangered)

Barn Swallow (Migratory) v

SN X X

Bar-tailed Godwit (Migratory)
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Common name

Campbell Albatross (Vulnerable, migratory)

5
c
o=
£u
M
(&)
o2
T O
0
IU
11]

AN

Hydrocarbon
Social EMBA

Christmas Island White-tailed Tropicbird (Endangered)

\

Common Greenshank (Endangered, Migratory)

Common Noddy (Migratory)

Common Sandpiper (Migratory)

Curlew Sandpiper (Critically endangered, migratory)

Eastern Curlew (Critically endangered, migratory)

NI

Flesh-footed Shearwater (Migratory)

NN NN

Fork-tailed Swift (Migratory)

Great Frigatebird (Migratory)

\

Greater Sand Plover (Vulnerable, Migratory)

Grey Wagtail (Migratory)

Indian Yellow-nosed Albatross (Vulnerable, migratory)

Lesser Frigatebird (Migratory)

Little Tern (Migratory)

NIENIENRN

Northern Siberian Bar-tailed Godwit (Endangered)

Oriental Plover (Migratory)

Oriental Pratincole (Migratory)

Osprey (Migratory)

Pectoral Sandpiper (Migratory)

Red Knot (Vulnerable, migratory)

Red-tailed Tropicbird (Indian Ocean) (Endangered)

N IRNIENIIEN

Roseate Tern (Migratory)

Sharp-tailed Sandpiper (Vulnerable, Migratory)

Soft-plumaged Petrel (Vulnerable)

Southern Giant-Petrel (Endangered, migratory)

Streaked Shearwater (Migratory)

Wedge-tailed Shearwater (Migratory)

White-tailed Tropicbird (Migratory)

Yellow Wagtail (Migratory)

NN NN NN

NN N N N N N N N RN N N RN N N N N N N RN N N N RN RN RN RN RN RN
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4.3.3.41

Table 4-12: Prescence of BlAs for Seabirds and Shorebirds

3
= 6
Suw 2s
Common BIA ] « W
. Seasonal Presence 0 o o _
name Behaviour 2= O ®
B 0 ° 0
>—= >0
T 9 v
L
Roseate Tern Breeding Mid-March to July. v
Wedge-tailed Breeding Mid-August to April (Pilbara) or v v
Shearwater mid-May (Shark Bay)

ASource: Ref. 64

Wedge-tailed shearwater

Behaviours used to define BlAs for seabirds in Commonwealth marine areas
include breeding with a foraging buffer, and roosting (Ref. 220). The BIAs for this
species are buffers around islands that this species is known to nest on

(Figure 4-4). Bird species may forage in the waters surrounding the islands during
nesting seasons. The Wedge-tailed Shearwater ‘foraging in high numbers BIA'’ is
much further south (>590 km from the OA), near Carnarvon.

Wedge-tailed Shearwaters are a pelagic, migratory visitor to WA; estimates
indicate more than one million shearwaters migrate to the Pilbara islands each
year (Ref. 74); out of an estimated global population of five million (Ref. 75). The
Wedge-tailed Shearwaters typically begin arriving at their WA colonies around
August each year and will excavate burrows on vegetated islands for nesting;
peak egg laying typically occurs during November; and they will typically leave
nests in early-April to early-May and travel north to the Indian Ocean (Ref. 76;
Ref. 77). Migration from the colony is very synchronous, but the return is less so
(Ref. 77).The departure (early-April to early-May) and arrival (around August) of
Wedge-tailed Shearwaters to WA may overlap with the timing of the DS-1
exploration drilling (which is planned to commence between 2024 and 2025).
Once adults cease returning to feed their young, the young (fledgling) Wedge-
tailed Shearwaters fledge and depart nests (Ref. 228; Ref. 229).

Known breeding locations in the NWMR include Forestier Island (Sable Island),
Bedout Island, Dampier Archipelago, Passage Island, Lowendal Island, islands off
Barrow Island (Mushroom, Double and Boodie islands), islands in the Onslow
area (including Airlie, Bessieres, Serrurier, North and South Muiron and Locker
islands), islands in Freycinet Estuary, and south Shark Bay (Slope, Friday,
Lefebre, Charlie, Freycinet, Double and Baudin islands) (Ref. 75).

One of the closest colonies to the OA is Double Island (east of Barrow Island).
Baseline monitoring (pre-construction of the Gorgon Gas Development) recorded
~20-50 Wedge-tailed Shearwater nesting burrows on North Double Island and
~300 on South Double Island (Ref. 78; Ref. 79). CAPL (Ref. 80; Ref. 79) provided
an estimate of 500 burrows over a 2 ha portion of the north-eastern corner of
South Double Island, supporting 5,000—10,000 pairs of Wedge-tailed
Shearwaters.

This species forages relatively close to breeding islands and its diet consists of
squid, fish, and crustaceans (Ref. 75). However, more recent studies have
indicated bimodal foraging. A study on foraging behaviour of the Wedge-tailed
Shearwaters during the 2018 nesting season on the Muiron Islands showed a
bimodal foraging strategy that incorporated both short (<4 days) and long (>7 day)
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trips (Ref. 77). The foraging trips of the Wedge-tailed Shearwaters from the
Muiron Islands were recorded over a large area, extending from the Cape Range
Canyon to the Indonesian Archipelago; and a consistent pattern of foraging near
seamounts was observed (Ref. 77). It is noted that this same area is part of the
foraging extent used by the Wedge-tailed Shearwaters from both Pelsaert and
Houtman Abrolhos islands (Ref. 81; Ref. 77). The use of a bimodal foraging
strategy suggests that prey availability close to the colony (i.e. areas that would be
utilised on short trips) are inadequate for the large numbers of breeding
shearwaters (Ref. 77).
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Figure 4-4: Biologically important areas for Wedge-tailed Shearwater

Summary of marine fauna seasonal sensitivities

Periods of the year coinciding with key biologically important behaviours for EPBC
Act listed threatened and/or migratory species that may potentially be present
within the OA are presented in Table 4-13.

Table 4-13: Seasonal presence of marine fauna with biologically important
behaviours within the vicinity of the OA

Activity / Species

Petroleum activity

Exploration drilling activity’

Marine fauna with biologically important behaviour

Pygmy Blue Whale northern
migration?®
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Activity / Species

October
November

Pygmy Blue Whale southern

migration?

Wedge-tailed Shearwater

migration3

Wedge-tailed Shearwater breeding* ‘ ‘ |

.‘ Indicative activity timing

‘ ‘ Species may be present and display biologically important behaviour in the region

!‘ Predicted peak period

1. As described in Section 3.1.3 the exploration drilling activity is planned to commence between
2024 and 2025; however, the activity is estimated to only take ~50 days to complete.

2. Pygmy Blue Whales migrate north along the WA coast between February and August (Ref. 67;
Ref. 71), with predicted highest densities in the Montebello Island region during May and June
(Ref. 201). Pygmy Blue Whales migrate south between November and January (Ref. 67;

Ref. 71), with predicted highest densities in the Montebello Island region during November and
December (Ref. 201).

3. Wedge-tailed Shearwaters typically begin arriving at their WA colonies around August; and then
leave nests in early-April to early-May (Ref. 76; Ref. 77). Once adults cease returning to feed
their young, the young (fledging) Wedge-tailed Shearwaters fledge and depart nests (Ref. 228;
Ref. 229).

4. Wedge-tailed Shearwaters breed in the Pilbara region from November to April (Ref. 230); peak
eggq laying typically occurs during November (Ref. 76; Ref. 77).

434 Marine environmental quality

The term ‘environmental quality’ refers to the level of contaminants, or changes to
the physical or chemical properties relative to a natural state (Ref. 82).

4.3.41 Water quality

Marine water quality within the EMBA is expected to be representative of high-
water quality found in offshore waters.

The NWS is characterised by a relatively clear water column; however, these
waters sometimes have naturally higher levels of turbidity as a result of local
current, tidal or wave-induced resuspension of fine sediments and seasonal fluvial
inputs (Ref. 83, Ref. 221). In the waters off the east coast of Barrow Island '4,
turbidity and concentrations of suspended sediments were generally low

(<56 mg/L) and indicative of clear water environments (Ref. 221).

The nearshore waters on the east coast of Barrow Island are generally
oligotrophic, with temporal fluctuations in nutrients (Ref. 221; Ref. 222). Nutrient
concentrations were generally below the Australian and New Zealand guidelines
for fresh and marine water quality (ANZG) default trigger values (nutrient
enrichment) for tropical Australia, with occasional fluctuations of ammonia,
nitrite+nitrate, and orthophosphate well above guideline values (Ref. 221;

Ref. 222). Pre-construction water quality sampling off the east coast of Barrow
Island showed that concentrations of metals were typically consistently below the

4 Note: The proposed DS-1 exploration well is ~100 km west-northwest of Barrow Island (Section 2.2).
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ANZG guideline trigger values for 99% species protection (Ref. 221). However,
natural oil seeps are known to occur on the NWS (Ref. 83).

It is expected that these low levels of contamination would throughout the EMBA
(unless within the immediate vicinity of an offshore point source).

4.3.4.2 Sediments quality

Marine sediment quality within the EMBA is expected to be representative of high-
sediment quality typically found in offshore waters away from anthropogenic
sources of contamination.

Sediment quality sampling during 2014 and 2015 off the east coast of Barrow
Island'* showed that except for nickel in one reference site sample, total metal
concentrations of all sediment samples were below respective laboratory limit of
reporting (LoR) and/or Interim Sediment Quality Guideline (ISQG)-Low trigger
values (Ref. 221). Sediment tributyltin concentrations were all below the
laboratory LoR and the ISQG-Low trigger value, except for one sample in each of
the 2014 and 2015 surveys (Ref. 221). Total petroleum hydrocarbons and Total
polycylic aromatic hydrocarbon (PAH) concentrations were all below the LoR in
2014 and at very low concentrations in 2015 samples (with a much lower LoR).
Once normalised for (very low) organic carbon content, six samples from 2015
were above ISQG-Low concentrations for benzo(a)pyrene, but well below the
ISQG-High concentrations (Ref. 221).

It is expected that these low levels of contamination would continue throughout
the EMBA (unless within the immediate vicinity of an offshore point source).

4.3.4.3 Air quality

Air quality within the EMBA is expected to be representative of typically high air
quality found in offshore areas, away from anthropogenic sources of
contamination.

As part of the Ambient Air Quality Monitoring Program on Barrow Island, there
were no recorded exceedances for nitrogen dioxide (NO;), ozone (O3), sulfur
dioxide (SO2), carbon monoxide (CO), hydrogen sulfide (H2S), or aromatic
hydrocarbons (benzene, toluene, ethylbenzene and xylene) against the relevant
National Environmental Protection Measure (NEPM) standards (Ref. 223). There
have been elevations of PM+o levels around facilities on Barrow Island, however
these are likely associated with vehicle traffic and regional weather events

(Ref. 223).

It is expected that these low levels of contamination would continue throughout
the EMBA (unless within the immediate vicinity of an offshore point source).

4.3.5 People and communities

People and communities, and specifically their social, economic, and cultural
features, are included in the definition of environment within the OPGGS(E)R.
People and communities have been identified and described to the extent that
they are directly affected, or are affected by the existing physical and biological
environments.

The NWMR supports a range of economic, so