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Acronyms and Abbreviations

Name Description

$ Dollars (Australian dollars unless specified otherwise)

% Per cent

° Degrees

°C Degrees Celsius

‘ Minutes

“ Seconds

AGDD Australian government department of defence

AFZ Australian Fishing Zone

AHO Australian Hydrographic Office

ALARP As low as reasonably practicable

AMMC Australian Marine Mammal Centre

AMOSC Australian Marine Oil Spill Centre

AMP Australian Marine Park

AMSA Australian Marine Safety Authority

API American Petroleum Institute gravity (A measure of how heavy or light a petroleum liquid in
comparison to water)

ASBTIA Australian Southern Bluefin Tuna Industry Association

BIA Biologically important area

BoM Bureau of Meteorology

BWMC Ballast Water Management Certificate

BWMP Ballast Water Management Plan

CCWA Conservation council of Western Australia

CFA Commonwealth Fisheries Association

COLREGS International Regulations for Preventing Collisions at Sea 1972

cP Centipoise (unit of viscosity)

CSIRO Commonwealth Scientific and Industrial Research Organisation

DAWE Department of Agriculture, Water and the Environment (formerly Department of Agriculture and Water
Resources)

DAWR Department of Agriculture and Water Resources (superseded by Department of Agriculture, Water
and the Environment)

dB Decibel

DEC Department of Environment and Conservation

DEH Department of Environment and Heritage

DoEE Department of the Environment and Energy (superseded by Department of Agriculture, Water and the
Environment)

DoF Department of Fisheries

DoT Department of Transport

DPIRD Department of Primary Industries and Regional Development

DPLH Department of Planning, Lands and Heritage

DSEWPaC Department of Sustainability, Environment, Water, Population and Communities
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Name Description
E East
EEZ Exclusive Economic Zone
EMBA Environment that may be affected
ENVID Environmental hazard identification
EP Environment Plan
EPBC Environment Protection and Biodiversity Conservation
EPO Environmental performance outcome
EPS Environmental performance standard
ERM Environmental Resources Management
ESD Ecologically sustainable development
FRMA Fish Resources Management Act 1994
GHG Greenhouse gas
g/m? Grams per square meter (unit of surface or area density)
GMEM Gippsland Marine Environmental Monitoring
HF High frequency
hrs Hours
Hz Hertz
IAGC International Association of Geophysical Contractors
IMCRA Integrated Marine and Coastal Regionalisation of Australia
IMO International Maritime Organisation
IMS Invasive marine species
I0GP International Association of Oil and Gas Producers
ISPP International Sewage Pollution Prevention
IUCN International Union for the Conservation of Nature
JASCO JASCO Applied Sciences
KEF Key Ecological Feature
KLC Kimberley Land Council
km Kilometre
km? Square kilometres
LF Low frequency
m Metre
m? Metres squared
m?3 Metres cubed
M Million
m/s Metres per second
MAMF Marine Aquarium Managed Fishery
MARPOL International Convention for the Prevention of Pollution from Ships, 1973 as modified by the Protocol
of 1978
MDO Marine diesel oil
MEPC Marine Environment Protection Committee
MF Medium frequency
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Name Description
MFO Marine fauna observer
MGO Marine gas oil
MMF Mackerel Managed Fishery
MOD Maximum-over-depth
MPA Marine Protected Area
MSS Marine Seismic Survey
MUZ Multiple Use Zone
N North
NBPMF Nickol Bay Prawn Managed Fishery
NDSMF Northern Demersal Scalefish Managed Fishery
nm Nautical mile
NMSC National Marine Safety Committee
NNTT National Native Title Tribunal
NOAA National Oceanic and Atmospheric Administration
NOPSEMA National Offshore Petroleum Safety and Environmental Management Authority
NWMR North-west Marine Region
NWS North West Shelf
NWSTF North West Slope Trawl Fishery
OBN Ocean bottom nodes
olw Oil in Water
OPGGS Offshore Petroleum and Greenhouse Gas Storage Act 2006
OPGGS(E) Offshore Petroleum and Greenhouse Gas Storage (Environment) Regulations 2009
Regulations
PFTIMF Pilbara Fish Trawl! Interim Managed Fishery
PK Peak pressure levels
PLF Pilbara Line Fishery
pm Picometre
PMI Potential mortality injury
PMST Protected Matters Search Tool
POLREP Oil Pollution Report
PPA Pearl Producers Association
ppb Parts per billion
PSU Practical salinity unit
PTMF Pilbara Trap Managed Fishery
PTS Permanent threshold shift
RPS RPS Group
RwWDC Restricted work day case
S South
SBTF Southern Bluefin Tuna Fishery
SEL Sound exposure levels
SITREP Situation Report
cgg.com Page 14/ 287

Rev 0



Sauropod 3D MSS

Name Description
SOLAS International Convention for the Safety of Life at Sea
SOPEP Shipboard Oil Pollution Emergency Plan
SSMF Specimen Shell Managed Fishery
TSSC Threatened Species Scientific Committee
TSS Temporary threshold shift
uo/l Micrograms per litre
UNESCO United Nations Educational, Scientific and Cultural Organization
pPa Micropascals
UTM Universal Transverse Mercator
UXO Unexploded ordinance
VOC Volatile organic compounds
W West
WA Western Australia
WAFIC Western Australian Fishing Industry Council
WAM Western Australian Museum
WASF Western Australian North Coast Shark Fishery
WDCS Whale and Dolphin Conservation Society
WSTF Western Skipjack and Tuna Fishery
WTBF Western Tuna Billfish Fishery
WWF World Wildlife Fund for Nature
CGG CGG Services (Australia) Pty Ltd
3D Three dimensional
cgg.com Page 15/ 287
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EP Summary

This EP summary has been prepared from material provided in this EP. The summary consists of the following as required

by regulation 11(4):

EP Summary material requirement

Relevant section of EP containing EP Summary
material

The location of the activity

A description of the receiving environment

A description of the activity

Details of the environmental impacts and risks

The control measures for the activity

The arrangements for ongoing monitoring of the
titleholders environmental performance

Response arrangements in the oil pollution emergency
plan

Consultation already undertaken and plans for ongoing
consultation

Details of the titleholders nominated liaison person for the
activity

Section 3.1
Section 4
Section 3.3
Sections 7 and 8
Sections 7 and 8
Section 9

Appendix G
Section 5 and Appendix C

Section 1.2.1
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1 Introduction

1.1 Scope of this Environment Plan

CGG Services (Australia) Pty Ltd (CGG) is proposing to undertake the Sauropod 3D marine seismic survey (hereafter
referred to as the Sauropod 3D MSS) in exploration permit area WA-527-P, which is located on the North West Shelf in the
Roebuck Basin. An Environment Plan (EP) was previously accepted by NOPSEMA for this activity on 13 July 2020. It was
developed and submitted by 3D Oil Limited (3D Oil). CGG is now planning to conduct and manage the survey in WA-527-P
under a revised and updated EP. The purpose of the Sauropod 3D MSS is to collect three-dimensional (3D) geophysical
data about the underlying rock types to inform oil and gas exploration.

This EP has been prepared in accordance with the requirements of the Offshore Petroleum and Greenhouse Gas Storage
Act 2006 (OPGGS Act) and associated Offshore Petroleum and Greenhouse Gas Storage (Environment) Regulations 2009
(OPGGS (E) Regulations). It has also been prepared with reference to the Environment Plan Content Requirements
Guidance Note (2020) produced by the National Offshore Petroleum Safety and Environmental Management Authority
(NOPSEMA).

1.2 Proponent

CGG is a fully integrated geoscience company providing leading geological, geophysical and reservoir capabilities to its
broad base of customers, primarily from the global oil and gas industry. CGG offers a range of products to assist oil
companies to find oil and gas reserves offshore worldwide, including seismic and electromagnetic services, data acquisition,
processing, reservoir analysis/interpretation and multi-client library data. CGG was founded in 1931 and has a workforce of
over 6,000 staff in 70 locations worldwide.

CGG has extensive experience of conducting seismic surveys internationally and in Australia. The company has a well-
developed and systematic approach to environmental management, including an Environment Policy (Appendix A:) that is
applied successfully to operations around the world. CGG is a specialised seismic operator with a proven record of
environmentally responsible operations in Australian waters.

1.2.1 Titleholder and Nominated Liaison Person

Permit titleholder and titleholder nominated liaison person details for WA-527-P are provided in Table 1-1. If there is a
change in the titleholder, the titleholder’'s nominated liaison person or a change in the contact details for the titleholder or
liaison person, CGG will notify NOPSEMA and provide the updated details (as described in Section 9 of this EP).

Table 1-1 — Details of WA-527-P Titleholder and Nominated Liaison Person

Titleholder Details Liaison Person Details
CGG Services (Australia) Pty Ltd Paul Rheinberg
Level 1, 1 Ord Street, West Perth WA 6005 Business Development Manager
T: +61 8 9214 6200 E: Paul.Rheinberg@CGG.com
ACN: 081 777 755 T: +61 8 9214 6200
cgg.com Page 17/ 287
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2 Environmental Requirements

The OPGGS Act provides the regulatory framework for all offshore petroleum exploration, production and greenhouse gas
(GHG) activities in Commonwealth waters. The related OPGGS (E) Regulations require titieholders to undertake their
petroleum activity in accordance with an EP accepted by NOPSEMA. This EP has been prepared to meet the requirements
of the OPGGS (E) Regulations. This section provides information on the requirements that apply to the activity.
Requirements include relevant laws, codes, standards, agreements, treaties, conventions or practices (in whole or part) that
apply to the jurisdiction in which the activity will take place.

The Sauropod 3D MSS will take place within Commonwealth waters. Relevant requirements associated with the
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act), related policies, guidelines, plans of
management, recovery plans, threat abatement plans, and other relevant advice issued by the Department of Agriculture,
Water and the Environment (DAWE) (formerly Department of the Environment and Energy) are detailed in Section 4 in the
applicable subsections, as part of the description of the existing environment.

Table 2-1 provides a summary of requirements that apply to the activity and are relevant to the activity’s environmental
management, while Table 2-2 summarises the international conventions and agreements of which Australia is a signatory
that are relevant to the Sauropod 3D MSS.
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Requirements

Table 2-1 - Summary of Requirements Relevant to the Activity

Scope (as Relevant to this EP)

Application to Sauropod 3D MSS

Administering Authority

Australian Maritime Safety Authority Act 1990

Biosecurity Act 2015
Biosecurity Regulations 2016

Biosecurity Act 2015

Environment Protection and Biodiversity Conservation
Act 1999 (EPBC Act)

Environment Protection and Biodiversity Conservation
Regulations 2000

EPBC Act Policy Statement 2.1 Interaction between
offshore seismic exploration and whales

Facilitates international cooperation and mutual assistance in preparing and
responding to major oil spill incidents and encourages countries to develop and
maintain an adequate capability to deal with oil pollution emergencies.

The objects of this Act are: (a) to provide for managing the following:

(i) biosecurity risks

(ii) the risk of contagion of a listed human disease

(iii) the risk of listed human diseases entering Australian territory or a part of

Australian territory, or emerging, establishing themselves or spreading in Australian
territory or a part of Australian territory

(iv) risks related to ballast water
(v) biosecurity emergencies and human biosecurity emergencies

(b) to give effect to Australia's international rights and obligations, including under the
International Health Regulations, the SPS Agreement and the Biodiversity
Convention.

Australian Ballast Water Management Requirements (DAWR 2017)

The EPBC Act aims to protect the environment, particularly matters of national
environmental significance for which Australia has made international agreements.
The EPBC Act streamlines national environmental assessment and approval
processes and promotes ecologically sustainable development and conservation of
biodiversity. It also provides for a cooperative approach to the management of natural,
cultural, social and economic aspects of ecosystems, communities and resources.

Section 3A of the Act defines the principles of ecological sustainable development.
The following principles are principles of ecologically sustainable development:

(a) decision-making processes should effectively integrate both long-term and short-
term economic, environmental, social and equitable considerations

(b) if there are threats of serious or irreversible environmental damage, lack of full
scientific certainty should not be used as a reason for postponing measures to prevent
environmental degradation

(c) the principle of inter-generational equity--that the present generation should ensure
that the health, diversity and productivity of the environment is maintained or
enhanced for the benefit of future generations

(d) the conservation of biological diversity and ecological integrity should be a
fundamental consideration in decision-making

(e) improved valuation, pricing and incentive mechanisms should be promoted.

Provides additional regulations regarding Matters of National Environmental
Significance.

The aim of this Policy Statement is to:

. provide practical standards to minimise the risk of acoustic injury to whales in
the vicinity of seismic survey operations
° provide a framework that minimises the risk of biological consequences from

acoustic disturbance from seismic survey sources to whales in biologically important
habitat areas or during critical behaviours

Under this Act, any hydrocarbon spill to the marine environment, resulting from the survey
must be reported.

In Commonwealth waters the Australian Maritime Safety Authority (AMSA) is the Statutory
Agency for vessels and must be notified of all incidents involving a vessel.

Hydrocarbon spill risks are detailed in Section 8

The Biosecurity Act and regulations apply to ‘Australian territory’ which is the airspace over and

the coastal seas out to 12 nm from the coastline. Biosecurity risks associated with the survey
are detailed in Section 8.8.

Provides guidance on how vessel operators should manage ballast water when operating
within Australian seas in order to comply with the Biosecurity Act.

Section 8.8 details these requirements.

Petroleum activities are excluded from within the boundaries of a World Heritage Area (Sub
regulation 10A(f)).

Petroleum activities must be carried out in a manner consistent with the principles of ecological
sustainable development set out in Section 3A of the EPBC Act.

Determination of impact and risk Acceptability details that residual risks are ALARP, and the
principles of ecologically sustainable development have been met (Section 6).

Assessment of impacts and risks to Matters of National Environmental Significance (MNES)
from the survey are described in Section 7 and 8.

Part 8 of the Regulations details requirements for operating vessels and aircraft in relation to
cetaceans. Section 7.3 details these requirements.

The policy statement provides guidance on undertaking seismic activities in Australian waters
to limit potential impacts to whales. Section 7.1 and 7.2 details how the policy statement has
been applied to this survey.

AMSA

Department of Agriculture,
Water and the
Environment

(DAWE)

DAWE

DAWE

DAWE

DAWE
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Requirements

Scope (as Relevant to this EP)

Application to Sauropod 3D MSS

Administering Authority

Underwater Cultural Heritage (Consequential and
Transitional Provisions) Act 2018

Navigation Act 2012

Offshore Petroleum and Greenhouse Gas Storage
Act 2006

Offshore Petroleum and Greenhouse Gas Storage
(Environment) Regulations 2009

Offshore Petroleum and Greenhouse Gas Storage
(Regulatory Levies) Act 2003 Offshore Petroleum and
Greenhouse Gas Storage (Regulatory Levies)
Regulations 2004

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

Protection of the Sea (Harmful Antifouling Systems)
Act 2006

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

This Act protects historic wrecks (and associated relics) in Commonwealth waters that
are more than 75 years old. Under this Act, historic shipwrecks are protected for their
heritage values and maintained for recreational, scientific and educational purposes.

Regulates international ship and seafarer safety, shipping aspects of protecting the
marine environment and the actions of seafarers in Australian waters.

It gives effect to the relevant international conventions (MARPOL 73/78, COLREGS
1972) relating to maritime issues to which Australia is a signatory.

The Act also has subordinate legislation contained in Regulations and Marine Orders.

Addresses all licensing, health, safety, environmental and royalty issues for offshore
petroleum exploration and development operations extending beyond the three
nautical mile limit.

Ensures that petroleum activities are undertaken in an ecologically sustainable
manner and in accordance with an approved EP.

An Act to impose levies relating to the regulation of offshore petroleum activities and
greenhouse gas storage activities.

Regulates ship-related operational activities and invokes certain requirements of the
MARPOL Convention relating to discharge of noxious liquid substances, sewage,
garbage, air pollution etc.

Is an offence to engage in negligent conduct that results in a harmful anti-fouling
compound being applied to a ship. Australian ships must hold ‘anti-fouling certificates’,
provided they meet certain criteria.

Anyone who finds the remains of a ship, or an article associated with a ship, needs to notify the
relevant authorities, as soon as possible but ideally no later than after one week, and to give
them information about what has been found and its location.

Refer to Section 4.4.9 for information on historic shipwrecks in relation to the Sauropod 3D
MSS.

Several Marine Orders are enacted under this Act relating to offshore petroleum activities,
including:

e Marine Order 21: Safety and emergency arrangements

e Marine Order 27: Safety of navigation and radio equipment
e  Marine Order 30: Prevention of collisions

e Marine Order 31: Vessel surveys and certification

e Marine Order 58: Safe management of vessels.

Section 7 and Section 8 detail where the applicable requirements apply to the survey.
A titleholder must have an in-force EP prior to the commencement of any petroleum activity.
This requirement is met by submission and acceptance of this EP.

A significant modification, change or new stage of an existing activity that is not included in an
in-force EP requires a revision of the EP to be submitted to NOPSEMA for acceptance.

Titleholders are required to maintain financial assurance sufficient to give the titieholder
carrying out the petroleum activity, the capacity to meet the costs, expenses and liabilities that
may result in connection with carrying out the petroleum activity; doing any other thing for the
purpose of the petroleum activity; or complying (or failing to comply) with a requirement under
the OPGGS Act in relation to the petroleum activity. This requirement must be met by the
titleholder before NOPSEMA can accept the EP.

Requires that EP levies are imposed on EP submissions, including revisions, where the
activities to which the EP relates are authorised by one or more Commonwealth titles.

This requirement applies once the EP is accepted.

Provides for discharges and emissions from ships as per MARPOL Annex |, I, I, IV, V and VI.
Several Marine Orders are enacted under this Act relevant to the activity, including:

e  Marine Order 91: Marine pollution prevention — oil

e  Marine Order 93: Marine pollution prevention — noxious liquid substances

e  Marine Order 94: Marine pollution prevention — packaged harmful substances

e Marine Order 95: Marine pollution prevention — garbage

e Marine Order 96: Marine pollution prevention — sewage

e Marine Order 97: Marine pollution prevention — air pollution

e  Marine Order 98: Marine pollution prevention — anti-fouling systems.

e Provides exemptions for the discharge of materials in response to marine pollution
incidents.

e Requires ships 2400 gross tonnes to have pollution emergency plans.

Section 7 details where the applicable requirements apply to the survey.

If required, a ship must have a current anti-fouling certificate and must not use harmful
antifouling compounds.

Marine Order 98: Marine Pollution Prevention — anti-fouling systems is enacted under this Act.

Section 8 details where the applicable requirements apply to the survey.

DAWE

AMSA

NOPSEMA

NOPSEMA

AMSA

AMSA
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Requirements

Scope (as Relevant to this EP)

Application to Sauropod 3D MSS

Administering Authority

International Association of Geophysical Contractors
(IAGC) Environment Manual for Worldwide
Geophysical Operations (2013)

IAGC Mitigation Measures for Cetaceans during
Geophysical Operations (February 2015)

International Maritime Organisation (IMO) Guidelines
for the Control and Management of Ships' Biofouling
to Minimize the Transfer of Invasive Aquatic Species
(Biofouling Guidelines) 2011

WA Department of Fisheries (DoF) Guidance
Statement on Undertaking Seismic Surveys in WA
Waters

National Strategy for Mitigating Vessel Strike of
Marine Mega-fauna (2016)

International Association of Oil and Gas Producers
(IOGP) Recommended monitoring and mitigation
measures for cetaceans during marine seismic survey
geophysical operations (March 2017)

Provides the industry with useful information for conducting geophysical field
operations in an environmentally sensitive manner.

Provides recommended mitigation measures for cetaceans during geophysical
operations. IAGC recommends implementing the suggested controls (mentioned in
the document) in the absence of regulations or guidelines.

Provide a globally consistent approach to the management of biofouling. They were
adopted by the Marine Environment Protection Committee (MEPC) in July 2011 and
were the result of three years of consultation between IMO Member States

Identifies potential issues of concern associated with seismic surveys on fish and fish
habitats, as defined under the Fish Resources Management Act 1994 (FRMA). It is
aimed at giving proponents direction on general standards and protocols designed to
avoid or mitigate the potential impacts of seismic surveys on fish. It is expected that
proponents will incorporate these standards and protocols when planning and
implementing seismic surveys.

The overarching goal of the Strategy is to provide guidance on understanding and
reducing the risk of vessel collisions and the impacts they may have on marine mega-
fauna.

Provides recommendations on applying mitigation measures for cetaceans during
geophysical operations. The measures outlined in this report are recommended for
use during all marine seismic surveys that use compressed air source arrays, and are
only intended for cetaceans (whales, dolphins and porpoises).

Provide guidelines for best practice operations of seismic surveys to minimise environment
impacts. Section 7 details applicable guidance.

Provide recommended mitigation measures for cetaceans during geophysical operations.

Section 7 details applicable requirements.

Specific requirements are that vessels have a biofouling management plan and biofouling
record book.

Section 8 details these requirements.

Provides guidance and mitigation strategies to avoid or minimise potential impacts of seismic
surveys on fish.

Section 7.1 and 7.2 details applicable requirements.

The strategy provides information and guidance on reducing vessel collisions with marine
mega-fauna.

Section 8.5 details applicable information and requirements.

Provides recommended mitigation measures for cetaceans during a marine seismic survey,

including exclusion zones, soft starts, seismic testing procedures, and recording Marine Fauna

Observer (MFO) observations.

Section 7.1 and 7.2 details applicable requirements.

IAGC

IAGC

IMO

WA Department of Primary
Industries and Regional
Development (DPIRD)

DAWE

I0GP
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Agreement

Table 2-2 - Summary of Relevant International Agreements

Scope (as Relevant to this EP)

Relevance

1996 Protocol to the
Convention on the Prevention
of Marine Pollution by
Dumping of Wastes and Other
Matter, 1972

Convention on Oil Pollution
Preparedness, Response and
Cooperation 1990 (OPRC 90)

International Convention for
the Prevention of Pollution
from Ships 1973/1978
(MARPOL 73/78)

International Regulations for
Preventing Collisions at Sea,
1972 (COLREGS)

International Convention for
the Safety of Life at Sea, 1974
(SOLAS)

International Convention on
the Control of Harmful Anti-
fouling Systems on Ships,
2001

Contributes to the international control and
prevention of marine pollution by prohibiting the
dumping of certain hazardous materials. Under
the 1996 Protocol, dumping is prohibited, except
for materials on an approved list.

This Convention establishes measures for dealing
with marine oil pollution incidents nationally and in
cooperation with other countries.

This Convention covers prevention of pollution of
the marine environment by ships from operational
or accidental causes. It includes regulations aimed
at preventing and minimising pollution from ships
(accidental and routine).

The COLREGS outline internationally agreed rules
for safe navigation, including ‘give way’ rules
between vessels and other requirements for safe
conduct including the requirement to keep a look
out, travel at a safe speed, and how to operate
vessels in narrow channels.

This convention outlines the minimum safety
standards in the construction, equipment and
operation of merchant ships.

The Convention prohibits the use of harmful
organotins in anti-fouling paints used on ships and
establishes a mechanism to prevent the potential
future use of other harmful substances in anti-
fouling systems.

No dumping of any wastes or
other matter from survey activities
with the exception of those listed
in Annex 1 of the Protocol (which
will be discharged in line with
MARPOL requirements).

All vessels 2400 gross tonnes will
have a SOPEP in place (Section
8.1).

Pollution from the survey activities
will be managed in accordance
with MARPOL requirements, as
described in Sections 7 and 8.

The survey will adhere to the
requirements of COLREGS as
implemented in Commonwealth
waters through the Navigation Act
2012 (refer to Table 2-1).

The survey will adhere to the
requirements of SOLAS as
implemented in Commonwealth
waters through the Navigation Act
2012 (refer to Table 2-1).

The survey will adhere to the
requirements of the convention as
implemented through the
Protection of the Sea (Prevention
of Pollution from Ships) Act 1983.
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3 Description of the Activity

3.1 Survey Location

The Sauropod 3D MSS will take place within Commonwealth waters off the north-west Western Australian (WA) coast,
within the Roebuck Basin in exploration permit area WA-527-P. The survey will be undertaken within an ‘Acquisition Area’,
where seismic data acquisition will occur. The Acquisition Area will be located within a broader ‘Operational Area’, which
includes additional space for vessel activities such as line turns, run-ins, run-outs, soft-start procedures and seismic source
testing. The co-ordinates for the Operational and Acquisition area are provided in Table 3-1.

The Acquisition Area will be up to a maximum of approximately 3,500 km?2, with an Operational Area of approximately

6,000 km? (Figure 3-1). At its closest point, the Operational Area is approximately 120 km from the WA coast at Pardoo and
230 km from Broome. Water depths in the Operational and Acquisition Areas range from approximately 65 — 170 m and 75 —
165 m respectively.

The seismic source will be discharged at or below full capacity (power) within the Operational Area, for the purpose of run-
outs, source testing and soft starts during run-ins. This discharge of the source will be sporadic, only occur for short periods
of time, and will be limited to relatively short distances (e.g. 4-5 km) from the northern and southern boundaries of the
Acquisition Area.

Table 3-1 - Operational and Acquisition Area co-ordinates (GDA 94)

Operational Area Acquisition Area
Latitude Longitude Latitude Longitude
-17° 55’ 47.93” 120° 3' 24.127 -18° 1' 49.19” 119° 59’ 24.25”
-18° 50’ 45.74" 120° 4’ 22.48" -18° 44' 52.37” 120° 0’ 8.93"
-18° 51’ 15.77” 119° 31’ 2.71” -18° 45’ 14.87” 119° 35’ 4.56”
-17° 56’ 16.4” 119° 30’ 14.87” -18° 2'10.75” 119° 34’ 26.08”

3.2 Schedule

The Sauropod 3D MSS will take a maximum of 60 days to acquire and will be undertaken within the acquisition window of
January to May 2022.

The precise timing of the survey is subject to vessel availability, weather conditions and other operational considerations,
and will take into account the seasonality of environmental sensitivities, where practicable. The exact start and end dates will
be communicated to stakeholders (refer to Section 9.11).
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Figure 3-1 — Location of Sauropod 3D MSS

3.3 Activity Details

The core activity that forms the basis for this EP is the undertaking of the Sauropod 3D MSS. Associated activities in support
of the survey are likely to include refuelling and resupply, use of support vessels as required, and crew changes within the
Operational Area. Associated activities are described in this section as appropriate, with a focus on those considered
relevant to the assessment of environmental impact and risk. Key details of the proposed seismic survey are summarised in
Table 3-2 and described below.

The Sauropod 3D MSS will be undertaken by a seismic survey vessel towing an underwater seismic source and a series of
up to 12 streamers behind it. The seismic source will consist of an array of airguns of varying volumes, distributed in three
separate arrays that will be discharged alternately. The airguns emit high pressure pulses of sound, with the primary energy
directed downwards into the subsurface (not horizontally away from the source). The streamers contain underwater
microphones (known as hydrophones) which record the sound waves reflected off the seabed and underlying rock
formations. These data are later processed to provide information about the structure and composition of geological
formations below the seabed.

The survey vessel will tow the seismic source at 5-10 m beneath the sea surface, with a total discharge volume of up to
2,820 cubic inches (in3). The total volume size of the airgun array has been chosen based on the range of water depths
within the survey area and depth of the target within the subsurface to ensure adequate seismic imaging.

The hydrophone streamers will extend approximately 7.05 km behind the vessel and be spaced 112.5 m apart. The
streamers will be towed at a depth of approximately 15 m below the surface. Tail buoys will be used to maintain position in
the water and clearly indicate the streamer ends. As tail buoys are self-inflating, they will return to the surface if they go
beyond a certain water depth. In addition, the tail buoys will be fitted with turtle guards, lights and radar reflectors. Depth
monitoring and control devices positioned along the streamers will be used to maintain the preferred tow depth.
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Table 3-2 — Key Details for the Sauropod 3D MSS

Parameter Sauropod 3D MSS
Survey Area
Permit area WA-527-P

Acquisition area

Operational area

Survey earliest commencement date
Survey latest completion date
Duration of survey

Length of sail lines

Time to traverse a sail line
Orientation of sail lines

Distance between sail lines

Seismic vessel sail line speed

Seismic source discharge interval

Type

Size

Pressure

Source levels (at 0-2,000 Hz)

Sound source tow depth

Number

Streamer length

Distance from seismic vessel bow to tail buoy
Distance between streamers

Streamer tow depth

Seismic vessel

Support vessels
Refuelling
Crew changes

3.3.1 Seismic Source Operation

Approximately 3,500 km?
Approximately 6,000 km?

Seismic Activity

January 2022
May 2022

60 days

83 km

~10 hours
North—south
675m—716 m
~4.5 knots

Approximately every 12.5 m (approximately every 5.4
seconds) along survey lines

Seismic Source

Airgun / three arrays, which will be discharged alternately
Max 2,820 in3

2,000 psi

223.0-228.2 dB re 1 yPa2m?s (SEL)

244.8-255.0 dB re 1 yPa m (PK)

5-10m

Streamers

12
7,050 m
7,800 m
112.5m
15m

Vessels

One vessel - specific vessel yet to be determined

Two support vessels (one supply and one chase) — specific
vessels yet to be determined

Refuelling at sea will occur approximately every 2—4 weeks
(depending on the specific vessel and contractor)

Via helicopter or support vessel every 4—6 weeks.

When acquiring data, the vessel will travel along a series of pre-determined lines within the Acquisition Area at
approximately 4.5 knots (8 km/hour), discharging the seismic source at 12.5 m intervals (approximately every 5.4 seconds).

cgg.com

Rev 0

Page 25/ 287



Pa

Sauropod 3D MSS

The Sauropod 3D MSS is a typical 3D survey using methods and procedures similar to others conducted in Australian
waters. No unique or unusual equipment or operations are proposed. The survey will be conducted 24 hours a day. Survey
and equipment parameters are provided in Table 3-2.

The seismic survey vessel will typically acquire the data along a series of adjacent and parallel lines in a “racetrack”like
pattern. At the end of the first line in a racetrack sequence, the vessel will turn in a wide arc to position for another parallel
line in the opposite direction, offset several kilometres from the previous line. The vessel will then turn again to position to
return in the opposite direction along the third parallel line in the sequence, offset approximately 675 — 716 m from the first
line. This pattern is repeated across the Acquisition Area until the required coverage is completed. The vessel will sail lines
that are typically in a north—south orientation. Each sail line is approximately 83 km long and will take approximately ten
hours to acquire. The time required to complete each sail line is dependent on vessel speed and currents.

Full-fold seismic data acquisition involving operation of the seismic source at full volume will occur within the Acquisition
Area, although the seismic source will also be operated outside of the Acquisition Area during line run-outs, source testing,
soft starts during run-ins, maintenance and testing.

During line run-outs, the seismic source will typically be operated at full volume for the equivalent of half a streamer length
(approximately 4 km) before the source is shut down and the survey vessel commences the next line turn. Following
completion of the line turn, the vessel will complete a run-in towards the Acquisition Area, which involves sailing in a straight
line to allow the streamers to straighten prior to commencing acquisition. During these run-ins, soft-start procedures occur
for a minimum of 30 minutes (approximately 4 km), which begins with the operation of the single smallest source element in
the array and gradual ramp-up to include additional source elements until the seismic source is operated at full volume for
the commencement of the acquisition line at the Acquisition Area boundary.

The seismic source may also be operated for short durations in a controlled manner elsewhere in the Operational Area, for
the purpose of source maintenance and testing. These activities are infrequent and typically involve short intermittent
controlled discharges of individual source elements (i.e. single gun/cluster or single source array) for durations in the order
of a short number of testing shots. Since this testing only involves a single gun or a small cluster of guns, the noise
propagated from the source during this activity must logically be less than the whole array. Therefore, any impacts from
noise emissions will not be greater than that predicted in the impact assessment.

Operation of the seismic source in all cases will be in accordance with control measures and performance standards
specified in this EP.

3.3.2  Infill

When acquiring 3D marine seismic data, surface currents may shift the streamers away from their nominal positions. This
shift, called feathering, can lead to holes in the data coverage. Holes in data coverage can also occur when the airgun array
is turned off due to technical or logistical reasons (e.g. technical problems or marine fauna interactions). These holes are
typically filled in by steering the vessel closer to the previous sail-line or by acquiring additional sail-lines along the coverage
holes. These extra sail-lines are commonly known as infill. Infill can be a large part of the time and cost for a marine seismic
survey. Without infill activity, seismic surveys would be incomplete, the data compromised, and contract requirements not
fulfilled.

It is not possible to estimate what the amount of feather (and resulting coverage) will be. Typically, pre-plot sail lines will be
completed and the infills are left to the end of a survey once the seismic data have been partially processed and all infill
locations identified.

With proper infill management, unnecessary infill lines may be reduced or avoided. The on-board navigator steers the
seismic vessel for coverage to minimise the amount of infill. Additionally, steerable streamers and fan-mode techniques for
the streamer spread are used to minimise infill requirements.

3.3.3 Vessels

3.3.31 Seismic Vessel

A purpose-built survey vessel will be used for the Sauropod 3D MSS and will carry up to approximately 70 people. The
specific vessel for the survey has yet to be determined.
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3.3.3.2  Support Vessels

Two support vessels will be engaged for the Sauropod 3D MSS. These comprise:

e One chase vessel accompanying the seismic vessel to assist with managing potential interactions with other marine
users

e One supply vessel responsible for resupply, refuelling, and other support functions.

Refuelling and resupply at sea by a supply vessel is expected to occur approximately every 2—4 weeks during the survey
(depending on the specific vessel and contractor). At-sea refuelling of the seismic vessel will only take place during daylight
hours and within strict weather limit guidelines. Refer to Section 8.3 for details of control measures to be implemented during
refuelling.

Crew changes are expected to be undertaken by a supply vessel or helicopter approximately every 4—6 weeks.

cgg.com Page 27/ 287

Rev 0



fa

Sauropod 3D MSS

4  Description of the Existing Environment

4.1 Overview

This section describes the environmental and socio-economic values and sensitivities within the existing environment of the
Operational Area and wider environment that may be affected (EMBA) by the proposed activity (see Figure 4-1). The EMBA
is a conservative approximation of the furthest extent that could be affected in any credible impact scenario. In this case, the
EMBA represents an unplanned release of marine diesel oil (MDO). The EMBA was derived from oil spill modelling for an
instantaneous release of 280 m? at the north-west corner of the Operational Area. It is important to note that the EMBA
covers a much larger area than the area that is likely to be affected during any one single spill event. The modelling was run
for a variety of weather and metocean conditions (300 simulations in total), and the resulting EMBA for the north-west corner
of the Operational Area was extrapolated to the three other corners. Other nearby sensitivities that were considered
potentially relevant to the EP are also described in this section. The information contained in this section has been used to
inform the assessment of impacts and risks in Section 7 and Section 8. For further detail on the modelling refer to

Section 8.1.
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Figure 4-1 — Operational Area and EMBA for the Sauropod 3D MSS

4.1.1 Regional Context — the North-west Marine Region

The Operational Area is located in the centre of the North West Shelf (NWS), an area of significant environmental, economic
and cultural value. In 2008, the former Department of the Environment, Water, Heritage and the Arts (DEWHA) (now the
DAWE) introduced marine bioregional planning. Under these plans, the Australian marine environment was categorised into
six broad marine bioregions (Figure 4-2). Marine Bioregional Plans describe the marine environment and conservation
values of each marine region, set out broad biodiversity objectives, identify regional priorities and outline strategies and
actions to address these priorities (DOoEE n.d.). The Operational Area is located within the North-west Marine Region
(NWMR).
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The NWMR comprises Commonwealth waters from the Western Australia—Northern Territory border to Kalbarri, south of
Shark Bay. The NWMR is characterised by the following aspects (DEWHA 2008a):

e Containing a large portion of continental shelf and continental slope
e Highly variable tidal regions and very high cyclone incidence

e Shallow-water tropical marine ecosystems, which are home to globally significant populations of internationally
threatened species

e Containing threatened and migratory species listed under the EPBC Act, including cetaceans, Dugong, marine reptiles,
seabirds and migratory shorebirds, seahorses and pipefish, sharks and sawfishes

e Containing biologically important areas (BIAs), where protected species display biologically important behaviour such as
breeding, foraging, resting or migration.
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Figure 4-2 — Marine Bioregions of Australia (Source: DSEWPaC 2012a)

Within the NWMR, marine habitats are further categorised into eight provincial bioregions. The Operational Area is located
within the North West Shelf Province, and the EMBA overlaps with part of the North-west Transition (Figure 4-3). These two
provincial bioregions are described below.

4.1.1.1 North West Shelf Province

The Operational Area is located within the North West Shelf Province, a bioregion that covers 238,759 km? of waters on the
continental shelf in depths of up to 200 m. The North West Shelf Province is described as a dynamic oceanographic
environment, influenced by strong tides, cyclonic storms, long-period swells and internal tides (DEWHA 2008a). Waters are
generally warm, and currents are primarily driven by the Indonesian Throughflow (ITF). Diverse pelagic and demersal fish
communities occupy the bioregion and are thought to be closely associated with depth ranges. The region facilitates
seasonal migrations of iconic megafauna such as the blue whale, Humpback whale and whale shark. Coastal areas provide
important breeding sites for a variety of seabirds, including Eighty Mile Beach and the Lacepede Islands. The region is
commercially important to both the petroleum industry and commercial fishing industry.
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4.1.1.2 North-west Transition

The EMBA overlaps with part of the North-west Transition, a bioregion that covers 184,424 km? and includes shelf break and
continental slope and the majority of the Argo Abyssal Plain, covering depths up to 5,980 m. The Rowley Shoals are a key
topographic feature of the bioregion (see Sections 4.3.2.1 and 4.4.2.1). The continental slope portion of the bioregion is
thought to support fish communities with high levels of species diversity and endemism; however, little is known about the
benthic biological communities in the deeper parts of the bioregion (DEWHA 2008a). A range of pelagic migratory species
including billfish, sharks, tuna and cetaceans occur within the bioregion, particularly in association with the Rowley Shoals.

1T°00E 18°00°E HI00'E 120°00°E 121°00°E 122°00°E 123°00°E
| 4 N
LEGEND el /
’ w B
:| Acquisition area -
’ s
]r I Operational area LACEPEDE ISLANDS -
E- [ — ] - w
~ 3NM Coastal waters limit MERMAID REEF LS
Marine bioregions RbWLEY SHOALS
MNorthwest IMCRA Province e
MNorthwest IMCRA Transition !
i !
' i R —— + BROOME
= Northwest Transition r 1 : ®
] 1 I . 1S
Timor Province | I -
i I
1 I
| I
i I
@ T ]
&
o1 [
@ )
. (e
@
BEDOUT ISLAND
1:.0
o -
E:l' s ‘.‘0
& PARDOO L2
]
e i Dl L s T
KARRATHA 025 50 100
N700E 18 00°E 119°00°E 120°00°E 121°00°E 122°00°E 123°00°E

Figure 4-3 — Provincial Bioregions (IMCRA v4.0)

4.2 Physical Environment
4.2.1 Climate

4.2.1.1 Seasonal Patterns

The climate of the NWMR is dry tropical, exhibiting a hot summer season from October to April and a milder winter season
between May and September (BoM 2021a). There are often distinct transition periods between the summer and winter
regimes, which are characterised by periods of relatively low winds (Pearce et al. 2003).

4.2.1.2  Air Temperature and Rainfall

Air temperatures in the region, as measured at the Rowley Shoals platform (approximately 107 km from the Operational
Area), indicate maximum average temperatures during summer of 30.4 °C and minimum temperatures of 23.6 °C in winter
(BoM 2021b).

The region experiences a tropical monsoon climate, with distinct wet (October to April) and dry (May to September) seasons
(Pearce et al. 2003). Rainfall in the region (measured at Wallal Downs Station) typically occurs during the wet season
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(summer), with highest falls observed during late summer (BoM 2021c), and often associated with the passage of tropical
low-pressure systems and cyclones (Pearce et al. 2003). Rainfall outside this period is typically low.

4213 Wind

Winds vary seasonally, with a tendency for winds from the south-west quadrant during summer and the south-east quadrant
in winter. The summer south-westerly winds are driven by high pressure cells that pass from west to east over the Australian
continent. During winter months, the relative position of the high-pressure cells moves further north, leading to prevailing
south-easterly winds blowing from the mainland (Pearce et al. 2003). Winds typically weaken and are more variable during
the transitional period between the summer and winter regimes, generally between April and August (Table 4-1).

Table 4-1 — Predicted Monthly Average and Maximum Winds within the Operational Area (RPS 2019, Derived from CFSR Hindcast Model)

Month Average Wind (knots) Maximum Wind (knots) General Direction (from)
January 11 35 w
February 11 47 W
March 9 58 Variable
April 8 27 Variable
May 13 32 ESE
June 13 30 ESE
July 13 29 ESE
August 11 29 ESE
September 11 31 Variable
October 10 25 Wwsw
November 10 27 WSW
December 11 36 w
Minimum 8 25 -
Maximum 13 58 -

4.2.1.4  Tropical Cyclones

Tropical cyclones are a relatively frequent event for the region, with the Pilbara coast experiencing more cyclonic activity
than any other region of the Australian mainland coast (BoM 2021d). Tropical cyclone activity can occur between November
and April and is most frequent in the region during January to March, with an annual average of approximately one storm per
month. Cyclones are less frequent in the months of November, December and April but historically the worst storms have
occurred in April.

4.2.2  Oceanography

4221 Tides

Tides in the region of the NWS are semi-diurnal and have a pronounced spring-neap cycle, with tidal currents flooding
towards the south-east and ebbing towards then north-west (Pearce et al. 2003). Within the North West Shelf Province, tidal
activity is considered a significant factor for the oceanography. Tides in this part of the bioregion are large and tend to
increase in magnitude from south to north (from an amplitude of one metre at Exmouth to over three metres at Broome). In
shallower waters, the tides contribute to the vertical mixing of the surface water layer and sediments. It should be noted that
in the shallower coastal waters there is a high evaporation rate, which results in slower offshore movement of denser, more
saline waters across the North West Shelf. This dense, more saline water is typically found as a bottom layer of coastal
water out as far as the 200 m depth contour.
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4.2.2.2 Waves

Internal tides are typically generated around the shelf break and appear to contribute to the biological productivity of the
region. When the internal waves break, it causes mixing of more nutrient-rich water with the photic zone, and therefore
enhancing biological productivity.

Furthermore, the region is known to have seasonal cyclonic events, which are key drivers in the bioregion. Tropical cyclone
activity can occur between November and April and is most frequent in the region during January to March, with an annual
average of approximately one storm per month. Cyclones are less frequent in the months of November, December and April
but historically the worst storms have occurred in April. During cyclone season, wave action in the bioregion is increased.

4.2.2.3 Currents

The oceanography of this bioregion is generated by the movement of surface currents from the waters of the Indonesian
Throughflow (Figure 4-4). The Throughflow waters are circulated from the North-west Marine region through the South
Equatorial and Eastern Gyral currents. Within the North West Shelf Province water circulation is highly seasonal. During
winter, the Throughflow’s southern flow is at its strongest and tends to dominate the water column. On the other hand,
during summer, the Throughflow is weaker and strong winds from the south-west cause intermittent reversal of the currents,
which generates upwellings of colder and deeper water. Typical ocean current circulation patterns during summer months
(the main proposed timing of the Sauropod 3D MSS) are shown in Figure 4-5.
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Figure 4-4 — Surface Currents in Western Australian Waters. Source: DEWHA (2008a)
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Figure 4-5 — Typical Ocean Current Circulation Pattern during Summer Months. Source: RPS (2019)

4.2.24  Temperature

The offshore oceanic sea water characteristics of the NWS exhibit seasonal and water depth variation in temperature and
salinity, being greatly influenced by major currents in the region. Surface waters are relatively warm year-round due to the
tropical water supplied by the Indonesian Throughflow and the Leeuwin Current, with temperatures reaching 30 °C in
summer and dropping to 22 °C in winter (Pearce et al. 2003). This is reflected in data available from NOAA, where the
average annual surface temperature water in the EMBA and Operational Area is approximately 27 °C (NOAA 2021a).

4.2.25  Salinity

Variation in surface salinity along the NWS throughout the year is minimal (between 35.2 and 35.7 PSU), with slight
increases occurring during the summer months due to intense coastal evaporation (Pearce et al. 2003; James et al. 2004).
This small increase in salinity during summer is then countered by the arrival of the lower salinity waters of the Leeuwin
Current and Indonesian Throughflow in autumn and winter (James et al. 2004). This is also reflected in more recent publicly
available data from the NOAA (2021b), where annual surface salinity levels are ~35 PSU.

4.2.2.6  Water Quality

Water quality in the NWMR is regulated by the ITF, a low-salinity water mass that plays a key role in initiating the Leeuwin
Current (DSEWPaC 2012a). It brings warm, low-nutrient, low-salinity water from the western Pacific Ocean through the
Indonesian archipelago to the Indian Ocean. It is the primary driver of the oceanographic and ecological processes in the
region (DEWHA 2008a). South of the NWMR, the Leeuwin Current continues to bring warm, low-nutrient, low-salinity water
further south. Eddies formed by the Leeuwin Current transport nutrients and plankton communities offshore (DEWHA
2008a). During summer, the Leeuwin Current typically weakens, and the Ningaloo Current develops, facilitating upwellings
of cold, nutrient-rich waters up onto the NWS (DSEWPaC 2012a). Other areas of localised upwelling in the NWMR include
the Wallaby Saddle and Exmouth Plateau, where these seabed topographical features force the surrounding deeper, cooler,
nutrient-rich waters up into the photic zone (DSEWPaC 2012a).

Turbidity is primarily influenced by sediment transport by oceanic swells and primary productivity (Semeniuk et al. 1982;
Pearce et al. 2003). Upwelling of nutrient-rich waters may increase phytoplankton productivity in the photic zone, which may
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increase local turbidity (Semeniuk et al. 1982; Wilson et al., 2003). In nearshore areas, turbidity is highly variable due to
storm run-off, wind generated waves and large tidal ranges (Pearce et al. 2003). Periodic events, such as major sediment
transport associated with tropical cyclones, may influence turbidity on a regional scale (Brewer et al. 2007).

4.2.3 Bathymetry and Geomorphology

The Operational Area is located in waters approximately 65-170 m deep on the continental shelf. The bathymetry within the
Operational Area is predominately characterised by relatively flat seabed. The water depth is approximately 65 m in the
south-eastern corner of the Operational Area and increases to 150 m in the north-west corner of the Operational Area (
Figure 4-6).

In the wider EMBA, the North West Shelf (NWS) Province encompasses more than 60% of the continental shelf in the
NWMR (Baker et al. 2008), gradually sloping from the coastline to the shelf break at the edge of the region and includes
water depths of 0—200 m. Approximately half the province is in water depths of 50—100 m (DEWHA 2008a). The NWS
Province includes a number of sea floor features such as submerged banks and shoals, and valley features that are thought
to be morphologically distinct from other features of these types in different regions of the NWMR (DEWHA 2008a) (Figure
4-7).

Several steps and terraces caused by Holocene sea level changes are present in the NWMR with the most prominent of
these features occurring as an escarpment along the North West Shelf and Sahul Shelf at a depth of 125 m. This
escarpment is related to an ancient sub-aerially exposed land surface and coastline (beach and dune deposits), known as
the ancient coastline. The ancient coastline at the 125 m depth contour is designated as a Key Ecological Feature (KEF) and
overlaps at the middle portion of the Operational Area (Section 4.4.3, Figure 4-16).
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Figure 4-6 — Bathymetry within the Operational Area and Surrounds

Previous movements in sea level have had a significant influence on the geology of the region of the Operational Area.
Between 21,000 and 19,000 years ago the sea level was approximately 120 to 125 m lower than present day (Lewis et al.
2013). Therefore, the processes responsible for the formations present in the region include sub-aerial exposure of sediment
and processes associated with land and coastal environments. Across the NWS region, the occurrence of an undulating
cemented surface, expressed at the seabed as a series of ridges interspersed with sediment ponds infilling hollows and
troughs, is related to an ancient sub-aerially exposed land surface and coastline (beach and dune deposits). Other coastal
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features including sand bars and river outlets are also present in this region, complicating the geology and geological
sequence adjacent (seaward) to the area of ridges. A complex geological feature in close proximity to the Operational Area
and located within the EMBA is the Rowley Shoals, which contains the Mermaid Reef KEF (Section 4.4.3, Figure 4-7).
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Figure 4-7 — Geomorphic Features of the North West Shelf

4.2.4 Sedimentology

122°00°E 123°00°E

Sediment differentiation in the North West Shelf Province occurs on a north—south gradient and is thought to differ from the
rest of the NWMR (DEWHA 2008a). Sediment in the region is broadly characterised by calcareous gravel, sand and silt
(CSIRO 2015). South of Broome, sediment is relatively homogenous and dominated by sand, typically only containing a
small amount of gravel. Sediment becomes highly variable north of Broome, with sand being dominant in some areas and
gravel dominant in others (DEWHA 2008a). Within 100 km of the coast and 100 km of the shelf break, there is the slight
presence of mud in the sediment. Sediments within the Operational Area are expected to be relatively homogenous and
dominated by calcareous gravel, sand and silt (DEWHA 2008a; CSIRO 2015).

4.3 Biological Environment

4.3.1 Plankton Communities

Plankton consists of microscopic organisms typically divided into phytoplankton (algae) and zooplankton (fauna including
larvae). Plankton play a major role in the trophic system with phytoplankton being a primary producer and zooplankton being
a primary consumer. Phytoplankton rapidly multiply in response to bursts of nutrient availability and are subsequently
consumed by zooplankton that in turn are consumed by other fauna species.

Spatial distribution of phytoplankton and zooplankton is irregular, both vertically and horizontally and temporally.
Sporadic/short-lived and potentially localised episodes of nutrient upwelling can occur as a result of internal waves (the
rising and sinking of sea water layers of different densities) at the shelf break, wind-driven currents, or cyclonic activity,

which influence higher plankton concentrations.
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Plankton within the Operational Area are expected to reflect the conditions of the wider upper continental slope. Surface
waters of the NWS have low nutrient availability, with phytoplankton occurring in higher concentrations near areas where
upwelling of deeper, nutrient-rich water occurs (Thomson 2015). The most common plankton in the offshore waters of the
NWS are diatoms, single-cell algae with cell walls made of silica. Recent sampling by the UWA Oceans Institute (Thomson
2015) across the NWMR found that large summer blooms of diatoms occur in Pilbara offshore waters west of Broome.
These blooms occur at the junction of stratified cool and warm water mass at depths of at least 45 m. High concentration of
diatoms (Chlorophyll concentration of 1.39-2.10 ug/l) were recorded to occur in an area between 40 and 120 km east of the
Operational Area.

4.3.2 Benthic Habitats and Communities

The distribution of benthic communities in the NWMR depends on the water depth, the substrate and sediment
characteristics and availability of food. The sediments within the Operational Area are expected to be broadly characterised
by calcareous gravel, sand and silt. This type of substrate is known to support relatively little seabed structure or sessile
epibenthos.

The Operational Area is expected to be sparsely covered by sessile filter-feeding organisms (e.g. gorgonians, sponges,
ascidians and bryozoans) and mobile invertebrates such as echinoderms, prawns and detritus-feeding crabs (Brewer et al.
2007; DEWHA 2008a). Heyward et al. (1997) also noted that benthic macro-invertebrate infauna and epifauna such as
worms, crustaceans, molluscs, gastropods, sea urchins, starfish, sea cucumbers, etc. typically occur in low numbers in
water depths greater than 50 m in the NWMR. Macro-invertebrates that are present in these habitats comprise mainly
polychaete worms, small crustaceans, amphipods and isopods such as shrimps and lice. Other invertebrates that may occur
in these habitats include occasional sea cucumbers, sea urchins, molluscs, hydroids and sponges, and other worm species.

In the Keraudren MSS Operational Area the study collected 17 transects of towed video footage covering a total length of
21.9 km of seabed over a three-day period. The key findings of the study as presented within the Santos Keraudren Seismic
Survey EP Summary, were as follows:

e Thirteen main habitat types were defined, representing flat and gently sloping seabeds comprising mainly sand/gravel
and rock with sediment veneer.

¢ No ‘potato habitat’ (ascidians and sponges on hard substrate) was identified in the 17 transects.

e Variants of potential ‘garden habitat’ (containing hydroids, sponges, octocorals, soft corals, ascidians and crinoids)
comprised approximately 50% of the area surveyed and the habitat where the two pearl oysters were found, comprised
16.4% of the area surveyed.

The epibenthos recorded in this depth range is summarised as follows:

¢ Common epibiota included sponges, hydroids, whip corals, soft corals, crinoids, echinoderms (starfish, basket stars and
sea cucumbers), gorgonians and ascidians.

e Densities and growth forms of epibiota (e.g. hydroids and sponges) were often a characteristic of specific habitat types.
For example, habitats characterised by low abundance, short, turf-like forms were often characterised by mobile sand
habitats with patches/troughs of more consolidated gravel/rock prone indicating periodic inundation by sand waves.

e Most transects comprised several different habitat types with high abundance, diverse assemblages in patches
interspersed by lower abundance/diversity sand or sandy gravel habitats.

e Most common substrate type was consolidated sandy gravel with shell fragments, which was stabilised by patchy, very
low-lying hydroid/bryozoan turf (40—75% cover). Large epibiota was generally evenly distributed as shorter forms at
relatively low abundance (5% cover) or occurred as denser patches of larger growth forms on consolidated gravel in
depressions or troughs (up to 24% cover).

e Another common habitat observed was large sand waves (with gently sloping relief) and very low abundance of epibiota
(1%) or no conspicuous epibiota.

e  Of particular note was a mesophytic gorgonian forest with high densities of large epibiota on relatively flat emergent
bedrock with sand/gravel veneer. Gorgonians were estimated at between 1 to 1.8 m high, with shorter colonies also
present.

It is expected that the Sauropod 3D MSS Operational Area and wider EMBA would support similar epibenthos as those
found in the Santos study due to shared bioregions and comparable benthic habitat, sediments, and geomorphic features.
As there are no known banks, shoals or shallow areas within the Operational Area, the Operational Area is unlikely to
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support diverse benthic assemblages, such as hard and soft corals, gorgonians, encrusting sponges, seagrass and
macroalgae.

There are a number of banks and shoals located within the EMBA that may support diverse benthic assemblages. These
banks and shoals are discussed further below.

4.3.2.1 Rowley Shoals

The Rowley Shoals are located within the EMBA for the Sauropod 3D MSS and comprise three reef systems distanced 30—
40 km apart. These are Clerke Reef, Imperieuse Reef and Mermaid Reef, located approximately 65, 60 and 80 km from the
Operational Area respectively. The marine reef fauna of the Rowley Shoals is considered to be exceptionally rich and
diverse, including species typical of the oceanic coral reef communities of the Indo-West Pacific (DEC 2007).

The major habitats of the Rowley Shoals include intertidal and subtidal reefs that support a diverse range of benthic
communities. Surveys carried out by the Western Australian Museum (WAM), identified 184 species of corals (primarily
Indo-West Pacific species), 264 species of molluscs, 82 species of echinoderms and 389 species of finfish were also
identified (DEC 2007).

Over 200 species of hermatypic (hard) corals have been recorded at the shoals over a range of depths (Veron 1986; Veron
1993; McKinney 2009). Sparse seagrass is found within the subtidal coral reef communities and although they are not a
major habitat type, they are still an important component of these habitats (Berry 1986; Walker and Prince 1987).
Invertebrate species (excluding corals) at the Rowley Shoals include sponges, cnidarians (jellyfish, anemones), worms,
bryozoans (sea mosses), crustaceans (crabs, lobsters, etc.), molluscs (cuttlefish, baler shells, giant clams, etc.),
echinoderms (starfish, sea urchins) and sea squirts (Veron 1986).

4.3.2.2  Ancient coastline at 125 m Depth Contour

The ancient coastline at 125 m depth contour is a series of several steps and terraces that form an escarpment along the
NWS. The ancient coastline at 125 m depth contour is defined as a KEF as it is a unique sea floor feature with ecological
properties of regional significance. The hard substrate may contribute to higher diversity and enhanced species richness
relative to the soft sediment habitat, and may include sponges, crinoids, molluscs, echinoderms and other benthic
invertebrates (DSEWPaC 2012). The topographic complexity of these escarpments may also provide a relatively nutrient-
rich environment for sessile communities (DSEWPaC 2012). The ancient coastline at 125 m depth contour KEF is further
described in Section 4.3.3 and Section 4.4.3.1.

4.3.3 Fish Assemblages

Fish communities in this region are diverse and are closely related to different depth ranges (DEWHA, 2008a). Fish species
of the inner shelf include lizardfish, goatfish, trevally, angelfish and tuskfish. In waters with a depth between 100 m—200 m,
goatfish, deep lizardfish, ponyfish, deep threadfin bream, adult trevally, billfish and tuna are usually present (DEWHA
2008a).

The Protected Matters Database search (Appendix B:) identified 31 pipefish species, six seahorse species, and three
pipehorse species that may occur in the EMBA. Pipefish are a listed marine species, however, are not listed as threatened
or migratory under the EPBC Act. The Species Group Report Card — bony fishes (DSEWPAC 2012b), which supplements
and supports the NWMR bioregional plan, states that almost all syngnathids (pipefish, seahorses and pipehorses) live in
nearshore and inner shelf habitats, usually in shallow, coastal waters, among seagrasses, mangroves, coral reefs,
macroalgae dominated reefs, and sand or rubble habitats. Temperate water species predominately inhabit seagrasses and
macroalgae, while tropical species are primarily found among coral reefs. The water depths of the Operational Area range
from 65 m—170 m. Only seven species of the 40 syngnathids species identified as potentially occurring within the EMBA
have been recorded in water depths greater than 65 m (DoEE 2019a; Bray and Thompson 2019; Austin and Pollom 2019;
Froese and Pauly 2019). Therefore, the majority of the identified species are not expected to occur across the flat, soft
substrates that predominate the Operational Area and EMBA.

4.3.3.1  Ancient coastline at the 125 m Depth Contour

The ancient coastline at the 125 m depth contour KEF is thought to provide areas of hard substrate that may contribute to
higher biological diversity. Little published information is currently available, but the hard substrate may provide suitable
habitat for a variety of demersal fish species, which may exhibit some level of site fidelity. The Operational Area partially
overlaps with approximately 9% of the KEF.
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Santos WA commissioned a study in 2018, to describe the fishes associated with the ancient coastline KEF within and
adjacent to the Acquisition Area of the Keraudren Seismic Survey. The Keraudren Seismic Survey Acquisition Area is
located approximately 20 km from the Sauropod Operational Area and shares similar environmental characteristics. The
SBRUVS technique (stereo baited remote underwater video system) was utilised for the survey. The key findings of the
study as presented within the Santos Keraudren Seismic Survey EP Summary, were as follows:

e Atotal of 638 fish from 48 species and 18 families

e A number of commercially important species were observed including red emperor (one individual), goldband snapper
(35 individuals), and saddletail snapper (one individual)

e  Four most ubiquitous species were threadfin bream (observed in 97% deployments), lunartail puffer (observed in 95%
deployments), longnose trevally (observed in 76% deployments) and giant trevally (observed in 60% deployments)

e  Four most abundant species were longnose trevally (153 individuals), threadfin bream (103 individuals), lunartail puffer
(78 individuals) and goldband snapper (35 individuals)

e No consistent structurally complex seabed feature was evident that ‘site-attached’ fish would normally be associated
with.

It is expected that the Sauropod Operational Area would support similar fish assemblages as those identified in the Santos
study due to shared bioregions and comparable benthic habitat, sediments, and geomorphic features.

4.3.4 Commercially Targeted Fish Stocks

The NWMR provides fishing grounds for several commercial fisheries, which target a variety of demersal and pelagic fish
species. The Department of Primary Industries and Regional Development (DPIRD) provided information on the spawning
and distribution of fish species that are used to provide an indication of fish stocks targeted by fisheries relevant to the
Operational Area. These species are known as key indicator species and are relevant to the management of commercial fish
stocks. Indicator species are selected from the suite of commercially targeted finfish (based on their inherent vulnerability,
management importance and overall risk to sustainability) for assessing the status of the overall resource.

The three demersal indicator species for the Pilbara region are red emperor (Lutjanus sebae), rankin cod (Epinephelus
multinotatus), and bluespotted emperor (Lethrinus punctulatus). The status of ruby snapper (Etelis sp) is also used as an
indicator species for the offshore demersal scalefish resources targeted by the Pilbara Line Fishery (Newman et al. 2019).
Goldband snapper (Pristipomoides multidens) is an indicator species for the Kimberley region (which has limited overlap
with the Sauropod 3D MSS Operational Area) although the species also occurs throughout the Pilbara region and comprises
a significant proportion of the commercial catch, therefore, it is considered in this EP. Spanish mackerel (Scomberomorus
commerson) is the principal target species and single indicator species for the Mackerel Managed Fishery.

As described for each individual key indicator fish species in the Australian Fisheries Research and Development
Corporation (FRDC) Status of Australian Fish Stocks (SAFS) reports (FRDC 2019) and in DPIRD’s stock structure summary
(Gaughan et al. 2018), fish stock structures are considered in terms of both their genetic stocks and fishery management
units. The genetic stocks refer to the geographic areas where genetic homogeneity is maintained by the dispersal of pelagic
eggs and larvae within and between regions (Newman et al. 2000; Department of Fisheries 2004). The level of mixing from
egg and larval dispersal is influenced by the spatial-temporal patterns of spawning relative to the prevailing oceanographic
currents, the duration of the spawning period and the periodicity of spawning. For example, a species that spawns over a
large portion of the continental shelf for a protracted period will very likely have a high level of egg and larval dispersal
resulting in a wide spatial stock extent (Gaughan et al. 2018). This is the case with all of the key indicator fish species in
northern Western Australia, which spawn throughout their ranges and on multiple occasions during protracted spawning
periods (Gaughan et al. 2018).

There is considerable bidirectional mixing of pelagic eggs and larvae in both directions along the North West Shelf,
therefore, for species that are relatively evenly distributed throughout their range and with spawning seasons that extend
over several months, there is a high propensity for alongshore mixing over large distances (Gaughan et al. 2018). The eggs
and larvae released by spawning adult demersal fish in the region may disperse for several days or weeks and may travel
for hundreds of kilometres or more before settling on the seabed (Newman et al. 2000; Mackie et al. 2009, 2010; Marriott et
al. 2012; Berry et al. 2012; Gaughan et al. 2018). The genetic stocks, therefore, represent the area where the exchange of
larvae and subsequent recruitment of juvenile fish to the stocks occurs over many years (Martin et al. 2014; Gaughan et al.
2018).

cgg.com Page 38/ 287

Rev 0



Sauropod 3D MSS \!

Note that fish stocks may also be considered in terms of smaller, more discrete ‘management units’, which are adopted by
fisheries management authorities for the purposes of fisheries management. The management units consider the genetic
stock and larval settlement, but also take into account the smaller ranges and localised movements of adult and juvenile fish,
as well as the extent of the fisheries that target the stocks. Consequently, the fisheries management units are typically
smaller than the extent of the genetic stocks. This provides a more conservative approach to managing the resource
(Gaughan et al. 2018). The North Coast Fisheries Bioregion of WA defined by DPIRD is divided into two management units,
the Pilbara and the Kimberley management units (Figure 4-8), which also inform the FRDC (2019) stock assessments. The
fishery management unit boundaries are the same as the Pilbara and Kimberley region fisheries. The location of the
boundary for the two management units, which determines the break in spatial extent of the fisheries stock assessments, is
an artificial construct, which reflects both a practical spatial division of the genetic stock and the historical development of the
fisheries in the Pilbara and Kimberley regions (Gaughan et al. 2018). All WA-managed commercial fisheries in the North
Coast Fisheries Bioregion (Pilbara and Kimberley management units) are assessed as having sustainable stock levels
(Gaughan et al. 2019).

Table 4-2 summarises the indicator fish species that are relevant to the Operational Area, the spatial extent of their
biological stocks, and their reproductive biology, based on information provided by DPIRD (2019c) and other published
literature on the fisheries and fish species. Figure 4-9 presents the principal spawning ranges of the key indicator fish
species based on Pilbara fisheries management units and the principal water depths provided by DPIRD (2019c). Both the
biological stock ranges and the fishery management units are discussed in the impact and risk assessments in Section 7.

Whilst the WA Pearl Oyster Fishery does not fish within the Operational Area (refer Section 4.4.4), habitat similar to that
described for the target species silver-lipped pearl oyster (Pinctada maxima) broodstock may occur within the Operational
Area and EMBA (DoF, 2016). Whilst aggregations of the silver-lipped pearl oyster are generally found in water depths of less
than 40 m, two pearl oysters were found in a benthic study for the Santos Keraudren Seismic Survey in water depths of 40-
60 m which is expected to be the limit of their depth range. The study area overlaps the extreme eastern portion of Sauropod
Operational Area. Both individuals were observed growing vertically attached to consolidated rock substrates, with a
relatively thick veneer of shelly/gravelly sand. Although it is expected that the Sauropod 3D MSS Operational Area and wider
EMBA would support similar epibenthos as those found in the Santos study due to shared bioregions and comparable
benthic habitat, sediments, and geomorphic features, a sparse distribution of silver-lipped pearl oyster broodstock is
expected to occur within the area due to the water depths.
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Figure 4-8 — Management units for the scalefish resources in northern WA (Gaughan et al. 2018). The North Coast Fisheries Bioregion
comprises the Pilbara and Kimberley management units.
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Table 4-2 — Key Indicator Fish Species of Commercial Fisheries Relevant to the Sauropod 3D MSS

Species Distribution and Habitat Biological Stock Range Principal Depth Range Reproduction and Recruitment Spawning Season Relevance to EP
Goldband Goldband snapper occur around Australian populations of Goldband snapper  50-200 m (DPIRD Goldband snapper are highly fecund, serial, broadcast spawners  October — May Given the known distribution and
snapper offshore reefs, shoals, and areas of are likely to form a single biological stock and 2019c). and they can produce several million eggs per season (Newman  (extended peak habitat depths, Goldband snapper are
(Pristipomoides hard flat bottom with occasional there is gene flow among Goldband snapper et al. 2008). They spawn throughout their range (DPIRD 2019c).  spawning period) likely to occur and may spawn within
multidens) benthos or vertical relief. Juveniles from the Northern Territory (Timor Sea and Goldband snapper can spawn approximately every three days / (DPIRD 2019c). the Operational Area.
typically occur on uniform sedimentary  Arafura Sea) and between the Western every week during the spawning period (Santos 2020). Juveniles The proposed acquisition window
habitat with no relief (Newman et al. Australian management units (Kimberley, remain in offshore waters with the adult spawning biomass but overlaps with five months of the
2008). Goldband snapper are widely Pilbara and Gascoyne) (Saunders et al. are found in association with different habitat (Newman et al. Goldband snapper’s eight month
distributed throughout northern 2018). 2008). Fish are estimated to reach maturity after approximately spawning period.
Australia, from the Gascoyne region of 4.6 years (Saunders et al. 2018).
WA to SE Queensland (Newman et al. )
2008, 2018a; Saunders et al. 2018). Stock status: Sustainable (Newman et al. 2019).
Rankin cod Rankin cod are a demersal species There is low genetic variation and extensive 10-150 m (DPIRD Rankin cod are highly fecund, serial, broadcast spawners that The species spawns for  Given the known distribution and
(Epinephelus distributed in continental shelf waters connectivity among populations over large 2019c). release eggs over a protracted spawning period (8-10 months of ~ 8-10 months of the year habitat depths, Rankin cod are likely

multinotatus)

Red emperor
(Lutjanus sebae)

Blue-spotted
emperor
(Lethrinus
punctulatus)

throughout tropical and sub-tropical
northern Australia, from Shark Bay in
WA to the NT (Newman et al. 2018).

They are generally found in warm
coastal waters in association with drop-
offs and deep rocky reefs. Juveniles
are generally found in inshore coral
reefs (Newman et al. 2008).

Red emperor occur from the central
west coast of WA to southern
Queensland (Newman et al. 2018).

Red emperor are widely distributed
across the continental shelf and
associated with reefs, lagoons,
epibenthic communities, limestone
sand flats and gravel patches
(Newman et al. 2008).

The blue-spotted emperor are
distributed primarily from around
Geraldton and the Abrolhos Islands in
WA to Darwin in the NT (Newman et al.
2018). Greatest abundances are noted
in the western Pilbara region (Newman
et al. 2018; Gaughan et al. 2018).

The species is often found in
association with shallow reef, sand and
mud areas (Newman et al. 2008).

distances (at least 1,400 km) (Gaughan et al.
2018). There is no evidence of discrete
breeding populations of Rankin cod in
Western Australia, indicating that there is a
single biological stock between Shark Bay
and the Kimberley (Gaughan et al. 2018;
Newman et al. 2018)

The reproductive biology of Red emperor
results in a very broad distribution of eggs
and larvae, which results in genetic
connectivity over a wide geographic range
(Gaughan et al. 2018).

There is extensive connectivity and gene
flow among populations across northern
Australia (Queensland to Shark Bay in WA),
indicating a single genetic stock (Newman et
al.2018). There is no evidence of discrete
breeding populations between regions in WA
(Gaughan et al.2018).

There is extensive connectivity among
populations of Blue-spotted emperor over
large distances, and there is considered to
be a single biological stock in WA and
potentially as far as the Northern Territory
(Newman et al. 2018).

10-180 m (DPIRD
2019c).

5-110 m (DPIRD 2019c).

the year) and appear to spawn across much of the continental
shelf of the Pilbara region (Gaughan et al. 2018). They spawn
throughout their range (DPIRD 2019c).

Juveniles generally occur inshore from the adults in deeper
waters, indicating there may be some movement of juveniles
offshore with increasing age (Newman et al. 2008). Fish are
estimated to reach maturity after approximately 2 years
(Newman et al. 2018).

Stock status: Sustainable (Newman et al. 2019).

Red emperor are highly fecund, serial, broadcast spawners.
Females release many batches of eggs over an extended
spawning period. (Newman et al. 2008; Gaughan et al.2018).
They spawn throughout their range (DPIRD 2019c).

Juvenile fish are more common in nearshore waters and move
offshore and recruit to the stock as they mature (Newman et al.
2008; van Herwerden et al. 2009). Fish are estimated to reach
maturity after approximately 4 — 6 years (Newman et al. 2018).

Stock status: Sustainable (Newman et al. 2019).

Blue-spotted emperor are highly fecund, serial, broadcast
spawners that release eggs over a protracted spawning period
(11 months of the year) (Gaughan et al. 2018). They spawn
throughout their range (DPIRD 2019c).

Fish are estimated to reach maturity after approximately 18
months (Newman et al. 2018; Gaughan et al. 2018).

Stock status: Sustainable (Newman et al. 2019).

in the Pilbara region
(Gaughan et al. 2018).

DPIRD (2019c) advise
that the main spawning
season is June —
December and March
(peaks August —
October).

The species spawns for
10-12 months of the
year on the north coast
of WA (Gaughan et al.
2018).

DPIRD (2019c) advises
that the main spawning
season is September —
June (with bimodal
peaks September —
November and January
— March).

The species spawns for
11 months of the year
(Gaughan et al. 2018).

DPIRD (2019c) advises
that the main spawning
season is July — March
(extended peak
spawning period).

to occur and may spawn within the
Operational Area.

The proposed acquisition window
avoids the three month peak
spawning period from August —
October.

Given the known distribution and
habitat depths, Red emperor are
likely to occur and may spawn within
the Operational Area.

The proposed acquisition window
overlaps with four months of the Red
emperor's main 10 month spawning
period, including one of the bimodal
peaks.

Given the known distribution and
habitat depths, Blue-spotted emperor
are likely to occur and may spawn
within the Operational Area. However,
the water depths at which the species
occurs is largely outside the water
depths of the Operational Area and
so overlap is limited (refer to Figure
4-9).

The proposed acquisition window
overlaps with three months of the
Blue-spotted emperor’s nine month
spawning period.
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Species

Distribution and Habitat

Biological Stock Range

Principal Depth Range

Reproduction and Recruitment

Spawning Season

Relevance to EP

Giant ruby
snapper (Etelis
carbunculus)

Other demersal
species (non-
indicator
species)

Spanish
mackerel
(Scomberomorus
commerson)

Silver-lipped
pearl oyster

(Pinctada
maxima)

Ruby snapper occur across the Indo-
West pacific region. In Australia, ruby
snapper are recorded from Geraldton,
WA to north-eastern Queensland
(Australian Museum 2019; Bray 2020).

Variable (DPIRD 2019c).

Spanish mackerel are a pelagic
species that are widely distributed
throughout Indo-West Pacific waters. In
Australia, Spanish mackerel are found
from approximately Geraldton in WA to
Northern NSW (Langstreth et al. 2018).

Adult movements in Australian waters
occur over ranges up to 100 km
(Mackie et al. 2010).

Pearl oysters are a benthic species
that are widely distributed throughout
the Indo-West Pacific Region. In
Western Australia they are found
northward from Shark Bay, however
the majority of the population occurs in
the North-West Cape adjacent to
Eighty Mile Beach (DoF 2016).

The extent of the biological stock of Ruby
snhapper is uncertain.

Variable (DPIRD 2019c).

Spanish mackerel in northern Australia form
three distinct genetic stocks: an east coast
stock, a Torres Strait stock, and a single
stock across the north and west coasts of
Australia (Northern Territory and WA)
(Langstreth et al. 2018). Consequently, the
whole of the WA Mackerel Managed Fishery
(spanning the Kimberley, Pilbara and
Gascoyne regions) is defined as a single
stock (Langstreth et al. 2018).

Pearl oysters in Western Australia are fished
in four distinct zones from Exmouth to
Kununurra.

150 -480 m (DPIRD
2019c).

Variable (DPIRD 2019c).

1 - 50 m (DPIRD 2019c).

Generally pearl oysters
occur in water depths of
8-40 m (DoF 2016),
however there is
evidence to suggest they
can occur in depths up to
60 m (Santos Keraudren
Extension 3D MSS 2020
report).

Ruby snapper spawn throughout their range (DPIRD 2019c).

Like other snappers, they are understood to be highly fecund,
serial, broadcast spawners (Newman et al. 2008).

Stock status: Sustainable (Newman et al. 2019).

Spawn throughout their range (DPIRD 2019c).
Stock status: Sustainable (Newman et al. 2019).

The proposed acquisition window overlaps with the likely
spawning periods of these species.

Form spawning schools around inshore reefs in north coast
bioregion (Mackie et al. 2010; Lewis and Jones 2018).

Spanish mackerel spawning occurs in coastal waters. They are
serial spawners and alongshore dispersal of eggs maintains
genetic homogeneity (Mackie et al. 2010).

Females are capable of producing a batch of hundreds of
thousands of eggs every 1-3 days during the spawning season,
though a spawning frequency of 1.9 to 5.9 days has also been
reported (McPherson 1993; Mackie et al. 2010).

Larvae are commonly associated with reef lagoonal areas before
juveniles move to estuary and foreshore nursery and feeding
grounds where they tend to remain for the first year of life
(McPherson 1993; Begg et al. 2006; Mackie et al. 2010). Fish
are estimated to reach maturity after approximately 2 years
(Langstreth et al. 2018).

Stock status: Sustainable (Lewis and Brand-Gardner 2019).

Males mature at 3-4 years of age at 100-120 mm, and about half
have changed to female by the time they reach 170 mm.
Females are highly fecund, producing millions of eggs, however
less than 1% of those fertilised survive the free-living larval
stages (DoF, 2016).

Stock status: Sustainable (FRDC 2020)

December-April (peak
spawning period
January-March)
(DPIRD 2019c).

Most likely to exhibit a
peak spawning period
from October-May
(DPIRD 2019c).

September — December
(peak spawning)
(DPIRD 2019c).

Synchronous spawning
generally occurs from
September to May each
year, however the
primary spawning
period occurs in
October-December
(DoF 2016).

Ruby snapper are likely to occur and
may spawn within the Operational
Area. However, the water depths at
which the species occurs are largely
outside the water depths of the
Operational Area and so overlap is
limited (refer to Figure 4-9).

The proposed acquisition window
overlaps with the Ruby snapper’s
spawning period.

Other demersal fish species may
spawn in the Operational Area.

Given the known distribution and
habitat depths, the species may occur
in the Operational Area but is highly
unlikely to spawn in the Operational
Area (refer to Figure 4-9).

The proposed acquisition window
does not overlap with the Spanish
mackerel’s four month spawning
period.

Pearl oysters are likely to occur within
the Operational Area, however in
depths greater than 40 m they are
likely to occur in very low abundance.

The proposed acquisition window
overlaps five months of the pearl
oysters nine month extended
spawning period.
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Figure 4-9 — Principal Spawning Ranges for Key Indicator Fish Species

4.3.5 Threatened and Migratory Species

The EPBC Act Protected Matters Search Tool (PMST) was used to identify listed species under the EPBC Act that may
occur within the Operational Area and EMBA (report in Appendix B:). The results of the search inform the assessment of
planned events in Section 7 as well as unplanned events in Section 8. It should be noted that the EPBC Protected Matters
database is a general database that conservatively identifies areas in which protected species have the potential to occur.

A total of 34 EPBC Act listed species were identified as potentially occurring within the Operational Area. Of those listed, 16
are considered threatened marine species and all 34 are migratory species under the EPBC Act (Table 4-3).

An additional 11 EPBC Act listed species were identified as potentially occurring within the wider EMBA. Of those 11
additional species, three are considered threatened marine species and eight are migratory species under the EPBC Act
(Table 4-3).

Three migratory terrestrial species were identified in the EPBC search as occurring within the EMBA, including the barn
swallow (Hirundo rustica), grey wagtail (Motacilla cinerea) and yellow wagtail (M. flava). These have been excluded from
further assessment due to lack of a credible impact scenario.

The full list of species identified from the PMST is provided in the EPBC Act PMST report (Appendix B:).

Table 4-3 — Threatened and Migratory Marine Species Listed Potentially Occurring within the Operational Area and EMBA

Relevance to EP

Scientific Name Common Name Threatened Migratory  QOperational EMBA
Area
Marine Mammals
Balaenoptera borealis Sei whale Vulnerable v v X
Balaenoptera musculus Blue whale Endangered v v X
Balaenoptera physalus Fin whale Vulnerable v v X
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Relevance to EP

Scientific Name Common Name Threatened Migratory  QOperational EMBA
Area
Megaptera novaeangliae Humpback whale Vulnerable v v X
Balaenoptera edeni Bryde's whale N/A v v X
Orcinus orca Killer whale N/A v v X
Physeter macrocephalus Sperm whale N/A v v X
Tursiops aduncus Spotted bottlenose N/A v v X
dolphin (Arafura/Timor
Sea populations)
Dugong dugon Dugong N/A v v v
Sousa chinensis Indo-Pacific Humpback N/A v v v
Dolphin
Marine Reptiles
Caretta caretta Loggerhead turtle Endangered v v X
Chelonia mydas Green turtle Vulnerable v v X
Dermochelys coriacea Leatherback turtle Endangered v v X
Eretmochelys imbricata Hawksbill turtle Vulnerable v v X
Natator depressus Flatback turtle Vulnerable v v X
Aipysurus apraefrontalis Short-nosed sea snake Critically X v v
Endangered
Sharks and Rays
Anoxypristis cuspidata Narrow sawfish N/A v v X
Carcharodon carcharias Great white shark Vulnerable v v X
Isurus oxyrinchus Shortfin mako shark N/A v v X
Manta alfredi Reef manta ray N/A v v X
Manta birostris Giant manta ray N/A v v X
Pristis pristis Freshwater sawfish Vulnerable v v X
Pristis zijsron Green sawfish Vulnerable v v X
Rhincodon typus Whale shark Vulnerable v v X
Carcharhinus longimanus  Oceanic whitetip shark N/A v v X
Isurus paucus Longfin mako N/A v v v
Pristis clavata Dwarf sawfish Vulnerable X v v
Avifauna
Numenius Eastern curlew Critically v v X
madagascariensis Endangered
Calidris canutus Red knot Endangered v v X
Papasula abboti Abbott’s booby Endangered X v X
Fregata minor Great frigatebird N/A v v X
Actitis hypoleucos Common sandpiper N/A v v X
Anous stolidus Common noddy N/A v v X
Calidris acuminata Sharp-tailed sandpiper N/A v v X
Calidris melanotos Pectoral sandpiper N/A v v X
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Calonectris leucomelas
Fregata ariel

Pandion haliaetus
Phaethon lepturus

Calidris ferruginea

Phaethon rubricauda
Sternula albifrons
Sula leucogaster
Sterna bengalensis

Sterna dougallii

4351

Common Name

Streaked shearwater
Lesser frigatebird
Osprey

White-tailed tropicbird

Curlew sandpiper

Red-tailed tropichird
Little tern

Brown booby
Lesser crested tern

Roseate tern

Threatened

N/A
N/A
N/A
N/A

Critically
Endangered

N/A
N/A
N/A
N/A
N/A

Listed Threatened Species Recovery Plans and Conservation Advices

Migratory

NGRS

NGNS

Relevance to EP

Operational
Area

v

NN

NGNS

EMBA

N X X X X

NG ENEN

Species Recovery Plans set out the research and management actions necessary to stop the decline of, and support the
recovery of, listed threatened species or threatened ecological communities (DoEE, n.d.). Recovery plans are enacted under
the EPBC Act and remain in force until the species is removed from the threatened list. Conservation advice provides
guidance on immediate recovery and threat abatement activities that can be undertaken to ensure the conservation of a
listed species or ecological community (DoEE, n.d.).

Table 4-4 lists the applicable recovery plans and/or conservation advice for EPBC Act-listed species within the Operational
Area and EMBA, as identified by the PMST search. Any relevant requirements applicable to the activity will be considered as
part of the Environmental Risk Assessment (Section 7 and Section 8).
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Table 4-4 — Recovery Plans and Conservation Advice for EPBC Act-Listed Species Occurring Within the Operational Area and EMBA

Recovery Plan / Conservation Advice

Key Threats Identified in the Plan/ Advice

Actions Relevant to the Sauropod 3D MSS

Environmental Risk
Assessment Section

All vertebrate fauna

Mammals

Sei whale

Blue whale

Fin whale

Humpback whale

Reptiles
Loggerhead turtle

Hawksbill turtle

Green turtle

Flatback turtle

Threat abatement plan for the impacts of marine debris on the

vertebrate wildlife of Australia’s coasts and oceans (DoEE, 2018).

Conservation advice Balaenoptera borealis Sei whale (TSSC,
2015a).

Conservation management plan for the Blue whale: A recovery

plan under the Environment Protection and Biodiversity
Conservation Act 1999 2015-2025 (DoEE, 2015a).

Conservation advice Balaenoptera physalus Fin whale (TSSC,
2015b).

Approved Conservation Advice for Megaptera novaeangliae
(Humpback whale) (TSSC, 2015c).

Recovery plan for marine turtles in Australia (DoEE, 2017)

Recovery plan for marine turtles in Australia (DoEE, 2017)

Recovery plan for marine turtles in Australia (DoEE, 2017)

Recovery plan for marine turtles in Australia (DoEE 2017)

Marine-based sources of debris.

Anthropogenic noise and acoustic disturbance.
Vessel strike.
Noise interference.

Vessel disturbance.

Anthropogenic noise and acoustic disturbance.
Vessel strike.
Noise Interference (including seismic surveys).

Vessel disturbance and strike.

Threats to the WA stock include:
Light pollution.

Vessel disturbance (strike) — rated as ‘almost certain’
likelihood of occurrence, minor consequence.

Noise interference (acute) — rated as a ‘likely’ likelihood of
occurrence, minor consequence.

An “almost certain” rating means the event is expected to
occur every year. A “minor” rating means that individuals are
affected, but there is no effect at stock level.

Threats to the WA stock include:
Light pollution.

Vessel disturbance — rated as ‘almost certain’ likelihood of
occurrence, minor consequence.

Noise interference (acute) — rated as a ‘possible’ likelihood of
occurrence, minor consequence.

Threats to the WA stock include:
Light pollution.

Vessel disturbance (strike) — rated as a ‘likely™ likelihood of
occurrence, minor consequence.

)

Noise interference (acute and chronic) — rated as ‘unknown
likelihood of occurrence, minor consequence.

*A “likely” rating means the event is expected to occur at
least once every five years.

Threats to the Pilbara stock include:

Light pollution.

Contribute to long-term prevention of marine debris, through waste
management and resource recovery.

Limit the amount of single use plastic material lost to the environment in
Australia.

Assessing and addressing anthropogenic noise.
Minimising vessel collisions.
Assessing and addressing anthropogenic noise.

Minimising vessel collisions.

Assessing and addressing anthropogenic noise.
Minimising vessel collisions.
Assessing and addressing anthropogenic noise.

Minimising vessel collisions.

Minimise light pollution

No specific actions for vessel disturbance are identified by the plan. The
Australian Government has developed a National Strategy for Mitigating
Vessel Strike of Marine Mega-fauna (2017) to provide guidance on
reducing the risk of vessel collisions and the impacts they may have on
marine fauna.

A precautionary approach to acute noise exposure should be applied to
seismic surveys.

Minimise light pollution

No specific actions for vessel disturbance are identified by the plan. The
Australian Government has developed a National Strategy for Mitigating
Vessel Strike of Marine Mega-fauna (2017) to provide guidance on
reducing the risk of vessel collisions and the impacts they may have on
marine fauna.

A precautionary approach to acute noise exposure should be applied to
seismic surveys.

Minimise light pollution

No specific actions for vessel disturbance are identified by the plan. The
Australian Government has developed a National Strategy for Mitigating
Vessel Strike of Marine Mega-fauna (2017) to provide guidance on
reducing the risk of vessel collisions and the impacts they may have on
marine fauna.

A precautionary approach to acute noise exposure should be applied to
seismic surveys.

Minimise light pollution

Section 8.7

Section 7.1, Section 7.2
Section 8.5
Section 7.1, Section 7.2
Section 8.5

Section 7.1, Section 7.2
Section 8.5
Section 7.1, Section 7.2
Section 8.5

Section 7.7
Section 8.5
Section 7.1, Section 7.2

Section 7.7
Section 8.5
Section 7.1, Section 7.2

Section 7.7
Section 8.5
Section 7.1, Section 7.2

Section 7.7
Section 8.5
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Recovery Plan / Conservation Advice

Key Threats Identified in the Plan/ Advice

Actions Relevant to the Sauropod 3D MSS

Environmental Risk
Assessment Section

Olive ridley turtle

Leatherback turtle

Short-nosed sea snake

Sharks and rays

Great white shark

Dwarf sawfish

Green sawfish

Whale shark

Grey nurse shark

Seabirds
Red knot

Curlew sandpiper

Eastern curlew

Common sandpiper, Red
knot,Ppectoral sandpiper,
Sharp-tailed sandpiper

Abbott’s booby

Recovery plan for marine turtles in Australia (DoEE 2017)

Recovery plan for marine turtles in Australia (DoEE 2017)

Approved conservation advice for Dermochelys coriacea
(Leatherback turtle) (DEWHA 2008b)

Approved Conservation Advice for Aipysurus apraefrontalis
(Short-nosed sea snake) (DSEWPaC 2011)

Recovery plan for the Great white shark (Carcharodon carcharias)
(DSEWPaC 2013)

Approved conservation advice for Pristis lavate (Dwarf sawfish)
(TSSC 2009) Sawfish and river shark multispecies recovery plan
(DoE 2015b)

Approved Conservation Advice for Green sawfish (TSSC 2008)
Sawfish and river shark multispecies recovery plan (DoE 2015b)
Conservation advice Rhincodon typus Whale shark (TSSC 2015d)

Recovery Plan for the Grey nurse shark (Carcharias taurus) (DoE,
2014)

Conservation advice Calidris canutus red knot (TSSC 2016)

Conservation advice Calidris ferruginea curlew sandpiper (DoE
2015c)

Conservation advice Numenius madagascariensis eastern curlew
(DoE 2015d)

Wildlife conservation plan for migratory shorebirds
(Commonwealth of Australia 2015)

Conservation Advice Papasula abbotti Abbott's booby (TSSC
2020)

Vessel disturbance (strike) — rated as an ‘almost certain’
likelihood of occurrence, minor consequence.

Noise interference (acute) — rated as a ‘likely’ likelihood of
occurrence, minor consequence.

Threats to the North-Western Cape York stock include:
Light pollution.

Vessel disturbance — rated as a ‘possible’ likelihood of
occurrence, minor consequence.

Noise interference (acute) — rated as an ‘unlikely’ likelihood
of occurrence, no long-term effect.

Vessel disturbance

No threats identified that are applicable to this EP.

No threats identified that are applicable to this EP.

No threats identified that are applicable to this EP.
No threats identified that are applicable to this EP.

No threats identified that are applicable to this EP.
No threats identified that are applicable to this EP.
Vessel disturbance

No threats identified that are applicable to this EP.

Habitat degradation (oil pollution). Human disturbance
(general).

Habitat degradation (oil pollution). Human disturbance
(general).

Habitat degradation (oil pollution). Human disturbance
(general).

Habitat degradation (oil pollution).

No threats identified that are applicable to this EP.

No specific actions for vessel disturbance are identified by the plan. The
Australian Government has developed a National Strategy for Mitigating
Vessel Strike of Marine Mega-fauna (2017) to provide guidance on
reducing the risk of vessel collisions and the impacts they may have on
marine fauna.

A precautionary approach to acute noise exposure should be applied to
seismic surveys.

Minimise light pollution

No specific actions for vessel disturbance are identified by the plan. The
Australian Government has developed a National Strategy for Mitigating
Vessel Strike of Marine Mega-fauna (2017) to provide guidance on
reducing the risk of vessel collisions and the impacts they may have on
marine fauna.

A precautionary approach to acute noise exposure should be applied to
seismic surveys.

Minimising vessel collisions.

N/A

N/A

N/A

N/A

Minimising vessel collisions.
N/A

Manage disturbance at important sites when Red knots are present.

Manage disturbance at important sites when Curlew sandpipers are
present.

Manage disturbance at important sites when Eastern curlews are
present.

Ensure all areas important to migratory shorebirds in Australia continue
to be considered in development assessment processes.

N/A

Section 7.1, Section 7.2, 7.2

Section 7.7
Section 8.5
Section 7.1, Section 7.2

Section 8.5

N/A

N/A

N/A

N/A

Section 8.5
N/A

Section 7.1, Section 7.2,
Section 7.7, Section 8.5

Section 7.1, Section 7.2,
Section 7.7, Section 8.5

Section 7.1, Section 7.2,
Section 7.7, Section 8.5

Section 7.1, Section 7.2,
Section 7.7, Section 8.5

N/A
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4.3.5.2  Biologically Important Areas

Biologically Important Areas (BIAs) are regions where a particular species is known or likely to display important behaviours
such as breeding, foraging, nesting or migration (DoEE n.d.). BIAs have no legal status; however they provide information to
help inform regulatory and management decisions. Table 4-5 identifies the BIAs associated with threatened and migratory
species potentially occurring within the Operational Area and wider EMBA, as identified during the PMST search

(Appendix B:). Further information on BlAs is provided in the individual species descriptions below (Section 4.3.6 and
Section 4.3.9).

Table 4-5 — Threatened and Migratory Species’ BIAs within the Operational Area and EMBA

Species BIA Location Distance from Operational Area
Humpback whale Migration North-west WA coast 15 km
Pygmy blue whale Distribution South and west Australia waters  Overlaps
Migration WA waters 72 km
Whale shark Foraging NWS 200 m isobath Overlaps
Flatback turtle Internesting Eighty Mile Beach 20 km
Internesting* Eighty Mile Beach 60 km
Lesser frigatebird Foraging Bedout Island Overlaps
Breeding and foraging Bedout Island 40 km
White-tailed tropicbird  Breeding and foraging North-West and Rowley Shoals Overlaps
Little tern Resting Rowley Shoals 23 km
Brown booby Breeding Pilbara coast 40 km

* Habitat critical to the survival of a marine turtle species (DoEE 2017).

4.3.6 Marine Mammals

Several species of marine mammals are known to occur in the region and have wide distributions that are associated with
feeding and migration patterns linked to reproductive cycles. There are 27 marine mammal species known to occur regularly
in the NWMR, including 16 whale species and at least 11 species of dolphin (DEWHA 2008a).

Four threatened and migratory and six migratory marine mammal species were identified by a search of the EPBC Act
Protected Matters Database as potentially occurring in the EMBA.

Cetacean species, such as the Pygmy blue whale and Humpback whale, are known to transit between Southern Ocean
feeding grounds and tropical water breeding grounds. However, some cetacean species (e.g. spotted bottlenose dolphin)
are thought to be resident in the region throughout the year (DEWHA 2008a).

Dugongs are also present in the region, preferring shallow waters along the coast and around shoals where seagrass
habitats are available (DEWHA 2008a). The Operational Area is highly unlikely to support Dugong populations, due to the
open ocean location, water depths and lack of suitable habitat.

A description of the identified threatened and/or migratory marine mammals is provided in Table 4-6 including their
distribution, migratory movements, preferred habitat and likely presence within the Operational Area and EMBA.

Two species have biologically important areas within the Operational Area and wider EMBA, as follows:

e The Humpback whale migration, breeding and calving BIAs extend along the length of the coast of WA, to its
northernmost extent offshore of the Kimberley region. The migration BIA is located approximately 15 km south of the
Operational Area. The breeding, nursing and calving BIA is located 255 km east of the Operational Area and outside the
wider EMBA (Figure 4-10).

e  Pygmy blue whale migration and distribution BIAs pass along the shelf edge at depths between 500 m and 1,000 m.
The Operational Area overlaps with the distribution BIA; however the migration BIA is located 72 km to the north of the
Operational Area (Figure 4-11).
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Table 4-6 — Threatened and Migratory Mammals Potentially Occurring Within the Operational Area and EMBA

Habitat and Distribution

Seasonality

Relevance to EP

Mammals Potentially Occurring Within the Operational Area

Blue whale

Humpback whale

Bryde’s whale

Fin whale

Two subspecies of blue whale are found in the southern hemisphere: the Pygmy blue whale (Balaenoptera musculus brevicauda) and the
Antarctic blue whale (B. m. intermedia). During the southern hemisphere summer, Antarctic blue whales are usually found south of 60°S,

while Pygmy blue whales are usually found north of 55°S (DoEE 2019). Therefore, Antarctic blue whales are highly unlikely to be present
within or nearby the Operational Area.

The Pygmy blue whale has a worldwide oceanic distribution and are regularly sighted in Australian waters. Whilst the species prefer deep
waters, whale sightings in Australia are usually related to migration purposes or opportunistic feeding.

The Pygmy blue whale has BIAs for migration, foraging and distribution along the WA coastline. The Operational Area overlaps with the
distribution BIA, and the wider EMBA overlaps with the migration BIA.

Satellite tracking of Pygmy blue whales undergoing their northern migration indicates whales generally follow known migration paths,
transiting north of the Rowley Shoals (Double et al. 2012, 2014).

Humpback whales occur globally and throughout Australian waters with their distribution being influenced by migratory pathways and
aggregation areas for resting, breeding and calving (DoEE 2019). There are two genetically distinct populations of Humpback whales in
Australia (i.e. west coast and east coast) (DoEE 2019).

Major breeding areas have been identified for the western Australian population in the Kimberley region and in particularly between
Lacepede Islands and Camden Sound (Jenner et al. 2001). Camden Sound is the northern most limit for the majority of west coast whales
and is considered to be an important breeding area (Jenner et al. 2001).

The west coast population of the Humpback whale is thought to be increasing in size by about 9% per year (DoEE 2019); estimates
conducted suggest that in 2008 the population migrating up the WA coast was at 21,750 individuals (Hedley et al. 2011).

Humpback whale songs change in composition among age groups, but most energy is consistently between 200 — 500 Hz (Salgado Kent et
al. 2012).

Bryde’s whales are distributed throughout oceanic and inshore, tropical and warm temperate waters, between 40°N and 40°S year-round.
They have been recorded off all states of Australia, with the exception of the Northern Territory (DoEE 2019).

The inshore form of the Bryde’s whale is typically limited to the 200 m depth contour and breeds and calves year-round, whilst the offshore
form is found in deeper waters (500 to 1,000 m) and breeds and calves over several months during winter (Best et al. 1984; Kato 2002).

The nearest known area of aggregation is Ningaloo Reef (over 740 km away) (DoEE 2019). Aerial surveys carried out in 2009, between
mainland Australia and Scott Reef (approximately 465 km north-east of the Operational Area) recorded Bryde’s whales in low numbers
(RPS 2010). Between September 2006 and June 2009 sea noise loggers deployed within Scott Reef also recorded Bryde’s whales’ calls
year-round (McCauley 2011; RPS 2010).

No specific feeding or breeding grounds have been discovered off Australia.
Fin whales occur from polar to tropical waters, but rarely in inshore waters (DoEE 2019). Fin whales are widely distributed in both

hemispheres between latitudes 20—-75° S (Mackintosh 1966). This species is common in temperate waters, the Arctic Ocean and Southern
Ocean.

Fin whales feed intensively in high latitudes and may feed to some extent, depending upon prey availability and locality, in lower latitudes.
Fin whales feed on planktonic crustacea, some fish and cephalopods (crustaceans).

Fin whales are killed by ship strike more than any other whale, which may be due to surface feeding (DoEE 2019).

The annual northbound migration past Exmouth and
north-western Australia has been detected between April
and August, with the return southbound migration from
October to the end of December, peaking in November
and early December (McCauley and Jenner 2010;
McCauley and Duncan 2011; Double et al. 2012; Double
et al. 2014).

Humpback whales undergo an annual migration from the
summer feeding grounds in Antarctica to the breeding
and calving grounds in Camden Sound (approximately
540 km from the Operational Area) occurs between late
May/June and October (DoEE 2019). During migration,
individuals travel alone or in temporary aggregations of
generally non-related individuals.

The numbers of Humpback whales at Camden Sound
peak between June and September each year (DoEE
2019). The migration corridor tends to be within the 200
m isobath (Jenner et al. 2001).

Individuals are likely to be present in the southern region
of the wider EMBA during seasonal migrations.

Inshore coastal forms appear to breed and give birth
throughout the year, while the offshore form appears to
have a protracted breeding and calving season over
several months during winter.

There is currently no evidence of large-scale movements
of the inshore form of the Bryde’s whale. However, the
offshore form may migrate seasonally, heading towards
warmer tropical waters during the winter months. It
should be noted that there is limited data on migration,

mating, breeding and calving patterns for Bryde's whales.

There is insufficient data to prescribe migration times and
routes for Fin whales, however recent sightings in
Australian waters include summer and autumn months.
Fin whale calls have been detected in Antarctic waters
from February to July (DoEE 2019).

The Operational Area is located within the
Pygmy blue whale distribution BIA. However,
due to the species’ migration BIA being
located approximately 72 km north of the
Operational Area and absence of known
foraging, resting and calving habitat, presence
within the Operational Area EMBA is likely to
be infrequent and consist of transitory
individuals during migration months.
Individuals may be present in the northern
region of the wider EMBA during seasonal
migrations. Acquisition of the survey may
overlap the commencement of the northbound
migration (April-August), but avoids the
southbound migration period for Pygmy blue
whales in the region (October to December).

The Operational Area is located 15 km north of
the migration BIA, with breeding known to
occur within the area. However, due to the
species’ breeding and calving BIA being
located approximately 250 km north-east of
the Operational Area, the presence of the
species within the Operational Area is likely to
be infrequent and consist of transitory
individuals.

No specific feeding or breeding grounds have
been discovered off Australia and given the
distance to the closest known aggregation
area at Ningaloo Reef (approximately 740 km
away), the presence of the species within the
Operational Area and wider EMBA is likely to
be infrequent.

Given the wide-ranging nature of this species,
lack of nearby important habitat and a
preference for deeper offshore waters, the
presence of the species within the Operational
Area and wider EMBA is likely to be limited.
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Sei whale

Killer whale

Sperm whale

Spotted
bottlenose dolphin
(Arafura/Timor
Sea populations)

The Australian Antarctic waters are important feeding grounds for Fin whales. Sightings of Fin whales feeding in the Bonney Upwelling area
indicate that this area is also a potentially important feeding ground. There is no known mating or calving areas for Fin whales in Australian
waters.

Sei whales are considered a cosmopolitan species, ranging from polar to tropical waters, but tend to be found more offshore than other
species of large whales. They show well defined migratory movements between polar, temperate and tropical waters (Mackintosh 1965).
Migratory movements are essentially north—south with little longitudinal dispersion.

Sei whales have been infrequently recorded in Australian waters (Bannister et al. 1996). The similarity in appearance of sei whales and
Bryde’s whales has resulted in confusion about distributional limits and frequency of occurrence.

This species is known to breed in tropical and subtropical waters, while Australian Antarctic waters are important feeding grounds for Sei
whales, as are temperate, cool waters (Horwood 1987).

The Killer whale is found in all of the world’'s oceans, from the Arctic and Antarctic regions to tropical seas (Ford et al. 2005). The species
has been recorded in all the coastal waters of Australia, with concentrations reported in Tasmania, and common sightings in South
Australia and Victoria (DoEE 2019).

The preferred habitat of the species includes oceanic, pelagic and neritic (relatively shallow waters over the continental shelf) regions, in
both warm and cold waters. They may be more common in cold, deep waters, but off Australia, Killer whales are most often seen along the
continental slope and on the shelf, particularly near seal colonies. Killer whales have regularly been observed within the Australian territorial
waters along the ice edge in summer.

No areas of significance and no determined migration routes have been identified for this species within waters off WA (DoEE 2019).

Sperm whales are abundant from polar waters to the equator and typically found in deep temperate and tropical offshore waters (greater
than 600 m) or closer to the shore in water depths greater than 200 m (DoEE 2019).

Sperm whales tend to be found where the seabed rises steeply from great depth and are probably associated with concentrations of major
food in areas of upwelling (Bannister et al. 1996).

There is limited information on their distribution in Australian waters, although they have been recorded off the coast of all Australian states,
where they occur in groups of up to 50 individuals (DoEE 2019). Sperm whales have been recorded from all Australian states.

Sperm whales have previously been recorded both acoustically and during aerial surveys, on the North West Shelf, suggesting that they
occasionally occur in the deep, oceanic waters of the region (RPS 2010).

The Spotted bottlenose dolphin occurs in tropical and subtropical coastal and shallow offshore waters of the Indian Ocean, Indo-Pacific
region and the western Pacific Ocean (DoEE 2019).

In Australia, the species is generally found in inshore areas such as bays and estuaries, nearshore waters, open coast environments and
shallow offshore waters.

The species is typically found close to shore, within approximately 1 km from the nearest land or oceanic islands, or in water depths of less
than 30 m (Reeves et al. 2003).

The closest calving BIA is located at Roebuck Bay, approximately 150 km from the Operational Area. The population present at Roebuck
Bay is likely to be resident due to rich and consistent prey available.

Mammals potentially occurring within the EMBA

Dugong

Dugongs are also known to occur along the coast throughout the Kimberley to the Western Australia—Northern Territory border; however,
population estimates for these areas are not available (DSEWPaC 2012). Dugongs inhabit protected shallow coastal areas, such as wide
shallow bays and mangrove channels.

Some of the coastal waters in the region support significant populations of Dugongs, including Shark Bay, which has an estimated
population of around 10,000 individuals (DSEWPaC 2012).

Specific areas supporting Dugongs in Western Australia include: Shark Bay; Ningaloo and Exmouth Gulf; the Pilbara coast (Exmouth Gulf
to De Grey River) (Marsh et al. 2002); and Eighty Mile Beach and Kimberley Coast Region, including Roebuck Bay (Brown et al. 2014).

Dugongs feed primarily on seagrass in shallow waters less than 10 m deep and mostly above 3 m depth (Burbidge et al. 2014). A survey
carried out in northern Australia between 1994 and 2001 using time-depth recorders deployed on 15 Dugongs logged a total of 39,507
dives. The survey identified that Dugongs spend the majority of their time in water depths of less than 3 m (Chilvers et al.2004).

The closest foraging BIA is located south of the Operational Area, along the Dampier Peninsula (approximately 650 km away).

The movements and distributions of Sei whales in
Australian waters are unpredictable and not well
documented.

Information suggests that Sei whales have the same
general pattern of migration as most other baleen whales,
although it is timed a little later and they do not go to such
high latitudes (Gambell 1968).

Killer whales are known to make seasonal movements
and follow regular migratory routes.

Mating is known to occur all year round, whilst the calving
season spans several months.

Sperm whales are seasonal breeders, but the mating
season is prolonged, extending from late winter through
to early summer.

In the Southern Hemisphere, conceptions occur from July
to March, peaking in September and December. Calves
may be born in tropical and temperate waters and are
mainly born between November and March.

Calving peaks occur in spring and summer or spring and
autumn.

Knowledge of the species seasonal migration and
breeding is largely unknown; however, it is inferred that
only the Arafura-Timor Sea population is migratory.

The patterns of Dugong movement in Western Australia
are not well understood, it is thought that Dugongs move
in response to seagrass and water temperature.

Dugongs are generally seasonal breeders, and the
seasonality of breeding is more marked in the sub-tropics
(mostly spring, early summer calving) than in the tropics.

Given the wide-ranging nature of this species,
lack of nearby important habitat and a
preference for deeper offshore waters, the
presence of the species within the Operational
Area and wider EMBA is likely to be limited.

Given the wide-ranging nature of this species,
lack of nearby important habitat and a
preference for coastal waters, the presence of
the species within the Operational Area is
unlikely. Presence within the wider EMBA is
also likely to be limited.

Given the wide-ranging nature of this species,
lack of nearby important habitat and a
preference for deeper offshore waters, the
presence of the species within the Operational
Area and wider EMBA is likely to be limited.

Given the species preference for shallow water
and close proximity to shore, the presence of
the species within the Operational Area is
likely to be limited. The species may
occasionally be present in the shallower
southern region of the wider EMBA.

The PMST search identified the species as
potentially occurring within the EMBA, and not
within the Operational Area.

The closest foraging BIA for this species is 150
km away (Roebuck Bay) from the Operational
Area. Due to the absence of suitable habitat
and preference for shallow waters, presence of
the species within the EMBA is likely to limited.

cgg.com

Rev 0

Page 50/ 287



Sauropod 3D MSS

Common Name

Habitat and Distribution

Seasonality

Relevance to EP

Indo-Pacific
Humpback
Dolphin

The Indo-Pacific Humpback dolphin is found in tropical/subtropical waters of North-west Australia to the southern waters of the island of
New Guinea. In Australia, they are thought to be widely distributed along the northern Australian coastline from approximately the
Queensland—New South Wales border to western Shark Bay, Western Australia (DAWE, 2021a).

Within their geographical range, Australian Humpback dolphins generally occur close to the coast (within 20 km from land) and in relatively
sheltered offshore waters near reefs or islands (DAWE, 2021a).

In the North-west marine region, the species occurs off the Buccaneer Archipelago and from Cape Leveque to Roebuck Bay. They are
generally found in depths of less than 20 metres although some have been recorded in waters up to 40 metres deep and 55 kilometres
offshore (DSEWPaC, 2012a).

The closest BIA is located at Roebuck Bay (breeding, calving, and foraging), approximately 150 km from the Operational Area (DAWE,
2016). The population present at Roebuck Bay is likely to be resident due to rich and consistent prey available.

Australian Humpback dolphins do not appear to undergo
large-scale seasonal migrations, although seasonal shifts
in abundance have been observed (DAWE, 2021), and
are likely to migrate through the North-west Marine
Region (DSEWPaC,2012a)

The PMST search identified that the species or
species habitat may occur within the EMBA,
and not within the Operational Area. Species
BIA is located within close proximity to shore
and given the species preference for shallow
waters, the presence of the species within the
operational area is likely to be limited. The
species may occasionally be present in the
shallower southern region of the wider EMBA.
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4.3.7 Sharks and Rays

The NWMR supports high species richness of shark, sawfish and rays stemming from the diversity of marine environments.
There are approximately 500 shark and sawfish species globally, with 94 species found within the NWMR (i.e. 19% of the
world’s shark species) (DEWHA 2008).

One threatened, four threatened and migratory, and six migratory shark and ray species were identified in the PMST search
as potentially occurring in the Operational Area and EMBA (Table 4-3).

A description of the identified threatened and/or migratory sharks, sawfish and rays is provided in Table 4-7 including their
distribution, migratory movements, preferred habitat and likely presence within the Operational Area and EMBA.

One BIA for the shark and ray species described in Table 4-3 has been identified within the Operational Area and wider
EMBA: The Whale shark foraging BIA extends northwards from Ningaloo along the 200 m isobath. The Operational Area
overlaps with the BIA (Figure 4-12).
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Table 4-7 — Threatened and Migratory Sharks and Rays Potentially Occurring Within the Operational Area and EMBA

Habitat and Distribution

Seasonality

Relevance to EP

Sharks and rays potentially occurring within the operational area

Whale shark

Great white shark

Shortfin mako shark

Narrow sawfish
(previously known
as the Knifetooth
sawfish)

Reef manta ray
(coastal manta ray)

Giant manta ray

Freshwater sawfish
(also known as
Largetooth sawfish)

The whale shark occurs in both tropical and temperate waters with a typically oceanic and cosmopolitan distribution (Colman
1997). They are most commonly recorded in WA, the Northern Territory and Queensland, although they have been sighted
occasionally in New South Wales and Victoria.

According to the DoEE’s Conservation Advice on whale sharks, the species is known to aggregate at Christmas Island
(approximately 1,700 km away) between December and January and at Ningaloo Reef (approximately 740 km away) between
March and July to feed on krill and baitfish associated with coral spawning events (DoEE 2019). After this period, Whale sharks
disperse from Ningaloo and are understood to forage in continental shelf waters during spring.

The population participating in the Ningaloo aggregation is estimated to comprise between 300 and 500 individuals, although
the total population size in the region is unknown (Meekan et al. 2006; Bradshaw et al. 2007).

The Operational Area overlaps with the Whale shark foraging BIA (Figure 4-12 — Whale Shark BIAs), which extends
northwards from Ningaloo along the 200 m isobath.

They have been recorded from central Queensland around the south coast to north-west WA, with movements occurring
between the mainland coast and the 100 m depth contour (DoEE 2019).

Great white sharks are frequently recorded in waters around Fur seal and Sea lion colonies such as the islands off the lower
west coast of Western Australia (DoEE 2019).

The shortfin mako is found in tropical and warm-temperate seas in water depths up to 500 m (Cailliet et al. 2009). The species
is rarely found in waters cooler than 16 °C and is occasionally found close inshore where the continental shelf is narrow
(Cailliet et al. 2009).

The species is widespread in Australian waters, having been recorded in offshore waters all around the continent’s coastline
with exception of the Arafura Sea, the Gulf of Carpentaria and Torres Strait.

The exact distribution of the species is uncertain, but it is highly likely that its full range extends from Indo-Australian
Archipelago to Japan and South Korea.

The Narrow sawfish is a benthic-pelagic species that inhabits estuarine, inshore and offshore waters to at least 40 m depth
(Last and Stevens 2009). Inshore and estuarine waters are critical habitats for juveniles and pupping females, whilst adults
predominantly occur offshore (Peverell 2005).

The Reef manta ray is found around the northern coast of Australia between south western Australia, and Central New South
Wales (DoEE 2019).

This species is often resident in or along productive near-shore environments, such as island groups, atolls or continental
coastlines. This species tends to inhabit warm tropical or sub-tropical waters. The species is commonly sighted inshore,
however is also found around offshore coral reefs, rocky reefs and seamounts (Marshall et al. 2018).

The Giant manta ray lives in tropical, marine waters worldwide, and occasionally in temperate seas between latitudes 30°N and
35°S.

In Australia, the species is recorded from south-western WA, around the tropical north to the southern coast of New South
Wales.

Individuals have been recorded to travel up to 70 km over one day (van Duinkerken 2010).

The Largetooth sawfish may potentially occur in all large rivers of northern Australia from the Fitzroy River, Western Australia,
to the western side of Cape York Peninsula, Queensland (Allen 2000; DoEE 2019). It is a marine/estuarine species that spends
its first three—four years in freshwater (DoEE 2019).

The preferred habitat of this species is mud bottoms of river embayments and estuaries, but they are also found well upstream.
The species mainly feeds on fishes and benthic invertebrates.

Whale sharks are regarded as highly migratory — although these
‘migration patterns’ are poorly understood.

Individuals tagged at Ningaloo Reef have been shown to migrate
north, north-east or north-west towards Indonesian waters
(Sleeman et al. 2010; Wilson et al. 2006; Reynolds et al. 2017).
Tagged Whale shark data includes records of Whale sharks
departing from Ningaloo in spring and travelling north-west,
following the 200 m isobath on the edge of the continental shelf.
This route has been designated by the DoEE as a BIA for whale
shark foraging between July and November, which extends from
Ningaloo Reef to waters in the Timor Sea.

Great white sharks are known to undertake migrations along the
WA coast, with some individuals travelling as far north as North
West Cape during spring, before returning south for summer
(DoEE 2019).

Shortfin makos are also highly migratory and travel large
distances.

There is insufficient data to prescribe distribution behaviours,
migration times and routes and seasonal patterns.

Movement patterns are likely site-specific and correlated with
cycles in productivity. Individuals have been documented to make
seasonal migrations of several hundred kilometres as well as daily
migrations of almost 70 km (IUCN 2019).

The year-round population of Giant manta rays present at
Ningaloo Reef extends to Exmouth from mid-May through to mid-
September.

A study on the movement patterns of other sawfish species, P.
lavate and P. zijsron, showed that the species had a high fidelity to
an area, with movements restricted to only a few square
kilometres within the coastal fringe, and influenced by tides
(Stevens et al. 2008).

Given the recorded migratory routes in the
region, individual whale sharks may be
encountered in the Operational Area and
wider EMBA. However, given that the
proposed timing of the survey does not
coincide with the July to November migration
period when Whale sharks are most likely to
utilise the BIA, whale sharks are expected to
occur in low numbers.

Due to their preference for cold temperate
waters and feeding grounds in waters around
seal colonies further south, the presence of
the species within the Operational Area and
wider EMBA is likely to be limited.

Given the species distribution in deep
offshore waters, the presence of the species
within the Operational Area and wider EMBA
is expected to be low.

Given the species distribution, and
preference for coastal/estuarine areas, the
presence of the species within the
Operational Area is expected to be limited.
The species may occasionally be present in
the shallower southern region of the wider
EMBA.

Given the species is generally associated
with nearshore environments, the presence
of the species within the Operational Area is
expected to be limited. The species may be
present in higher numbers around Rowley
Shoals and in the shallower southern region
of the wider EMBA.

Given the species wide-distribution, the
presence of the species within the
Operational Area is expected to be low. The
species may be present in higher numbers
around Rowley Shoals and in the shallower
southern region of the wider EMBA.

Given the species preferred estuarine
habitat, and the location of the pupping and
foraging BIAs, the presence of the species
within the Operational Area is expected to be
low. The species may be present in the
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Green sawfish

Oceanic whitetip
shark

The Fitzroy River has been identified as a likely important nursery site for the Largetooth sawfish (located 380 km from the
Operational Area and outside the EMBA) (Whitty et al. 2008).

The Freshwater sawfish pupping and foraging BIAs are located along Eighty Mile Beach and Roebuck Bay. Pupping is known
to occur from the months of January to May at Eighty Mile Beach. The closest BIA is located 100 km from the Operational Area

In Australian waters, Green sawfish have historically been recorded in the coastal waters off Broome, Western Australia,
around northern Australia and down the east coast as far as Jervis Bay, NSW (Stevens et al. 2005).

The Green sawfish has been recorded in inshore marine waters, estuaries, river mouths, embankments and along sandy and
muddy beaches (Peverell et al. 2004). They have also been recorded in very shallow water (1 m) to offshore trawl grounds in
over 70 m of water (Stevens et al. 2005).

Green sawfish are found in Indonesian waters and it is possible that individuals may migrate between Australia and Indonesia.
It is probable that the Australian population can be considered geographically separate (Stevens et al. 2005).

The Sahul Shelf system is known to support populations of Green sawfish (Donovan et al. 2008).
The Oceanic whitetip has a global distribution, occurring in both tropical and subtropical waters, with a temperature range of
18-28°C but preferring >20°C (Rigby et al 2019b; Howey-Jordan et al 2013).

The species is usually found offshore in the open sea with a preference for surface waters (< 200 m) but have been reported in
depths of 1,082 m (Rigby, 2019b).

Sharks and Rays Potentially Occurring Within the EMBA

Longfin mako

Dwarf sawfish

Longfin makos inhabit oceanic and pelagic habits, typically in tropical regions. They are a highly mobile species and have a
wide-ranging distribution (DSEWPaC 2012) but are rarely encountered.

Longfin mako usually occur to depths of 760 m but have been reported to 1,752 m (Rigby et al. 2019; Ebert et al. 2013, Hueter
et al. 2016, Weigmann 2016). In Australian waters, the species is found from Geraldton, in WA, and north to Port Stephens in
New South Wales (Last and Stevens 2009).

Given the species wide-distribution and preference for deeper waters, the presence of the species within the EMBA is expected
to be low.

The Dwarf sawfish is found in Australian coastal waters extending north from Cairns around the Cape York Peninsula in
Queensland to the Pilbara coast (DoEE 2019).

Dwarf sawfish typically inhabit shallow (2 to 3 m) silty coastal waters and estuarine habitats, occupying relatively restricted
areas and moving only small distances (Stevens et al., 2008).

The majority of capture locations for the species in WA waters have occurred within King Sound and the lower reaches of the
major rivers that enter the sound, including the Fitzroy, Mary and Robinson rivers (Morgan et al., 2009). Individuals have also
been recorded from Eighty Mile Beach in the Pilbara and occasional individuals have also been taken from considerably
deeper water from trawl fishing (Morgan et al., 2009).

A study in north-western Western Australia found that estuarine habitats are used as nursery areas by Dwarf sawfish, with
immature juveniles remaining in these areas up until three years of age (Thorburn et al. 2007a). Adults are known to seasonally
migrate back into inshore waters (Peverell 2007), although it is unclear how far offshore the adults travel, as captures in
offshore surveys are very uncommon.

The Dwarf sawfish pupping, nursing and foraging BIAs are located along Eighty Mile Beach, approximately 100 km from the
Operational Area.

Sawfish are known to return seasonally to inshore coastal waters
adjacent to the northern Australian region to breed and pup. Little
is known about reproduction in Green sawfish.

It is unknown whether there is migration into Australian waters of
Green sawfish adults or juveniles from populations outside
Australia. Green sawfish are found in Indonesian waters and it is
possible that individuals may migrate between Australia and
Indonesia, however it is probable that the Australian population
can be considered geographically separate (Stevens et al. 2005).

Across its range the Oceanic whitetip shark is highly migratory,
however, there is limited information on the movement patterns
and migration paths of this species (Young and Carlson 2020).

There is insufficient data to prescribe distribution behaviours,
migration times and routes and seasonal patterns.

Dwarf sawfish may move into marine waters after the wet season
and during the wet season enter estuarine or fresh waters to
breed.

Adults are known to seasonally migrate back into inshore waters
(Peverell 2007), although it is unclear how far offshore the adults
travel.

shallower southern region of the wider
EMBA.

Given the species preferred estuarine habitat
and the location of the pupping and foraging
BIAs, the presence of the species within the
Operational Area is expected to be low. The
species may be present in the shallower
southern region of the wider EMBA.

The PMST search identified that the species
or species habitat may occur within the
Operational Area and EMBA. Given the
species’ wide-distribution, the presence of
the species within the Operational Area is
expected to be low

The PMST search identified the species as
potentially occurring within the EMBA, and
not within the Operational Area.

The PMST search identified the species as
potentially occurring within the EMBA, and
not within the Operational Area.

Given the species distribution and nearby
pupping, nursing and foraging BIAs, the
presence of the species in the EMBA is
expected to be low.
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4.3.8 Marine Reptiles

4.3.8.1 Marine Turtles

Marine turtles have similar life cycle characteristics, which include migration from foraging areas to mating and nesting
areas. All species, with the exception of flatback turtles, have an oceanic pelagic stage before moving to nearshore waters to
breed. The region is considered to be significant for supporting large feeding and nesting turtle populations.

Five threatened and migratory marine turtle species were identified in the EPBC Act Protected Matters Database search as
having the potential to occur in the Operational Area and EMBA. A description of their distribution, habitats, life stages and
likely presence within and around the Operational Area during the survey is provided in Table 4-8.

There are several BIAs for turtle species in the region, including along the coastline and offshore islands adjacent to the
Operational Area (Figure 4-13). No foraging, internesting, or nesting BIAs overlap with the Operational Area.

In 2017, the DoEE (now DAWE) identified “habitat critical to the survival of marine turtle species” in the Recovery Plan for
Marine Turtles in Australia (DoEE 2017). It should be noted that this is different to Critical Habitat to Survival, as defined
under the EPBC Act. No habitat critical to the survival of a marine turtle species occurs within the Operational Area. The
closest habitat is the flatback turtle internesting buffer at Eighty Mile Beach, approximately 60 km from the Operational Area
(Figure 4-14). The flatback turtle internesting buffer is the only habitat critical to the survival of a marine turtle species to
overlap with the wider EMBA.
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Figure 4-14 — Habitat Critical to the Survival of Marine Turtles
4.3.82  Sea Snakes

Sea snakes are essentially tropical in distribution and habitats reflect influences of factors such as water depth, nature of
seabed, turbidity and season (Heatwole and Cogger 1993). Some species have extensive distributions and individuals may
cover large distances, while other species have limited home ranges (Heatwole and Cogger 1993). Most sea snake species
tend to be found in the shallower parts of the region to allow for increased benthic foraging time (DEWHA 2008a).

Sea snakes that inhabit coral reefs in the region live out their lives within a few hectares, with little movement between the
reefs (Guinea 2013; PTTEP 2013). The distance between reefs in the region and the deep water between reefs inhibits
migration and supports the concept that sea snakes at each reef form a discrete ‘management unit’ for each species and

prevents species from occupying all reefs (PTTEP 2013).

At least 20 species of sea snake occur within the region (DEWHA 2008a). Amongst these species, one threatened sea
shake species (the short-nosed sea snake) was identified in the EPBC Act Protected Matters Database search as having the
potential to occur in the Operational Area and EMBA. Further details on its habitats, life stages and likely presence within the

Operational Area is provided in Table 4-8.

No coral reefs or shoals occur within the Operational Area and therefore sea snakes are expected to occur in low numbers.
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Table 4-8 — Threatened and Migratory Marine Reptiles Potentially Occurring Within the Operational Area and EMBA

Habitat and Distribution

Phenology

Relevance to EP

Marine Reptiles Potentially Occurring Within the Operational Area

Loggerhead turtle

Green turtle

Leatherback turtle

Hawksbill turtle

The Loggerhead turtle has a global distribution and occurs in eastern, northern and western parts of Australia (Limpus 2008). Loggerhead
turtles are known to show fidelity to both their foraging and breeding areas and can make reproductive migrations of over 2,600 km between
foraging and nesting areas (DoEE 2019). The species is known to forage nearshore, in water depths up to approximately 50-60 m (DoEE
2019).

In WA, the species nests on the Muiron Islands (approximately 630 km away) and on the beaches of North West Cape (approximately 665 km
away) (DoEE 2019; Guinea 1995). The species is known to nest between October and February, with a peak in December (DoEE 2019).

As a juvenile, this species feeds on algae, pelagic crustaceans, molluscs and flotsam whilst as an adult it feeds on gastropod molluscs, clams,
jellyfish, starfish, coral, crabs and fish (DoEE 2019).

The Green turtle has a global distribution and occurs in tropical and subtropical waters, with WA supporting one of the largest Green turtle
populations in the world (Limpus 2004).

Principal rookeries in WA include the Lacepede Islands (approximately 250 km away), Barrow Island (approximately 475 km away), the
Montebello Islands (approximately 450 km away), North West Cape (approximately 665 km away) and the Muiron Islands (630 km away)
(Commonwealth of Australia 2012; Department of the Environment and Energy 2017). Smaller rookeries in the region include Ashmore Reef
and Cartier Island (approximately 670 km away), Browse Island (approximately 550 km away), Cassini Island (approximately 740 km away),
Maret Island (approximately 650 km away) and Sandy Islet at Scott Reef (approximately 250 km away) (Commonwealth of Australia 2012;
Department of the Environment and Energy 2017).

The species primarily forages in shallow benthic habitats (10 m) such as tropical tidal and subtidal coral and rocky reef habitat or inshore
seagrass beds, feeding on seagrass beds or algae mats (Hazel et al. 2009). The closest foraging BIA to the Operational Area is located at
Bedout Island (approximately 90 km away) and James Price Point (approximately 190 km away).

The nearest nesting BIA is located at Lacepede Islands (approximately 250 km away). Females are known to stay within approximately 20 km
from nesting beaches (Commonwealth of Australia 2012). The Green turtle ‘habitat critical to the survival of marine turtles’ BIA is located
approximately at Adele Island and Lacepede Island, 230 km to the east of the Operational Area.

Leatherback turtles are pelagic feeders, spending extended periods of time in tropical, subtropical and temperate open ocean waters (Limpus
2009). The species has been recorded feeding in the coastal waters of all Australian states and territories in low densities.

Leatherback turtles forage on pelagic soft bodied creatures (such as jellyfish, squid, salps, siphonophores and tunicates) all year round in
Australian waters (DoEE 2019).

No BIAs have been identified for the species within the Operational Area or wider EMBA.

Hawksbill turtles are found in tropical, subtropical and temperate waters, with nesting mainly confined to tropical beaches (Limpus and Miller
2008). The Hawkshill turtle is commonly found in the NWMR and NMR, nesting extensively along the coasts and foraging in the region.
Australia has the largest breeding population of Hawksbill turtles in the world (Limpus 2008).

As a juvenile, the Hawksbill turtle feeds on plankton in the open ocean and then feeds on sponges, hydroids, cephalopods, gastropods,
jellyfish, seagrass and algae as an adult (DoEE 2019). The closest foraging BIA to the Operational Area is located at Bedout Island
(approximately 90 km away).

The nearest nesting BIA is located at the Dampier Archipelago (i.e. islands to the west of the Burrup Peninsula), 270 km from the Operational
Area. The nesting BIA is surrounded by an internesting BIA (buffer of 20 km). The ‘habitat critical to the survival of marine turtles’ BIA is also
located at the Dampier Archipelago.

Nesting occurs between October and February, with a peak
in December (DoEE 2019).

Nesting occurs between November and March (DoEE
2019).

Female Green turtles go into an inter-nesting cycle after
each nesting occurrence. The inter-nesting cycle takes
approximately two weeks once nesting starts. The females
spend this period in shallow waters beyond the reef edge,
where they visit different substrates, occupy different
depths and move up to tens of kilometres from the nesting
beach.

The species undertakes extensive post-nesting migrations
from foraging areas to traditional breeding areas
(Commonwealth of Australia 2012).

Nesting occurs on tropical beaches and subtropical
beaches (Marquez 1990), but no major centres of nesting
activity have been recorded in Australia.

The species is understood to migrate from Australian
waters to breed at larger rookeries in neighbouring
countries such as Indonesia, Papua New Guinea and
Solomon Islands between December and January (DoEE
2019)

Hawksbill turtles nest year-round, with a peak between
October and December (DEWHA 2008a). Inter-nesting
females are known to stay within approximately 20 km of
nesting beaches.

The north-east subpopulation breeds throughout the year
with a peak nesting period during July to October
(DSEWPaC 2012), whilst breeding in the WA population
peaks around October to January.

The species is highly migratory and is known to migrate
long distances between nesting and foraging areas
(ranging from 35 to 2,400 km) (DoEE 2019).

There are no known Loggerhead turtle BIAs
located within the Operational Area or
EMBA and the Operational Area occurs
outside of known foraging depths.
Therefore, Loggerhead turtles may occur
within the Operational Area in low numbers
as transitory individuals. Foraging habitat
potentially occurs in the wider EMBA where
individuals may occur in higher numbers.

There are no known Green turtle BIAs
located within the Operational Area or
EMBA, and the Operational Area occurs
outside of known foraging depths.
Therefore, Green turtles are unlikely to
occur within the Operational Area. Foraging
habitat potentially occurs in the wider
EMBA where individuals may occur in
higher numbers.

Given the species distribution, and low-
density population in Australian waters, the
presence of the species within the
Operational Area and EMBA is expected to
be low.

Given the species nesting, internesting and
foraging BIAs are located in close proximity
to the Operational Area, transient turtles
may be present within the Operational Area
and wider EMBA.
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Flatback turtle

The Flatback turtle is found in the tropical waters of northern Australia, Papua New Guinea and Irian Jaya, and nesting is only known to occur
in Australia (Limpus 2007).

The NWMR is an important nesting area, with major rookeries present from Exmouth to the Lacepede Islands (approximately 250 km away)
and along the Kimberley coast and islands. There are significant rookeries on Barrow Island, Thevenard Island, Montebello Islands and
Lowendal Islands (Commonwealth of Australia 2012). Nesting occurs between November and March, peaking in January (Commonwealth of
Australia 2012).

The nearest nesting BIA is located at Eighty Mile Beach, approximately 95 km from the Operational Area (Figure 4-13). A ‘habitat critical to the
survival of marine turtles’ (internesting) is also located along Eighty Mile Beach, approximately 60 km from the Operational Area (Figure 4-14).
Nesting occurs between May and July (DoEE 2019).

Internesting habitat is located immediately seaward of nesting habitat. Female Flatback turtles may occur within 60 km of nesting beaches
during the internesting period (DoEE 2019). An internesting BIA is located 60 km from the Operational Area, at Eighty Mile Beach.

Flatback turtles are known to feed on gastropod molluscs, squid, soft corals, hydroids and jellyfish (DoEE 2019). The closest foraging BIA to
the Operational Area is located at Bedout Island (approximately 90 km away) and James Price Point (approximately 190 km away).

Marine Reptiles Potentially Occurring Within the EMBA

Short-nosed sea
snake

The Short-nosed sea snake is endemic to WA and has been recorded from Exmouth Gulf to the reefs of the Sahul Shelf (Commonwealth of
Australia 2012). The species is thought to have a very restricted distribution.

The species can be found in reef flats and shallow water, in water depths to 10 m (Commonwealth of Australia 2012). The species is typically
found within 70 km from the shoreline, preferring shallow depths of 10 m; the species’ limited range results in the species only occupying an
area of less than 10 km? around the reef (Lukoschek et al.2010). Few Short-nosed sea snakes move further than 50 m from the reef flats
(DoEE 2019).

In the Kimberley and Pilbara regions of Western Australia,
from approximately the Lacepede Islands to Exmouth, there
is a mid-summer peak nesting season.

Flatback turtle hatchlings do not have an offshore pelagic
phase. Instead, hatchlings grow to maturity in shallow
coastal waters thought to be close to their natal beaches
(Commonwealth of Australia 2012).

Although turtles remain close to nesting beaches during the
internesting period, there is evidence that some Flatback
turtles undertake long-distance migrations between
breeding and feeding grounds. A survey carried out in the
region between 2005 and 2012 identified the distances 73
female Flatback turtles travelled to their foraging grounds;
11 remained within 100 km of their rookeries, four migrated
an average of 400 km and 58 migrated between 1,000 and
1,500 km (Pendoley et al. 2014).

Sea snakes are long-lived and slow growing with small
broods and high juvenile mortality. Little is known of the age
at which sea snakes reach sexual maturity.

Sea snakes have a gestational period of 6-7 months,
indicating that females are unlikely to breed every year.

The species is expected to be restricted to shallow waters
and may occur in the shallow coastal waters of the wider
EMBA.

Given the species internesting BIA located
approximately 15 km from the Operational
Area, and Congregation/aggregation is
known to occur in area, transient turtles
may be present within the Operational
Area. Foraging habitat potentially occurs in
the wider EMBA where individuals may
occur in higher numbers.

The PMST search identified the species as
potentially occurring within the EMBA, and
not within the Operational Area.
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4.3.9 Marine Birds

Many migratory shorebirds (including those frequenting offshore islands) and seabird species are known to occur in the
NWMR. Migratory shorebird species forage and rest in the region on their way between Northern Hemisphere breeding
grounds and Northern Australian feeding grounds, known as the East Asian—Australasian Flyway. Seabird species spend
the majority of their lives foraging across large distances over the open ocean and may also breed within the region.

There are 23 species considered to be ecologically significant to the NWMR; that is, they are either endemic to the region,
have a high number of interactions with the region (nesting, foraging, roosting or migrating) or have life history
characteristics that make them susceptible to population decline.

Two threatened, two threatened and migratory, and 14 migratory marine birds were identified by a search of the EPBC Act
Protected Matters Database as potentially occurring in the Operational Area and EMBA. Several biologically important areas
for marine bird species have been identified within the Operational Area and EMBA (see Table 4-5).

A description of the distribution, migration movements, and preferred habitat and life stages of the identified marine bird
species is provided in Table 4-9, including commentary on their likely presence in the Operational Area.
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Table 4-9 — Threatened and Migratory Seabirds Potentially Occurring Within the Operational Area And EMBA

Habitat and distribution

Phenology

Relevance to EP

Marine Birds Potentially Occurring Within the Operational Area

Eastern curlew

Red knot

Abbott’s booby

Common sandpiper

Common noddy

Sharp-tailed sandpiper

Pectoral sandpiper

Within Australia, the Eastern curlew has a primarily coastal distribution. They have a continuous distribution from Barrow Island and Dampier
Archipelago, Western Australia, through the Kimberley and along the Northern Territory, Queensland, and NSW coasts and the islands of Torres Strait.
Elsewhere they are patchily distributed (DoEE 2019).

This species does not breed in Australia, rather in the Northern Hemisphere summer, between early May and late June (DoEE 2019). They start to
depart in early March and begin to arrive back in late July.

During the non-breeding season in Australia, the Eastern curlew is most commonly associated with sheltered coasts, especially estuaries, bays,
harbours, inlets and coastal lagoons, with large intertidal mudflats or sandflats, often with beds of seagrass (Zosteraceae) (DoEE 2019).

The Red knot is common in all the main suitable habitats around the coast of Australia, very large numbers are regularly recorded in northern Australia.
In Australasia the Red knot mainly inhabits intertidal mudflats, sandflats and sandy beaches of sheltered coasts or shallow pools on exposed wave-cut
rock platforms or coral reefs.

The Red knot usually forages in soft substrate near the edge of water on intertidal mudflats or sandflats exposed at low tide. At high tide they may feed
at nearby lakes, sewage ponds or floodwaters. They have also been observed foraging on thick algal mats in shallow water and in shallow pools on
crests of coral reefs.

The Red knot is diurnal and nocturnal. In non-breeding areas, feeding activity is regulated by tide; they feed less just before and after high tide. The Red
knot is omnivorous and eats mostly worms, bivalves, gastropods, crustaceans and echinoderms.

Currently, Abbott's booby is only known to breed on Christmas Island and to forage in the waters surrounding the island. Christmas Island is close to a
number of cold-water upwellings that probably provide food that is seasonal in nature, and upon which a number of the seabirds may depend for raising
their young.

Abbott’s booby is a marine species. It spends much of its time at sea but needs to come ashore to breed. It nests in tall rainforest trees in the western,
central and northern portions of Christmas Island.

Abbott’s booby feeds on fish and squid (Marchant and Higgins 1990; Reville et al. 1990).

Distributed along all coastlines of Australia and many areas inland, the Common sandpiper is widespread in small numbers. The area of national
importance along the coast of Western Australia is Roebuck Bay (approximately 160 km away from the Operational Area).

Generally, the species forages in shallow water and on bare soft mud at the edges of wetlands. Birds sometimes venture into grassy adjoining wetlands
and mangroves.

Typically, the Common sandpiper eats molluscs such as bivalves, crustaceans such as amphipods and crabs and a variety of insects.

In Australia, the Common noddy occurs mainly in the ocean off the Queensland coast, but the species also occurs off the north-west and central
Western Australian coast.

During the breeding season, the Common noddy usually occurs on or near islands, on rocky islets and stacks with precipitous cliffs, or on shoals or cays
of coral or sand. When not at the nest, individuals will remain close to the nest, foraging in the surrounding waters. During the non-breeding period, the
species occurs in groups throughout the pelagic zone. Birds may nest in bushes, saltbush, or other low vegetation.

The Common noddy feeds mainly on fish, although they are known to also take squid, pelagic molluscs, medusa and aquatic insects.

The Sharp-tailed sandpiper spends the non-breeding season in Australia with small numbers occurring regularly in New Zealand. Most of the population
migrates to Australia, mostly to the south-east and are widespread in both inland and coastal locations. In Western Australia they are widely distributed
from Cape Arid to Carnarvon, around coastal plains of the Pilbara Region to south-west and east Kimberly Division.

In Australasia, the Sharp-tailed sandpiper prefers muddy edges of shallow fresh or brackish wetlands, with inundated or emerged grass or low
vegetation.

The Sharp-tailed sandpiper forages on seeds, worms, molluscs, crustaceans and insects.

Eighty-mile beach (approximately 120 km away from the Operational Area) is the closest international important site for the species.

In Australasia, the Pectoral sandpiper prefers shallow fresh to saline wetlands. The species is found at coastal lagoons, estuaries, bays, swamps, lakes,
inundated grasslands, saltmarshes, river pools, creeks, floodplains and artificial wetlands.

The Pectoral sandpiper is omnivorous, consuming algae, seeds, crustaceans, arachnids and insects. While feeding, they move slowly, probing with
rapid strokes. They walk slowly on grass fringing water.

This species does not breed in Australia, rather in
the Northern Hemisphere summer, between early
May and late June (DoEE 2019). They start to
depart in early March and begin to arrive back in
late July.

The Red knot lays eggs in June and nests on open
vegetated tundra or stone ridge, often close to a
clump of vegetation. The Red knot is migratory,
breeding in the high Artic and moving south to non-
breeding between 58° N and 50 °S. Peak numbers
of this species in the NWMR are usually between
September and October.

Abbott’s boobies travel large distances to feeding
grounds during breeding season. It appears that
some adults leave Christmas Island for 4-5 months
and return in April.

Breeding commences in March, when established
pairs begin returning to nest sites and start
collecting nest material.

The Common sandpiper breeds in Eurasia and
moves south for the boreal winter, with most of the
western breeding populations wintering in Africa,
and eastern breeding populations wintering in
South Africa and Australia. Individuals usually
arrive in Western Australia from July onwards.

The seasonality of breeding varies greatly between
sites. At some locations, birds breed annually and
at others, birds breed twice a year (spring to early
summer and again at autumn).

Most of the population migrates to Australia, mostly
to the south-east and are widespread in both inland
and coastal locations.

The Sharp-tailed sandpiper migrates to Australia in
late June, early July, departing the breeding
grounds. The species then departs the non-
breeding grounds in Australia by April/March.

The Pectoral sandpiper breeds in the northern
hemisphere during the boreal summer, before
undertaking long distance migrations to feeding
grounds in the southern hemisphere.

Given the distribution of this
coastal wetland bird species, the
survey is likely to encounter low
numbers of this species in the
Operational Area. Higher
population density may be
encountered in the nearshore
waters of the wider EMBA.
Given the distribution of this
coastal wetland bird species, the
survey is likely to encounter low
numbers of this species in the
Operational Area. Higher
population density may be
encountered in the nearshore
waters of the wider EMBA.
Given the wide distribution and
migration pattern, this species may
be present in the Operational Area
and EMBA in low numbers or
isolated individuals/groups.

Given the wide distribution and
migration pattern, this species may
be present in the Operational Area
in low numbers or isolated
individuals/groups. Higher
population density may be
encountered in the nearshore
waters of the wider EMBA.

Given the wide distribution of the
species and location of breeding
habitat, this species may be
present in the Operational Area
and EMBA in low numbers.

Given the wide distribution of this
species and the migratory pattern,
it is likely the presence of this
species will be encountered in low
number or isolated individuals
within the Operational Area. Higher
population density may be
encountered in the nearshore
waters of the wider EMBA.

Given the wide distribution of this
species and the migratory pattern,
it is likely the presence of this
species will be encountered in low
number or isolated individuals
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Common Name

Habitat and distribution

Phenology

Relevance to EP

Streaked shearwater

Lesser frigatebird

Osprey

White-tailed tropicbird

Great frigatebird, Greater
frigatebird

In WA, the species is rarely recorded. It has been observed at the Nullarbor Plain, Reid, Stoke’s Inlet, Grassmere Lake, Warden Lake, Dalyup and
Yellilup Swamp, Swan River, Benger Swamp, Guraga Lake, Wittecarra, Harding River, coastal Gascoyne, the Pilbara and the Kimberley.

The Streaked shearwater occurs frequently in northern Australia from October to March, with some records as early as August and as late as May
(Marchant and Higgins 1990). Whilst it does not breed in Australia, it is known to forage in the region.

The Streaked shearwater feeds mainly on fish and squid.

The Streaked shearwater is a colonial breeder that lays a single egg in a burrow. Colonies are usually in a well forested area (Birdlife 2019)

The Lesser frigatebird is usually seen in tropical or warmer waters off northern Western Australia, Northern Territory, Queensland and northern New
South Wales.

The species is usually pelagic and often found far from land, but is also found over shelf waters, in inshore areas, and inland over continental coastlines
(Marchant and Higgins 1990).

The Lesser frigatebird breeds in mangroves or bushes, and even on bare ground. It feeds mainly on fish (especially flying fish) and squid, but also on
seabird eggs and chicks, carrion and fish scraps (Birdlife 2019).

In Australia, the Lesser frigatebird’s egg laying occurs mostly about mid-year. A breeding BIA overlaps with a small portion of the southern section of the
Operational Area.

Osprey is most abundant in northern Australia, where high population densities occur in remote areas. The breeding range of the Osprey extends
around the northern coast of Australia (including many offshore islands) from Albany in Western Australia to Lake Macquarie in NSW.

Ospreys occur in littoral and coastal habitats and terrestrial wetlands of tropical and temperate Australia and offshore islands.

Ospreys mainly feed on fish, especially mullet where available, and rarely take molluscs, crustaceans, insects, reptiles, birds and mammals. The
species usually forage diurnally but have also been observed hunting prey at night.

The White-tailed tropichird is found in pelagic waters and tropical waters.

The White-tailed tropicbird forages in warm waters and over long distances — many kilometres from its breeding sites. A breeding BIA has been
identified at the Rowley Shoals, which overlaps with the northern portion of the Acquisition Area.

Great frigatebirds are found in tropical waters globally. It breeds on small, remote tropical and sub-tropical islands, in mangroves or bushes and
occasionally on bare ground

Great frigatebird feeds on fish, squid and chicks of other bird species.

Marine Birds Potentially Occurring Within the EMBA

Curlew sandpiper

Red-tailed tropicbird

Little tern

The Curlew sandpiper’s breeding areas are mainly restricted to the Arctic of northern Siberia (DoEE 2019). This species does not breed in Australia.
Within Australia, Curlew sandpipers occur around the coasts, while also being widespread inland, though in smaller numbers (DoEE 2019).

This species forages mainly on invertebrates, including worms, molluscs, crustaceans and insects, as well as seeds. Outside Australia, they also forage
on shrimp, crabs and small fish. Curlew sandpipers usually forage in water, near the shore or on bare wet mud at the edge of wetlands (DoEE 2019).

The Red-tailed tropicbird nests in the southern Indian Ocean and just north of the Tropic of Cancer and south of the Tropic of Capricorn in the Pacific
Ocean. It breeds on islands but can also be found on the south-west coast of Australia.

This species feeds mostly on fish, especially flying-fish, large quantities of squid and occasionally crustaceans. Prey is caught by plunge-diving but
flying-fish can be taken in flight. Breeding occurs seasonally in loose colonies on small, remote oceanic islands mostly on inaccessible cliffs.

The Little tern is widespread in Australia, with breeding sites widely distributed. The species has three separate populations in Australia; the northern
subpopulation breeds across northern Australia, the eastern subpopulation breeds in the eastern and south-eastern coast of Australia; and the third
subpopulation comprises of Asian migrants that migrate to spend their non-breeding season in Australia. The species has a widespread and continuous
distribution from north-western Australia, around the north and east coast to south eastern Australia (DoEE 2019).

The Little tern is a coastal seabird, which usually forages in very shallow water, more often in brackish lagoons and saltmarsh creeks (DoEE 2019). The
Little tern usually forages close to breeding colonies (DSEWPaC 2012d).

The closest breeding site to the Operational Area for the non-Asian migrants of the species is on the coastline of the Kimberley.

The species occurs throughout mainland Australia
between spring and autumn.

The species breeds in temperate regions of East
and South-east Asia before migrating to tropical
regions near the equator, however little is known
about their movements during the non-breeding
period (Yamamoto et al. 2010).

The Lesser frigatebird breeds between May and
December and usually stays within 100 — 200 km of
the colony during the breeding season, but when
not breeding they range widely throughout tropical
seas (Lindsey 1986).

Osprey breeds from April to February in Australia.

Breeding is recorded in May and October at the
Rowley Shoals.

Breeding is known to occur between May to June
and in August (DoEE 2019).

The species is known to move into certain areas in
Australia during northward migration in April, fatten
up, and migrate out of Australia during May. They
start returning to the area in August and throughout
September (DoEE 2019).

No regular migrations are known; adults can be
found in the vicinity of colonies all year round (del
Hoyo et al. 1992).

The migration habits of this species are poorly
known. However, it is recorded that breeding
typically occurs in late April-July and September to
early January.

within the Operational Area. Higher
population density may be
encountered in the nearshore
waters of the wider EMBA.

Given the distribution of the
species and habitat, this species
may be present in the Operational
Area and EMBA

Given the distribution of the
species and habitat, this species
may be present in the Operational
Area and EMBA.

Given the distribution of the
species and habitat, this species
may be present in the Operational
Area and EMBA.

Given the distribution of the
species and nearby breeding
habitat, this species may be
present in the Operational Area
and EMBA.

Given the distribution of the
species and nearby breeding
habitat, this species may be
present in the Operational Area
and EMBA.

Given the distribution of the
species and nearby foraging
habitat, this species may be
present in the nearshore waters of
the EMBA.

Given the wide distribution of this
species and the migratory pattern,
it is likely the presence of this
species will be encountered in low
number or isolated individuals
within the EMBA.

Given the distribution of the
species and habitat, this species
may be present in the nearshore
waters of the EMBA.
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Habitat and distribution

Phenology

Relevance to EP

Brown booby

Lesser crested tern

Roseate Tern

A resting BIA is located around the Rowley Shoals, approximately 25 km from the Operational Area. In addition, a breeding BIA is located approximately
85 km south of the Operational Area.

The Brown booby occurs in, but is not restricted to, tropical waters of all major oceans. They often stay close to their breeding islands. The species is
also known to be present along coastal waters, harbours and estuaries; however, they seldom fly over land. The Brown booby generally feeds in inshore
water, in both shallow and deep waters (DoEE 2019).

The Brown booby nests on rugged rocky terrain such as cliffs and steep slopes, on larger islands, beaches, coral rubble and guano flats on cays (DoEE
2019).

The species is known to be resident and partly nomadic (i.e. birds dispersing widely between breeding seasons). Breeding occurs in and adjacent to the
region, including on Ashmore Reef, Adele Island, White Island, Lacepede Islands and Bedout Island. The closest breeding BIA is located approximately
40 km south of the Operational Area.

This species can be found on islands and coastlines of the tropical and subtropical, ranging from the Atlantic coast of South Africa, south around the
Cape and continuing along the coast of Africa and Asia almost without break to south-east Asia and Australia.

The species inhabits tropical and subtropical coastlines, foraging in the shallow waters of lagoons, coral reefs, estuaries, bays, harbours and inlets,
along sandy, rocky, coral or muddy shores, on rocky outcrops in open sea, in mangrove swamps and offshore waters.

The species prefers nesting on offshore islands, low-lying coral reefs, sandy or rocky coastal islets, coastal spits, lagoon mudflats, and artificial islets in
saltpans.

The Roseate tern occurs in both coastal and marine subtropical/tropical areas. The species inhabits rocky and sandy beaches, coral reefs, sand cays
and offshore islands (DAWE 2021b).

In Western Australia, the Roseate terns are regularly recorded north from Mandurah to Eighty Mile Beach, in the Pilbara Region (DAWE 2021b).
Around the Kimberley coastline, the species occurs at scattered sites, north to the Bonaparte Archipelago and potentially further (DAWE 2021b).

The species typically leaves breeding islands when
not breeding, in search of better foraging grounds
(DoEE 2019). Breeding times are unknown.

The species nests in dense colonies with
neighbouring nests very close together (rims may
be touching) and usually forages within 3 km of the
breeding colony (del Hoyo et al. 1996).

The movements of the Roseate tern are poorly
known. Breeding in Western Australia occurs in two
quite distinct periods, with peak months for laying
April to November. At some sites including the
Montebello Islands breeding occurs during both
late spring-summer and late autumn-winter (DAWE
2021b).

Given the distribution of the
species and habitat, this species
may be present in the nearshore
waters of the EMBA.

Given the distribution of the
species and nearby breeding
habitat, this species may be

present in the nearshore waters of

the EMBA.

Given the distribution of the
species and habitat, this species
may be present in the nearshore
waters of the EMBA.
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4.3.10 Timing of Biological Sensitivities

A number of biological sensitivities related to the phenology of marine fauna are expected to occur within the Operational
Area and wider EMBA.

Table 4-10 identifies the timing of key biological sensitivities relevant to the Operational Area and wider EMBA. The fauna
listed in Table 4-10 are species listed under the EPBC Act and considered relevant to this EP. The fish species are those

identified as key indicator species for the relevant fisheries identified in Section 4.4.4, or brood stock that have habitat that
may occur within the Operational Area.

Table 4-10 — Timing of Key Biological Sensitivities Relevant to the Operational Area and Wider EMBA

Sensitivity

January
February
March
April

May

June
July
August
September
October
November
December

Giant ruby snapper spawning* %///////////////////% ;
Silver-lipped pearl spawning %/////////////////////

Other demersal fish species spawning*
Blacktip shark breeding*

Sandbar shark breeding*

White-tailed tropichird foraging BIA®
Lesser frigatebird foraging BIAS
*Flatback turtle internesting®

*Spanish mackerel (Pilbara stock)*

1 (Source: DoEE 2019), 2 (Source: DoE 2015, McCauley & Jenner 2010; McCauley & Duncan 2011; Double €t al. 2012; Double et al. 2014)

% (DoE, 2015; CALM 2005, Environment Australia 2002), 4 (Source: DPIRD 2019), 5 (Source: DoEE 2015), ® (Source: DoEE 2017, CALM 2005, DSEWPaC 2012).
Hatched cell = peak period.

* occur in EMBA only
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4.4 Socio-Economic and Cultural Environment
4.4.1 Commonwealth Protected Areas

4.4.1.1  Argo-Rowley Terrace Australian Marine Park

The Argo-Rowley Terrace Australian Marine Park (AMP) is located approximately 20 km north of the Operational Area and
approximately 270 km west-north-west of Broome (Figure 4-15). The Argo-Rowley Terrace MP covers an area of

146,003 km? in water depths between 220-6,000 m from the continental slope to the edge of the Exclusive Economic Zone
(EEZ) (Director of National Parks, 2018). The MP includes an 83,379 km? Marine National Park Zone (IUCN 11), a

62,720 km? Multiple Use Zone (IUCN V1), and a 1,140 km? Special Purpose Zone (Trawl). The Argo-Rowley Terrace AMP
boundary is contiguous with the Rowley Shoals State Marine Park (Section 4.4.2.1) and Mermaid Reef Australian Marine
Park (Section 4.4.1.2), providing continuous protection to the three coral atolls - Clerke Reef, Imperieuse Reef and Mermaid
Reef (collectively known as the Rowley Shoals).

The Argo-Rowley Terrace AMP contains habitats, species and ecological communities associated with the Northwest
Transition and Timor Province (Director of National Parks 2018). The Northwest Transition is an area of shelf break and
continental slope, of which the Rowley Shoals are a key topographic feature. The Timor Province is dominated by warm,
nutrient-poor waters. The AMP contains a range of sea floor features such as canyons on the slope between the Argo
Abyssal Plain. These geomorphic features are thought to contribute to small, periodic upwellings that result in localised
higher levels of biological productivity (Director of National Parks 2018).

The marine park supports a range of species including species listed as threatened, migratory, marine or cetacean under the
EPBC Act. Biologically important areas within the marine park include resting and breeding habitat for seabirds and a
migratory pathway for the Pygmy blue and Humpback whales. The marine park is thought to be an important area for
sharks, which are found in abundance around the Rowley Shoals and provides important foraging areas for migratory birds
and the endangered loggerhead turtle (DoEE n.d).

The Argo-Rowley Terrace AMP contains two KEFs: the canyons linking the Argo Abyssal Plain with the Scott Plateau and
the Mermaid Reef and Commonwealth waters surrounding Rowley Shoals. The canyons linking the Argo Abyssal Plain with
the Scott Plateau KEF are thought to contribute to high productivity and aggregations of marine life through the upwelling of
nutrient rich water (DoEE n.d.). The Mermaid Reef and Commonwealth waters surrounding the Rowley Shoals KEF is
valued for enhanced productivity, aggregations of marine life and high species richness (DoEE n.d.). These KEFs are further
described in Section 4.4.3.

4.4.1.2 Mermaid Reef Australian Marine Park

Mermaid Reef AMP is located approximately 69 km from the Operational Area, but within the wider EMBA (Figure 4-15). The
AMP covers an area of approximately 540 km? and is listed as a National Park Zone (IUCN II). The AMP is near the edge of
Australia’s continental slope and is surrounded by waters that extend to a depth of over 500 m. The AMP contains Mermaid
Reef, the most north-easterly of three reef systems forming the Rowley Shoals. Mermaid Reef is totally submerged at high
tide and therefore falls under Australian Government jurisdiction. The other two reefs of the Rowley Shoals (Clerke Reef and
Imperieuse Reef) are managed by the Western Australian Government as part of the Rowley Shoals State Marine Park.
Mermaid Reef-Rowley Shoals is listed on the Commonwealth Heritage List.

Mermaid Reef AMP contains habitats, species and ecological communities associated with the Northwest Transition
(Director of National Parks 2018). The reefs of the Rowley Shoals are one of the few offshore reef systems on the North-
West Shelf and are thought to provide ecological steppingstones for reef species originating in Indonesian/Western Pacific
waters (Director of National Parks 2018). The Rowley Shoals may also provide a degree of connectivity between these reefs
and reefs located further south.

Mermaid Reef is a biodiversity hot spot and key geomorphic feature of the Argo Abyssal Plain (Director of National Parks
2018). Collectively, Mermaid Reef, Clerke Reef and Imperieuse Reef support over 200 species of hard corals and 12
classes of soft corals with coral formations in pristine condition. The shoals are an important area for sharks, including the
grey reef shark, the whitetip reef shark and the silvertip whaler; important foraging area for marine turtles; toothed whales;
dolphins; tuna and billfish; an important resting and feeding site for migratory seabirds; and a migratory pathway for Pygmy
blue whales (DoEE n.d.).

The AMP contains the Mermaid Reef and Commonwealth waters surrounding Rowley Shoals KEF, valued for its high
species richness, high productivity and aggregations of marine life (DoEE n.d.). The Mermaid Reef and Commonwealth
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waters surrounding Rowley Shoals KEF is further described in Section 4.4.3.2. The marine park contains one known
shipwreck, the Lively (wrecked in 1810), which is located to the north-west side of Mermaid Reef. The wreck is listed under
the Underwater Cultural Heritage Act 2018.

4.4.1.3 Eighty Mile Beach Australian Marine Park

Eighty Mile Beach AMP is located approximately 72 km south of the Operational Area and outside the wider EMBA
(Figure 4-15), however the AMP is considered relevant to this EP. The AMP is located approximately 74 km north-east of
Port Hedland and adjacent to the Western Australian Eighty Mile Beach Marine Park. The marine park covers an area of
10,785 km2 and water depth ranges between less than 15 m and 70 m. The entire marine park is zoned as a Multiple Use
Zone (IUCN VI).

The Eighty Mile Beach AMP consists of shallow shelf habitats, including terrace, banks and shoals. The marine park
supports a range of species including threatened, migratory, marine and cetacean species. Biologically important areas
within the marine park include breeding, foraging and resting habitat for seabirds, internesting and nesting habitat for marine
turtles, foraging, nursing and pupping habitat for sawfish and a migratory pathway for Humpback whales (Director of
National Parks 2018).

The Eighty Mile Beach Ramsar site lies adjacent to the AMP and is recognised as one of the most important areas for
migratory shorebirds in Australia.

The marine park contains three known shipwrecks listed under the Historic Shipwrecks Act 1976, Lorna Doone (wrecked in
1923), Nellie (wrecked in 1908), and Tifera (wrecked in 1923).

Eighty Mile Beach AMP has a range of cultural values for the community. Sea country is valued for Indigenous cultural
identity, health and wellbeing. The sea country of the Nyangumarta, Karajarri and Ngarla peoples extends into Eighty Mile
Beach AMP (Director of National Parks 2018). Sea country is culturally significant and important to their identity.

4.4.2 State Protected Areas

4.4.2.1 Rowley Shoals

The Rowley Shoals are located approximately 48 km from the Operational Area, while the wider EMBA overlaps with the
Rowley Shoals State Marine Park (Figure 4-15).

Rowley Shoals (state managed) consist of three reefs — Mermaid Reef (managed under Commonwealth legislation), Clerke
Reef (30 km south-west of Mermaid Reef), and Imperieuse Reef (40 km south-west of Clerke Reef), which is the largest of
the three reefs.

Rowley Shoals State Marine Park is covered by the ‘Rowley Shoals Marine Park Management Plan 2007-2017’, which is
still in effect. The boundary of the Argo-Rowley Terrace MP bounds Rowley Shoals to the north and Mermaid Reef AMP to
the east.

Rowley Shoals and surrounding waters are important to the region in supporting high species richness, higher productivity
and aggregations of marine life associated with the reefs. The enhanced productivity in Rowley Shoals is facilitated by the
breaking of internal waves in the waters surrounding the reef system, therefore, causing mixing and resuspension of
nutrients from water depths of 500—700 m (DoEE n.d.).

The marine environments within the shoal are typical of clear-water environments and include resident organisms and
migrant species (Department of Environment and Conservation 2007). Given the remote location of the reefs, there is no
history of disturbance by coral predators, and therefore creating a diverse number of marine species, including many
molluscs, echinoderms and finfish that are not recorded anywhere else in Western Australia and similar habitats in Eastern
Australia (DoEE n.d).

The Rowley Shoals contain intertidal and subtidal coral reefs, which support a diverse number of marine fauna and a range
of reef biota. Surveys carried out by the Western Australian Museum identified 184 species of corals, primarily Indo-West
Pacific species, indicating the strong affinity of the Rowley Shoals communities with Indonesia. In terms of other species,
264 species of molluscs, 82 species of echinoderms and 389 species of finfish were also identified (Department of
Environment and Conservation 2007).

As per Section 4.4.1.2, Mermaid Reef has a diverse shark population, which extends to Rowley Shoals. Aside from sharks,
reef edges also attract migratory pelagic species such as dolphins, tuna and billfish (DoEE n.d.). Furthermore, Rowley
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Shoals provides important habitat, feeding, resting and breeding grounds for a number of migratory birds, including the red-

tailed tropichird, white-tailed tropicbird and little tern.
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Figure 4-15 — Commonwealth and State Protected Areas
4.4.3 Key Ecological Features

KEFs are the parts of the marine ecosystem that are considered to be of importance for a marine region’s biodiversity or
ecosystem function and integrity (DoEE n.d.). KEFs have been identified by the Australian Government on the basis of
advice from scientists about the ecological processes and characteristics of the area.

One KEF occurs within the Operational Area (the ancient coastline at 125 m depth contour), and two KEFs occur within the
wider EMBA (the Mermaid Reef and Commonwealth waters surrounding Rowley Shoals, and the Continental Slope

Demersal Fish Communities) (Figure 4-16). These KEFs are described below.

4.4.3.1  Ancient Coastline At 125 m Depth Contour

Several steps and terraces as a result of Holocene sea level changes occur in the region with the most prominent of these
features occurring as an escarpment along the NWS and Sahul Shelf at a water depth of 125 m. These steps and terraces
form the ancient coastline at 125 m depth contour KEF, which covers an area of approximately 16,190 km2. The ancient
coastline at 125 m depth contour is defined as a key ecological feature as it is a unique sea floor feature with ecological
properties of regional significance. The ancient coastline is not continuous and is fragmented along the 125 m depth contour.

Where the ancient, submerged coastline provides areas of hard substrate, it may contribute to higher diversity and
enhanced species richness relative to soft sediment habitat (DSEWPaC 2012d). Parts of the ancient coastline, represented
as rocky escarpment, are considered to provide biologically important habitat in an area predominantly made up of soft

sediment.

The topographic complexity of escarpments associated with this feature may facilitate vertical mixing of the water column,
providing relatively nutrient-rich localised environments. Migratory pelagic species (e.g. Humpback whales and whale

sharks) may use this escarpment as a guide.
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Although the ancient coastline adds habitat types to a representative system, the habitat types are not unique to the
coastline as they are widespread on the upper shelf (Falkner et al. 2009).

The Operational Area and the wider EMBA overlap with the ancient coastline at 125 m depth contour. In particular, the
Operational Area spatially covers approximately 1,535 km? or 9% of the KEF.

4.4.3.2 Mermaid Reef and Commonwealth Waters Surrounding Rowley Shoals

Mermaid Reef and Commonwealth waters surrounding Rowley Shoals are regionally important in supporting high species
richness, higher productivity and aggregations of marine life associated with the adjoining reefs themselves. The Mermaid
Reef and Commonwealth waters surrounding Rowley Shoals are listed as a KEF due to its high productivity and
aggregations of marine life. The Rowley Shoals are a collection of three atoll reefs, Clerke, Imperieuse and Mermaid.
Mermaid Reef lies 29 km north of Clerke and Imperieuse reefs and is totally submerged at high tide. Mermaid Reef falls
under Commonwealth jurisdiction (DOEE 2019). Clerke and Imperieuse reefs constitute the Rowley Shoals Marine Park,
which falls under Western Australian Government jurisdiction (EA 2000).

The reefs provide a distinctive biophysical environment in the region, with steep and distinct reef slopes, which attract a
range of migratory pelagic species and associated fish communities. In evolutionary terms, the reefs may play a role in
supplying coral and fish larvae to reefs further south via the southward flowing Indonesian Throughflow. The Rowley Shoals
are known to contain 214 coral species and approximately 530 species of fishes, 264 species of molluscs and 82 species of
echinoderms (Done et al. 1994; Gilmour et al. 2007).

Rowley Shoals’ reefs are different from other reefs in the chain of reefs on the outer shelf of the North-west Marine Region,
both in structure and genetic diversity as there is little connectivity between Rowley Shoals and other outer-shelf reefs (Done
et al. 1994; Hooper and Ekins 2004; Underwood et al. 2009). An additional difference is that sea snakes do not occur at the
Rowley Shoals (Done et al. 1994).

The wider EMBA overlaps with the Mermaid Reef and Commonwealth waters surrounding Rowley Shoals, while the
Operational Area is located approximately 46 km north-east away from the Mermaid Reef and Commonwealth waters
surrounding Rowley Shoals.
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4.4.4 Commercial Fisheries

Commercial fishing in Western Australia is comprised of WA state managed fisheries and Commonwealth managed
fisheries, and is mainly based on low-volume, high-value products (DPIRD, 2018).

The Australian Fisheries Management Authority (AFMA) manages Australian fisheries on behalf of the Commonwealth
Government from 3 nm to the edge of the Australian Fishing Zone (AFZ). AFMA carry out objectives that are listed in the
Fisheries Administration Act 1991 and the Fisheries Management Act 1991. Commonwealth managed fisheries with
management boundaries that overlap the Operational Area and EMBA include the:

e  Southern Bluefin Tuna Fishery (SBTF)

e Western Tuna and Billfish Fishery (WTBF)
e  Western Skipjack Tuna Fishery (WSTF)

e North-West Slope Trawl Fishery (NWSTF).

The Department of Primary Industries and Regional Development (DPIRD) manage fisheries that take place predominantly
within the offshore waters of Western Australia and within 3 nm of the coastline. WA state managed fisheries with
management boundaries that overlap the Operational Area include the:

e  Mackerel Managed Fishery (MMF)

e Pilbara Fish Trawl (Interim) Managed Fishery (PFTIMF)
e Pilbara Trap Managed Fishery (PTMF)

e Pilbara Line Fishery (PLF)

e Northern Demersal Scalefish Managed Fishery (NDSMF)
¢ Nickol Bay Prawn Managed Fishery (NBPMF)

e Beche-de-mer Managed Fishery

e  Marine Aquarium Managed Fishery (MAMF)

e Specimen Shell Managed Fishery (SSMF)

e  Western Australian North Coast Shark fishery (WASF).

The Commonwealth and WA state managed commercial fisheries with the licence to operate within the Operational Area
and/or EMBA are described in Table 4-11.
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Table 4-11 — Commonwealth and WA State Managed Fisheries

Fishery Operational EMBA Description Catch/effort potentially in Relevance to EP
Area the Operational Area
Commonwealth Managed Fisheries
Southern Bluefin v v The SBTF management area covers the entire Australian Fishing Zone and overlaps with the Operational Area. The fishery targets Southern X No effort from the SBTF occurs in Western
Tuna Fishery bluefin tuna (Thunnus maccoyii) using purse seine, pelagic longline and some minor line. The SBTF fishing season runs for 12 months, beginning 1 Australia. Therefore, the activities of the
(SBTF) December. In the 2016-2017 fishing season, 22 active vessels caught 5,334 tonnes of Southern bluefin tuna (Patterson et al. 2018). Effort is SBTF are considered to be outside the
concentrated in the Great Australian Bight and no catch or effort from the SBTF occurs in WA. The only known spawning grounds of the Southern scope of this EP.
bluefin tuna occurs in the Java Sea, beyond the wider EMBA.
Western Tuna and Vv v The WTBF management area covers the western portion of the AFZ from the SA-Victorian border to the Cape York Peninsula and overlaps with X The Operational Area partially overlaps
Billfish Fishery the Operational Area. The fishery targets bigeye tuna (Thunnus obesus), yellowfin tuna (T. alacares), striped marlin (Kajikia audax), swordfish with the management area of the WTBF;
(WTBF) (Xiphias gladius), and albacore (T. alalunga) using pelagic longline, minor line and purse seine. The WTBF fishing season runs for 12 months, however, the proposed survey is not
beginning 1 February. In the 2016-2017 season, four active vessels caught 322 tonnes of the various target species (Patterson et al. 2018). The expected to affect the actual activities of
WTBF typically fish in Australia’s Economic Zone and the high seas of the Indian Ocean. In recent years, effort has been concentrated off south- this fishery.
west Western Australia and South Australia.
Western Skipjack v v Australia’s Skipjack Tuna Fishery is divided into the Eastern Skipjack Tuna Fishery and the Western Skipjack Tuna Fishery (WSTF). As a whole, X The Operational Area partially overlaps
Tuna Fishery the Skipjack Tuna Fishery covers the entire Australian Fishing Zone. The WSTF management area covers the western portion of the AFZ from the with the management area of the WTBF;
(WSTF) SA-Victorian border to the Cape York Peninsula and overlaps with the Operational Area. The management boundaries also reflect the two stocks however, the proposed survey is not
of Skipjack tuna in Australia, one on the east coast and the other on the west coast. The fishery targets Indian Ocean Skipjack tuna (Katsuwonus expected to affect the activities of this
pelamis) using purse seine (predominant) and pole-and-line methods. There has been no fishing effort of Western skipjack tuna since the 2008— fishery since the fishery has been inactive
2009 season. since 2008.
North-West Slope X v The NWSTF management boundary is located from the coast of the Prince Regent National Park to Exmouth, between the 200 m depth contourto X No effort occurs within the Operational
Trawl Fishery the outer limit of the Australian Fishing Zone. The Operational Area is located approximately 10 km south-east of the NWSTF boundary (Figure Area.
(NWSTF) 4-17). The fishery targets Scampi (Metanephrops australienis, M. boschmai, and M. velutinus) using demersal trawl. The NWSTF fishing season

State Managed Fisheries

Pilbara Fish Trawl v v
(Interim) Managed
Fishery (PFTIMF)

Pilbara Trap v v
Managed Fishery
(PTMF)

Pilbara Line v v
Fishery (PLF)

runs for 12 months, beginning 1 July.

In the 2016—2017 season, two active vessels caught 57.8 tonnes of Scampi (Patterson et al. 2018). Effort is concentrated mostly towards the 200 m
isobaths boundary of the NWSTF from north of the Montebello Islands to Scott Reef.

This fishery is licensed to fish in the offshore waters of the Pilbara region, subject to specific closure areas (Figure 4-18). The PFTIMF targets red v
emperor (Lutjanus sebae); bluespotted emperor (Lethrinus punctulatus); and rankin cod (Epinephelus multinotatus) and a variety of other demersal
snappers, emperors and groupers using demersal trawl techniques.

Trawl fishing is permitted in the southern third of the Operational Area.

Of the total commercial catches of demersal scalefish in the Pilbara in 2017-2018 (2,529 t), the majority (71%, 1,795 t) was landed by the trawl
sector (Newman et al. 2019). This has been a common pattern in previous years when between 66% and 78% of the retained catch in the Pilbara
demersal scalefish fisheries was retained by the trawl sector, with the trap and line fisheries making up significantly smaller catches.

Three vessels were active in the fishery between 2013-2014 and 2015-2016, reducing to two vessels in the 2016—-2017 and 2017-2018 seasons
(Newman et al. 2018a, 2019). Total catch by the trawl sector has increased steadily in the same period with 1,105 t, 1,172, 1,529, 1,795¢, 1,975t
and 1,977 t retained in 2014, 2015, 2016, 2017, 2018 and 2019 respectively (Newman et al. 2018a, 2019, Gaughan and Santoro 2020).

This fishery is licensed to fish in the offshore waters of the Pilbara region, subject to specific closure areas (Figure 4-18). The PTMF targets red v
emperor (Lutjanus sebae); bluespotted emperor (Lethrinus punctulatus); and rankin cod (Epinephelus multinotatus) using fish traps. In the 2016

fishing season, three vessels reported a total catch of 495 tonnes (Newman et al. 2018a). Current data indicate that fishers have potentially been

active in the Operational Area between 2013-2017 (DPIRD 2019b). In the 2018/19 season a total commercial catch of 563 t was reported

(Gaughan and Santoro 2020).

This fishery is licensed to fish in the offshore waters of the Pilbara region and operates as an exemption-based fishery. The PLF targets pink X
snapper (Pagrus auratus), red emperor (Lutjanus sebae); bluespotted emperor (Lethrinus punctulatus); and rankin cod (Epinephelus multinotatus)
using pole-and-line techniques. In the fishing season 2018/19 a total catch of 93 t was reported.

The Operational Area overlaps with the
management area of the PFTIMF, and
trawl fishers may be active within this
overlap.

There is low catch and fishing effort within
the Operational Area, relative to other
areas within the fishery (refer to Section
4.4.4.1).

The Operational Area overlaps with the
management area of the PTMF. There is
low catch and fishing effort within the
Operational Area, relative to other areas
within the fishery (refer to Section 4.4.4.1).

The Operational Area overlaps with the
management area of the PLF, however,
there is no catch or fishing effort within the
Operational Area (refer to Section 4.4.4.1).
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Fishery Operational EMBA Description Catch/effort potentially in Relevance to EP
Area the Operational Area
Northern v v The Northern Demersal Scalefish Managed Fishery operates off the north-west coast of Western Australia. The NDMSF is divided into an inshore v The Operational Area partially overlaps
Demersal sector (Area 1), and an offshore sector (Area 2). Area 1 occurs between the high-water mark and the 30 m isobath where only line fishing is with Area 2 of the NDSF at the far eastern
Scalefish permitted. Area 2 extends from the 30 m isobath to the AFZ, and permits handline, dropline and fish traps. Fishing access to the research-fishing portion of the Operational Area and trap
Managed Fishery zone can only be facilitated through an agreed research Framework. fishers may be active within this overlap.
(NDSMF) The fishery targets goldband snapper (Pristipomoides mutidens); and red emperor (Lutjanus sebae) using trap and line techniques. The NDSMF There is low catch and fishing effort within
season runs for 12 months from 1 January. In the 2018/19 fishing season, the fishery reported a total catch of 1,297 t (Gaughan and Santoro 2020). the Operational Area, relative to other
areas within the fishery (refer to
Section 4.4.4.1).
The Acquisition Area does not overlap the
NDSMF, and so the potential for interaction
with fishers is limited.
Mackerel v v The MMF is divided into three management areas, Area 1 (Kimberley), Area 2 (Gascoyne), and Area 3 (Gascoyne-West Coast). Each area has its X The Operational Area overlaps with the
Managed Fishery own management arrangements. The MMF targets Spanish mackerel (Scomberomorus commerson) using surface trolling techniques. The MMF is management area of the MMF, however,
(MMF) predominately active in the North Coast and Gascoyne Coast Bioregions. The Area 2 (Pilbara) fishing season runs from 1 April to 30 September. In there is no catch or fishing effort within the
the 2018/19 season, the fishery reported 214 t of commercial catch and 21-31 t of recreational catch of Spanish mackerel (Gaughan and Santoro Operational Area (refer to Section 4.4.4.1).
2020).
Beche-de-mer v v The Beche-de-mer Managed Fishery is a nearshore hand-harvest fishery operating from Exmouth Gulf to the Northern Territory border. The fishery X The Operational Area overlaps with the
Managed Fishery targets Sandfish (Holothura scabra); and Redfish (Actinopyga echinities) by nearshore diving and wading. management area of the Beche-de-mer
In the 2016 fishing season, it was reported that there was a total catch of 93 tonnes. It should be noted, the majority of effort is concentrated around Managed F!shery.'Slnce the Beche-de-mer
the Kimberley region. However, there have been several years where substantial effort was within the Pilbara region. Managed Flshery. is shore-based, the
proposed survey is not expected to overlap
with the actual activities of this fishery.
Marine Aquarium v v The Marine Aquarium Managed Fishery is able to operate in all state waters (between the Northern Territory border and South Australia border). X The Operational Area overlaps with the
Managed Fishery The MAMF sources up to 1,500 species of marine aquarium fishes, as well as coral, live rock, algae, seagrass and invertebrates. The fishery management area of the MAMF; however
(MAMF) collects species by diving and hand collection. the proposed survey is not expected to
In 2018, the MAMF reported a total catch of ~27,300 fish, 219 syngnathid, ~61,600 invertebrates, ~11,400 kg of coral, ~4,800 sponges, among qverlap with the actual activities of this
other marine organisms (Gaughan and Santoro 2020). Typically, the fishery is most active in waters south of Broome and the highest amount of fishery.
effort is generally around the Capes region, Perth, Geraldton, Exmouth and Dampier.
Specimen Shell v v The Specimen Shell Managed Fishery is based on the collection of individual shells for the purposes of display, collection, cataloguing, X The SSMF management boundary
Managed Fishery classification and sale. The fishery covers the entire coastline of Western Australia. The SSMF collects shells by hand by a small group of drivers in overlaps with the Operational Area,
(SSMF) shallow waters or wading along coastal beaches. however the proposed survey is not
7,628 shells distributed over 197 species were collected in the 2018 fishing season across 20 licence holders (Gaughan and Santoro 2020). The expected to impact the activities of this
majority of effort is located adjacent to population centres such as Broome, Exmouth, Perth, Mandurah, the Cape Areas and Albany. fishery.
Nickol Bay Prawn v v The NBPMF operates along the western part of the North-West Shelf between Dampier and the western extend of Eighty Mile Beach. The fishery X The Operational Area partially overlaps
Managed Fishery targets Banana prawns (Penaeus esculentus) using high opening otter trawl systems. The Nickol Bay Prawn Managed Fishery season is year- with the management area of the NBPMF,
(NBPMF) round, with designated nursery areas closed between August and November. In the 2018/19 season, a total catch of 81 t was reported (Gaughan however, there is no catch or fishing effort
and Santoro 2020). within the Operational Area (refer to
Section 4.4.4.1).
Western Australia v v The WASF management area extends from longitude 114°06"E (North West Cape) to 123°45 E (Koolan Island), however the area between North- X The WASF management boundary partially

North Coast Shark

Fishery (WASF)

West Cape and 120°E and all waters south of latitude 18°S has been closed indefinitely. The WASF targets Dusky whaler, Sandbar, Gummy and
Whiskery sharks using demersal gillnets. No fishing activity has been recorded in the WASF since the 2008-2009 fishing season.

overlaps with the Operational Area,
however the fishery has not been active
since 2008. Therefore, the proposed survey
is not expected to impact the activities of
this fishery.

cgg.com

Rev 0



Sauropod 3D MSS Qr

” NEO0E 117°00°E 118°00°E 119°00°E 120°00°E 12100 122°00°E 123°00°E 124'00°E
- £
o
L]
% @
B =3
- r‘ 'E
g
i e
«© v
T |z
L]
g‘ w
2 15
i H
LEGEND
g [ E Acquisition area
8 I Tl | Operational area \g
------- 3NM Coastal waters limit
“ North west slope trawl fishery
? Western Tuna and Bilffish, @
& Southern Bluefin Tuna, Western ?
: . Skipjack &
16 00E HTD0E HEVOE HEO0'E 120°00°E 121°00°E 122°00°E 123°00°E 124°00°E

Figure 4-17 — Commonwealth Fisheries within the Operational Area and wider EMBA
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Figure 4-18 — WA State Fisheries within the Operational Area
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4.4.4.1 Review of Catch and Effort Data

CGG requested annual catch and effort data (FishCube data) from DPIRD for WA managed fisheries understood to operate
within or near to the Operational Area. FishCube data is not available for Commonwealth managed fisheries.

Data was assessed for 60 nm x 60 nm and for 10 nm x 10 nm Catch and Effort System (CAES) blocks for annual catch and
effort data for each of the most recent five years of available data (2016—2020). Data was assessed to identify where the
greatest fishing effort in each fishery occurred and the relative importance of waters within the Operational Area.

Data provided by DPIRD included:
¢ Weight (kg) — a measure of fish catches per CAES block during the period of interest
e Vessel Count — a measure of the number of vessels that fished in a CAES block during the period of interest

e Fishing Day Count — a measure of fishing effort, represented by the number of days when one or more vessels fished in
a CAES block during the period of interest.

Due to confidentiality reasons, DPIRD is unable to release catch and effort data for CAES blocks where less than three
vessels fished during the period of interest (i.e. less than three vessels per month). Where this applies, the Vessel Count is
marked ‘Less than 3 vessels’, while Weight and Fishing Day Count are marked as ‘N/A’. CAES blocks where the results are
provided in this way confirm that fishing effort did occur within the block during that period, but the associated catch and
effort values are not available. CAES blocks where no fishing is recorded do not return any data.

It is important to recognise the limitations of referring to blocks with less than three vessels; although the number of vessels
may be less than three, a block may experience high catch or effort by just one or two vessels. However, these blocks may
experience less effort than other blocks where three or more vessels frequent the area to fish.

4.4.4.1.1 Mackerel Managed Fishery

Analysis of FishCube data shows that the Operational Area overlaps with approximately 29 km? of the area of fishing effort
for the five-year period between 2016 and 2020 (Figure 4-19). This effort was by ‘Less than 3 vessels’ in September 2020.
No other effort was recorded in this block for the five-year period between 2016 and 2020. In general for this fishery, fishing
effort is located in shallower waters, approximately 10 km south-east of the Operational Area (Figure 4-19). Fishing effort
occurs relatively consistently across the entire year with no identified peak periods.

4.4.4.1.2 Nickol Bay Prawn Managed Fishery

Analysis of FishCube data shows that the Operational Area does not overlap with the area of fishing effort for the five-year
period between 2016 and 2020. Fishing effort is located in shallow nearshore waters, around bays and river mouths such as
De Grey River mouth approximately 130 km south of the Operational Area between June and October.

4.4.4.1.3 Northern Demersal Scalefish Managed Fishery

Analysis of FishCube data shows that the Operational Area overlaps with approximately 532 km? of the area of fishing effort
(Figure 4-20). The Acquisition Area does not overlap with the area of effort. The eastern edge of the Operational Area
overlaps with the most westerly extent of fishing within the NDSMF and three of the four blocks that are reported to have
been fished by less than three vessels during the entire five-year period from 2016 to 2020. The south eastern block that
overlaps the Operational Area has Fishing effort that appears to be more greatly focussed on waters to the west of Broome,
over 20 km to the east of the Operational Area (refer to Figure 4-20). Fishing effort occurs relatively consistently across the
entire year with no identified peak periods.

44414 Pilbara Demersal Scalefish Fisheries

Fishing effort within the Pilbara Demersal Scalefish Fisheries (PFTIMF, PTMF and PLF) is known to be highest in western
areas of the fisheries, which are closest to the home ports of the fishers and have higher historical and current levels of effort
compared to the eastern areas of the fisheries (where the Sauropod 3D MSS is located); these are more distant from port
(i.e. there are increased fuel costs to operate further east) (Gaughan et al. 2018). It was further established by Santos during
consultation with the Pilbara Fish Trawl Interim Managed Fishery (PFTIMF) for their Keraudren 3D MSS that the main home
port for the two main operators in the fisheries were Exmouth (MG Kailis) and Point Samson (Westmore Seafoods) (Santos
2020). Further analysis of the distribution of fishing effort for these fisheries, in relation to the Sauropod 3D MSS, is provided
in the following subsections.
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Pilbara Fish Trawl (Interim) Managed Fishery

FishCube data for the PFTIMF was only available in a coarse 60 nm CAES block resolution. As such, the area of fishing
effort and overlap is likely to be overestimated, as fishing is likely limited spatially to discrete locations rather than over the
entire area of the 60 nm blocks. Analysis of FishCube data shows that the Operational Area overlaps with approximately
1,360 km? of the area of fishing effort, and the Acquisition Area overlaps with approximately 3,500 km? of fishing effort.
Reported fishing effort within the southern portion of the Operational Area is relatively low (56 days effort during the entire
five-year period from 2016 to 2020). Fishing effort is more greatly focussed on waters south-west of the Operational Area
and to the north-west of Dampier and Karratha (refer to Figure 4-21). Fishing effort occurs relatively consistently across the
entire year with no identified peak periods.

Pilbara Line Fishery

FishCube data for the PLF was only available in a coarse 60 nm CAES block resolution. As such, the area of fishing effort
and overlap is likely to be overestimated, as fishing is likely limited spatially to discrete locations rather than over the entire
area of the 60 nm blocks. Analysis of FishCube data shows that the Operational Area does not overlap with the area of
fishing effort for the five-year period between 2016 and 2020. Fishing effort is located in waters further to the south and west
of the Operational Area, particularly near Dampier, Karratha, Onslow and Barrow Island. Fishing effort occurs between May
to September each year.

Pilbara Trap Managed Fishery

FishCube data for the PFTIMF was only available in a coarse 60 nm CAES block resolution. As such, the area of fishing
effort and overlap is likely to be overestimated, as fishing is likely limited spatially to discrete locations rather than over the
entire area of the 60 nm blocks.

Analysis of FishCube data shows that the Operational Area overlaps with approximately 1,360 km? of the area of fishing
effort, and the Acquisition Area overlaps with approximately 3,500 km? of fishing effort (Figure 4-22). The available FishCube
data indicates a low level of activity in relation to the PFTIMF sector of the Pilbara Demersal Scalefish Fisheries (mentioned
above), with less than three vessels typically fishing across the fishery. In 2018, the PTMF accounted for 11% of the total
catch for the Pilbara Demersal Scalefish fisheries.

FishCube data reports that less than three vessels have typically operated in the Operational Area each year for the last five
years (2016 - 2020), compared with greater fishing effort located to the south-west of the Operational Area, between
Exmouth and Dampier (up to five vessels operating). Fishing effort occurs relatively consistently across the entire year with
no identified peak periods.
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Figure 4-20 — Northern Demersal Scalefish Managed Fishery Total Vessel Count (2016-2020)
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4.45 Tourism and Recreation

No tourism activities are known to take place specifically within the Operational Area; however, it is acknowledged that there
are growing tourism and recreational sectors in north-west Western Australia. Potential for growth and further expansion in
tourism and recreational activities in the Pilbara and Gascoyne regions is recognised, particularly with the development of
regional centres and a workforce associated with the resources sector (Gascoyne Development Commission 2012).

Recreational fishing in the NSW bioregion is mainly concentrated on the continental shelf south of the Kimberley and within
the North West Shelf Province, the Central Western Shelf Transition Province and the Central Western Shelf Province. An
estimated 640,000 fishers participate in recreational fishing each year (Fletcher and Santoro 2012). Given the depth of
waters (95 m—150 m) and the distance offshore, it is unlikely that recreational fishing occurs within the Operational Area.

Recreational fishing occurs at Rowley Shoals, which are located within the EMBA. However, Mermaid Reef that forms part
of Rowley Shoals does not permit recreational fishing. Whilst recreational fishing does occur at Rowley Shoals, it is
occasional due to the remote location. Clerke Reef and Imperieuse Reef are also subject to tourism, with charter boat
operators taking visitors to these remote islands (Department of Environment and Conservation 2007). Scuba diving,
snorkelling and other water sports are known to take place at the Rowley Shoals (Department of Environment and
Conservation 2007). Boat charter trips of two days or longer regularly visit the Rowley Shoal between September to
December when conditions are at their best (Tourism Western Australia 2019).

4.4.6 Oil and Gas Activities

The region currently supports a number of industries including petroleum exploration and production. Petroleum titleholders
with titles that are adjacent to the Operational Area are listed in Table 4-12.

A number of other seismic surveys may take place in the region. Based on the information published on the NOPSEMA
website (EPs that are either accepted or under assessment), the other seismic surveys that have the potential to occur in
2022 are presented in Table 4-13. The extent of seismic activities in the vicinity of the title area in the previous year is
detailed in Table 4-14.

Table 4-12 — Oil and Gas Permits Relevant to the Operational Area

Permit Permit Type Operator Distance from the Operational
Area

WA-487-P Exploration Permit Pathfinder Energy Pty Ltd Within Operational Area

WA-436-P Access Authority Santos WA Northwest Pty Ltd Within Operational Area

WA-438-P Exploration Permit Santos WA Northwest Pty Ltd Within Operational Area

WA-533-P Exploration Permit INPEX Browse E and P Pty Ltd 63 km east

WA-435-P Exploration Permit Santos WA Northwest Pty Ltd 51 km west

Table 4-13 — Other Potential Seismic Surveys Occurring in 2022 within 150 km of the Sauropod 3D MSS

Survey Name Survey Area Survey Location Survey Timing and EP
Duration Status
Santos Limited,  The full-fold acquisition area  The Keraudren Extension 3D  Seismic acquisition is Accepted
Keraudren is 8,620 km?. MSS ramp-up zone and full planned to occur and valid
Extension 3D power zone partially overlap between 1 February—31 to 2022.
MSS with the western edge of the July in 2020, 2021 and
Sauropod 3D MSS 2022.*

Acquisition Area.

A maximum of 132—-162 days
of acquisition is proposed.
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Survey Name Survey Area Survey Location Survey Timing and EP
Duration Status
INPEX Browse  The Acquisition Area is The Sauropod Acquisition 1 November 2020-31 The EP is
EandP Pty Ltd, 65,138 km?. Area is located approximately December 2023. No accepted
2D Seismic 70 km south-west of the seismic acquisition and valid
Survey (WA- INPEX 2D Acquisition Area. between 1 June-31 to 2023
532-P, WA-533- October 2020 or 2021.
P, WA-50-L) A maximum of 210 days
of acquisition is
proposed.
PGS Australia The Operational Area is The Sauropod Acquisition The specific Accepted
Pty Ltd, Rollo 117,833 km?. Note — Based  Area is located approximately commencement dates and valid
Multi-client on restrictions in the EP, it 60 km east of the Rollo- and durations of to 2023.
Marine Seismic  has been assumed that Beagle Operational Area. individual surveys have
Survey acquisition is limited to a not been confirmed.
maximum of 25,000 km? per
calendar year.
TGS-NOPEC The Acquisition Area is The Sauropod 3D MSS Oct 2020-Dec 2024. The Accepted
Geophysical 26,897 km?. Acquisition Area is located specific commencement  and valid
Company Pty approximately 140 km east of  dates and durations of to 2024

Ltd, Capreolus-
23D MSS

*Some acquisition has occurred in 2021, see Table 4-14.

Acquisition is limited to a
maximum of 10,000 km? per
calendar year.

the TGS Acquisition Area.

individual surveys have
not been confirmed.

Table 4-14 — Extent of seismic activities in within 150 km of the survey area in the past 5 years

Survey Name

Survey Location

Survey Timing and Duration

Santos Limited, Keraudren
Extension 3D MSS

Santos WA Northwest Pty Ltd,
Keraudren 3D

Searcher Seismic Pty Ltd Bilby 2D

Phase 3 Multi-client Marine
Seismic Survey

TGS-NOPEC Canning-Northern

Carnarvon Multi Client Marine

The Keraudren Extension 3D MSS ramp-up zone
and full power zone partially overlap with the
western edge of the Sauropod 3D MSS
Acquisition Area.

Sauropod Acquisition Area is located
approximately 40 km from the Keraudren survey
area.

The Sauropod 3D MSS Acquisition Area overlaps
with the area acquired by Searcher (i.e. Bilby
survey area).

Sauropod Acquisition Area overlaps
approximately 500 km? of the TGS survey area.

Seismic acquisition is planned
to occur between 1 February—
31 July in 2020, 2021 and
2022.*

Acquired May — July 2019

Completed between June —
July 2016.

Completed between June —
September 2016.

Seismic Survey

*Further acquisition is planned for 2021/22.

4.4.7 World, National and Indigenous heritage Areas

World Heritage sites are natural or manufactured sites, areas, or structures recognised as being of outstanding universal
value by the United Nations Educational, Scientific and Cultural Organization (UNESCO). There are no World or National
Heritage sites within the Operational Area.

Australia’s National Heritage List contains natural, historic and Indigenous places of significance to the nation and are
protected under the EPBC Act (DoEE n.d.). One Commonwealth Heritage listed place occurs within the EMBA, the Mermaid
Reef — Rowley Shoals. Mermaid Reef — Rowley Shoals was listed for values meeting Category A, B, C and D of the
Commonwealth Heritage List criterion (Commonwealth of Australia n.d.). The significance and values of Mermaid Reef and
the Rowley Shoals are described above in Section 4.4.1.2 and Section 4.4.2.1.
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There are no known sites of Indigenous cultural heritage significance within the Operational Area or the wider EMBA. The
closest recorded sites of Indigenous significance and occur terrestrially, approximately 72 km south-west of Broome and
around the Port Hedland area (DPLH 2019).

4.4.8 Ramsar Wetlands

The Ramsar Convention on Wetlands is an intergovernmental treaty that aims to conserve wetlands of international
importance. Ramsar wetlands are recognised as a matter of national environmental significance under the EPBC Act (DoEE
n.d.). No Ramsar wetlands occur within the Operational Area or EMBA. The closest Ramsar wetlands are located in the
coastal waters of Eighty Mile Beach, approximately 113 km south-east of the Operational Area and beyond the wider EMBA.

4.4.9 Marine Archaeology

All shipwrecks more than 75 years old are protected under the Underwater Cultural Heritage (Consequential and
Transitional Provisions) Act 2018 (DAWE n.d.). A search of the National Shipwreck Database (DoEE 2019b) indicated that
no known historic shipwrecks occur within the Operational Area. The closet known wreck is the Koombana near Bedout
Island and is approximately 86 km south-west of the Operational Area. Five other wrecks are situated near the Operational
Area (Table 4-15); however, none are listed as a Protected Place under the EPBC Act.

Table 4-15 — Recorded Shipwrecks Near the Operational Area

Vessel Name Year Wrecked Wreck Location Distance from Operational Area
Koombana 1908 Bedout Island 86 km south-west

Lively 1810 Mermaid Reef 93 km north

Korda 1903 Cape Frezier 98 km east

See Taube 1954 Rowley Shoals 130 km north-east

Pelsart (Pelsaert) 1908 Rowley Shoals 130 km north-east

Alfred 1908 Rowley Shoals 130 km north-east

4.4.10 Commercial Shipping

The Pilbara offshore region facilities high shipping activity associated with mining and oil and gas activities. Port Hedland is
the closest major port to the Operational Area, which is also the world's largest bulk export port. Vessels transiting the region
during the proposed survey will primarily include oil tankers, bulk carrier ships and general cargo ships.

AMSA has introduced a network of marine fairways on the NWS of WA to reduce the risk of vessel collisions with offshore
infrastructure. None of these fairways intersect with the Operational Area, however one fairway facilitating heavy traffic lies
approximately 1 km north-west of the Operational Area (Figure 4-23). AMSA confirmed that only light traffic occurs within the
Operational Area. Moderate to heavy shipping traffic occurs within the wider EMBA and is generally confined to the AMSA
shipping fairways.
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Figure 4-23 — Commercial Shipping

4.4.11 Defence Activities

The Department of Defence operates military firing practice and exercise areas at several locations around Australia. There
are no designated defence practice areas within the Operational Area. The closest designated defence practice area is
located on the Dampier Peninsula, approximately 127 km east of the Operational Area and partially within the wider EMBA.
A search of the Department of Defence’s unexploded ordinance (UXO) map confirmed UXO are not known to occur within
the Operational Area or EMBA (AGDD, 2021)
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5 Stakeholder Engagement

For the purpose of this EP, and in accordance with Regulation 11A of the OPGSS (E) Regulations, relevant stakeholders are
defined as person(s) whose functions, interests or activities may be affected by the activities to be carried out under the EP.
This may include persons who could be affected during emergency conditions.

5.1 Consultation Approach

Consultation has been planned and undertaken with the aim of:
e Informing relevant stakeholders of the 3D seismic survey

e Gathering information about the stakeholders’ interests and activities in the Operational Area during the period over
which the survey is proposed to be conducted

e Providing stakeholders with the opportunity to raise issues and concerns about the survey.

The consultation approach has been guided by the following:

e NOPSEMA's Information Paper: Consultation Requirements under the OPGGS (E) Regulations 2009
e NOPSEMA's Guidance Note: Petroleum Activities and Australian Marine Parks. June 2020

¢ WA DMIRS Consultation Guidance Note: For the Offshore Petroleum and Greenhouse Gas Storage (Environment)
Regulations 2009

e AFMA's Guidelines Form Petroleum Industry Consultation with AFMA (AFMA 2015)

e DollS Guidance — Offshore Petroleum and Greenhouse Gas Activities: Consultation with Australian Government
agencies with responsibilities in the Commonwealth Marine Area

e WA DPIRD Fisheries Guidance Statement: Oil and gas industry consultation with the Department (2013)
e WA DoT Guidance Statement for Marine Oil Pollution: Response and Consultation Arrangements (2018)

e Commonwealth of Australia inquiry report - Making waves: the impact of seismic testing on fisheries and the marine
environment (2021).

5.2 Relevant Stakeholders

Relevant stakeholders were identified by considering interests and activities that occur within or around the Operational
Area. The survey activities, timing and potential environmental impacts and risks of both planned activities and potential
unplanned events were also taken into consideration during the stakeholder identification process.

Relevant stakeholders were identified as:

o Departments and agencies of the Commonwealth and the State of Western Australia to which the activities to be carried
out may be relevant

e Persons and organisations whose functions, interest or activities may be affected by the 3D seismic survey activities to
be carried out

e Any other person or organisation that CGG considers relevant.
The identified relevant stakeholders are listed in Table 5-1.

Relevant stakeholders were then reviewed to understand how the survey activities may affect the person or the
organisation’s functions, interest and activities and the most appropriate method of consultation to be utilised.

CGG understands that the list of relevant stakeholders is not exhaustive and additional stakeholders may be identified as
part of ongoing consultation. Should additional stakeholders be identified prior to, or during the survey, these stakeholders
will be contacted, provided appropriate information about the survey and invited to make comment. Evidence of additional
stakeholder consultation will be documented in the Stakeholder Consultation Log (Appendix C:). The Stakeholder
Consultation Log is a “living document” which will be updated throughout the survey and will be used during the post-survey
review of environmental performance.
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Fisheries stakeholders were identified from the AFMA and DPIRD (Fisheries) annual status reports, based on their licence
areas of operation and known activities (Section 4.4). Contact details (postal addresses) of individual licence holders were
provided by DPIRD and AFMA.

Table 5-1 — Identified Relevant Stakeholders

Commonwealth Government

Australian Border Force Department of Agriculture, Water and the Environment -

Australian Fisheries Management Authority (AFMA) Fisheries

Australian Hydrographic Office (AHO) Department of Infrastructurg, T.ransport, Regional
) ) ) ) Development and Communications- Australian

Australian Institute of Marine Science (AIMS) Communications and Media Authority (subsea cables)

Commonwealth Scientific and Industrial Research

Organisation (CSIRO)
Australian Maritime Safety Authority (AMSA)

Department of Industry, Science, Energy and Resources
Department of Defence

) ) Department of Agriculture, Water and the Environment
Department of Agriculture, Water and the Environment — (DAWE) - Director of National Parks

Biosecurity (Marine Pests)
National Native Title Tribunal (NNTT)

Western Australian Government

Department of Mines, Industry Regulation and Safety (DMIRS)

Department of Primary Industries and Regional Development (DPIRD) - Fisheries
WA Department of Transport - Marine (DoT WA)

Other Relevant Parties

Australian Marine Oil Spill Centre (AMOSC) Santos WA Northwest Pty Ltd

INPEX Browse E&P Pty Ltd Kimberley Land Council (KLC)
Pathfinder Energy Pty Ltd Conservation Council of WA (CCWA)
PGS Australia Pty Ltd Wilderness Society

TGS-NOPEC Geophysical Company Pty Ltd World Wildlife Fund for Nature (WWF)

Tourism Western Australia

Commercial and Recreational Fisheries and Representative bodies

Western Australian Fishing Industry Council (WAFIC) Pilbara Demersal - Trap Fishery
Pearl Producers Association of WA (PPA) Pilbara Demersal - Trawl Fishery
Australian Fisheries Management Authority - North Coast Prawn - Nickol Bay Prawn Fishery

Commonwealth Fisheries Association (CFA) North-west Shelf Trawl Fishery

Australian Southern Bluefin Tuna Industry Association Northern Demersal Scalefish Managed Fishery

Mackerel Managed Fishery R

Pilbara Demersal - Line Fishery

5.3 Consultation Method

Initial stakeholder consultation consisted of an information sheet and map of the Operational and Acquisition Area (refer to
the Sensitive Matters Report) distributed by email and post to relevant stakeholders as listed in Table 5-1 on 28" May 2021.
The information presented in the information sheet was a general overview of the survey including location, extent, survey
design and environmental setting. Proposed changes to the activity description, including source array and activity timing,
were detailed. The proposed management measures, many of which were agreed through previous consultation with
stakeholders, were also included where possible. A specific fisheries factsheet was sent to stakeholders with commercial
fishery interests. Stakeholders were provided with a dedicated email address and phone number for the project to respond
to the consultation documents.
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The dedicated email address also aided in the tracking and recording of stakeholder and titleholder communication. Some
stakeholders were contacted directly regarding information specific to the proposed activity that may potentially impact on
the stakeholder.

Follow-up emails were completed as required following the distribution of the consultation information on 5™ July 2021 to
stakeholders that had not yet responded to consultation.

CGG has undertaken an assessment of the merit of any objections or claims by stakeholders. Where concerns, objections
or claims have been raised by stakeholders, these have been addressed in the assessment of environmental impacts and
risks (Section 7 and Section 8). Stakeholders have been informed about how the issues have been assessed and any
relevant controls that will be adopted to reduce the potential impacts and risks to ALARP and acceptable levels.

Consultation will be ongoing throughout the life of the EP, as outlined in Section 9.

5.4 Consultation Results

A summary of the key issues and concerns raised by stakeholders during consultation, including an assessment of the
merits of objections and claims are provided in Appendix C..

Full copies of the consultation records are included in the Sensitive Matters Report.

cgg.com Page 82 /287

Rev 0



Sauropod 3D MSS \‘

6 Environmental Risk Assessment Methodology

6.1 Introduction

Regulations 13(5) and 13(6) of the OPGGS(E) Regulations require CGG to identify, analyse and evaluate the risks and
potential environmental impacts associated with the Sauropod 3D MSS.

CGG's impact and risk management process is based on the principles, framework and processes defined by the
International Standards Organization (ISO) 31000:2009 Risk Management — Principles and Guidelines (Figure 6-1). The
following sections describe the steps in the risk management process, including the legislative framework, approach taken to
identify and evaluate potential impacts associated with the activity and risk treatment (control) measures that will be adopted
to reduce the impacts and risks to as low as reasonably practical (ALARP) and to an acceptable level.

ESTABLISHING THE CONTEXT

RISK ASSESSMENT

RISK IDENTIFICATION

RISK ANALYSIS

RISK EVALUATION
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Figure 6-1 — AS/NZS 1SO 31000 — Risk Management Methodology

6.2 Communication and consultation

Communication and consultation with internal and external stakeholders take place during all stages of the risk management
process. The ISO 31000:2009 standard requires effective stakeholder communication and consultation in order to ensure
that those accountable for implementing the risk management process (namely, CGG and any appointed contractors), and
stakeholders understand the basis on which decisions are made, and the reasons why particular actions are required. This
is also consistent with NOPSEMA'’s guidance.

The OPGGS Act and OPGGS(E) Regulations are guiding principles that underpin the process of external stakeholder
communication and consultation in the development of EPs. NOPSEMA's Information Paper “Consultation requirements
under the Offshore Petroleum and Greenhouse Gas Storage (Environment) Regulations 2009” (N-04750-1P1411) outlines
how the regulations relate to EPs and its recommendations have been followed herein.
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CGG is committed to consulting with relevant stakeholders who may be affected by the activity, to identify and understand
any concerns and issues, to mitigate impacts and risks highlighted in meritorious submissions and to openly communicate
the process with the stakeholders. Input from stakeholders will help to inform the preparations for and execution of the
Sauropod 3D MSS as appropriate. The process of stakeholder engagement is described in Section 5.

6.3 Establishing the context

The purpose of establishing the context in the risk management process is to define the external and internal parameters to
be considered when managing risk and to define the risk criteria. This requires assessment of the external and internal
environments in which CGG seeks to achieve its objectives.

The external context comprises the description of the activity (Section 3), the physical, biological and socio-economic
environments (Section 4) and associated potential environmental impacts and risks specific to the nature and scale of the
activity (Sections 7 and 8), the legislative framework, applicable management plans, standards and guidance (Section 2)
and the perceptions and values of external stakeholders (Section 5).

The internal context relates to CGG'’s culture, processes, structure and strategy, and includes anything within the
organisation that can influence the way in which environmental risk is managed. CGG’s commitment to minimising
environmental harm and to operating and maintaining a safe and healthy work environment for its employees, contractors
and project partners is reflected in its corporate HSE Policy (Appendix A) and HSE management framework (Section 9).

6.4 Impact and risk assessment

The environmental impact and risk assessment process uses a systematic, evidence-based approach to evaluate and
interpret the impacts and risks associated with its activity and the potential for harm to physical, biological and human
receptors. The environmental impacts and risks associated with the Sauropod 3D MSS have been assessed using the
following steps:

o Definition of the activity (Section 3) and identification of associated aspects and hazards with potential for environmental
harm (i.e. physical, chemical or biological entity or incident which induces an adverse response or impact e.g. operation
of airguns)

o |dentification of the environmental values within the area that may be affected by the activity, i.e. the environmental
context of the activity (Section 4)

o |dentification of aspects of the activity with potential for environmental harm (e.g. underwater noise, light, seabed
disturbance) in the context of its nature and scale and location (Section 7)

o Definition of acceptable levels for each impact and risk (Section 7 and 8)

o |dentification of impacts from routine aspects and risks from unplanned/accidental events, and the inherent impact or
risk (Sections 7 and 8)

o |dentification of the ‘decision context’ and ‘assessment technique’ relevant to the impact or risk (Section 6.7.1)

o |dentification of control measures to be implemented for each aspect in order to reduce the impacts and risks to ALARP
(Section 6.7.2)

e Determination of the residual risk of each environmental impact and risk with identified control measures adopted
(Section 6.9)

e Determination of whether the residual risk is acceptable

e Inthe event that an impact or risk is not considered acceptable, further practical control measures are considered and
adopted until the impacts and risk are considered ALARP and acceptable (Section 6.8).

6.5 Hazards, impact and risk identification

Information used in identifying the impact and risks associated with the activity has been obtained from the following
sources:

e CGG's description of the location, timing of survey and activities to be undertaken in acquiring seismic data (e.g. airgun
discharges, sail lines)

e An understanding of general vessel activities/operations during seismic surveys and the potential threats and hazards to
stakeholders and the marine environment and where appropriate, terrestrial environments
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e Literature reviews on the environmental sensitivity of the receiving environment with respect to species’ presence,
“biological calendars”, habitat distribution and location of environmentally sensitive areas (breeding, migration, resting
areas); identification of environmental values at risk within and adjacent to the Acquisition Area;

e Feedback from stakeholders (onshore and marine) to understand socio-economic activities that may be affected by the
proposed activity.

The identified environmental impacts and risks associated with activities proposed under this EP are listed below and
assessed within Sections 7 to 8:

e Impacts (expected to occur during planned events)
- Noise emissions — seismic source
- Cumulative impacts from seismic surveys
- Noise emissions: vessel, helicopter and mechanical equipment
- Physical presence: disruption/ interference with other marine users
- Discharge: treated sewage, grey water and putrescible waste
- Discharge: drains, deck and bilge water
- Artificial light emissions: vessels
- Atmospheric emissions: vessels and mechanical equipment
e Risks (not expected to occur during routine operations)
- Hydrocarbon and chemical spills
- Hydrocarbon spill — vessel collision
- Hydrocarbon spill — bunkering
- Chemical spill: single point failure
- Physical presence: entanglement / collision with marine fauna
- Physical presence: loss of equipment
- Discharge: loss of hazardous or non-hazardous solid waste

- Introduction of invasive marine species: ballast water and biofouling.

6.6 Impact and risk analysis and evaluation

The hazards for each potential environmental aspect were identified using a qualitative assessment process in accordance
with the methods and principles described by the ISO 31000:2018 Risk Management — Principles and Guidelines (2018),
and Standards Australia Handbook HB 203:2012, Managing Environment-related Risk (2012). Some useful definitions from
the 1SO guidelines and the associated Handbook on Environmental Risk Management — Principles and Process (Standards
Australia 2006), are included in Table 6-1.

Table 6-1 - Risk Management Terms

Term Synonymous terms Meaning
Stressor Source of risk Physical, chemical or biological entity or incident, which induces an
Hazard adverse response or impact.

Environmental aspect

Impact Effect Change to the environment, adverse or beneficial, relating to an
Consequence organisation’s activities.
May be defined in terms of severity of consequences
Consequence Outcome Impact of an event or incident e.g. a loss, injury or concern. May be
Impact expressed qualitatively or quantitatively.
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Term Synonymous terms Meaning
Likelihood Probability The series of ‘conditional probabilities’ or ‘conditional likelihoods’ for the
Frequency chain of events leading to an impact, need to be factored into determining
o final likelihood of environmental impact occurring.
Qualitative likelihood
Risk Considered in terms of environmental consequences of a given severity,

and the likelihood of that particular consequence occurring.

Residual risk Risk remaining when controls are in place.

The Sauropod 3D MSS impact and risk assessment is based on the evaluation of impacts and risks that are credible,
realistic and appropriate to the nature and scale of the activity, and the values and sensitivities of the environment that may
be affected (EMBA).

Each impact and risk associated with the planned seismic activity has been evaluated by determining the consequences or
effects, including the extent, duration, timing and potential for recovery (Table 6-2 and Table 6-3), and assessing the
likelihood or probability that those consequences may occur (Table 6-4). Potential maximum quantities released, time-scale
of release, biological exposure and sensitivities, and regulatory requirements were considered in determining the
consequence of the impact/risk. The likelihood of the effect or consequence is based largely on professional judgement of
the conditional likelihoods leading to the effect, including the presence of the stressor (impact/risk), the exposure of
receptors to the stressor and the sensitivity of the receptors to the stressor. The outcome of this evaluation provides the
‘inherent’ impact or risk ranking, i.e. the impact/risk without the application of control measures. The shaded region of the
risk matrix signifies the tolerability of the risk ranking.

Table 6-2 - Definition of Consequence Terms

Term Meaning

Localised Operational Area extent

Extensive / Medium scale Within Oil EMBA extent

Regional / Large scale Northern Carnarvon Basin extent

Short-term Days to weeks

Medium term <12 months

Long-term >12 months

Table 6-3 — Definition of consequence

Category Environment Socio-economic

0 Negligible Full recovery expected in days to weeks No or very limited effect on
commercial and/or
recreational users

1 Minor Minor disruption and temporary effect (days) on individuals within a Minor disruption, localised

2 Moderate

protected species, including impacts on health, critical habitats, or
critical behavioural processes. No overall threat to populations.
Localised scale (immediate area) and temporary effect on other
habitats/communities.

No effects on ecosystem function.

Full recovery expected in days to weeks

Moderate disruption and short-term effect (weeks) on a proportion of
a protected species’ population, including impacts on health, critical
habitats or critical behavioural processes. No overall threat to
populations.

Localised scale and short-term effect (weeks) on other
habitats/communities No effects on ecosystem function. Recovery in
months to 1 year.

scale (immediate area) and
temporary effect (days) on
commercial and/or
recreational users

Moderate disruption,
localised scale and short-
term effect (weeks) on
commercial and/or
recreational users
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Category Environment Socio-economic

3 Severe Moderate disruption and effect (months) on a significant proportion of Moderate disruption and
a protected species’ population, including impacts on health, critical effect (months) on
habitats or critical behavioural processes. No overall threat to commercial and/ or
populations. Localised scale and medium-term effect (months) on recreational users.
other habitats/communities. No effects on ecosystem function.
Recovery >1 to 3 years.

4 Major Major disruption and medium to long-term effect (years) on a Major disruption and

5 Catastrophic

protected species’ population, including impacts on health, critical
habitats or critical behavioural processes. No overall threat to
populations. Injury or death of individuals of a protected species.
Medium scale and medium-term effect (years) on other
habitats/communities. Effects are at an ecosystem function level.
Recovery >3 to 10 years.

Extensive disruption and long-term effect (decades) on a protected
species’ population, including impacts on health, critical habitats or
critical behavioural processes. No overall threat to populations. Injury
or death of a significant proportion of a protected species population.
Large scale and long-term effect (decades) on other
habitats/communities. Effects are at an ecosystem function level.
Recovery >10 years.

Table 6-4 — Definition of Likelihood

medium to long-term effect
(years) leading to loss of
commercial and/or
recreational use

Extensive disruption and
long-term effect (decades)
leading to loss of
commercial and/or
recreational use.

Category Definition/experience (history of occurrence) Probability
A Rare Almost impossible / unheard of in the industry Event occurs once within 10 years
B Unlikely Could occur but would not be expected / has Event occurs once within 5 years
occurred once or twice in the industry
C Possible Might occur at some point / has occurred many times Event occurs once a year
in the industry but not before within CGG
D Likely Will probably occur at some point / has occurred Event occurs monthly
frequently within the company
E Almost Certain Expected to occur in most circumstances / has Event occurs weekly

occurred at the location

All identified impacts and risks associated with the activity were analysed and evaluated in accordance with the CGG
modified risk matrix (Table 6-5). The coloured region signifies the tolerability of the risk criteria. Environmental impact and
risks ranked as Low or Medium are considered generally ALARP and acceptable (i.e. acceptable providing that it can be
shown that all practicable impact and risk reduction measures have been taken and they will continue to be taken). Impacts
and risks ranked as High and Very High are undesirable or unacceptable and require additional control measures to be
implemented to reduce the residual level of risk to ALARP and Acceptable.
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Table 6-5 - CGG Modified Risk Matrix

Consequence Likelihood
A B C D E
Rare Unlikely Possible Likely Almost certain
0 Negligible
1 Minor
2 Moderate
3 Severe
4 Major
5 Catastrophic
Term Definition
Low No effect, or those that are beneath levels of perception, within normal bounds of variation. Good

industry practice (including legislation and standards) have been applied. Acceptable without further
reduction measures being required.

Medium Acceptable (tolerable), providing that it can be shown that all practicable control measures have been
implemented, if the sacrifices are not grossly disproportionate to the environmental benefit gained, with
continual review of these measures and any potential new ones. Deemed to be “as low as reasonably
practical” (ALARP) and acceptable.

High Undesirable, CGG management decision required to accept risks and proceed. Additional control
measures are required to be considered and implemented, if the cost is not grossly disproportionate to
the environmental benefit gained, to prevent or reduce the impact/risk to ALARP and an acceptable
residual level.

Unacceptable (intolerable) and may require re-design of project and/or its parameters, additional control
measures are required to be implemented (regardless of cost) to prevent or reduce the impact/risk to
ALARP and be acceptable.

6.7 Impact and risk treatment

The treatment of the inherent impacts and risks identified in the assessment process requires application of control
measures to reduce them to ALARP and acceptable levels. CGG has taken the following approach for each of the identified
impacts and risks during the assessment:

o Determination of inherent risk (potential risk) without controls

o Identification of appropriate control measures aligned with the decision type
e Demonstration of ALARP (and determination of the residual risk)

o Demonstration of acceptable level of impact or risk

o Determination of residual risk rating (including controls aligned with decision type).

6.7.1 Decision context and assessment techniques

CGG applies the Oil and Gas UK (OGUK) (2014) Guidance on Risk Related Decision Making (Figure 6-2) to determine the
assessment technique applied for each impact or risk. CGG has considered previous impact and risk assessments for
similar activities, review of relevant published studies (peer reviewed and grey literature) and stakeholder consultation
concerns/feedback. Wherever possible, site-specific and activity-specific data has been used in the impact/risk assessment;
however, in order to address areas of uncertainty, a precautionary approach has been taken and a conservative or “worst
case” approach has been applied where there is uncertainty in the level of harm.

The extent to which identified stakeholders have an interest in the decision depends upon the nature of the impact/risk (e.g.
magnitude, complexity, uncertainty) and their perception of the impact/risk. The values, views, attitudes, perceptions and
concerns of stakeholders consulted for the Sauropod 3D MSS have been used in the determination of the decision context.
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Stakeholder concerns have been assessed for merit and adopted control measures (where relevant) are summarised in
each impact and risk section.

Once the decision context is established for the impact/risk, this determines the assessment technique to use to identify
appropriate control measures. The arrows in the Figure 6-2 show the assessment technique(s) likely to be needed to make
the decision. Good practice forms the basis of the assessment for all decision contexts. Moving from decision context A to B
to C increases the relevance for additional assessment techniques and the role these play in the identification of control
measures and decision-making.

e Good Practice: in accordance with recognised guidelines, standards and control measures that are used to manage
well-understood impacts and risks arising from activities. This also includes control measures required to meet
legislative requirements, codes and standards, including guiding principles such as the principles of ESD as defined in
the EPBC Act.

e Engineering (or Environmental) Impact and Risk Assessment: this method may involve application of a range of
techniques such as engineering analysis (e.g. underwater sound modelling), impact/risk assessment, cost benefit
analysis, professional judgement.

e Precautionary Approach: this method requires uncertainty in the analysis to be addressed by using conservative
assumptions that may result in a control measure being more likely to be adopted.

Factor A B C
Nothing new or unusual New to t:; ﬁrqanaisallon or :ew I.N:nen; ) ; ‘Ik:au;n desi
eographical are evelo
- Type of Represents normal business o idyic P PP
x Infrequent or non-standard activity Prototype or first use
Activity Well-understood activity
Q Good practice not well defined or met  No established good practice for whole
'E Good practice well-defined by more than one option activity
=}
Significant uncertainty in risk
&)
Risks amenable to assessment using Data or t methodolog
= URIS" rtarlldt RIS ATE Nell NposE nee well-established data and methods  ynproven
ncertain Uncertainty is minimal
-9 Y P S Some uncertainty No consensus amongst subject matter
L] experts
Q
o
[a) ” s , No conflict with company values Potential conflict with company values
o conflict with company values
Stakeholder iy pany Soma partier liberast Significant partner interest
Influence Some persons may object Pressure groups likely to object

No significant media interest

Likelihood of adverse attention from
national or international media

May attract local media attention

co
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X Engineering

w e

N e~ Risk $o Al
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Figure 6-2 - Risk Related Decision Support Framework (OGUK 2014)

6.7.2 Hierarchy of Control Measures

CGG has established a hierarchy of controls in accordance with their impact and risk management process as part of their
HSE Management System (Table 6-6). Although commonly used in the evaluation of occupational health and safety hazard
control, the hierarchy of controls philosophy is also a useful framework to evaluate potential environmental controls to
ensure reasonable and practicable solutions have not been overlooked.
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Table 6-6 — Hierarchy of Controls

Control type Description

Eliminate Selection of method based on appropriate design, elimination of methods with higher risks, e.g.
eliminating seabed damage from anchors by using dynamically positioned vessels.

Substitute Replace with a lower risk situation, e.g. use gel-filled streamers instead of fluid-filled streamers.

Reduce Reduce the impact/ risk, e.g. soft-starts during operation of the seismic source to encourage

marine fauna to move out of the area, thereby reducing exposure to elevated noise levels.
Engineering/Isolation  Engineer out the impact/risk, e.g. automatic flotation devices to aid in recovering lost streamers.

Administration Provide instructions, procedures or training to reduce the risk, e.g. use of procedures for
management of risks for refuelling at sea, waste management and marine fauna interactions,
training of crew through environmental inductions.

Protective Use appropriate protective equipment, (including emergency response and contingency planning),
when other control measures are not practical or have not totally removed the hazard.

6.8 Demonstration of ALARP

Regulation 13(5)(c) of the OPGGS (E) Regulations require that where significant effects are identified, details of the control
measures that will be used to reduce the impacts and risks of the activity to as low as reasonably practicable (ALARP) and
an “acceptable level”, must be included in the EP. Risk treatment involves a process of selecting additional control measures
for reducing impact and risks that have not been demonstrated to be ALARP during the risk analysis and evaluation
processes, and then establishing whether the residual impact/risk can be deemed acceptable. In the case of higher order
impacts or risks, it is also expected that reasonable effort has been used to identify and evaluate alternative, additional, and
improved control measures that may further reduce impacts and risks (NOPSEMA Guideline N-4750-GL1721).

Ideally, the control measures adopted during the assessment should bring the residual impact/risk to a low level and broadly
acceptable region. All identified impacts and risks associated with the activity were analysed and evaluated in accordance
with the CGG modified risk matrix (Table 6-5). Environmental impact and risks ranked as Low or Medium are considered
generally ALARP and acceptable (i.e. acceptable providing that it can be shown that all practicable impact and risk reduction
measures have been taken and they will continue to be taken). Impacts and risks ranked as High or Very High are
undesirable or unacceptable and require additional control measures to be implemented to reduce the residual level of risk
to ALARP and Acceptable.

However, if the residual impact/risk remains at the medium level, CGG must determine if the impact or risk has been
reduced to ALARP. If CGG identify additional control measures that can be implemented without the cost being grossly
disproportionate to the benefit of impact or risk reduction, then these additional controls are adopted. If it is considered that
the impact or risk is sufficiently low, ALARP has been reached and no further development of control measures is
practicable, or if the costs of implementing further controls are grossly disproportionate to the environmental benefit, then the
residual impact/risk is deemed to be acceptable.

If a residual impact/risk is high or very high, then this is determined as an unacceptable impact or risk and requires additional
control measures to reduce to ALARP. It is important to note that to maintain an impact or risk as ALARP, ongoing action is
required to ensure the integrity of control measures is maintained. Therefore, the emphasis on feedback and continuous
improvement is a key feature of the management of impacts/risks to ALARP.

Additional control measures for the ALARP demonstration have been identified using the decision methods described below.
Where the residual impact/risk is low, good industry practice (including recognised guidelines and standards) has been
assessed to determine if additional control measures are appropriate. Where the residual impact/risk is medium, good
practice and engineering (or environmental) assessment methods have been considered in introducing additional controls to
reduce the impact/risk further. Where the residual impact/risk is high or very high, then additional control measures have
been developed from a combination of good practice, assessment, and a precautionary approach. The latter precautionary
approach requires conservative assumptions to be made in the development of additional control measures where there is
uncertainty in the process.
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Once additional control measures have been identified, each has been assessed on its merits of impact/risk reduction and
the proportionality of the sacrifice associated with each measure. This assessment considers the practicality, effectiveness,
and the cost benefit of implementing the control measure, as described below.

6.8.1 Practicability

Additional control measures were assessed to demonstrate whether the impact or risk could be further reduced, or if the
impact or risk level is ALARP. Treatments considered by CGG to be reasonably practicable have been implemented, while
those considered to be not reasonably practicable have not been implemented, e.g. the cost, time and effort required to
implement the measure is grossly disproportionate to the environmental benefit gained.

6.8.2 Effectiveness

CGG’s QHSE and SD Risk Management Guidance Note requires that the effectiveness of control measures must be
assessed before they are implemented. Determination of effectiveness is subjective and thereby based on professional
judgement, considering:

e Availability — will the control exist and be available when and where you need it?
e Reliability — will the control work as it was designed and intended?
¢ Impact — what will be the scale of effect if this control works perfectly?

e Duration — what will be the duration or time that the control will have its effect?

6.8.3 Cost Benefit Analysis

The estimated cost criterion consisted of a qualitative assessment by people familiar with the practicalities of implementing
the control measures, to evaluate and rate the estimated cost impact of the additional control measure. Monetary values
were not quantified; however, the cost was qualitatively ranked as follows:

e High — Very significant cost associated with the implementation of this measure and the cost may be prohibitive or not
warranted based on the potential benefit gained. The level of cost is likely to compromise the Sauropod 3D MSS
objectives and viability.

e Medium — Significant cost associated with implementation of this measure, however it is not considered prohibitive,
when compared to the potential risk reduction benefit.

e Low — No significant cost associated with implementation of this measure.

The expected net benefit of the additional control measure in reducing either the likelihood or the consequence of the impact
or risk, beyond that achieved by the previously identified control measures was evaluated on a qualitative basis. If a control
measure reduced the potential impact or risk significantly, but did not change the residual risk ranking, it may still be
considered as a net benefit and a contribution to reaching ALARP.

The potential for each additional control measure to generate negative environmental impacts, health and safety issues or
operational risks was considered. Where effects were considered to negate the potential benefit partially or fully, the control
measure was not considered for implementation, as it had no net benefit and contribution to reaching ALARP.

Where the benefit (i.e. reduction in impact or risk) of an additional control measure was considered grossly disproportionate
to the cost of implementation or the effect on survey efficacy, the control measure was not accepted. As such, the control
measures presented in the impact and risk assessment constitute only those that were deemed to result in a reasonable,
practicable and effective reduction in the likelihood or consequence of an impact or risk becoming realised, and thereby
demonstrating ALARP whilst achieving the objectives of the survey.

6.9 Residual Impact Ranking

The residual impact and risk ranking process is undertaken to assess the effect of control measures in mitigating the
inherent risk levels. It follows the identification of the decision context type, ALARP process and establishing appropriate
control measures.

Residual risk rankings were based on re-assessment of the likelihood and consequence of the impacts with the mitigating
controls in place. Residual risk was assigned using CGG's risk matrix in Table 6-5. All identified impacts and risks
associated with the activity were analysed and evaluated in accordance with CGG risk matrix. The coloured region signifies
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the tolerability of the risk criteria Environmental impact and risks ranked as low or medium are generally considered ALARP
and acceptable (provided that it can be shown that all practical impact and risk reduction measures have been taken and
they will continue to be taken). Impacts and risks ranked high are undesirable or unacceptable and require additional control
measures to be implemented to reduce the residual risk to ALARP and Acceptable.

6.10 Demonstration of Acceptability

Regulation 13(5)(c) of the OPGGS(E) Regulations requires a demonstration that residual environmental impacts and risks
are of an acceptable level. Acceptance is often represented as an inverted triangle (Figure 6-3), where the level of risk
increases from a low risk or “broadly acceptable region” through a “tolerable region” (if impacts/risks are demonstrated to be
higher, but ALARP) and then to an “unacceptable region”. These principles have been adopted in CGG's definitions of
acceptability:

e Low: Good industry practice (including legislation and standards) has been applied and the impact/risk is acceptable
without further reduction measures being required. Further effort towards impact/risk reduction is not reasonably
practicable without sacrifices (costs, loss of opportunities, or loss of technical quality) grossly disproportionate to the
impact/risk reduction benefit.

e Medium: Acceptable (acceptable / tolerable), providing that it can be shown that all practicable control measures have
been implemented, if the sacrifices are not grossly disproportionate to the environmental benefit gained, with continual
review of these measures and any potential new ones.

¢ High (undesirable): CGG management decision required to accept impacts/risks and proceed. Additional control
measures are required to be considered and implemented, if the sacrifices are not grossly disproportionate to the
environmental benefit gained, to prevent or reduce the impact/risk to ALARP and be acceptable.

e Very high (unacceptable / intolerable): May require re-design of project and/or its parameters, additional control
measures are required to be implemented (regardless of sacrifice) to prevent or reduce the impact/risk to ALARP and
be acceptable.

CGG's model for demonstrating acceptable levels of impacts and risks for the Sauropod 3D MSS is based upon the criteria
described in Table 6-7. Using the appropriate criteria from Table 6-7, acceptable levels of impact were defined prior to
conducting the evaluation of individual impacts and risks in Section 7 and 8. However, not all the criteria for acceptance in
Table 6-7 will apply to defining levels of acceptability for all impacts and risks assessed within this EP. CGG has therefore
distinguished between higher and lower order environmental impacts and risks.

Higher order impacts/risks are generally more complex and include those where the environment or receptor affected is
protected/threatened, vulnerable to the impact/risk, not widely distributed, or where there is uncertainty in the effectiveness
of adopted control measures. Such impacts/risks relevant to the MSS include underwater noise from seismic operations,
accidental oil spill (due to vessel collision) and physical interaction with other marine users. It is expected that reasonable
effort has been used to identify and evaluate alternative, additional, and improved control measures that may further reduce
impacts and risks (NOPSEMA Guideline N-4750-GL1721). Lower order impacts include atmospheric emissions, routine
discharges, light emissions, accidental loss of materials, introduced marine species and fuel spills.

Following demonstration that all reasonable and practicable control measures have been adopted to reduce the impacts and
risks to ALARP, the pre-defined acceptable levels of impact have been compared with the residual levels of impact and risk.
If the residual impact levels lie within the boundaries of the pre-defined acceptable levels, the impact or risk is considered
acceptable.
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Figure 6-3 - Approach to Demonstrating ALARP and Acceptable Levels (Reg 13(5)(c))

Table 6-7 - Criteria for Defining Acceptable Levels of Impact

Criteria for Criteria
acceptance
Internal CGG Policy Alignment with CGG’s Environment Policy and the environmental management
system for the Sauropod 3D MSS described in Section 9.
Company CGG impact/risk matrix defines ‘low risk’ as acceptable, ‘medium risk’ as
Standards/Systems acceptable providing ALARP has been demonstrated, ‘high risk’ as undesirable
(i.e. requiring ALARP demonstration and decision to accept based on CGG
management decision), and ‘very high risk’ as unacceptable (Table 6-5).
As such, have all reasonable and practical control measures been adopted to
reduce the risk or impact without sacrifices being disproportionate to the benefit
of the risk reduction?
External Values and The proposed management of the impact/risk is aligned with species-specific or
Sensitivities of the  protected area management plans/conservation advice actions or conservation
Natural objectives.
SERA The proposed management of the impact/risk is aligned with the identified
conservation values for the existing environment.
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Criteria for Criteria
acceptance

Is the effect on the environment or receptor localised, short-term and
recoverable?

Have potential impacts to environmental values or sensitivities been assessed
as local, regional (and if applicable global) level in terms of population level and
long-term effects? As such, are adopted controls appropriate and adequate in
avoiding such effects and thereby reducing risks to ALARP.

Relevant Persons Concerns raised during stakeholder consultation have been assessed for their
Expectations merits and control measures developed, if appropriate, to manage those
concerns.

There are no outstanding merited concerns that have not been assessed.

Legislation and Legal The impact/risk is being managed in accordance with existing Australian or

Other Requirements international legislation, conventions and/or standards, such as MARPOL
73/78, AMSA Marine Orders, and Marine Notices, Policy Statements (refer to
Section 2).

Industry Industry Standards  The impact/risk is being managed in accordance with industry good practice

Standards and Best Practices  (APPEA Code of Environmental Practice and IAGC guidelines), and national

and international standards (ISO 31010:2009 Risk Management, Standards
Australia / Standards New Zealand Risk Management Guidelines) APPEA
Code of Environmental Practice and IAGC guidelines.

Ecological ESD Application Aligned with the principles of Ecological Sustainable Development (ESD),
Sustainability including application of the precautionary, integration, intergenerational,
Development biodiversity and valuation principles, and/or how uncertainty has been reduced.
(ESD)

6.11 Environmental Performance Outcomes and Standards

Regulation 4 of the OPGGS(E) Regulations provides definitions for the following:

e Environmental performance outcome: A measurable level of performance required for the management of
environmental aspects of an activity to ensure that environmental impacts and risks will be of an acceptable level.

e Environmental performance standard: A statement of the performance required of a control measure.

Environmental performance outcomes, standards and measurement criteria for each aspect of the activity that has the
potential to cause adverse environmental impacts or risks are detailed in the assessments presented in Section 7 and 8.
Environmental performance will be measured and reported against these standards and measurement criteria, as part of
CGG's commitment to continuous improvement of environmental, health and safety performance as described in Section 9.

6.12 Monitoring and review

Ongoing monitoring and review are essential to ensure the impact and risk assessments within this EP remain relevant.
Introduction of new impacts/risks due to changes in the activity or context, changes in the consequence of impacts/risks, and
maintaining effectiveness of adopted controls are addressed in CGG’s Management of Change procedure described in
Section 9.
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7 Environmental Risk Assessment — Planned Events

This section presents the evaluation of the environmental impacts and risks completed for planned / routine aspects of the
Sauropod 3D MSS using the methodology described in Section 6, as required by OPGGS (E) Regulations 13(5) and 13(6).
A summary of the residual rankings for all impacts and risks identified and assessed in this Section is provided in Table 7-1.
Where there has been a decrease in the level of predicted impact or no change, the assessment has not been revised apart
from to update project details.

This section also presents the environmental performance outcomes, performance standards and measurement criteria for
each of the identified environmental impacts and risks. These terms are defined as follows:

e Environmental Performance Outcome (EPO) — a measurable level of performance required for the management of the
environmental aspects of the activity to ensure the environmental impacts or risks will be of an acceptable level

e Environmental Performance Standard (EPS) — a statement of performance required of an adopted control measure

e Measurement Criteria — defines the measure by which environmental performance will be measured to determine
whether the EPO has been met.

Table 7-1 — Environmental Impact Ranking Summary

Impact/Risk EP Section Residual Risk
No. Consequence Likelihood Risk Ranking
Noise Emissions: Seismic Source 7.1 Moderate (2) Unlikely (B) Medium
Noise Emissions: Cumulative Seismic Sound 7.2 Moderate (2) Unlikely (B) Medium
Noise Emissions: Vessels, Helicopter and 7.3 Negligible (0) Rare (A)
Mechanical Equipment
Physical Presence: Disruption/Interference 7.4 Minor (1) Unlikely (B)
with Other Marine Users
Discharge: Treated Sewage, Grey Water and 7.5 Minor (1) Rare (A)
Putrescible Waste
Discharge: Drains, Deck and Bilge Water 7.6 Negligible (0) Rare (A)
Artificial Light Emissions: Vessels 7.7 Negligible (0) Rare (A)
Atmospheric Emissions: Vessels and 7.8 Negligible (0) Rare (A)

Mechanical Equipment

7.1 Noise emissions: Seismic source

This EP is a revision of the 3D Oil Sauropod MSS EP, which was accepted by NOPSEMA on 13™ July 2020, see further
detail in Section 1. The potential for noise impacts is reduced and therefore the underwater noise impact assessment has
not been significantly changed from the previously accepted EP. The impact assessment and subsequent management of
impacts (controls) for seismic noise emissions is presented for the larger seismic array, as modelled assessed in the
previously accepted 3D Oil Sauropod MSS EP (see modelling in Appendix D:). This is considered a conservative approach
to assessing the effects of noise emissions because the potential for impacts is lower but the same level of mitigation and
management will be applied, and the net environmental risk is reduced.

The impacts of underwater noise are predicted to be lower under the revised plan than under the accepted EP because:

e the seismic source that will be used in the survey is lower volume, decreased from 3090 in® to 2820 in3

e the source array produces lower sound energy levels

e the wider spacing of the sail-lines reduces the number of sail-lines and reduces ensonification between the lines and
cumulatively for the survey.

e the survey area, shot interval and line orientation have not been changed (Table 7-2).

This section provides reasoned and supported evidence to demonstrate that the seismic source used in this survey will
produce similar or lower sound energy levels than the array used throughout the impact assessment.
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Jasco was engaged to compare noise emissions from the original 3,090 in® and 2,820 in® arrays at the source and
propagation from locations modelled for the 3D Oil Sauropod MSS EP (Appendix E:). This study confirms that the smaller
array produces lower noise levels at the source (Table 7-3)

Table 7-2 The Difference Between the Seismic Source Acoustic Parameters to be Used in the Sauropod 3D MSS and Those Used in the
Impact Assessment.

Survey Parameter CGG Revised Survey Accepted Sauropod EP Survey

Length of sail lines 83 km 83 km

Time to traverse a sail line ~10 hours ~10 hours

Orientation of sail lines North—south North—south

Distance between sail lines 675m—716 m 450 m

Turn radius 5,200 m 3500 m

Seismic vessel sail line speed 4.5 knots Modelled at 4.4 knts

Turn time 4h Modelled at 5.2 h

Shot point interval 12.5 m (5.4 seconds) 12.5 m (5.4 seconds)
Seismic Source

Type Airgun / three arrays, which will be discharged alternately

Size 2820 in® 3090 in®

Pressure 2,000 psi 2,000 psi

Sound source tow depth Modelled at 6 m Modelled at 6 m

Streamers

Number 12 12

Streamer length 7050 m 7000 m

Distance from seismic vessel bow to 7800 m 7525 m

tail buoy

Distance between streamers 1125 m 75m

Table 7-3 Far-field Source Level Specifications for the 3090 in® and 2820 in® Sources with a 6 m Tow Depth. Source Levels are for a Point-
like Acoustic Source with Equivalent Far-field Acoustic Output in the Specified Direction. Sound Level Metrics are Per-pulse and

Unweighted

Total volume Direction Peak source SPL Per-pulse source SEL

(in®) (LS,pk; dB re 1 yPa m) (LS,E; dB 1 pPa2m2s) 10-25,000 Hz
3090 Broadside 249.4 225.1

2820 248.8 224.5

3090 Endfire 245.7 223.3

2820 244.8 223.0

3090 Vertical 255.0 228.2

2820 254.9 227.9

Sound propagation modelling of per pulse fields was conducted at the sites in Figure 7-1 to compare energy emission
between the 3090 in® and 2820 in® arrays across the survey area. Figure 7-2 to Figure 7-5 show the results of the per pulse
fields at each site for both SEL and SPL metrics. These figures clearly show the energy emission of both arrays is very
similar or slightly lower for the smaller array at all modelling sites, in both SEL and SPL metrics. Furthermore, since the line
spacing in this survey is greater, the SEL24n sound field will be smaller due to the additional propagation loss between salil
lines.
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These data demonstrate the sound that will be produced during the seismic survey will not be greater than the noise
prediction that underpins the impact assessment and will generally be lower. As a result, the impact assessment in this EP
and the management controls that will be implemented are applicable to the seismic noise emissions generated during this

survey.
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Figure 7-1 — Modelling Sites for Per-pulse Fields for Comparison Between the 3090 in® and 2820 in® Arrays.
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Figure 7-2 — Site 1: Maximum-over-depth SEL (top) and SPL (bottom) Predicted for the 3090 in® and 2820 in® Arrays.
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Figure 7-3 — Site 2: Maximum-over-depth SEL (top) and SPL (bottom) Predicted for the 3090 in®and 2820 in® Arrays.
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Figure 7-4 — Site 3: Maximum-over-depth SEL (top) and SPL (bottom) Predicted for the 3090 in®and 2820 in® Arrays.
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Figure 7-5 Site 4: Maximum-over-depth SEL (top) and SPL (bottom) Predicted for the 3090 and 2820 in® Arrays.

7.1.1  Source of Impact/Risk

Generation of noise from the seismic source has the potential to cause physical effects and behavioural disturbance to
marine fauna.

This impact assessment is based on the noise emissions from an airgun array with a maximum capacity of 3,090 in3, towed
at a water depth of 5-10 m. Noise emission estimates are based on shot intervals of approximately 5.4 seconds as the
vessel transits along planned survey lines within the Acquisition Area. This impact assessment is based on a theoretical
seismic source that is larger and slightly louder than the source that will be used in the survey.

Underwater noise can affect marine fauna in three main ways:

e By causing direct physical effects on hearing or other organs. Hearing loss may be temporary (temporary threshold shift
—TTS), or permanent (PTS), with PTS usually considered to represent a form of injury

e Through disturbance leading to behavioural changes or displacement of fauna. The occurrence and intensity of
disturbance is highly variable and depends on a range of factors relating to the animal and situation

e By masking or interference with other biologically important sounds (including vocal communication, echolocation,
signals and sounds produced by predators or prey).
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3D Oil commissioned JASCO Applied Sciences to undertake numerical acoustic modelling to predict the source levels and
transmission losses from a single seismic pulse and multiple seismic pulses emitted from within the Acquisition Area. The
modelling results (Quijano and McPherson 2020; Appendix D:) have been used in the following impact and risk evaluation to
estimate the potential distances over which different receptors may be affected. The modelling is described in further detail
below.

7.1.2 Receptors

The following receptors may potentially be impacted by noise emissions from the seismic source:
e Cetaceans

e Marine reptiles

e Seabirds

e Fishes and elasmobranchs

e Benthic invertebrates

e  Zooplankton

e  Fish spawning

e Commercial fisheries

e  Marine protected areas

e  Tourism and recreation.

7.1.3 Seismic Sound Source

Seismic sound is characterised by high energy pulses of low frequency sound. The frequency of the sound produced from
each seismic pulse is primarily less than 2 kHz, with the highest levels at frequencies in the range of 10-500 Hz (McCauley
1994).

A 3,090 in® seismic source was modelled by JASCO Applied Sciences (JASCO) to determine acoustic source levels using
their Airgun Array Source Model (Appendix D:) as the basis for the impact assessment. The modelling predicted the

3,090 in® seismic source to produce far-field source levels up to a maximum of 255 dB re 1 yPa.m (SPLyk) and per-pulse
source sound exposure levels (SEL) of 228-231 dB re 1 yPa2m?s (at 0-2,000 Hz) in the vertical direction beneath the array.

The rate of sound attenuation from the seismic source is dependent on local sound propagation characteristics, including
sea water temperature and salinity profiles, water depth, bathymetry and the geoacoustic properties of the seabed
(McCauley 1994). While the seismic pulses are directed downwards, horizontal propagation may be detected over long
distances due to the high intensity and low frequency properties of the sound source. Acoustic modelling of sound
propagation from the seismic source is presented below.

7.1.3.1 Sound Source Verification

In 2018, a measurement program was conducted to validate the source signature predictions of JASCQ's Airgun Array
Source Model (McPherson et al. 2018). The validation program measured source levels for four airgun arrays including a
3,090-cui array. The measurement program was conducted in 80 m water depth off the northern coast of Australia, with an
array passing directly over the recorder on the sea floor. The sound source verification process determined that the
maximum measured SPLpk for the 3,090-cui array was 221.7 dB re 1uPa. The measurement study results were used to
validate modelled far-field source levels through a comparison between the measured received sound levels and predicted
received sound levels at a real receiver point in the far-field of the source. The predictions were made using a wavenumber
integral model coupled to the airgun source model. The program measured received sound levels in the endfire, broadside
and vertical directions, and the results showed good agreement with the modelling results (McPherson et al. 2018). This
study is therefore considered to provide validation of the modelled source signatures for the 3,090-cui array for this impact
assessment.

7.1.4  Acoustic Modelling

3D Oil commissioned JASCO to model the source levels and sound propagation at four locations that were representative of
the different water depths, bathymetry and seabed properties within the Acquisition Area (Quijano and McPherson 2020;
Appendix D:). The objective of this acoustic modelling study was to evaluate the effects of sound on marine fauna including
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cetaceans, marine reptiles, fishes, elasmobranchs, benthic invertebrates and zooplankton, and on socio-economic receptors
such as commercial fisheries, marine protected areas and tourism and recreational activities. Modelling considered a

3,090 in? seismic source, towed at a 5-10 m depth behind the survey vessel. As described in Section 7.1 the source
planned to be used for this survey is a maximum 2,820 in® array, however the impact assessment and subsequent
management of impacts (controls) for seismic noise emissions is presented for the larger seismic array, as modelled
assessed in the previously accepted 3D Oil Sauropod MSS EP (see modelling in Appendix D:).

A specialised airgun array source model was used to predict the acoustic signature of the seismic source, and
complementary underwater acoustic propagation models were used in conjunction with the modelled array signature to
estimate sound levels over a large area around the source. Single-impulse sound fields were predicted at defined locations
within the Acquisition Area, and accumulated sound exposure fields were predicted for one representative scenario for likely
survey operations over 24 hours.

The modelling methodology considered source directivity and range-dependent environmental properties in each of the
areas assessed. Estimated underwater acoustic levels are presented as sound pressure levels (SPL), zero-to-peak pressure
levels (SPLpk), peak-to-peak pressure levels (SPLpk-pk), and either single-impulse (i.e. per-pulse) or accumulated sound
exposure levels (SEL) as appropriate for different noise effect criteria. Particle motion metrics were predicted at all four
modelled locations. A conservative sound speed profile that would be most supportive of sound propagation conditions for
the period of the survey was defined and applied to all modelling.

The analysis considered the distances away from the seismic source at which relevant effects thresholds or sound levels
were reached.

Contours of the modelled underwater sound fields have been computed, sampled either as the maximum value over all
modelled depths (maximum-over-depth: MOD) or at the sea floor for each of the four single-pulse locations, and for the one
cumulative SEL24n scenario. The modelled distances for each of the sound exposure thresholds are computed from these
contours. Two distances relative to the source are reported for each sound level:

1. Rmax - the maximum range to the given sound level over all azimuths
2. R95% - the range to the given sound level after the 5% farthest points were excluded.

The difference between Rmax and R95% depends on the source directivity and the non-uniformity of the acoustic
environment. In some environments a sound level contour might have small anomalous isolated fringes in which case the
literal use of Rmax can overestimate the area of the region exposed to such effects. In these instances R95% is considered
more representative. In environments that have bathymetric features that affect sound propagation then the R95% neglects
to account for these and therefore Rmax might better represent the region of effect in specific directions. For this impact
assessment the Rmax values have been considered, in order to be conservative.

7.1.5 Sound Exposure Thresholds

The levels of acoustic exposure that may result in injury or behavioural changes in marine fauna is an area of increasing
research. Due to differences in experimental design, methodology and units of measure, comparison of studies to determine
sound exposure thresholds can be difficult. On assessment of the available science, thresholds have been defined for
informing the impact assessment, and interpreting the numerical noise modelling. These sound exposure thresholds are
discussed for each receptor in Section 7.1.6. The criteria have been selected on the basis that they include internationally
recognised standard thresholds, thresholds suggested by the best available science, and sound levels presented in the
scientific literature for species with no suggested thresholds.

Noise thresholds have been defined for both the per-pulse sound energy released, as well as the total sound energy
(accumulated) that marine fauna are subjected to over a defined period of time. For recent regulatory assessments of
seismic surveys, the period of total sound energy integration (i.e. accumulation) has been typically defined as 24 hours;
hence, this was the period used for modelling and in this assessment. For fish this period is based on available research
(Popper et al. 2014) which found fish experiencing TTS in hearing recovered to normal hearing levels within 18 to 24 hours,
and for marine mammals the period is required to be either 24 hours or the length of the activity, whichever is shorter (NMFS
2018).

Importantly, the 24-hour accumulated sound metric reflects the dosimetric impact of noise levels within 24 hours based on
the assumption that an animal is consistently exposed to such noise levels at a fixed position. More realistically, marine
mammals and many fish (pelagic and some demersal) would not stay in the same location or at the same range for

24 hours. Popper et al. (2014) discuss the complications in determining a relevant sound exposure period of mobile seismic
surveys, as the levels received by the receptor change between impulses due to the mobile source. For marine mammals
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and many fish, sound exposures at the closest point to the seismic source are the primary exposures contributing to a
receptor’s accumulated level (Gedamke et al. 2011). Hence, thresholds based on a 24-hour exposure period are considered
to be a conservative measure of potential effect.

7.15.1 Particle Motion

The particle motion component of sound is also relevant to the assessment of potential impacts to marine fauna. Acoustic
particle motion refers to the physical motion caused by a sound wave within the water, seabed or other medium. Unlike
pressure, particle motion is directional in nature, although the actual to-and-fro particle displacements that constitute sound
are extremely small, in the order of nanometres (Popper and Hawkins 2018). Particle motion can be described in terms of
particle displacement (m), velocity (m/s), or acceleration (m/s2) (Popper et al. 2014; Carroll et al. 2017). Alternatively, it is
sometimes expressed in dB with respect to a reference value of displacement (dB re 1 pm), velocity (dB re 1 nm/s) or
acceleration (dB re 1 um/s2) (Nedelec et al. 2016).

Particle motion is important because marine invertebrates and most fishes are primarily sensitive to particle motion rather
than sound pressure and, therefore, particle motion is the most relevant metric for perceiving underwater sound by
invertebrates and most fish species (Popper and Hawkins 2019). However, there is currently limited information available to
quantify the particle motion sensitivity of fishes and invertebrates. It is complex and challenging to directly measure patrticle
motion compared to sound pressure, hence most research is presented in the context of sound pressure or exposure levels
instead of particle motion (Carroll et al. 2017; Popper and Hawkins 2018). Therefore, while the assessment of seismic noise
impacts in this EP considers the role of particle motion and its effect on fishes and invertebrates, the acoustic modelling and
impact threshold criteria are based upon sound pressure and sound exposure metrics.

It should be noted that particle motion is most relevant close to the source where it is the dominant component of a sound
wave, while pressure will dominate a sound wave propagating over distance (Radford et al. 2012; Morley et al. 2014;
Nedelec et al. 2016; Popper and Hawkins 2018). Sound pressure levels received at increasing distance from a source do
not, therefore, provide a reliable representation of particle motion. Organisms that are sensitive only to particle motion have
typically been found to be sensitive only at close range where these particle motions are greatest (Popper et al. 2014;
Edmonds et al. 2016; Popper and Hawkins 2018).

7.1.6  Details of Impacts and Risks
7.1.6.1 Cetaceans

7.1.6.1.1  Species Sensitivity and Sound Exposure Thresholds

Physiological impacts such as physical damage to the auditory apparatus, e.g., loss of hair cells or permanently fatigued hair
cell receptors, can occur in marine mammals when they are exposed to intense or moderately intense sound levels and
could cause permanent or temporary loss of hearing sensitivity. While the loss of hearing sensitivity is usually strongest in
the frequency range of the emitted noise, it is not limited to the frequency bands where the noise occurs but can affect a
broader hearing range. This is because animals perceive sound structured by a set of auditory bandwidth filters that
proportionately increase in width with frequency.

Exposure to sufficiently intense sound may lead to an increased hearing threshold in any living animal capable of perceiving
acoustic stimuli. If this shift is reversed and the hearing threshold returns to normal, the effect is called a temporary threshold
shift (TTS). The onset of TTS is often defined as threshold shift of 6 dB above the normal hearing threshold (Southall et al.
2007). If the threshold shift does not return to normal, the residual shift is called a permanent threshold shift (PTS). PTS is
hearing loss from which marine fauna do not recover (permanent hair cell or receptor damage). PTS is considered injurious
in marine mammals,

Threshold shifts can be caused by acoustic trauma from a very intense sound of short duration, as well as from exposure to
lower-level sounds over longer time periods (Houser et al. 2017). Injury to the hearing apparatus of a marine animal may
result from a fatiguing stimulus measured in terms of SEL, which considers the sound level and duration of the exposure
signal. Intense sounds may also damage the hearing apparatus independent of duration, so an additional metric of SPLp« is
needed to assess acoustic exposure injury risk.

The sound exposure thresholds applied for cetaceans in the acoustic modelling study, and in this impact assessment, are
summarised in Table 7-4, and are explained in more detail in the acoustic modelling report (Appendix D:). Frequency
weighting is also explained in Appendix A.3 of Appendix D:. The peak pressure levels (SPLpk) and frequency-weighted
accumulated sound exposure levels (SEL) presented in Table 7-4 are from the U.S. National Oceanic and Atmospheric
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Administration (NOAA) Technical Guidance (NMFS 2018) for the onset of Permanent Threshold Shift (PTS) and Temporary
Threshold Shift (TTS) in marine mammals. The marine mammal behavioural threshold presented in Table 7-4 is based on
the current interim U.S. National Marine Fisheries Service (NMFS) (NMFS 2014) level of 160 dB re 1 pPa SPL for impulsive
sound sources.

In marine mammals, the onset level and growth of TTS is frequency specific, and depends on the temporal pattern, duty
cycle and the hearing test frequency of the fatiguing stimuli. Sounds generated by seismic airguns, pile-driving and mid-
frequency sonars have been tested directly and proven to cause noise-induced threshold shifts in marine mammals at high
received levels. There is, however, considerable individual difference in all TTS-related parameters between subjects and
species tested so far. There are no published data on the sound levels that cause PTS in marine mammals. The NMFS
(2018) criteria incorporate the best available science to estimate PTS onset in marine mammals from sound energy
(SEL2an), or very loud, instantaneous peak sound pressure levels. Hence, PTS effects in marine mammals should be viewed
as theoretical, as they have never actually been demonstrated in either captive or wild animals.

Table 7-4 — Unweighted SPL, SEL.4n, and SPL, Thresholds for Acoustic Effects on Cetaceans

Hearing Group NMFS (2014) NMFS (2018)
Behaviour PTS onset thresholds* TTS onset thresholds*
(received level) (received level)
Unweighted Weighted SPLpk Weighted SPLpk
SPL SEL24n (dBre (dBre1puPa) SEL2an (dBre (dBre 1 pPa)
(dBre1 pPa) 1 pPa2-s) 1 pPa2-s)
Low-frequency (LF) cetaceans 160 183 219 168 213
Mid-frequency (MF) cetaceans 185 230 170 224
High-frequency (HF) cetaceans 155 202 140 196

* Dual metric acoustic thresholds for impulsive sounds: Use whichever results in the largest isopleth for calculating PTS onset.

7.1.6.1.2 Impact Assessment

The type and scale of the effect of seismic sound on cetaceans will depend on a number of factors including the level of
exposure, the physical environment, the location of the animal in relation to the sound source, how long the animal is
exposed to the sound, the exposure history, how often the sound repeats (repetition period) and the ambient sound level.
The context of the exposure plays a critical and complex role in the way an animal might respond (Gomez et al. 2016; NMFS
2016). Without appropriate control measures in place, noise emissions from the seismic source have the potential to impact
cetaceans by causing changes to hearing (PTS and TTS) as a result of high sound levels at close range to the seismic
source, or behavioural disturbance impacts.

As described in Section 4.3.6 the Humpback whale migration BIA is located approximately 15 km south of the Operational
Area. The breeding, nursing and calving BIA for Humpback whales along the Kimberley coastline is located 255 km east of
the Operational Area. However, the proposed timing for acquisition of the Sauropod 3D MSS (January to May) means that
there will be no overlap with either the northbound or southbound migration of Humpback whales through the region (June to
October; refer Table 4-10). The Pygmy blue whale migration and distribution BIAs pass along the shelf edge at depths
between 500 m and 1,000 m. The Operational Area overlaps with the distribution BIA; however the migration BIA is located
95 km from the Operational Area. Acquisition of the survey may overlap the commencement of the northbound migration
(April), but avoids the southbound migration period for Pygmy blue whales in the region (September to November; refer
Table 4-10). Hence, there is a possibility of isolated individuals transiting through the Operational Area during the start of the
northern migration in the region.

As summarised in Table 4-10, there is the possibility that a number of other cetacean species may be present in the
Operational Area during acquisition of the survey (e.g. Bryde’s, Fin, Sei, Killer and Sperm whales, Spotted bottlenose
dolphin). The presence of these cetacean species within the Operational Area during acquisition of the survey is likely to be
limited to occasional transits of isolated individuals or small pods.

No high-frequency (HF) cetaceans are likely to be present in the Operational Area and surrounding waters, and accordingly
the impact assessment is focused on low-frequency (LF) cetaceans (baleen whales) and mid-frequency (MF) cetaceans
(toothed whales and dolphins). It is noted that while Dugongs were identified as potentially occurring in the EMBA through a
PMST search, they are not expected to occur in or around the Operational Area due to the absence of suitable shallow
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water habitats. Impacts to Dugongs as a result of underwater sound from the seismic source are therefore not expected and
are not addressed in this assessment.

Table 7-5 presents the results of the acoustic modelling study for maximum predicted Rmax distances to PTS (injury), TTS
and behavioural response thresholds for cetaceans, and the spatial extent (area) of these zones of potential impact (where
relevant), for all modelled scenarios (four single impulse sites and one multiple pulse scenario). The results for the
thresholds applied for cetacean PTS and TTS consider both single-pulse SPLpk and multiple-pulse SEL24n. In accordance
with NMFS (2018) recommendations the longest distance associated with either metric is required to be applied for an
impact assessment.

Table 7-5 — Maximum Predicted Horizontal Distances (Rmax) To PTS (Injury), TTS and Behavioural Response Thresholds in Cetaceans, for
All Modelled Scenarios

Hearing Group Sound Exposure Threshold (Frequency Weighted) Rmax Distance (Km)
PTS
LF-cetaceans 219 dB re 1 pPa (SPLpk) 0.03
183 dB re 1 pPa2.s (SEL2an) # 0.63
MF-cetaceans 230 dB re 1 pPa (SPLpk) 0.02
185 dB re 1 pPa2.s (SEL2an) # -
TTS
LF-cetaceans 213 dB re 1 pPa (SPLpk) 0.06
168 dB re 1 pPa2.s (SEL2an) # 15.4
MF-cetaceans 224 dB re 1 pPa (SPLpk) 0.02

170 dB re 1 pPa2.s (SEL2an) # -
Behavioural Response

LF-cetaceans
160 dB re 1 pPa (SPL) 8.36
MF-cetaceans

# The model does not account for shutdowns. A dash indicates that the threshold is not reached.

As shown in Table 7-5, considering the NMFS (2018) SEL24n threshold criterion, LF-cetaceans (such as Pygmy blue whales)
are predicted to experience PTS at a maximum predicted distance of 630 m from the nearest survey line, based on
application of the multiple-pulse SEL24n threshold across all water depths modelled (maximum-over-depth: MOD). For MF-
cetaceans (such as Sperm whales and Killer whales) the maximum predicted distance to PTS effects reduces to 20 m,
based on the application of the single pulse SPLpk metric (the SEL2an threshold was not exceeded).

The maximum predicted distance to the TTS thresholds for LF-cetaceans is 15.4 km from the nearest survey line, based on
application of the multiple-pulse SEL2a4n threshold. For MF- the maximum predicted distance to TTS effects reduces to 20 m,
based on the application of the single pulse SPLpk metric.

As discussed above, the 24-hour SEL is a cumulative metric that reflects the dosimetric (measured dose) impact of noise
levels over a period of 24 hours based on the assumption that an animal is consistently exposed to such noise levels at a
fixed position. The modelling results show that the corresponding SEL2a4n radii for LF-cetaceans were larger than those for
peak pressure criteria, but they represent a worst-case scenario that is overly conservative and unlikely to occur. More
realistically, whales would not stay in the same location or at the same range from the seismic source for 24 hours. This
would particularly be the case for an animal migrating through offshore waters that do not represent critical habitat or a
narrow restricted migratory pathway. Therefore, a reported radius for SEL2an criteria does not mean that a whale travelling
within this radius of the source will experience PTS or TTS, but rather that an animal could be exposed to the sound levels
associated with these effects if it remained in that range for 24 hours (Quijano and McPherson et al. 2019).

As shown in Table 7-5, predicted maximum Rmax distances to PTS and TTS thresholds for LF-cetaceans based on the single
pulse (SPLpk) metric are considerably lower than those predicted using the multiple pulse SEL24n thresholds. Application of
the 219 dB re 1 pPa (SPLpk) PTS threshold and of the 213 dB re 1 pPa (SPLyk) TTS threshold indicates that predicted Rmax
radii from individual shot points are in the range of 30—60 m—i.e. a whale would have to be within a very close distance of
the source (tens of metres) to be exposed to sound levels from a single pulse high enough to cause PTS or TTS effects.
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The predicted maximum distance to the NMFS (2014) marine mammal behavioural threshold (single-pulse 160 dB re 1 pPa
SPL), for both LF and MF-cetacean, is approximately 8.4 km, across all water depths modelled (refer Table 7-5).

PTS effects are predicted to have the potential to occur in LF-cetaceans (such as Pygmy blue whales) only within 30 m of
the seismic source, based on the application of the single-pulse SPLpk metric. This potential impact is highly unlikely to occur
given the control measures that will be in place during acquisition of the survey. The concept of an individual whale
remaining within a range of 630 m (maximum predicted distance for PTS, based on the SEL24n metric) from the operating
seismic source for a full 24-hour period is not credible. Furthermore, the control measures include implementation of a shut-
down zone of 500 m and a low-power zone of 2 km under Part A of EPBC Policy Statement 2.1, which will further reduce the
risk of injury.

TTS effects are predicted to have the potential to occur in LF-cetaceans only within 60 m of the seismic source, based on
the application of the single pulse SPLpk metric. Based on the SELz4nr metric, the maximum predicted distance for TTS is
15.4 km. However, as described above in relation to PTS, it is not credible that a whale would be consistently exposed to
noise levels at a fixed position over a 24-hour period. Should an individual remain within the range for potential impact, some
recoverable TTS could occur. The likelihood of TTS occurring is further reduced by the implementation of a shut-down zone
of 500 m and a low-power zone of 2 km under Part A of EPBC Policy Statement 2.1.

The potential for PTS or TTS effects from single impulse or cumulative sound exposures does not extend to the Pygmy blue
whale migration BIA, which is located is located 72 km to the north of the Operational Area. Therefore, no injury or hearing
impairment is expected to occur to Pygmy blue whales, and sound levels received in the BIA from the seismic survey will be
well below levels associated with behavioural impacts. Therefore, Pygmy blue whales will continue to utilise their migration
route without injury or displacement. The proposed timing of the Sauropod 3D MSS (between January and May) also mostly
avoids the Pygmy blue whale migration periods, with the exception of April/May when some Pygmy blue whales may be
migrating north towards Indonesia (Table 4-10).

The potential impacts of noise emissions from the seismic source on cetaceans during acquisition of the Sauropod 3D MSS
are considered to be slight and short-term, and most likely limited to temporary behavioural changes (avoidance) in
individuals.

7.1.6.1.3 Summary

Based on the timing and duration of the survey, the absence of critical habitats for any species of cetacean (i.e. feeding,
breeding, calving areas) or a constricted migratory pathway within the Operational Area and surrounding waters, and the
control measures proposed, predicted noise levels from seismic acquisition are not considered likely to cause injury (PTS)
effects, or any ecologically significant impacts at a population level for Pygmy blue whales or any other species of large
whale that may be present within or adjacent to the Operational Area.

7.1.6.2  Marine Reptiles

7.1.6.2.1  Species Sensitivity and Sound Exposure Thresholds

Hearing has been studied in only a few individual marine turtles. Turtles have been shown to respond to low frequency
sound, with indications that they have the highest hearing sensitivity in the frequency range 100-700 Hz.

Thresholds of 232 dB re 1 pPa (SPLyk) for PTS effects and 226 dB re 1 pPa (SPLyk) for TTS effects (Finneran et al. 2017),
were applied for this impact assessment. A behavioural response threshold of 166 dB re 1 yPa SPL (NSF 2011), along with
a sound level associated with an increased level of behavioural response of 175 dB re 1 yPa (SPL) (Moein et al. 1995;
McCauley et al. 2000a, 2000b; NSF 2011) were also applied for this impact assessment.

Sea snake responses to seismic survey sound emissions are not well studied and thus conservatively assumed to be similar
to that of turtles as described above.

7.1.6.2.2 Impact Assessment

The Recovery Plan for Marine Turtles in Australia (Commonwealth of Australia 2017) identifies acute noise interference from
anthropogenic noise sources, such as seismic surveys, as a threat to the WA stocks of Green, Flatback, Loggerhead,
Hawksbill and Olive ridley turtles in the North West Shelf, Pilbara and Browse Basin regions (refer Table 4-8).

Without appropriate control measures in place, noise emissions from the seismic source have the potential to impact marine
reptiles (turtles and sea snakes) by causing changes to hearing (PTS and TTS) as a result of high sound levels at close
range to the seismic source, or behavioural disturbance impacts.
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As described in Section 4.3.8, there are several BIAs for turtle species in the region, including those along the coastline and
around offshore islands. The closest BIA is at least 15 km from the Operational Area. No foraging, internesting, or nesting
BIAs overlap with the Operational Area. The proposed timing for acquisition of the Sauropod 3D MSS (January toMay)
means that there will be overlap with the nesting and breeding seasons for Green, Flatback, Loggerhead, Hawksbill and
Olive ridley turtles in the region (October to March; refer Table 4-10). Hence, there is a low probability of isolated individuals
transiting through the Operational Area during acquisition of the survey.

At least 20 species of sea snake occur within the region, and one threatened sea snake species (the Short-nosed sea
snake) was identified in the EPBC Act Protected Matters Database search as having the potential to occur in the Operational
Area and surrounding waters. No coral reefs or shoals occur within or in close proximity to the Operational Area, and
therefore sea snakes are expected to occur in very low numbers, if at all.

Table 7-6 presents the results of the acoustic modelling study for maximum predicted Rmax distances to PTS, TTS and
behavioural response thresholds in turtles for all modelled scenarios (four single impulse sites and one multiple pulse
scenario).

Table 7-6 — Maximum Predicted Horizontal Distances (Rmax) TOo PTS (Injury), TTS and Behavioural Response Thresholds in Turtles, for All
Modelled Scenarios

Hearing Group Sound Exposure Threshold Distance Rmax (Km)
PTS 232 dB re 1 pPa (SPLw) 0.02
TTS 226 dB re 1 pPa (SPLpk) 0.02
Behavioural response 175 dB re 1 pPa (SPL)* 1.2
166 dB re 1 puPa (SPL)# 5.1

# Threshold for turtle behavioural response to impulsive noise (NSF 2011).
* Threshold for turtle behavioural response to impulsive noise (Moein et al. 1995).

As shown in Table 7-6, the Finneran et al. (2017) SPLyk turtle injury (PTS) and TTS threshold criteria of 232 dB re 1 pPa
(PTS) and 226 dB re 1 yPa (TTS) were not exceeded at a distance greater than 20 m from the centre of the seismic array.
Because the array is not a point source (measuring approximately 14 x 8 m in the horizontal plane), the actual effect range
from the edge of the array will be less than 20 m. The NMFS criterion (NSF 2011) for behavioural effects in turtles (166 dB
re 1 pPa SPL) could be exceeded within a distance of approximately 5 km of the operating array, and the Moein et al. (1995)
criterion of 175 dB re 1 pPa (SPL) could be exceeded within 1.2 km of the array.

7.1.6.2.3 Summary

As described above, at the closest point, the Operational Area is located at least 95 km from the nearest nesting BIA for
turtles (Flatback turtle nesting BIA adjacent to Eighty Mile Beach), and at least 105 km from the foraging BIA for Green,
Flatback and Loggerhead turtles adjacent to the Dampier Peninsula (refer Figure 4-13). At the closest point, the Operational
Area is located at least 60 km from the ‘Habitat Critical’ for Flatback turtles adjacent to Eighty Mile Beach (Figure 4-14). To
the north of the Operational Area there are no BIAs or ‘Habitat Critical’ for marine turtles surrounding the Rowley Shoals.

The potential impacts of noise emissions from the seismic source on marine turtles during acquisition of the Sauropod 3D
MSS are considered to be slight and short-term, and restricted to temporary behavioural changes (avoidance) in any
isolated individuals that may transit the area in close proximity to the operating seismic source. Based on the timing and
duration of the survey, the separation distances to BIAs and ‘Habitat Critical’ areas, and the control measures proposed,
predicted noise levels from seismic acquisition are not considered likely to cause PTS effects, displace any individuals from
the internesting BIA or ‘Habitat Critical’ areas, or result in any ecologically significant impacts at a population level for any
species of turtle that may be present within or adjacent to the Operational Area during the survey.

Sea snake responses to seismic survey sound emissions are not well studied and are thus conservatively assumed to be
similar to that of turtles. Sea snakes tend to occur in shallow coastal waters or coral reef habitat and are not expected to be
common in the Operational Area. Therefore, impacts are likely to be limited to occasional disturbances to transient
individuals. The potential consequence to sea snake populations is considered to be not significant.
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7.1.6.24 Seabirds

As described in Section 4.3.9, two threatened, two threatened and migratory, and 14 migratory marine birds were identified
by a search of the EPBC Act Protected Matters Database as potentially occurring in the Operational Area. Seabird species
that spend the majority of their lives within the region breed at locations along the coast of Australia and at offshore islands,
including at the Lacepede Islands and the Rowley Shoals. The Operational Area overlaps a breeding and foraging BIA for
the White-tailed tropichird, and a breeding BIA for the Lesser frigatebird.

Impacts to foraging seabirds have not been observed previously during seismic surveys. Only birds diving and foraging
within the Operational Area have the potential to be exposed to increased sound levels generated by the operating seismic
source while diving for small pelagic fishes near the sea surface. Such behaviours may result in a startle response during
diving. Birds resting on the surface of the water in proximity to the seismic vessel have limited potential to be affected by
sound emissions underwater due to the limited transmission of sound energy between the water/air interface but may be
startled by seismic pulses in close proximity to the seismic source. However, given the likely avoidance response from fish
and other prey species in waters immediately surrounding the seismic source, birds are unlikely to forage near the operating
seismic source. In the unlikely event that birds dive and forage near the seismic source, this is likely to only affect individual
birds, resulting in a startle response with the affected birds expected to move away from the area as a result. The
consequence of this is expected to be negligible and impacts at a population level are extremely unlikely to occur. Lesser
frigatebirds and White-tailed tropicbirds will not be displaced from the wider areas of the breeding and foraging BIAs.

7.1.6.3 Fishes and Elasmobranchs

7.1.6.3.1  Species Sensitivity and Sound Exposure Thresholds

The most relevant metric for perceiving underwater sound for most fish species is particle motion but, with the exception of a
few species (Popper and Fay 2011; Popper et al. 2014), there is an almost complete lack of relevant data on particle motion
sensitivity in fishes (Popper and Hawkins 2018). The majority of fish species detect sounds from below 50 Hz up to 500—
1,500 Hz. A smaller number of species can detect sounds to over 3 kHz, while a very few species can detect sounds to well
over 100 kHz. The critical issue for understanding whether an anthropogenic sound affects hearing is whether it is within the
hearing frequency range of a fish and loud enough to be detectable above background ambient noise. For this impact
assessment, it is assumed that all fishes can detect signals below 500 Hz and so can ‘hear’ the seismic source.

The auditory capabilities of fishes vary depending upon the auditory structures in the inner ear (otoliths surrounded by an
epithelium of hair cells) and, if present, the swim bladder (Finneran and Hastings 2000; Nedwell et al. 2004). Otoliths are
sensitive only to particle motion, while the swim bladder may provide an indirect route for sound pressure to reach the inner
ear. The other main mechano-reception system in fish is the lateral line system, which runs along the side of the body of
fishes and is more pronounced in some groups of fishes than others. The lateral line system responds to particle motion
produced in the near field of a sound source, as well as to tiny water currents set up by the fishes own motions (Nedwell et
al. 2004). Therefore, all fish are sensitive to the particle motion component of sound, which is more dominant than sound
pressure at close range from a sound source, while some more specialised fishes with a swim bladder involved in their
hearing are sensitive to sound pressure and are capable of detecting less intense noise and a wider range of frequencies
compared to less-specialised groups of fish (Popper et al. 2014; Hawkins and Popper 2017; Carroll et al. 2017).

In marine fishes, the connection with the swim bladder and ability to detect sound pressure is understood to be present to
some varying degree in the families Clupeidae (e.g. herrings, sardines, pilchards and shads), Gadidae (e.g. true cods such
as Atlantic cod and Whiting), and some nearshore / reef species relevant to tropical Australia, including some species in the
families Pomacentridae (e.g. Damsel fishes and Clown fishes), Holocentridae (Soldierfishes and Squirrelfishes) and
Haemulidae (e.g. Grunters and Sweetlips) (Nedwell et al. 2004; Braun and Grande 2008; Popper et al. 2014; Salgado-Kent
et al. 2016; Popper and Hawkins 2018, 2019). However, the vast majority of marine fish species do not have this hearing
specialisation.

A great many fish species possess a swim bladder or other gas-filled cavity but do not have a connection with their hearing.
This is true of the various demersal snapper, emperor, cod and grouper species that occur in the Operational Area that are
targeted by the demersal scalefish fisheries.

Fish species that lack a gas-filled cavity altogether, include elasmobranchs (e.g. sharks and rays), some flat fishes, some
tunas, and mackerels (Casper et al. 2012; Popper et al. 2014). This is true of the sharks, mackerel species and some tuna
species that may occur in the Operational Area, including Spanish mackerels and other mackerel species targeted by the
Mackerel Managed Fishery.
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Therefore, the modelling study (Quijano and McPherson 2020; Appendix D:) assesses the ranges for quantitative threshold
criteria for potential mortality/injury and hearing impairment based on the Popper et al. (2014) guidelines, and considered
both SPLpk and SEL24n metrics for both water column and sea floor associated with mortality/PMI and impairment in the
following groups:

e | - Fish without a swim bladder (also appropriate for sharks in the absence of other information)
e |l - Fish with a swim bladder that do not use it for hearing
e |l - Fish that use their swim bladders for hearing

e Fish eggs and fish larvae.

The sound exposure thresholds applied for fishes and elasmobranchs (sharks and rays) in the acoustic modelling study, and
in this impact assessment, are summarised in Table 7-7, and explained in more detail in the acoustic modelling report
(Appendix D:).

Note that the following assessment focusses primarily on impacts to fishes. The assessment of impacts to fish eggs and
larvae is addressed in more detail in the assessment of impacts to zooplankton in Section 7.1.6.5. The assessment of
impacts to fish spawning and recruitment success as a result of behavioural effects in fishes and impacts to eggs and larvae
is subsequently assessed in Section 7.1.6.6.

Table 7-7 — Sound Thresholds for Seismic Sound Exposure for Fish, Fish Eggs and Larvae, Adapted from Popper et al. (2014)

Type of animal Mortality and Impairment Behaviour
POtem'f"“. Recoverable injury TTS Masking
mortal injury
Fish: No swim bladder 219 dB SEL24n 216 dB SEL24n Or 186 dB SEL2an  (N) Low (N) High
(particle motion detection) or 213 dB 213 dB SPLpk (I) Low (I) Moderate
SPka
(F) Low (F) Low
Fish: Swim bladder not 210 dB SELa24n 203 dB SEL24n Or 186 dB SEL2an  (N) Low (N) High
involved in hearing (particle or 207 dB 207 dB SPLpk (1) Low (I) Moderate
motion detection) SPLpk
(F) Low (F) Low
Fish: Swim bladder 207 dB SEL24n 203 dB SEL24n Or 186 dB SEL2an  (N) Low (N) High
involved in hearing or 207 dB 207 dB SPLpk (I) Low
(primarily pressure SPLpk
detection) (F) Moderate
(1) High
(F) Moderate
Fish eggs and fish larvae 210 dB SEL24n (N) Moderate (N) Moderate (N) Low (N) Moderate
grpiw dB () Low () Low (I) Low () Low
k
P (F) Low (F) Low (F) Low (F) Low

Peak sound level (SPLpk) dB re 1 pPa; SEL24n dB re 1uPa2s. All criteria are presented as sound pressure, even for fish without swim
bladders, since no data for particle motion exist. Relative risk (high, moderate, or low) is given for animals at three distances from the source
defined in relative terms as near (N), intermediate (1), and far (F).

7.1.6.3.2  Mortality / Injury

It is noted that while thresholds for fish mortality have been included for consideration in this assessment based on the
Popper et al. (2014) guidelines, no studies to date have demonstrated direct mortality of adult fish in response to airgun
emissions, even when fired at close proximity (within 1-7 m) (DFO 2004; Boeger et al. 2006; Popper et al. 2016; Carroll et
al. 2017). Although some fish deaths have been reported during cage experiments, these were more likely caused by
experimental artefacts of handling or confinement stress (Hassel et al. 2004, as cited in NSW DPI 2014). For free-swimming
fish that are able to move away from seismic sources as they approach, the potential for lethal physical damage from airgun
emissions is even further nullified. However, reef or bottom-dwelling fish that show greater site attachment may be less
inclined to flee from a seismic sound source and experience greater effects as a consequence.
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Despite mortality being a possibility for fish exposed to airgun sounds, Popper et al. (2014) do not reference an actual
occurrence of this effect. In Popper et al. (2014) pile driving data was used as a proxy as the research to date had not
identified a threshold level where mortality has been observed. Since the publication of that report, newer studies have
further examined the question of possible mortality. Popper et al. (2016) adds further information to the possible levels of
impulsive seismic airgun sound to which adult fish can be exposed without immediate mortality. They found that the two fish
species in their study (Pallid sturgeon and Paddlefish), with body masses in the range 200-400 g, exposed to a single shot
of a maximum received level of either 231 dB re 1 pPa (SPLk) or 205 dB re 1 yPa2's (SEL), remained alive for seven days
after exposure and that the probability of mortal injury did not differ between exposed and control fish. They also found no
difference in injuries between fish exposed closest to the source compared to those further away. Thus, this study, using an
actual seismic source, did not show mortality at a level higher than the mortality, potential mortal injury and recoverable
injury to the threshold of 207 dB re 1 yPa (SPLpk) applied in this impact assessment.

ERM (2017) conducted a detailed literature review of potential fish mortality and physical injury as a result of exposure to
seismic sources. Only three studies of the 23 reviewed observed direct mortality of exposed fish:

e Booman et al. (1996) — at received levels (RL) of 241-231 dB SPLpk
e  Weinhold and Weaver (1972) — at RL of 234 dB SPLpk
e Matishov (1992) — at RL of 220 dB SPLp«.

In each case mortalities occurred to caged fish that were constrained within very close proximity to the airguns (2 m). The
results of the Matishov (1992) study should be treated with some caution, given the lack of detail provided for this
experiment.

Eleven other studies did not observe mortality effects or injury likely to result in mortality, at RL levels ranging from 246-220
dB SPLpk. Fanta (2004) found no mortality or physical damage in coral reef fishes exposed in cages to RL ranging from 235-
215 dB SPLpk. The relevance of the findings of this study are regarded as high, given that the RL were measured and that
the experiment involved exposure of 15 different fish species to a full commercial seismic array (3,090 cui) at a minimum
exposure distance of 45 m. Wardle et al. (2001) did not observe any mortality or physical damage in free-ranging temperate
reef fish exposed to RL of 218 dB SPLpk, at a minimum exposure distance of 5.3 m. Again, the relevance of the results of
this experiment is regarded as high, in that the RL were measured rather than estimated.

Based on the above studies, the Popper et al. (2014) thresholds of 207 and 213 dB re 1 yPa (SPLyk) applied in this impact
assessment for mortality, mortal injury and recoverable injury in fishes are potentially conservative.

7.1633 TTS

Temporary hearing impairment (TTS) can occur due to fatigue and temporary changes to the epithelium (hair cells) of the
inner ear and/or damage to auditory nerves innervating the ear, which has the potential to occur in some fishes exposed to
intense sound pressures for prolonged periods of time (Smith et al. 2006; Popper et al. 2014; Liberman 2015).

After termination of a sound that causes TTS, normal hearing ability returns over a period that is variable, depending on
many factors, including the intensity and duration of sound exposure (e.g., Popper and Clarke 1976; Scholik and Yan 2001;
Amoser and Ladich 2003; Smith et al. 2004a; 2004b; 2006; 2011; Popper et al. 2005; 2007). While experiencing TTS, fishes
may have a decrease in fitness in terms of communication, detecting predators or prey, and/or assessing their environment.”

The impact threshold of 186 dB re 1 yPa2-s proposed by Popper et al. (2014) in Table 7-7 is based on exposure of a
freshwater fish species with a connection between the swim bladder and inner ear (more specialised hearing than the
demersal and pelagic fish species likely to occur in the Sauropod 3D MSS Operational Area). Fish that showed TTS
recovered to normal hearing levels within 18—-24 hours. Given that reliable auditory frequency weightings have not been
defined for the three categories of fish in the way they have been for cetaceans (Section 7.1.6.1), the 186 dB re 1 yPa2's
SEL2an criteria in Table 7-7 includes a level of conservatism as:

e The types of fish that are likely to occur in the Sauropod 3D MSS Operational Area do not possess a direct connection
between the swim bladder and the inner ear; they are therefore sensitive primarily to particle motion rather than sound
pressure and may be less sensitive than the types of fish upon which the 186 dB re 1 yPa2-s threshold is derived

e Modelled SELs are based on broadband sounds and may therefore account for more sound energy associated with
frequencies that are not within the auditory ranges of the fish species likely to occur in the Sauropod 3D MSS
Operational Area.
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e The main contribution of sound energy to the onset of TTS will occur over just a few hours when the source is at the
closest point of approach; the 24-hour modelled accumulation period accounts for additional sound energy accumulated
while the seismic source is at greater distances and potentially not audible to fishes.

It is also noted that many of the available studies on TTS are based on captive fish, whereas free-swimming fishes in the
wild are likely to make some effort to avoid the intense sound pressures that contribute the most to the onset of TTS. If TTS
does occur, the effects are temporary and will recover.

7.1.6.3.4 Behavioural Effects

Behavioural effects of noise on fish will vary depending on the circumstances of the fish, hearing sensitivity, the activities in
which it is engaged, its motivation, and the context in which it is exposed to sounds (Hawkins and Popper 2017). Responses
may include avoidance behaviours, startle reactions, increased swimming speed, change in orientation, change in position in
the water column, changes to schooling behaviour (e.g. tightening of school structure), and temporary avoidance of an area
(Simmonds and MacLennan 2005; McCauley et al. 2000a; Fewtrell and McCauley 2012; Popper et al. 2014; Carroll et al.
2017). Changes in movement patterns may also temporarily divert efforts away from feeding, egg production and spawning
success (Hawkins and Popper 2017). The potential extent and duration of behavioural effects based on studies of seismic
exposure are summarised below.

A degree of caution should be given when interpreting behavioural studies, given that many are conducted on captive fish,
which may not provide an accurate representation of responses in free-swimming fish in the wild (Popper et al. 2014;
Salgado Kent et al. 2016; Carroll et al. 2017). Behavioural studies are also highly subjective. Extrapolation of observed
effects on fishes should also be undertaken with caution (Carroll et al. 2017). This is particularly the case given that many
exposure experiments report received sound pressure levels or sound exposure levels, even though the most relevant
metric for most fish species is particle motion (Popper and Hawkins 2018; Popper et al. 2019). Many exposure experiments
are undertaken using a single airgun and it is not clear how transferrable the behaviours and received SPL/SEL levels are to
a full commercial-sized seismic array, particularly if observed behaviours are in response to particle motion close to the
sound source rather than to sound pressure.

Pearson et al. (1992) exposed captive demersal rockfish to multiple 10-minute periods of seismic sound from a seismic
source towed at distances of less than 215 m, which is not representative of real-life exposures to a seismic survey. Schools
of rockfish were observed to exhibit a ‘startle’ response (shudders, flexions of the body followed by rapid swimming) at
sound levels above 200-205 dB re 1uPa SPL. An ‘alarm’ response (change in vertical position in the water column to be
closer to the seabed, short-term post-exposure behavioural changes) was found to occur above approximately 180 dB re

1 yPa SPL, although it was suggested that some individuals may begin to exhibit subtle changes in behaviour and position
in the water column at sound levels above 161 dB re 1uPa SPL. Changes in behaviour were found to return to normal before
the end of the sound exposure or within just minutes of the sound ceasing, indicating only very short-term, transient effects
and potential habituation to the disturbance.

Santulli et al. (1999) exposed caged European sea bass (a demersal species) to a 2,500 cubic inch seismic source. Limited
response was observed at 2.5 km distance, a startle response was observed when the array was at a distance of
approximately 800 m, but after passing within 180 m, fish behaviour appeared to return to normal within one hour.

The Scott Reef Study associated with the Woodside Maxima 3D survey reported in McCauley et al. (2008) and Miller and
Cripps (2013) and summarised in Salgado-Kent et al. (2016) included a component that examined how the behaviour of
caged fish exposed to seismic signals changed. The study examined the effects to fish species in the Holocentridae family,
which have adaptations linking the swim bladder to the otolith system of the inner ear, as well as to Bluestripe snapper, a
demersal species without such a hearing adaptation, similar to the demersal species that are most likely to occur within the
Sauropod 3D MSS Operational Area. Fish were exposed to either one or two passes of the active source at three distance
categories (45-74 m, 105-131 m, 475-807 m). Alarm responses (including the startle response and behavioural avoidance)
occurred within less than 200 m either side of the pass by, but responses were too infrequent to include in analyses. Less
significant agitation levels (defined by changing swim direction) in Holocentridae increased with increasing received sound
level above 155-165 dB re 1 uPa2.s SEL, but agitation levels did not seem to increase with increasing received sound levels
for the less sensitive Bluestripe snapper (McCauley et al. 2008). Fish began to feed and behave normally again within 20
minutes after the passage of the seismic source (McCauley et al. 2008; Miller and Cripps 2013).

McCauley et al. (2000a, 2003) reported that trials involving captive fishes (of various species, including snappers, emperors,
groupers, trevally, bream, herring and others) exposed to seismic sound showed a common ‘startle’ response (C-turns),
‘alarm’ responses (e.g. swimming faster, darting movements and sudden changes in school structure), or less obvious
changes such as moving closer to the seabed or huddling closer together. Subtle responses such as moving closer to the
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seabed or changes in schooling behaviour were suggested to commence when sound levels exceeded approximately 147—
151 dB re 1 pPa2.s SEL. Similar behaviours in pink snapper and trevally were noted by Fewtrell and McCauley (2012) in
response to comparable sound levels. These are minimal reactions that are likely to be an indication of awareness and
perception of the sound rather than a response that could result in significant ecological impacts. More obvious startle and
alarm responses were apparent in trials when received sound levels were in the order of 159-172 dB re 1 yuPa2.s SEL. In
situations where a behavioural response was observed, fishes were considered to have resumed normal behaviour within 4—
31 minutes after cessation of the seismic activity (McCauley et al. 2000, 2003). Startle and alarm responses reduced with
time, indicating some habituation to the sound. No statistically clear trends in physiological stress response were observed
following exposure (McCauley et al. 2000, 2003).

Behavioural observations of two tropical snapper species and another coral reef fish species, Spadefish, in field enclosures
before, during and after exposure to seismic sound showed that repeated exposure resulted in increasingly less obvious
startle responses (Boeger et al. 2006). This is consistent with the potential habituation suggested by McCauley et al. (2000)
and by Fewtrell and McCauley (2012).

McCauley and Salgado Kent (2007, cited in Santos Ltd 2018) observed the behaviour of Goldband snapper in fish traps in
the Timor Sea using cameras placed inside the fish traps. A seismic vessel towed two 3,090 cubic inch seismic sources.
Maximum signals reached at the closest trap to each seismic pass-by were 200, 202 and 212 dB re 1 yPa SPLpk-pk
(equivalent to approximately 194, 196 and 206 dB re 1 yPa SPLpk). No dramatic behavioural responses of fish to the passing
seismic source were observed. Fish generally displayed increased activity immediately after entering a trap presumably as
they searched for a way out, with this activity reducing with time. Fish which had been in a trap for some time showed
increased activity levels as the operating seismic source approached but were ‘quiet’ when the array passed at the point of
closest approach.

The Australian Institute of Marine Science (AIMS), as part of the North West Shoals to Shore Research Program, have
undertaken a study of the potential behavioural effects of seismic sound exposure on red emperor, another key demersal
species that occurs in the Operational Area and in the wider region. The results from this study show that there were no
short-term (days) or long-term (months) effects of exposure on the compasition, abundance, size structure, behaviour, or
movement of key fisheries species (Meekan et al. 2021).

Bruce et al. (2018) tagged Tiger flathead and two shark species, which were monitored during a seismic survey undertaken
in Australian waters. Sharks moved freely in and out of the study area and exposed sharks did not show any indication of
differences in behaviour or distribution compared with control areas. Minor behavioural effects were observed in exposed
Tiger flathead, which increased their swimming speed during the seismic survey and changed daily movement patterns after
the survey but showed no significant displacement. Overall, there was little evidence for consistent behavioural responses
(Bruce et al. 2018).

Paxton et al. (2017) observed temperate reef fish, including snapper and grouper species, in 33 m water depths located
7.9 km from a seismic survey line using video recordings. The authors observed fish abundance and habitat use during the
evening hours for three days prior to a seismic survey and then during the evening of the day when seismic activity
occurred. The authors attempted to measure sound at two other reefs in closer proximity to the survey, but the hydrophones
malfunctioned. No video recordings were made at the other reefs where hydrophone measurements were attempted. No
hydrophone measurements were made at the reef where video recordings took place, but maximum sound levels were
estimated to be in excess of 170 dB re 1 yPa SPL. Despite no clear visual evidence of behavioural responses in fishes
during the seismic survey, the authors noted a 78% decline in abundance in the evening following the survey. No further
recordings were made to assess when fish abundance returned to pre-exposure levels or how far they may have moved.
Therefore, with limited data, it is not clear from this study if reduced abundance is attributed to the seismic sound or other
natural factors such as tidal influence or food availability. However, the study may indicate a possible avoidance response
and change in local abundance and distribution.

Some other studies looking at the behavioural response of sound pressure sensitive Gadidae and Clupeidae species, such
as Whiting, Atlantic cod and Herring, have reported changes in vertical position in the water column, potential avoidance
responses and short-term changes in distribution. Chapman and Hawkins (1969) observed that the depth distribution of free-
ranging Whiting changed in response to an intermittently discharging stationary seismic source, which resulted in fish being
exposed to an estimated SPL of 178 dB re 1 yPa. The fish school responded to the sound by shifting downward, forming a
more compact layer at greater depth although temporary habituation was observed after one hour of continual sound
exposure (Chapman and Hawkins 1969).

Hawkins et al. (2014) exposed free-swimming Sprat (a sound pressure sensitive Clupeidae species with a swim bladder
connected to the inner ear) and Atlantic mackerel (a particle motion detecting species without a swim bladder) to playback of
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impulsive sound. Sprat schools were more likely to disperse laterally in response to received sound levels of approximately
135 dB re 1 yPa2.s SEL. Mackerel schools were more likely to alter their depth in the water column in response to
approximately 142 dB re 1 yPa2.s SEL. Hawkins et al. (2014) note how the two different species seemed to respond to the
sound playback at similar sound levels despite the differences in sound sensitivity of the two species, but suggested that
Mackerel were simply more “flighty” than Sprat and therefore more likely to react. The tests were also undertaken using low
sound level playback in very close proximity to the schools of fish and it is not clear how relevant the sound pressure and
SEL levels are in relation to Mackerel given that their response was likely driven by particle motion. The study location in a
very small, enclosed, quiet, coastal sea lough, where fish were not accustomed to heavy disturbance from shipping and
other intense sound sources is also very different from an open ocean location.

Slotte et al. (2004) monitored the effects of a 3,090 cubic inch seismic array on migrating Herring (Clupeidae) and Whiting
(Gadidae), mapping their distribution and abundance in relation to the seismic survey lines. There was no significant
evidence of immediate, near-field scaring reactions on the horizontal scale in response to acquiring survey lines, but there
was some evidence that fish changed position in the water column, moving closer to the seabed. Some short-term changes
in distribution were observed but were not statistically significant; fish consistently remained within the immediate vicinity of
the survey area, but in a limited number of measurements there was an indication that fish abundance was lower near to the
survey area and increased with distance out to a maximum range of 37 km. However, results were inconsistent and clear
trends were not observed in all cases. Slotte et al. (2004) concluded that it was not possible to determine how much
abundance and distribution were attributed to the seismic survey or to the fishes’ natural migration patterns, food availability
or other natural factors. Herring and Whiting were found to be abundant in the survey area again after a pause in seismic
acquisition and monitoring of fishes for three to four days, indicating that if any displacement did occur as a result of seismic
sound exposure, the displacement was temporary (i.e. less than 3—4 days) (Slotte et al. 2004). In similar studies, Engas et
al. (1996) and Engas and Lakkeborg (2002) reported on the effects of seismic surveys on Atlantic cod and Haddock
(Gadidae) and found that the abundance of fish was lower in the survey area compared with areas outside of the survey
area, which the authors hypothesize may be the result of an avoidance response. Some differences in abundance were still
detectable within the survey area five days after the survey was completed (Engés et al. 1996; Engas and Lakkeborg 2002).

Conversely, Pefia et al. (2013) described the real-time behaviour of Herring schools exposed to a full-scale 3D seismic
survey, observed using sonar. No changes were observed in swimming speed, swimming direction, or school size that could
be attributed to a transmitting seismic vessel as it approached from a distance of 27 km to 2 km, over a six-hour period. The
unexpected lack of a response to the seismic survey was interpreted as a combination of a strong motivation for feeding by
the fish, a lack of suddenness of the onset of sound, and an increased level of tolerance to seismic pulses.

The following conclusions are made regarding behavioural effects to fishes, based on the literature above:

o Different fish may exhibit different behavioural responses when exposed to seismic survey noise, depending on their
activities, motivation and the context in which they receive sound.

e Fishes may change position in the water column (i.e. move closer to the seabed) as a response to becoming aware of
approaching seismic sound (generally observed in response to sound levels greater than 150 dB re 1 yPa2.s SEL or
160 dB re 1 pPa SPL, but this varies depending on hearing sensitivity and context) (e.g. Pearson et al. 1992; McCauley
et al. 2000, 2003; Slotte et al. 2004; Fewtrell and McCauley 2012; Miller and Cripps 2013).

e Exposure to higher sound levels at close range to a seismic source may begin to result in more noticeable startle or
alarm responses, such as changes in school structure, increased swimming speed and avoidance of the sound source
(typically observed within hundreds of metres of the seismic source or in response to sound levels of approximately
150 dB re 1 yPa2.s SEL or 168-190 dB re 1 yPa SPL and varying depending on hearing sensitivity and context) (e.g.
Simmonds and MacLennan 2005; McCauley et al. 2000, 2003; Fewtrell and McCauley 2012; Popper et al. 2014; Carroll
et al. 2017).

e Many exposure experiments are undertaken using a single airgun and it is not clear how transferrable the behaviours
and received SPL/SEL levels are to a full commercial-sized seismic array, particularly if observed behaviours are in
response to particle motion close to the sound source rather than to sound pressure.

e Many studies indicate that fishes resume normal behaviour shortly after cessation of the acoustic disturbance (within
minutes / less than an hour), with no evidence of long-term changes (e.g. Wardle et al. 2001; Pearson et al. 1992;
Santulli et al. 1999; McCauley et al. 2000, 2003; Fewtrell and McCauley 2012; Miller and Cripps 2013; Meekan et al
2021).

e There is some evidence that fish may also tolerate gradual increases in sound levels and habituate to repeated sound
exposures (Chapman and Hawkins 1969; McCauley et al. 2000; Boeger et al. 2006; Fewtrell and McCauley 2012; Pefia
et al. 2013).

cgg.com Page 114 /287

Rev 0



\
Sauropod 3D MSS Q

e In other studies, there is some evidence that changes in distribution may persist for longer than the initial change in
behaviour, i.e. position in the water column, schooling behaviours and swim speeds may return to normal relatively
quickly within minutes or hours, but their distribution may not return to normal for hours or days. Potential changes in
distribution of fishes have been observed in some studies for approximately 5 days following sound exposure, although
such changes are limited to studies that focused primarily on migrating sound pressure-sensitive types of fish with a
swim bladder-ear connection (Clupeidae, Gadidae). These studies also acknowledge that it is difficult to attribute these
changes in distribution directly to the seismic survey or to natural migration patterns, food availability or other natural
factors (Slotte et al. 2004; Engas et al. 1996; Engas and Lekkeborg 2002).

Given the limited convergence in results from the available studies, the subjective nature of many assessments and the
context under which fish received sound, the Popper et al. (2014) ANSI-Accredited Standards Committee Sound Exposure
Guidelines for Fishes and Turtles determined that it is not possible to define exact sound level thresholds for changes in fish
behaviours. Instead, Popper et al. (2014) applies relative risk criteria (Table 7-7). The criteria reflect the potential for
substantial changes in behaviour for a large proportion of the animals exposed to a sound, which may alter distribution and
moving from preferred sites for feeding and reproduction. These criteria do not include effects on single animals or small
changes in behaviour such as a startle response or minor movements. As such, Popper et al. (2014) indicate that fish
without a swim bladder or with no connection between the swim bladder and the inner ear may experience substantial
changes in behaviour within tens or hundreds of metres of a seismic source. These peer-reviewed and accredited sound
exposure criteria are reflected in CGG's risk assessment. It is acknowledged that some fishes with swim bladders may show
varying levels of awareness of sound pressure at greater distances from the seismic source, but it is important to recognise
changes in behaviour that may be of ecological significance from those that are not.

7.1.6.3.5 Impact Assessment

As described in Section 4.3, the Operational Area and surrounding waters represent habitat for a range of bony fishes
(teleosts) and elasmobranchs (sharks and rays), including pelagic, demersal and benthic assemblages. These fish
assemblages include species and stocks that are targeted by commercial fisheries in the region (e.g. Goldband snapper,
Rankin cod, Red emperor, Spanish mackerel and Blue-spotted emperor). The Operational Area overlaps the Whale shark
foraging BIA that extends northwards from North West Cape along the 200 m isobath.

The EPBC Protected Matters Search (refer Section 4.3) identified 31 pipefish, six seahorse, four pipehorse and one
seadragon species within the Operational Area, which are listed marine species. Pipefish and seahorses occur in nearshore
and coastal waters comprising suitable habitat, such as seagrass, mangrove, coral reef and sandy habitats around coastal
islands and shallow reef areas. Due to the water depth range within the Operational Area (95-172 m) and absence of
suitable habitat, pipefish and seahorses are unlikely to occur within the Operational Area and surrounding waters.
Consequently, these listed marine species are not considered in this impact assessment.

The Operational Area also overlaps the ancient coastline at 125 m depth contour key ecological feature (KEF). Parts of this
KEF, represented as rocky escarpment, are considered to provide biologically important habitat in an area predominantly
made up of soft sediment. These areas of hard substrate may represent habitat for both demersal and benthic fish
assemblages.

Without appropriate control measures in place, noise emissions from the seismic source have the potential to impact fishes
and elasmobranchs by causing mortality / potential mortal injury (PMI), recoverable injury and hearing impairment (TTS and
masking) as a result of high sound levels at close range to the seismic source, or behavioural disturbance impacts at greater
distances.

Table 7-8 presents the results of the acoustic modelling study for maximum predicted Rmax distances to mortality/potential
mortal injury, recoverable injury and TTS thresholds in fishes in the Operational Area. Data are presented for both the water
column (maximum over depth) and at the sea floor.

The following fish types have been identified for this assessment:

o Demersal fish species, including key commercial indicator species such as tropical snappers and emperors (families
Lutjanidae and Lethrinidae)

e Pelagic fish species, including key commercial indicator species such as Spanish mackerel
e Whale sharks

e Fish assemblages associated with the ancient coastline at 125 m depth contour.
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Table 7-8 — Maximum Predicted Distances (Rmax) to Mortality/Potential Mortal Injury, Injury and TTS Thresholds for Fish, Fish Eggs and

Larvae for Single-Pulse and SEL24nh Modelled Scenarios, For Both Water Column and at The Sea floor

Marine Potential Sound Exposure Threshold Water Column Sea floor
Fauna Impact (Maximum-Over-Depth)
Group Rmax (km) Area (km2)  Rmax (km) Area (km?)
I - Fish: No  Mortality/ 219 dB re 1 yPa2-s (SEL2an) 0.03 9.75 - -
S0l potential 213 dB re 1 pPa (SPLyk) 0.06 NR* 0.08 NR*
bladder mortal injury
(incl. Recoverable 216 dB re 1 pPa2-s (SELaan)  0.03 12.00 . .
sharks) o
jury 213 dB re 1 uPa (SPLpk) 0.06 NR* 0.08 NR*

TTS 186 dB re 1 pPa2:s (SEL24n) 2.81 720.12 2.79 715.75
Il - Fish: Mortality/ 210 dB re 1 yPa2-s (SEL2an) 0.03 12.44 - -
Swim potential 207 dB re 1 pPa (SPLx) 0.13 NR* 0.19 NR*
bladder not  mortal injury
involved in - pecoverable 203 dBre 1 pPa2-s (SELzan)  0.04 13.28 ; ;
hearing injury % *
(particle 207 dB re 1 uPa (SPLpk) 0.13 NR 0.19 NR
motion TTS 186 dB re 1 pPa2-s (SEL24n) 281 720.12 2.79 715.75
detection)
Il - Fish: Mortality/ 207 dB re 1 yPa2-s (SEL2an) 0.04 13.28 - -
Swim potential 207 dB re 1 pPa (SPLpk) 0.13 NR* 0.19 NR*
bladder mortal injury
involved in - pecoverable 203 dB re 1 pPa2-s (SELoan)  0.04 13.28 . .
hearing injury o *
iy 207 dB re 1 uPa (SPLpk) 0.13 NR 0.19 NR
pressure TTS 186 dB re 1 pPa2:s (SEL24n) 2.81 720.12 2.79 715.75
detection)
Fish eggs Mortality/ 210 dB re 1 yPa2-s (SEL2an) 0.03 12.44 - -
and larvae  potential 207 dB re 1 pPa (SPLy) 0.13 NR* 0.19 NR*

mortal injury

Injury Popper et al. (2014) relative (N) Moderate; (l) Low; (F) Low

TS risk criteria N) Moderate; (1) Low; (F) Low

A dash indicates that the threshold is not reached. * Not relevant. # Relative risk (high, moderate, or low) is given for animals at three
distances from the source defined in relative terms as near (N), intermediate (1), and far (F).

7.1.6.3.6

Demersal Fish Species

The various species of demersal snappers (Lutjanidae), emperors (Lethrinidae), rock cods and groupers (Serranidae) that
are characteristic of the Operational Area do not possess a mechanical connection between the swim bladder and the ears
and can be said to have mid to poor hearing ability (Tavolga and Wodinsky 1963; Higgs et al. 2006; Braun and Grande
2008; Engineering-Environmental Management, Inc. 2008; United States Department of the Navy 2008; Popper 2012;

Caiger et al. 2012). Note that commercially targeted Rankin cod and other demersal rock cods are not true cods (Gadidae)
and so are not considered to have the same specialised hearing sensitivity. Therefore, these species of fish are considered
to belong to the group of fishes that are primarily sensitive to particle motion with some limited sensitivity to sound pressure
(Group Il fishes according to the Popper et al. 2014 classification in Table 7-7).

As shown in Table 7-8, the maximum predicted Rmax distance to the injury threshold at the sea floor for the hearing group of
fishes with swim bladders not involved in hearing (Group Il, which would represent most demersal fish), is 190 m. The
maximum predicted Rmax distances to the injury thresholds for adult fish (with swim bladder), and fish eggs and larvae, in the
water column is 130 m. Therefore, injury effects have the potential to occur to demersal fishes at or close to the sea floor
within or adjacent to the Acquisition Area. However, as discussed above, the thresholds for mortality and injury are
considered highly conservative. While injury or mortality to fishes in the immediate proximity of the seismic source is
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theoretically possible, free-swimming fishes such as the demersal species that are characteristic of the Operational Area are
expected to be able to avoid the seismic source as it approaches their position or ramps up during soft starts. For example,
the demersal fish assemblages that are typical of the habitats in the Operational Area (predominantly snappers, emperors,
cods and groupers), despite exhibiting particular habitat preferences and some fidelity to an area, can be found across a
variety of habitats and are typically mobile with home ranges in the order of kilometres or tens of kilometres (Ovenden et al.
2004; Moran et al. 2004; Newman et al. 2008; Parsons et al. 2011; Harasti et al. 2015). Impacts to demersal fishes are,
therefore, considered more likely to be limited to behavioural and TTS effects, with injury/mortality being highly unlikely to
occur.

Based on the maximum predicted Rmax distances to the TTS threshold (approximately 2.8 km in the water column and at the
sea floor; refer Table 7-8) individuals in demersal fish communities at or close to the sea floor within the Acquisition Area
could experience TTS effects. The radii that correspond to SEL2anr typically represent an unlikely worst-case scenario for
SEL-based exposure since, more realistically, fishes would not stay in the same location or at the same range for 24 hours.
Therefore, this method is highly conservative and a reported radius of SEL24nr criteria does not necessarily mean that
animals travelling within this radius of the source will suffer hearing impairment.

Popper (2018) in his review of TTS for the Santos Bethany 3D MSS, which considered similar demersal fish species as
present in the Sauropod 3D MSS Operational Area, noted:

e ltis highly unlikely that there would be physical damage to fishes as a result of the survey unless the animals are very
close to the source (perhaps within a few metres).

e Most fishes in the Bethany region (and given the similarity in fish species, this also applies for the North West Shelf
region), being species that do not have hearing specialisations, are not likely to have much (if any) TTS as a result of
the Bethany 3D survey.

e If TTS takes place, its level is likely to be sufficiently low that it will not be possible to easily differentiate it from normal
variations in hearing sensitivity. Even if fishes do show some TTS, recovery will start as soon as the most intense
sounds end, and recovery is likely to even occur, to a limited degree, between seismic pulses. Based on very limited
data, recovery within 24 hours (or less) is very likely.

e Little is known about the behavioural implications of TTS in fishes in the wild. However, since the TTS is likely very
transitory, the likelihood of it having a significant impact on fish fithess and survival is very low.

Therefore, it is possible that some demersal fishes may not avoid the approaching seismic source completely and some
level of TTS is possible, but the effects are temporary and recoverable, and the potential for such effects to have significant
implications on fish fitness and survival is low.

The majority of studies relevant to behavioural responses in demersal fish species (e.g. Pearson et al. 1992; Santulli et al.
1999; McCauley et al. 2000a; 2003; McCauley and Salgado Kent 2007, cited in Santos Ltd 2018; Woodside 2011; Fewtrell
and McCauley 2012; Miller and Cripps 2013; Bruce et al. 2018), indicate that exposure to a mobile seismic source and
significant changes in behaviour are likely to be limited to durations of minutes or hours and occur within hundreds of metres
of the seismic source as it passes.

Popper et al. (2014) suggest that the potential for significant behavioural impacts in the Group Il category of fishes is high in
the near-field (tens of metres), moderate at intermediate distances (hundreds of metres) and low in the far field (thousands
of metres).

Therefore, fishes’ awareness of the sound and any resultant behavioural responses may be limited to a few hours as the
seismic source approaches from several kilometres away and passes, while significant startle or avoidance responses are
more likely to be limited to a shorter period (less than an hour) when the seismic source passes close by. Consistent with the
studies reviewed earlier in this section, behaviours may return to normal within less than an hour (sometimes just minutes) of
the survey vessel passing.

Further, the implications for demersal fishes at a population level are expected to be limited. McCauley (1994) suggests that
behavioural changes in fishes may only be localised and temporary, without significant repercussions at a population level.
Hawkins and Popper (2016) highlight that some responses to artificial sound may have minimal or no consequences for
populations. For example, short-term startle responses to sounds that rapidly diminish with repeated presentation, or that do
not change the overall behaviour of fishes are unlikely to affect key life functions. In addition, anthropogenic sound events
that are transient in nature, such as a seismic survey, and result in short-term impacts do not necessarily translate into long-
term consequences to populations (Hawkins and Popper 2016). Most recently, Meekan et al (2021) demonstrated there
were no short-term (days) or long-term (months) effects of exposure on the composition, abundance, size structure,
behaviour, or movement of several demersal fish species in the survey area.
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7.1.6.3.7  Pelagic Fish Species

Most pelagic fishes likely to be present in the region would belong to the Suborder Scombroidei, (which includes all of the
large, pelagic, fast-swimming fish species): Family Sphyraenidae (barracudas); Family Gempylidae (snake mackerels);
Family Trichiuridae (cutlassfishes) Family Scombridae (mackerels and tunas); Family Xiphiidae (swordfishes); and Family
Istiophoridae (billfishes).

Scombridae species are hearing generalists (narrower frequency range with higher auditory thresholds), in that some
species, such as mackerels, do not possess a swim bladder (Group | fishes) while some species possess a swim bladder,
but lack the mechanical connection to the inner ear and the otoliths (Group Il fishes).

As a group, they seem able to detect mid-range frequencies (~300-1,000 Hz).

As shown in Table 7-8, the maximum predicted Rmax distance to the injury threshold in the water column for the hearing
groups of fishes with swim bladders not involved in hearing (Groups Il) and no swim bladder (Group 1)), is 130 m and 60 m
respectively (refer Table 7-8). The maximum predicted Rmax distance to the TTS threshold for all fish hearing groups is
~2.8 km.

Large, pelagic, fast-swimming fish species such as mackerel, billfishes and tunas are highly unlikely to experience TTS
effects as they can swim away from a seismic source. Individuals would have to remain within ranges of approximately

2.8 km of the operating seismic source for a full 24-hour period to be exposed to sound levels that could cause TTS. Pelagic
fishes are most likely to exhibit a significant behavioural response (avoidance) by moving away from an operating seismic
source that approaches within a few tens or hundreds of metres of them (Wardle et al. 2001).

7.1.6.3.8  Whale Sharks

The Operational Area overlaps the foraging BIA for Whale sharks that extends northeast from North West Cape across the
North West Shelf (refer Figure 4-12). This BIA is centred on the 200 m isobath and Whale sharks are most likely to be
present in the months of July to November. Therefore, given that the proposed timing of the survey does not coincide with
this period, Whale sharks are not expected to be encountered frequently, although it is possible that occasional Whale
sharks may be present in the Acquisition Area during the Sauropod 3D MSS. Given that there is no temporal overlap, no
displacement of Whale sharks from foraging activities within the BIA is expected.

No sound exposure thresholds currently exist for acoustic impacts from seismic sources to sharks. As a conservative and
precautionary approach, the Popper et al. (2014) exposure guidelines for fish with no swim bladder for injury (213 dB re
1 pPa (SPLpk) and 219 dB re 1 yPa2-s (SELz24n)); and TTS (186 dB re 1 yPa2-s (SELzan)), have been used for this
assessment.

As shown in Table 7-8, the maximum predicted Rmax distance to the injury threshold in the water column for the hearing
group of fishes without swim bladders, is 60 m (refer Table 7-8). The maximum predicted Rmax distance to the TTS threshold
for this fish hearing group is ~2.8 km. Again, it is important to appreciate that individual whale sharks would have to remain
within a range of approximately 2.8 km of the operating seismic source (which is also moving) for a full 24-hour period to be
exposed to sound levels that could cause TTS.

It is expected that the potential effects to Whale sharks associated with acoustic noise will be the same as for other pelagic
fish species, resulting in minor and temporary behavioural change such as avoidance. This aligns with Popper et al. (2014)
guidelines, which detail that there is the potential for high risk of behavioural impacts in fish species near the seismic source
(tens of metres) with the level of risk declining to low at thousands of metres from the seismic source.

Seismic noise has not been identified as a threat to Whale sharks (or other shark species identified that may be present in
the region) in either the Approved Conservation Advice (TSCC 2015) or previously in force Whale Shark Recovery Plan
2005 — 2010 (DEH 2005). Noise pollution is not identified as a pressure to Whale sharks in the Marine Bioregional Plan for
the NWMR (DSEWPaC 2012), or in the Ningaloo Coast: World Heritage nomination report (Commonwealth of Australia
2010).

7.1.6.3.9  Ancient Coastline At 125 M Depth Contour KEF

As shown in Table 7-8, the maximum predicted Rmax distances to the mortality/injury thresholds of 213 dB re 1 pPa (SPLpk)
and 207 dB re 1 pPa (SPLpk) at the sea floor for all hearing groups of fishes, and for fish eggs and larvae, range from 80-190
m. The maximum predicted Rmax distance to the TTS threshold of 186 dB re 1 yPa2-s (SEL2a4n) at the sea floor for all hearing
groups of fishes, and for fish eggs and larvae, is 2.8 km.
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The area of overlap between the ancient coastline at 125 m depth contour KEF and the Acquisition Area for the Sauropod
3D MSS is approximately 1,272 km?, which represents approximately 8% of the designated area of the KEF. Given the
maximum predicted Rmax distances for mortality/injury and TTS effects of 190 m and 2.8 km, respectively, there is the
potential for some fishes at the sea floor to experience mortality/injury and TTS effects. However, as discussed above, the
thresholds for mortality and injury are considered highly conservative. While injury or mortality to fishes in the immediate
proximity of the seismic source is theoretically possible, free-swimming fishes such as the demersal species associated with
the KEF are expected to be able to avoid the seismic source as it gradually approaches their position or ramps up during
soft starts. For example, the demersal and pelagic fish assemblages that are expected to be present in the Acquisition Area
are generally wide-ranging, free-swimming species. The demersal fish assemblages that are typical of the habitats in the
Operational Area, including the KEF (predominantly snappers, emperors, cods and groupers), despite exhibiting particular
habitat preferences and some fidelity to an area, can be found across a variety of habitats and are typically mobile with
home ranges in the order of kilometres or tens of kilometres (Ovenden et al. 2004; Moran et al. 2004; Newman et al. 2008;
Parsons et al. 2011; Harasti et al. 2015). Pelagic species of trevally as well as sharks and rays are also noted as occurring in
the KEF, and these types of fishes are also highly mobile. Impacts to fishes associated with the ancient coastline at 125 m
depth contour KEF are, therefore, considered more likely to be limited to behavioural and TTS effects, with injury/mortality
being highly unlikely to occur.

Any potential injury or TTS effects to Group I, Il and Group lll fishes, and to fish eggs and larvae, within the ancient coastline
KEF are not likely to be ecologically significant at a population level for the following reasons:

e Limited spatial and temporal overlap with the KEF — approximately 8% of the total area of the KEF, and 60 days of
seismic acquisition.

e The sound exposure thresholds applied are highly conservative and the criteria predicting the largest impact ranges
(across all of the modelled sites and scenarios) have been utilised, providing further conservatism in the impact
assessment.

e The area of potential impact assumes that the area will receive the same sound levels at the same time for the period of
a survey, which is not the case. The received sound levels at a location will reduce and increase as the seismic vessel
moves through the area during a survey.

e The area of potential impact for the assessed species is a low proportion of the area they are likely to inhabit. Thus,
population effects are not likely as there is a significant proportion of the population that remains unaffected.

e The potential area of impact for fish TTS is assessed as being acceptable based on hearing loss (and subsequent
decrease in fithess) being temporary and recovery taking place in a relatively short timeframe after the source array has
moved away from the exposed fish, and the sound levels are reduced. Popper et al. (2005) reports that fish that showed
TTS recovered to normal hearing levels within 18—-24 hours.

As described above, the area of overlap between the Sauropod 3D MSS Acquisition Areas and the KEF is small (1,272 km?,
~8%). The SPRAT profile for the ancient coastline at 125 m KEF states “Little is known about fauna associated with the hard
substrate of the escarpment, but it is likely to include sponges, corals, crinoids, molluscs, echinoderms and other benthic
invertebrates”. There is little published information on the fish communities associated with the KEF but due to the presence
of epibenthic communities associated with hard substrate, it was considered that some demersal and site-attached fish
species may be present. A study by Santos for the portion of the KEF within the Keraudren 3D MSS area indicated that a
consistent structurally complex seabed feature that may provide unique habitat for demersal and site-attached fish was not
evident (Santos 2019). However, an area of high relief and greater demersal fish abundance and diversity was described in
the 95 to 115 m depth range outside of the Keraudren survey area.

Based on the qualitative approach applied in Popper et al. (2014) the likelihood of behavioural effects occurring is assessed
as high to moderate within tens or hundreds of metres of the seismic source. Fish communities at 125 m depth may
therefore exhibit some temporary behavioural responses to noise emissions from the seismic source. The physical structure,
ecosystem functioning and integrity of the ancient coastline at 125 m depth contour KEF are not predicted to be altered.

7.1.6.3.10 Summary

The potential impacts of noise emissions from the seismic source on fishes and elasmobranchs during the Sauropod 3D
MSS are considered to be localised and have no lasting effects on populations. Impacts are primarily expected to be
restricted to temporary changes, such as to fish behaviours and local distribution (e.g. avoidance). Such changes are
recoverable and normal behaviours and distributions may return to normal within minutes, hours or days of exposure to the
operating seismic source, based on available studies. Predicted noise levels from seismic acquisition are unlikely to cause
mortality or injury to the mobile demersal and pelagic species that are likely to be present in the Operational Area. There is
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the potential for TTS effects in some fishes exposed in close proximity to the seismic acquisition, however, if TTS does occur
the effects are temporary and will recover. Overall, the Sauropod 3D MSS is not expected to result in any ecologically
significant impacts at a population level for any species of fishes that may be present within or adjacent to the Sauropod 3D
MSS.

7.1.6.4 Benthic Invertebrates

7.1.6.4.1  Species Sensitivity and Sound Exposure Thresholds

Research is ongoing into the relationship between sound and its effects on benthic invertebrates, including the relevant
metrics for both effect and impact. Marine invertebrates lack a gas-filled bladder and are unable to detect the pressure
component of sound waves (Parry and Gason 2006; Carroll et al. 2017) or “hear” sound in the way that mammals and fish
are able to. Instead, invertebrates detect sound by sensing the particle motion component of sound in water and seabed
sediments through physiological structures such as sensory hairs, statocysts and muscles, and therefore detect sound at
close range (McCauley 1994; Parry and Gason 2006; André et al. 2016; Roberts et al. 2016; Edmonds et al. 2016; Carroll et
al. 2017; Popper and Hawkins 2018). Statocysts, found in a wide range of invertebrates, are utilised by animals to maintain
their orientation, direct their movements through the water and may play a key role in controlling the behaviour responses of
invertebrates to a wide range of stimuli. Although directly sensitive to particle motion and not to sound pressure, most
available research on seismic impacts to invertebrates characterises received sound levels in terms of the sound pressure.
Therefore, available literature suggests particle motion, rather than sound pressure, is a more important factor for benthic
invertebrates such as crustacean and molluscs. Water depth and seismic source size are related to the particle motion
levels at the sea floor, with larger arrays and shallower water being related to higher particle motion levels, thus more
relevant to effects on crustaceans and molluscs (including bivalves) (Quijano and McPherson 2020).

A range of physiological responses have been identified in some studies; however, the received sound levels are typically at
levels that would be received within tens or a few hundred metres from the sound source or have been from repeated
exposure at the same sound levels, which is not typical of an actual seismic survey (Carroll et al. 2017; Edmonds et al.
2016; Salgado Kent et al. 2016; Webster et al. 2018).

Studies by Christian et al. (2003), DFO (2004) and Payne et al. (2007, 2008) have exposed crustaceans to seismic sound
levels of approximately 197—-237 dB re 1 yPa SPLpk-pk. NO acute or chronic lethal or sub-lethal effects were observed in the
weeks to months following exposure, with the exception of Payne et al. (2007, 2008) who noted a decrease in serum
enzymes and increases in food consumption in the weeks to months post exposure, which may indicate stress effects or
potential osmo-regulatory disturbance.

Research undertaken by Day et al. (2016a, 2016b) over three years in Australian waters, exposed captive southern rock
lobster Jasus edwardsii to multiple passes of a seismic source element in 10-12 m water depths. Maximum received sound
exposures were 209-212 dB re 1uPa SPLpk-pk, 186 to 190 dB re 1 pPa2.s per-pulse SEL, and SELcum of 192 to 199 dB re
1 yPa2.s. Exposed lobsters and control lobsters were sampled up to a year after exposure. The findings of the study are as
follows:

e  Exposure to seismic sound did not result in any mortalities to adult lobsters.

e The condition or development of eggs carried by female lobsters at the time of exposure, even at close proximity directly
beneath the seismic source, were not affected.

e Some potential sub-lethal changes in adult lobsters were observed, including some long-term impairment to lobsters’
statocysts, which was also linked to a short delay in the lobsters’ ability to right themselves when upturned.

e Haemocyte count (indicative of immune response function) also showed some evidence of decline over time.

The significance of the seismic exposures and whether the sub-lethal effects may have wider ecological implications (e.g.
ability to feed, avoid predators and resist disease) warrants further consideration. Day et al. (2016a, 2016b) reported that
some of the control lobsters used in the experiments were collected from a marine reserve and were found to have a high
level of pre-existing impairment to statocysts similar to that induced by the seismic exposure experiments. This statocyst
impairment was considered to be the result of long-term exposure to shipping noise. Some experiments showed no
significant differences in righting times between control and exposed lobsters, while in some instances the control lobsters
demonstrated slower righting times than exposed lobsters. Lobsters with pre-existing statocyst impairment demonstrated the
fastest righting times of all experiments, which Day et al. (2016a, 2016b) suggested may indicate that lobsters are able to
adapt or compensate for long-term statocyst impairment. Therefore, the level of statocyst impairment resulting from seismic
exposure is not clear. Monitoring of the lobster population at the same reserve where the lobsters with pre-existing statocyst
impairment were taken from showed that the rock lobster population within the reserve was thriving and at carrying capacity
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(Green and Gardner 2009; Kordjazi et al. 2015). Therefore, the levels of statocyst impairment reported in the Day et al.
(20164, 2016b) study appear not to be impacting on the survival of the lobster population. Therefore, any population-level
survivability effects from statocyst impairment are not significant and wider ecological implications are likely to be negligible.

Kosheleva (1992; cited in Parry and Gason 2006) identified no detectable effects to marine bivalves and gastropods
(mussels and periwinkles) after exposure to a single seismic source element of source level 233 dB re 1 uPa at a distance of
0.5 m or greater from the source. Conversely, Matishov (1992; cited in Parry and Gason 2006) reported a single scallop
shell splitting in a sample of three scallops, but this was located 2 m beneath a seismic source element and therefore
exposed to maximum sources levels, which would not occur during the Sauropod 3D seismic survey.

Recent Australian studies (Przeslawski et al. 2016, 2018; Day et al. 2016b, 2017) have focussed on commercial scallops
(Pecten fumatus). Przeslawski et al. (2016, 2018) examined the short-term impacts on scallops and other marine
invertebrates from a 2,530 cubic inch seismic array and found no evidence of mortality or change in condition following
exposure to a seismic survey. Analysis of images and samples revealed some site-specific differences in scallop
abundance, size, condition and assemblages, but these were not related to seismic operations.

Day et al. (2016b, 2017) exposed scallops to maximum received sound exposures of up to 213 dB re 1uPa SPLpk-pk, 181 to
188 dB re 1 pPa2.s per-pulse SEL, and SELcum of 188 to 198 dB re 1uPa2.s. The study also predicted ground acceleration
of up to 37.57 m/s2. Day et al. (2016b, 2017) concluded that exposures did not result in any immediate mass mortalities,
however, repeated exposures resulted in a chronic increase in mortality over timeframes of approximately four months post-
exposure, though not beyond naturally occurring rates of mortality. Separate experiments undertaken in 2013 and 2014
yielded mortalities of 3.6—3.8% in control scallops (no seismic exposure), 9.4-11.3% mortality in scallops exposed to a
single pass of the seismic source, 11.3-16.1% mortality in scallops exposed to two passes of the seismic source, and 14.8—
17.5% mortality in scallops exposed to four passes of the seismic source. The mortality rates were at the low end of the
range of naturally occurring mortality rates documented in the wild, which range from 11-51% with a six-year mean of 38%
(Day et al. 2017). A third experiment in 2015 resulted in 100% mortality to both control scallops and exposed scallops, and
accordingly was attributed to other causes and not to seismic exposure (Day et al. 2016b, 2017).

Sub-lethal effects to exposed scallops were also observed by Day et al. (2016b, 2017) indicating a compromised capacity for
homeostasis and potential immunodeficiency over acute (hours to days) and chronic (months) time-scales after exposure.
Exposures did not elicit energetically expensive behaviours (i.e. extensive swimming or long periods of valve closure), but
scallops showed significant changes in some behavioural patterns during exposure (e.g. “flinch” response) and scallops
showed an increase in recessing into sediment following exposure (Day et al. 2017).

Published sound exposure criteria do not currently exist for acoustic impacts to invertebrates but the available literature
above provides an indication of the sound levels and distances within which some impacts may occur. A range of sound
levels, from 202 dB re 1 pPa SPLpk-pk to 212 dB re 1 pPa SPLgk-pk, based on the findings of the Payne et al. (2008) and Day
et al. (2016) studies, were applied in the acoustic modelling study and this risk assessment. The Payne et al. (2008) 202 dB
re 1 pPa SPLpk-pk is considered to be associated with no impacts to benthic crustaceans (such as prawns, scampi and
lobsters), whereas the 209-212 re 1 pPa SPLpk-pk thresholds could be associated with some level of sub-lethal effects in
these animals (Quijano and McPherson 2020). A 213 dB re 1 pPa SPLpk-pk level is considered as representative of levels
that may result in sublethal effects and chronic mortality in molluscs and some other invertebrates based on Day et al.
(2016b, 2017).

A sound level of 226 dB re 1 pPa SPLyk was applied for sponges and corals, based on a study where corals received
maximum sound pressure levels of 226-232 dB re 1uPa SPLpk-pk, but no mortality, damage to soft tissue or skeletal integrity,
visible signs of stress, change in abundance or community structure were detected immediately after, and up to four months
following exposure (Heyward et al. 2018).

7.1.6.4.2 Impact Assessment

Whilst the Silver-lipped pearl oyster (Pinctada maxima) has been recorded at maximum water depths of 100 m, adults are
mostly found in shallow waters (10-15 m) in inshore, coastal areas, and the species is targeted in the Pearl Oyster Managed
Fishery out to water depths of approximately 30—40 m. Previous consultation with the Pearl Producers Association (PPA)
has confirmed that there may be pearl oyster brood stock out to a depth of approximately 50 m, but any seismic survey
activity in water depths in excess of 70 m was of no concern to the PPA with regards to potential impacts on adult shell
(Santos 2019). Minimum water depths in the Acquisition Area for the Sauropod 3D MSS are approximately 95 m, and
therefore all seismic acquisition will take place in water depths well outside the normal range for pearl oyster broodstock.
Potential impacts to adult pearl oyster have, therefore, not been considered as part of this impact assessment for benthic
invertebrates.
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Accordingly, the following benthic invertebrates have been identified for this assessment:

e Benthic invertebrate communities, including sponges and soft corals associated with the ancient coastline at 125 m
depth contour KEF.

7.1.6.4.3 Sound Pressure

As described above, a range of sound exposure thresholds, from 202 dB re 1 pPa SPLpk-pk to 212 dB re 1 pPa SPLpk-pk,
were applied in the acoustic modelling study for benthic crustaceans. Sound levels of 209-212 re 1 pPa SPLpk-pk thresholds
are potentially associated with some level of sub-lethal effects. As shown in Table 7-9, at a sound exposure threshold of 209
dB re 1 pPa SPLpk-pk, maximum predicted Rmax distance was 260 m. The maximum predicted Rmax distance associated with
the 213 dB re 1 pPa SPLpk-pk level for sublethal effects and chronic mortality (Day et al. 2016b, 2017) is 156 m.

The sound level at the sea floor directly underneath the seismic source was estimated at all four modelling sites and
compared to the sound level of 226 dB re 1 pPa SPLyk for sponges and corals (Heyward et al. 2018). It was found that the
level was not reached at any of the four sites.

Table 7-9 — Maximum Predicted Distances (Rmax) to Effect Thresholds for Crustaceans at the Sea Floor

Sound Exposure Threshold (SPLpk-pk) Rmax (m)
213 dBre 1 pyPa 156
212 dBre 1 yPa 179
211 dBre 1 pyPa 204
210dBre 1 pyPa 234
209 dBre 1 yPa 260
202 dBre 1 pyPa 709

As described above, the area of overlap between the ancient coastline at 125 m depth contour KEF and the Acquisition Area
is 1,272 km?, which represents ~8% of the designated area of the KEF. Given the maximum predicted Rmax distance for
impacts to invertebrates of 260 m, there is the potential for some invertebrates on the sea floor, including within the KEF, to
experience sound levels that could result in some low-level, sub-lethal effects (e.g. impairment of reflexes, damage to
statocysts and reduction in numbers of haemocytes). These sub-lethal effects could result in a reduction in fitness to some
individuals. Chronic mortality may also occur in a small number of organisms within a maximum distance of 156 m from the
source within the weeks and months following exposure.

At received noise levels of 209 dB re pPa (SPLpk-pk) (Day et al. 2016a) did not observe any impacts to embryonic
development, with hatched larvae found to be unaffected in terms of egg development, the number of hatched larvae, larval
dry mass and energy content and larval competency (i.e. survival in adverse conditions); thus recruitment should be
unaffected. Therefore, impacts at a population level due to reduced recruitment would be unlikely to occur.

7.1.6.4.4 Particle Motion

The acoustic modelling study included predictions of particle motion metrics at all four modelled locations, along the
broadside directions, which were associated with the highest levels.

At the sea floor interface, crustaceans and bivalves are subject to particle motion stimuli from several acoustic or
acoustically induced waves. These include the particle motion associated with an impinging sound pressure wave in the
water column (the incident, reflected, and transmitted portions), substrate acoustic waves, and interface waves of the
Scholte type. However, it is unclear which aspect(s) of these waves is/are most relevant to the animals, either when they
normally sense the environment or their physiological responses to loud sounds so there is not enough information to
establish similar criteria and thresholds as done for marine mammals and fish. Including recent research, such as Day et al.
(20164a), current literature does not clearly define an appropriate metric or identify relevant levels (pressure or particle
motion) for an assessment. This includes the consideration of what particle motion levels lead to a behavioural response, or
mortality. Therefore, at this stage, we cannot propose authoritative thresholds to inform the impact assessment. However,
levels can be determined for pressure metrics presented in literature to assist the assessment (Quijano and McPherson
2020).
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As described above, for crustaceans, a SPLpk-pk sound level of 202 dB re 1 yPa (Payne et al. 2008) is considered to be
associated with no impact, and therefore applied in the assessment. Additionally for context, the SPLyk-pk sound levels
determined for crustaceans in Day et al. (2016), 209-212 dB re 1 pyPa, are also included.

For bivalves, literature does not present a sound level associated with no impact, and as particle motion is the more relevant
metric, particle acceleration from the seismic source has been modelled for comparison with the results of Day et al. (2016).
The maximum particle acceleration assessed for scallops was 37.57 ms-2 (Quijano and McPherson 2020).

The maximum particle acceleration and velocity for each of the four sites, as a function of horizontal range from the centre of
the array in broadside directions (which generate the higher amplitude results) were modelled. The maximum distance to a
particle acceleration of 37.57 ms-2 is 9.1 m, which occurs at the shallowest site (Site 1, 66 m water depth) (refer Figure 7-1).

Particle acceleration decays rapidly away from the source location within the distance equal to half the water depth. It is then
influenced by constructive interference, resulting in an increase in levels at a distance equal to the water depth (66 m at Site
1) before again rapidly decaying by 10 ms—2 out to approximately two water depths. Beyond this distance, it exhibits an
almost linear decay, apart from constructive interactions at multiples of water depth, with a low point at approximately 10
times the modelling site water depth (Figure 7-1) (Quijano and McPherson 2020).

Particle motion traces generated during the modelling show that vertical particle motion is larger than horizontal particle
motion for receivers directly underneath or at short ranges from the array, but at longer ranges the horizontal particle motion
dominates. The duration of particle motion also increases with distance as critically reflected multipath propagation becomes
important.

Day et al. (2016) included a regression of particle acceleration versus range for the single 150 in® airgun used in their study
(minimum range of 6 m) and showed that acceleration at 10 and 100 m range was typically 26 and 5 ms-2, respectively. Day
et al. (2016) also referenced an unpublished maximum particle acceleration measurement of 6.2 ms-2 from a 3,130 in3
airgun array at 477 m range in 36 m of water. In the acoustic modelling study for the Sauropod 3D MSS, modelled peak
acceleration at 10 m range was predicted to be between 35 and 19 ms-2 depending on the site; corresponding values at
100 m range are between 21 and 12 ms-2. At ~477 m, the modelling predicts an acceleration of between 8.5 and 5.8 ms-2
in both the port and starboard broadside directions. This result aligns reasonably with the measurements reported in Day et
al. (2016) and thus represents what is likely to occur (Quijano and McPherson 2020).

The maximum distance to a particle acceleration of 37.57 ms-2 of 9.1 m is less than that predicted for other studies in the
region (Quijano and McPherson 2020), however the difference is likely due to the different airgun array configuration and
tow depth, as well as the geology for the respective studies. The seabed geology used for this study, silty carbonate sand to
calcarenites, are generally less reflective than seabeds which have thin layers of sand over calcarenite substrate.

Based on the above body of research and risk assessment, some benthic invertebrate species may experience sub-lethal
effects or a small increase in mortality rates in the weeks or months following seismic exposure within tens or hundreds of
metres from the seismic source. Should this occur, the continuous natural cycle of death, recovery and recruitment of
invertebrates from adjacent sediments will occur in parallel over these same timescales, and therefore it is questionable
whether any impacts from seismic exposure would be detectable from natural fluctuations in relative abundance, benthic
community compaosition and structure. Day et al. (2017) and Payne et al. (2007, 2008) acknowledge that the changes
observed in their research are likely within the range of variation that can occur from other common natural and
anthropogenic stressors. The ecological implications of such impacts on benthic invertebrate communities are not expected
to be significant or long-term.

The physical structure, ecosystem functioning and integrity of the ancient coastline at 125 m depth contour KEF are not
predicted to be altered.
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Figure 7-6 — Site 1: Maximum Particle Acceleration (top) and Velocity (bottom) at the Sea Floor as a Function of Horizontal Range from the
Centre of the 3,090 in® Array Along the Broadband Directions

7.1.6.45  Summary

The potential impacts of noise emissions from the seismic source on benthic invertebrates during the Sauropod 3D MSS are
considered to be slight and short-term, as the activity is not likely to result in any ecologically significant impacts at a
population level for any species of invertebrate that may be present on the sea floor within or adjacent to the Acquisition
Area. While some sub-lethal impacts and chronic mortality are possible in some sessile organisms exposed in very close
proximity to the seismic source, not all organisms are expected to be affected. Benthic communities are expected to recover
in the weeks or months following exposure and changes in community structure and composition are not expected to be
detectable from natural variability.

7.1.6.5 Zooplankton

7.1.6.5.1  Species Sensitivity and Sound Exposure Thresholds

Plankton is a collective term for all marine organisms that are unable to swim against a current. This group is diverse and
includes phytoplankton (plants) and zooplankton (animals), as well as fish and invertebrate eggs and larvae. There is no
scientific information on the potential for noise-induced effect in phytoplankton and no functional cause-effect relationship
has been established. Noise-induced effects on zooplankton, such as copepods, cladocerans, chaetognaths and
euphausiids, have been investigated in a number of sound exposure experiments.
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Zooplankton includes fish eggs and larvae that are transported by currents and winds and hence cannot take evasive
behaviour to avoid seismic sources. With respect to the Sauropod 3D MSS, key spawning areas for commercially targeted
fish species (assessed under “Fish spawning” below) have been identified as areas where zooplankton populations may be
more important.

Larval fish species studied appear to have hearing frequency ranges similar to those of adults and similar acoustic startle
thresholds (Popper et al. 2014). Swim bladders may develop during the larval stage and may render larvae susceptible to
pressure-related injuries such as barotrauma. Effects of sound upon eggs, and larvae containing gas bubbles, is focused on
barotrauma rather than hearing (Popper et al. 2014). Larval stages are often considered more sensitive to stressors than
adult stages, but exposure to seismic sound reveals no differences in larval mortality or abundance for fish, crabs or scallops
(Carroll et al. 2017).

Parry et al. (2002) studied the abundance of plankton after exposure to airgun sounds but found no evidence of mortality or
changes in catch-rate at a population-level. Other studies have also noted limited negative impacts on zooplankton, fish
eggs, larvae or fry, and most have reported that impacts occur within a few metres or tens of metres from the source
(Kostyuchenko 1973; Dalen and Knutsen 1987; Holliday et al. 1987; Kosheleva 1992 cited in Parry et al. 2002; Pearson et
al. 1994; Turnpenny and Nedwell 1994; Booman et al. 1996; Payne 2004; Payne et al. 2009). These studies included
exposures to sound pressures up to approximately 242 dB re 1 pPa, comparable to those predicted in close range to the
Sauropod 3D MSS seismic source.

Day et al. (2016b) found that “seismic exposure did not result in a decrease in fecundity, either through a reduction in the
average number of hatched larvae or as a result of high larval mortality; compromised larvae or morphological
abnormalities”. These results support the suggestion that early life stage crustaceans may be more resilient to seismic air
gun exposure than other marine organisms (Pearson et al. 1994). Received levels were ~211 dB re 1 pPa (SPLpk-pk;
approximately 205 dB re 1 yPa SPLpk) and as such are similar to those proposed by Popper et al. (2014).

For this impact assessment the sound exposure thresholds for mortality/PMI to fish eggs and larvae from Popper et al.
(2014) have been applied (as described above in the impact assessment for fish and outlined below in Table 7-10).

In addition, a highly conservative threshold of 178 dB re 1 yPa SPLpk-pk derived from the McCauley et al. (2017) study has
also been considered, as described below.

McCauley et al. (2017) found that after exposure to airgun sounds generated with a single airgun (150 cui) zooplankton
abundance decreased and mortality in adult and larval zooplankton increased two to three-fold when compared with
controls. In this large-scale field experiment on the impact of seismic activity on zooplankton, a sonar and net tows were
used to measure the effects on plankton, and a maximum effect-range of horizontal 1.2 km was determined. The findings
contradicted the conventional idea of limited and very localised impact of intense sound in general, and seismic airgun
signals in particular, on zooplankton, with the results indicating that there may be noise-induced effects on these taxa and
that these effects may even be negatively affecting ocean ecosystem function and productivity.

This study measured zooplankton abundance and the proportion of the population that was dead at three distances from a
single 150 cui airgun — 0, 200 and 800 m. The experiment estimated the proportion of the zooplankton that was dead, both
before and after exposure to airgun noise, using net samples to measure zooplankton abundance, and bioacoustics to
identify the distribution of zooplankton. In this study, copepods dominated the mesozooplankton (0.2—20 mm), and impacts
were not assessed on microzooplankton (0.02—0.2 mm) or macrozooplankton (20 mm). There was movement of water
through the experimental area, which made interpreting their results more difficult (Richardson et al. 2017).

McCauley et al. (2017) provide three findings from the experiment to show that zooplankton were affected by the seismic
source, the:

e Proportion of the mesozooplankton community that was dead increased two to three-fold
e Abundance of zooplankton estimated by net samples declined by 64%
e Opening of a “hole” in the zooplankton backscatter observed via acoustics.

They found that exposure to airgun noise significantly decreased zooplankton abundance and increased the mortality rate
from a natural level of 19% per day to 45% per day (on the day of exposure), and that these impacts were observed out to
the maximum range assessed (1.2 km) (Richardson et al. 2017).

Scientists from CSIRO’s Oceans and Atmosphere Business Units were contracted by APPEA to undertake a desktop study
that: a) critically reviewed the methodologies and findings of the McCauley et al. (2017) experiment; and b) simulated the
large-scale impact of a seismic survey on zooplankton in the North West Shelf region, based on the mortality rate associated
with airgun noise exposure reported by McCauley et al. (2017).
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The CSIRO review of the McCauley et al. (2017) study found that there were three primary questions raised by the results of
the experiment, all of which warrant further investigation (Richardson et al. 2017):

1. Why was there no attenuation of the impact with distance?

There is no consistent decline in the proportion of zooplankton that are dead with increasing distance away from the
airgun. The energy of the sound waves at a distance of 1.2 km is substantially lower than at the source.

2. Why was there an immediate decline in abundance?

It is unclear why there would be a near immediate drop in zooplankton abundance as measured by net samples and
acoustic data. If zooplankton were killed, they would not immediately sink from the surface layers, or be rapidly eaten.
A drop in abundance would be more likely once the dead zooplankton either sunk to the bottom or were removed by
predation. Richardson et al. (2017) conclude it is difficult to explain this immediate decline in zooplankton abundance.

3. Was there sufficient replication to be confident in the study findings?

The conclusions were based on a relatively small number of zooplankton samples. A total of 24 samples were collected
— two tows each sampling time x three distances from the gun (0 m, 200 m, 800 m) x two levels (Control, Exposed) x
two replicate experiments (Day 1, Day 2). This means that there were only 12 samples collected under conditions
exposed to the airgun, six on each day of the two experiments. The main potential confounding explanation in the
study would be that a different water mass entered the area on each day of the experiment and had lower abundance
and higher quantities of dead zooplankton. Richardson et al. (2017) conclude that: “although this is relatively unlikely it
cannot be discounted because of the relatively few samples collected and only two replicate experiments conducted.”

Independently of the APPEA/CSIRO study, the International Association of Geophysical Contractors (IAGC) conducted its
own review of the McCauley et al. (2017) paper. This review came to the following conclusion:

While we found the study interesting, we are also troubled by the small sample sizes, the large day-to-day variability in both the
baseline and experimental data, and the large number of speculative conclusions that appear inconsistent with the data collected
over a two-day period. Both statistically and methodologically, this project falls short of what would be needed to provide a
convincing case for adverse effects from geophysical survey operations.

(IAGC 2017).

The second component of the CSIRO study was to estimate the spatial and temporal impact of seismic activity on
zooplankton on the North West Shelf from a large-scale seismic survey, considering mortality estimates of McCauley et al.
(2017), and accounting for typical growth rates, natural mortality rates, and the ocean circulation in the region. The approach
modelled a hypothetical 3D survey (2,900 km? in size, over a 35-day period, in water depths of 300-800 m) on the edge of
the North West Shelf during summer. To simulate the movement of zooplankton by currents, the researchers used a
hydrodynamic model that seeded 0.5 million particles into CSIRO’s Ocean Forecast Australia Model. Zooplankton particles
could be hit multiple times by airgun pulses if they were carried by currents into the future survey path. The greatest
limitation in this approach was accurate knowledge of the natural growth and mortality rates of zooplankton, and to address
this the CSIRO researchers tested the sensitivity of the model to different recovery (growth-mortality) rates, and also the
sensitivity of the results to ocean circulation by undertaking simulations with and without water motion (Richardson et al.
2017).

The results of the simulations that included ocean circulation showed that the impact of the seismic survey on zooplankton
biomass was greatest in the Survey Region (defined as the survey acquisition area with a 2.5 km impact zone around it)
(22% of the zooplankton biomass was removed) and declines as one moves beyond it to the Survey Region + 15 km (14%
of biomass removed), and the Survey Region + 150 km (2% of biomass removed). The time to recovery (to 95% of the
original level) for the Survey Region and Survey Region + 15 km recovery was 39 days (38—42 days) after the start of the
survey and three days (2—6 days) after the end of the survey (Richardson et al. 2017).

The major findings of the CSIRO study were that there was substantial impact of seismic activity on zooplankton populations
on a local scale within or close to the survey area, however, on a regional scale the impacts were minimal and were not
discernible over the entire Northwest Shelf Bioregion. Additionally, the study found that the time for the zooplankton biomass
to recover to pre-seismic levels inside the survey area, and within 15 km of the area, was only three days following the
completion of the survey. This relatively quick recovery was due to the fast growth rates of zooplankton, and the dispersal
and mixing of zooplankton from both inside and outside of the impacted region (Richardson et al. 2017). The CSIRO
modelling was carried out for the North West Shelf IMCRA Mesoscale Bioregion and the findings of this study are therefore
applicable in determining the potential impacts of the Sauropod 3D MSS on zooplankton communities.
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A recent study by Fields et al. (2019) exposed zooplankton (copepods) to seismic pulses at various distances up to 25 m
from a seismic source. The source levels produced were estimated to be 221 dB re 1 pPa2.s and comparable to the far-field
source levels predicted for the Sauropod 3D MSS seismic source. The study observed an increase in immediate mortality
rates of up to 30% of copepods in samples compared to controls at distances of 5 m or less from the airguns. Mortality one
week after exposure was significantly higher by 9% relative to controls in the copepods placed 10 m from the airguns. Fields
et al. (2019) also reported that no sublethal effects occurred at any distance greater than 5 m from the seismic source. The
findings of the study are consistent with numerous other field studies, as referenced previously, indicating that the potential
effects of seismic pulses to zooplankton are limited to within approximately 10 m from the seismic source. Fields et al.
(2019) note that the findings of the McCauley et al. (2017) study are difficult to reconcile with the body of further available
research. The findings of the McCauley et al. (2017) study may, therefore, provide an overly conservative estimate of the
potential effects of seismic pulses to zooplankton.

7.1.6.5.2 Impact Assessment

As described above, the sound exposure thresholds used in this assessment for mortality/PMI to fish eggs and larvae from
Popper et al. (2014), have been applied, as well as the 178 dB re 1 yPa SPLyk-pk threshold derived from the McCauley et al.
(2017) study (refer to Table 7-10).

Table 7-10 — Maximum Predicted Distances (Rmax) to Mortality/PMI Thresholds in the Water Column for Fish Eggs and Larvae, and
Zooplankton

Sound Exposure Threshold Rmax (Km)
210 dB re 1 yPa2-s (SEL2an) 0.03
207 dB re 1 uPa (SPLpk) 0.13
178 dB re 1 pPa (SPLpk-pk) 7.93

As shown in Table 7-10, the maximum predicted Rmax distance for mortality/PMI effects in fish eggs and larvae, based on
application of the Popper et al. (2014) single-pulse 207 dB re 1 pPa (SPLpk) threshold is 130 m. Based on the application of
the McCauley et al. (2017) threshold of 178 dB re 1 pyPa SPLpk-pk, the maximum predicted Rmax distance increases to ~8 km.

Any potential mortality/PMI impacts to zooplankton communities have to be assessed in the context of natural mortality in
these populations. Any mortality or mortal injury effects to zooplankton (including fish eggs and larvae) resulting from
seismic noise emissions are likely to be inconsequential compared to natural mortality rates, which are very high; exceeding
50% per day in some species and commonly exceeding 10% per day (Tang et al. 2014). For example, in a review of
mortality estimates (Houde and Zastrow 1993), the mean mortality rate for marine fish larvae was M = 0.24, a rate equivalent
to a loss of 21.3% per day. In the experiment undertaken by McCauley et al. (2017) zooplankton mortality rate background
levels were 19%. Saetre and Ona (1996) calculated that under the ‘worst-case’ scenario, the number of larvae killed during a
typical seismic survey was 0.45% of the total population, and they concluded that mortality rates caused by exposure to
airgun sounds are so low compared to natural mortality that the impact from seismic surveys must be regarded as
insignificant.

The magnitude of such localised impacts is negligible and is not expected to be discernible at the regional scale when
considering the large natural spatial and temporal variability and scale of plankton and spawning biomass in the NWMR. In
particular, phytoplankton and zooplankton biomass in the oceans can vary significantly at spatial scales ranging from
hundreds of metres to hundreds of kilometres and temporal scales of hours, days, seasons and inter-annually, due to tidal
and large-scale currents, bathymetry, temperature, salinity, water chemistry parameters and other environmental factors
(Gibbons and Hutchings 1996; Holliday et al. 2011; McKinnon et al. 2008; Pearce et al. 2000; Sutton and Beckley 2017).
Therefore, changes in zooplankton abundance are likely to be replenished and indistinguishable from natural levels and
distributions within hours of a seismic survey vessel passing.

7.1.6.53 Summary

The potential impacts of noise emissions from the seismic source on plankton during the Sauropod 3D MSS are considered
to be slight and short-term, as the activity is not likely to result in any ecologically significant impacts at a population level for
any fish eggs and larvae, or zooplankton that may be present in the water column within or adjacent to the Acquisition Area.
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7.1.6.6  Fish Spawning

7.1.6.6.1 Impact Assessment

High intensity impulsive sound emitted from the seismic source has the potential to result in behavioural changes in fish or
masking of fish vocalisations, which may temporarily divert efforts away from spawning aggregations, egg production and
recruitment success (Hawkins and Popper 2017). This impact assessment is focused on fish spawning and recruitment for
key indicator commercial fish species, which commercial fisheries stakeholders have raised as a concern during
consultation.

Section 4.3.4 describes the key indicator species that are relevant to the Sauropod 3D MSS. Recent information obtained
from DPIRD (DPIRD 2019c) has defined the depth ranges and key spawning periods for a range of key indicator species for
the north coast scalefish resource. The reproductive biology of the key indicator fish species results in a very broad
distribution of eggs and larvae, and consequently genetic connectivity over a wide geographic range. Multiple batches of
pelagic eggs are released during multiple, frequent spawning events and throughout extended spawning periods (Gaughan
et al. 2018).

The following impact assessment considers the potential magnitude of effects to fish spawning behaviours, and therefore the
potential influence of the survey on recruitment success and the sustainability of key indicator fish species. The assessment
considers:

1. Spatial-temporal analysis — to understand the proportion of the spawning areas and spawning areas that may be
exposed during the Sauropod 3D MSS

2. Consideration of the natural variability in fish distribution, spawning biomass and recruitment

3. Consideration of the sustainability status of the fish stocks.

While the focus of the assessment is on the key indicator species, DPIRD (2017) note that the status of the key indicator fish
stocks is also used as a robust indicator of the sustainability status within the broader suite of demersal scalefish species
exploited in the region.

7.1.6.6.2  Spatial-Temporal Analysis

A spatial-temporal analysis has been conducted to determine the overlap between the Acquisition Area and the principal
spawning ranges and seasons of key commercial indicator species. The analysis provides an indication of the proportion of
the spawning area and the proportion of the spawning period for each species that may be exposed to sound from the
Sauropod 3D MSS at some point during the survey.

The following assessment focuses on the following commercial key indicator species:
e Red emperor

e Rankin cod

e Goldband snapper

e  Blue-spotted emperor

e  Giant ruby snapper.

It is understood from DPIRD (2019c) that all of these species undergo group spawning throughout their range, rather than
aggregating at specific locations.

Spanish mackerel, the key indicator species for the Mackerel Managed Fishery, has been excluded from the assessment,
given that the principal depth range for the spawning of this species is considered to be in water depths less than 50 m
(DPIRD 2019c) and the depths within the Sauropod 3D MSS Acquisition Area are greater than 95 m. The spawning period
for this species (September to December) is also outside the proposed acquisition window of the survey. Therefore, the
Sauropod 3D MSS is not expected to impact the spawning of Spanish mackerel.

It is important to note that a number of assumptions are applied to the analysis in order to provide a highly conservative
estimate of the proportion of spawning fish stocks that may be exposed and affected during the survey:

1. Spatial overlap is based upon the entire Acquisition Area and the temporal overlap is based upon the entire 60-day
survey duration. Noting that the key indicator demersal fish species are primarily sensitive to particle motion effects
more so than sound pressure and significant behavioural effects are likely to be limited to within tens or hundreds of
metres of the seismic source (Popper et al. 2014), the actual area of disturbance to fishes will be significantly
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smaller and likely to be within hundreds of metres from the seismic source as it moves across the acquisition area.
Some awareness of sound and some level of disturbance may be possible over distances of kilometres for some
fish species, but the potential for this is considered low by Popper et al. (2014). Therefore, the spatial-temporal
analysis is simply an indication of the total area that may be ensonified. Within any 24-hour period the actual area
that may be ensonified may be hundreds of square kilometres, rather than thousands of square kilometres. Hence,
there will be large areas within the survey area unaffected by sound or with sound below levels that might disturb
fish.

2. The spatial extent of the spawning areas for each key indicator fish species has been estimated based on each
species’ depth range (as advised by DPIRD 2019c) and the Pilbara fishery management area. As described in
Section 4.3.4, genetic connectivity and the biological stocks have been confirmed across significantly larger areas
(hundreds of thousands of square kilometres compared with the tens of thousands of square kilometre spawning
areas considered in the analysis). The biological stocks of the key indicator species generally extend from around
the Gascoyne region of WA to the NT or even as far as south-east Queensland. The biological stock areas may be
more relevant to the impact assessment from a biological perspective; however, the boundaries of the biological
stocks are not clearly defined, and it is noted that genetic connectivity and recruitment within the biological stock
ranges occurs over multiple years of spawning and dispersion of eggs and larvae (Martin et al. 2014; Gaughan et
al. 2018). In any given year or a single spawning season, the genetic connectivity between the area of seabed
exposed to disturbances from the Sauropod 3D MSS depends on the duration of the egg and larval dispersion
phase and the oceanographic currents; connectivity and recruitment in a single season may therefore occur within
and well beyond the limits of the Pilbara fishery management unit, but potentially not across the entire biological
stock area. Therefore, to address any potential uncertainty in the biological stock ranges, the Pilbara fishery
management area has been selected by CGG to provide a conservative indication of the proportion of the stocks
that may be affected in a single spawning season. Referencing the fishery management units also allows the
results to be considered in relation to the annual fish stock status assessments, which are also reported per fishery
management area (an approach that is recognised as being a conservative approach for fishery management
purposes [Gaughan et al. 2018]). As a result, the spatial overlaps accounted for in the spatial-temporal analysis are
likely to significantly overestimate the percentage of spawning area available to each species.

3. The spatial-temporal analysis is a simplistic approach that assumes that fish spawning in the area and period of
exposure will be compromised. In reality, it is possible that fishes may continue to spawn regardless, may move
away from the seismic source and spawn nearby, or, given that fish behaviours may return to normal within minutes
or hours of exposure, spawning may be delayed but may occur a short time later. In either of these cases, the
impact on spawning success may be negligible. However, given uncertainty about how the spawning behaviours of
individual fishes and populations may be affected in response to seismic sound exposure, it is conservatively
assumed that cessation of spawning will occur.

Therefore, the following analysis provides a highly conservative indication of the proportion of the fish stocks that may be
exposed. This provides useful context for the impact assessment, but the extent and duration of actual impacts will be
significantly smaller.

It is noted that the Sauropod 3D MSS Operational Area also overlaps with the edge of the Kimberley fisheries management
unit (less than 0.01% of the fishery management unit). The Acquisition Area does not overlap with the Kimberley fishery
management unit. Given that seismic acquisition will not occur in this area and that operation of the seismic source in this
area will be limited (e.g. very occasional source testing), the potential for disturbance to the fish populations within the
Kimberley fisheries management unit is considered to be negligible and significantly smaller than in the Pilbara fisheries
management unit. Therefore, the focus of the analysis is on the Pilbara fisheries management unit, and the Kimberley
fisheries management unit is not considered further.

Table 7-11 presents the spatial overlap of the Sauropod 3D MSS Acquisition Area with the spawning areas of key indicator
species based on each species’ principal depth range and the Pilbara fisheries management unit. The spatial overlap ranges
from 0.7% (Ruby snapper) to 5.1% (Goldband snapper). A temporal (duration) analysis has been conducted to determine
the maximum overlap between the timing of the Sauropod 3D MSS and the spawning times of key commercial indicator fish
species (refer to Table 7-12).
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Table 7-11 — Spatial Overlap with Spawning Areas of Key Indicator Fish Species in the Pilbara

Fish Species Depth Range (m) Spawning Area Acquisition Area (3,512 km?)
(km?) * Overlap (km?3) %
Red emperor 10-180 99,349 3,505 3.5%
Rankin cod 10-150 92,575 3,205 3.5%
Goldband snapper 50-200 68,748 3,505 5.1%
Bluespotted emperor 5-110 77,912 1,001 1.3%
Giant ruby snapper 150-480 43,566 300 0.7%

* Spawning areas have been estimated based on each species’ depth range and the Pilbara fishery management area. It is important to
note that genetic connectivity and the biological stocks have been confirmed across significantly larger areas, however, the Pilbara fishery
management area is a useful and conservative indicator for assessment purposes and allows the results to be directly related to annual
stock status assessments, which are also reported per fishery management area.

Table 7-12 — Temporal Overlap with Spawning Periods of Key Indicator Fish Species

Fish Species Spawning Period Maximum Temporal Overlap from the Sauropod
3D MSS *
Days %

Red emperor September—June (303 days) 60 19.8%

Rankin cod June-December, March (245 days) 31 12.7%

Goldband snapper October—May (243 days) 60 24.7%

Bluespotted emperor July—March (274 days) 60 21.9%

Giant ruby snapper December—April (151 days) 60 39.7%

*Temporal overlap is based on the maximum number of days that the survey may coincide with the days that each species is known to
spawn.

As shown in Table 7-12, the temporal overlap with key indicator species spawning periods, ranges from 12.7% (Rankin cod)
to 39.7% (Ruby snapper). It is again stressed that the temporal overlap may also over-represent what will likely, in reality, be
a disturbance to one out of many spawning events for a very small proportion of fish affected by the passing seismic source
at the time of a spawning event. For example, the above demersal fish species are serial/multiple batch broadcast
spawners, releasing multiple batches of eggs into the water column over a wide area, and spawn multiple times throughout
the spawning period (Newman et al. 2008; Gaughan et al. 2018).

A combined spatial-temporal analysis has also been conducted to determine the maximum spatial and temporal overlap of
the Sauropod 3D MSS with the spawning area and period of each fish species (refer to Table 7-13). As shown in Table 7-13,
the maximum spatial-temporal overlap (1.3%) is with Goldband snapper spawning area in the Pilbara management unit and
spawning period. The spatial-temporal overlap for other key indicator species ranges from 0.27% (Ruby snapper) to 0.7%
(Red emperor).

Table 7-13 — Combined Spatial — Temporal Overlap with Spawning Periods and Ranges of Key Indicator Fish Species

Fish Species Spatial Overlap (%) Temporal Overlap (%) Spatial-Temporal Overlap (%)
Red Emperor 3.5% 19.8% 0.70%
Rankin Cod 3.5% 12.7% 0.44%
Goldband Snapper 5.1% 24.7% 1.26%
Bluespotted Emperor 1.3% 21.9% 0.28%
Giant Ruby Snapper 0.7% 39.7% 0.27%

As noted above, a number of assumptions have been applied that make the spatial-temporal analysis results highly
conservative. Noting again that not all of the Acquisition Area will be ensonified for the full duration of the survey, it is

cgg.com Page 130/ 287

Rev 0



\
Sauropod 3D MSS Q

important to consider how a more realistic scenario and area of disturbance may affect the spatial-temporal overlap and the
magnitude and extent of the potential impacts to spawning fishes.

For example, within any 24-hour period, the seismic vessel (travelling at a speed of approximately 4.5 knots [8.3 km/hr]) will
cover a distance of around 200 km. The Sauropod 3D MSS sail lines will be approximately 83 km in length and take ten
hours to acquire, with approximately five hours for the vessel to turn (with the seismic source turned off) and then acquire a
parallel line in the opposite direction, offset at least 7.5 km from the previous line. Therefore, in a single 24-hour period, the
seismic vessel will cover nearly both sides of a racetrack. Applying a 500 m buffer to either side of the acquisition lines
(representative of behavioural effects to fishes within tens or hundreds of metres from the seismic source [Popper et al.
2014]) would suggest a very small area of disturbance of approximately 166 km?, which would be negligible in the context of
the large spawning areas and protracted spawning seasons.

It is noted that the same groups of demersal fishes may be exposed to the seismic source again during the following 24-hour
period when the seismic vessel returns to acquire the adjacent line offset approximately 450 m from the first line. Therefore,
it may be more appropriate to consider a week of acquisition lines in the racetrack; the seismic vessel will gradually move
across the survey area and the sound levels will reduce, after which the same groups of demersal fishes will not be exposed
again. To apply an additional level of conservatism and account for possible uncertainty about the range over which fish may
be disturbed, a 5 km buffer can be applied to the racetrack formation to broadly represent where some fishes may have
some awareness of sound pressure changes. Overall, this scenario would result in an area of disturbance of approximately
1,450 km?. Therefore, at any point during the 60-day duration of the survey, up to 1,450 km? may be disturbed
(approximately 60% less than the scenario that considers the total Acquisition Area (3,512 km?). The spatial-temporal
overlaps associated with this exposure scenario are between approximately 0.12% (Ruby snapper) and 0.52% (Goldband
shapper) of the available spawning area and spawning period, depending on the species.

7.1.6.6.3  Natural Variability in Fish Distribution, Spawning Biomass and Recruitment

In addition to the above spatial-temporal analyses, it is important to note that fishes may not be evenly distributed throughout
their range. As is evident from historic catch-per-unit-effort (CPUE) data for the PFTIMF, Gaughan et al. (2018) note that
species distribution and abundance may vary, for example, Bluespotted emperor is most abundant in the western part of the
Pilbara region. Figure 7-7 presents CPUE data for the PFTIMF for Red emperor, Rankin cod, Blue-spotted emperor and
Goldband snapper. The red and black dashed polygons indicate the location of the Sauropod 3D MSS Acquisition Area and
Operational Area. The CPUE data indicates that these indicator species are potentially less abundant in the Sauropod 3D
MSS Acquisition Area than they are in other parts of the Pilbara region and, therefore, the proportion of the fish stocks that
may be affected may be significantly less than that inferred by the spatial-temporal analyses above.

Therefore, while it is acknowledged that some temporary and localised disturbances may occur to spawning groups of
fishes, the proportion of fishes affected will be very small and there is unlikely to be a significant population level impact.

To provide further context, CGG has considered the natural levels of variability in spawning and recruitment. Spawning
biomass and recruitment rates fluctuate annually, with years of elevated or reduced recruitment influencing the overall stock
population (Marriott et al. 2014). Newman et al. (2003) and Marriott et al. (2014) suggest that both spawning and recruitment
success can vary depending upon both environmental (e.g. water temperature, cyclones, El Nino-La Nina cycles) and
anthropogenic influences (e.g. fisheries catch levels over and above natural mortality rates). Extended periods of high
exploitation by fisheries can result in decreases in the spawning stock biomass and number of effective spawnings (Newman
et al. 2003). For example, between 1980 and 2013, Red emperor spawning biomass in the adjacent Kimberley management
unit generally decreased to approximately 35% of unfished (pre-1980) levels, while recruitment success fluctuated inter-
annually between a minimum of approximately 150 million fish and 400 million fish (a fluctuation of approximately 250%)
(refer to Figure 7-8). Similarly, Goldband snapper spawning biomass declined steadily while recruitment success fluctuated
inter-annually between a minimum of approximately 250,000 fish and 900,000 fish (a fluctuation of 350%) (refer to Figure
7-9). This provides an indication of the high natural inter-annual variability in the spawning and recruitment of these indicator
species. The trends in spawning biomass and recruitment do not clearly reflect one another, indicating that there may also
be significant variation in spawning biomass and stock recruitment success as a result of other natural factors.
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Figure 7-7 — Spatial Distribution of Catch per Unit Effort (CPUE) for the PFTIMF from 2004-2008 for Four Indicator Species, Including (a)
Red emperor, (b) Rankin cod, (c) Blue-spotted emperor and (d) Goldband snapper (Gaughan et al. 2018). The Red and Black Dashed
Polygons Indicate the Location of the Sauropod 3D MSS Acquisition Area and Operational Area Respectively

In the context of this large natural variability, the potential for approximately 1.26% or less of the spawning biomass of each
species in the Pilbara management unit to be disturbed is expected to have a negligible effect. The effects of the Sauropod
3D MSS are unlikely to be discernible from natural variation given that it is only the groups of fishes exposed at a particular
site and point in time that may be affected; spawning will continue undisturbed elsewhere throughout the stocks’ ranges and
the majority of spawning groups in the region at any point in time will be undisturbed. The affected groups of fishes will also
spawn again at multiple other times during the spawning season and so discernible impacts to recruitment and populations

are not

expected.

The serial, broadcast spawning strategies of the indicator demersal fish species, by their very nature, offset potential high
natural embryo and larval mortality as a result of predation or other environmental factors and thereby spreads the risk or
potential opportunity for larval settlement over large areas and long timeframes. Subsequent recruitment of fishes to the
adult stock also occurs over extended timeframes and is ongoing. For example, with reference to Goldband snapper stocks,
the Australian Government's FRDC has previously noted that moderate or long-lived species such as Goldband snapper are
unlikely to be affected by “short-duration” environmental/climatic changes (of one or a few years), because adult stocks
comprise fish that are recruited over many years (Martin et al. 2014). Therefore, in comparison, the occasional, short-term,
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transient and localised disturbances to groups of fish as a result of a seismic survey would have impacts many orders of
magnitude smaller than regional scale environmental/climatic events that would affect entire stocks.
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Figure 7-8 — Red emperor Spawning Biomass (Expressed as a Percentage of Unfished Levels) (Top) and Recruitment (Millions of Fish)
(Bottom) (source: Department of Fisheries 2015). Levels After 2015 are Predictions Made in 2015 Based on Different Fishing and Stock
Scenarios, and do not Represent Real Levels.
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Figure 7-9 — Goldband snapper Spawning Biomass (Expressed as a Percentage of Unfished Levels) (Top) and Recruitment (Thousands of
Fish) (bottom) (Source: Department of Fisheries 2015). Levels After 2015 are Predictions Made in 2015 Based on Different Fishing and
Stock Scenarios, and do not Represent Real Levels.
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7.1.6.6.4  Fish Stock Assessments and Sustainability Status

Assessment and management of the north coast demersal scalefish resource is undertaken by DPIRD for the two separate
Pilbara and Kimberley fisheries management units. As outlined in the North Coast Demersal Scalefish Resource Harvest
Strategy 2017 — 2021 (DPIRD 2017), assessment of the sustainability of the fisheries and fish stocks is undertaken by
DPIRD based on two assessment processes. The first is a formal resource-level review, which is undertaken every three to
five years and assesses the current status of the resource (the overall stock abundance and spawning biomass, and fish
mortalities from fishing catch) against defined biological reference levels (target, threshold and limit) to determine whether
management arrangements are appropriate (DPIRD 2017).

Spawning biomass is estimated based on abundance, sex and age composition derived from catch data. The target,
threshold and limit levels in each stock correspond with 40%, 30% and 20% of the virgin spawning biomass (unfished levels)
respectively. The target level is an aspirational and acceptable level based on stock biomass and the fishing mortality rate
that fisheries managers aim to achieve to be protective of the stock. Due to natural variability in the sizes of fish populations,
DPIRD set a target range of 30-40% of unfished biomass (DPIRD 2017).

The second process involves an annual, fishery-level review, which determines whether the current catch/effort is consistent
with the reference levels and the status of the resource defined during the resource-level review process. (DPIRD 2017).
The last available published integrated assessment (both processes) was undertaken in 2015.

The stock assessment process and objectives are consistent with the principles of ecologically sustainable development as
they aim to maintain spawning stock biomass, high productivity and recruitment, as well as to ensure that fishing impacts do
not result in serious or irreversible environmental harm (DPIRD 2017). Any stock size at or above the threshold level is
consistent with meeting the objectives for biological sustainability and is also sufficient to meet the stock status certification
requirements under the Marine Stewardship Council’'s standard for sustainability (DPIRD 2017).

Table 7-14 outlines the stock assessments of these key indicator fish species, as published online by the FRDC. Overall, all
indicator species are classed as sustainable, and all evidence indicates that the biomass of the stocks is unlikely to be
depleted and that recruitment is unlikely to be impaired. Assessments of the overall demersal fish resource in the Pilbara
region undertaken between 2008 and 2017 also found that the levels of fishing mortality on the key indicator species
(Goldband snapper, Red emperor, Rankin cod and Bluespotted emperor) either achieved the target level or were between
the target and the threshold level (Newman et al. 2018). This indicates that the level of fishing and mortality rate is not
having an unacceptable level of impact on the population and the stocks are sustainable (Saunders et al. 2018).

The most recent DPIRD Status of the Fisheries report (Newman et al. 2019) further notes that total annual trawl catches
reduced between 2008 and 2015 in direct response to effort reductions imposed on the PFTIMF by the Department since
2008. Total catch, however, has since increased despite having the same annual effort allocations, with catches in 2017—
2018 exceeding the Department’s defined acceptable catch range. Given that the effort allocations are the same, Newman
et al. (2019) suggest that the increased catch rates indicate that fishing effort reductions since 2008 have been effective and
have resulted in increased fish abundance and stock rebuilding. The fish stocks continue to be monitored and the biomass
continues to be classed as sustainable despite ongoing fishing and seismic operations in the region in past years (refer to
Section 7.2.2.1.2 for further evaluation of the cumulative effects of past seismic surveys on the commercial fish stocks).

Table 7-14 —Stock Assessment of Key Indicator Fish Species

Fish Species Stock Assessment*

Red emperor The spawning biomass level of Red emperor overall (across all management areas) was estimated to
(Newman et al. be above the threshold level in the Pilbara management unit in 2015 (the last integrated assessment
2018c) was undertaken in 2015) (Newman et al. 2018). The above evidence indicates that the biomass of this

stock is unlikely to be depleted and that recruitment is unlikely to be impaired. The stability in the
adjusted fish trawl catch rates since 1998 indicates that stock abundance has remained stable during
this period, with some indication of recent increasing abundance in the western area of the fishery.
The current level of fishing mortality is unlikely to cause the stock to become recruitment impaired.
Therefore, Red emperor in the Pilbara management unit have been classified as a sustainable stock.
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Fish Species

Stock Assessment*

Rankin cod
(Newman et al.
2018d)

Goldband
snapper

(Saunders et al.

2018)

Bluespotted
emperor
(Newman et al.
2018e)

The spawning biomass level of Rankin cod overall (across all management areas) was greater than
40% in the Pilbara management unit in 2015 (the last integrated assessment was undertaken in
2015). The above evidence indicates that the biomass of this stock is unlikely to be depleted and that
recruitment is unlikely to be impaired. The fishing mortality levels of Rankin cod in 2015 were mainly
between the target and threshold levels in all management areas. The current level of fishing mortality
is unlikely to cause the stock to become recruitment impaired. Therefore, Rankin cod in the Pilbara
management unit have been classified as a sustainable stock.

Goldband snapper catches from the Pilbara management unit over the last ten years (2008—-2017)
have ranged from 113-208 t. The catch of Goldband snapper in the unit has been consistent and
stable for the past five years (2013—-2017), ranging from 143-208 t, with a mean annual catch of 187 t.
The above evidence indicates that the biomass of this stock is unlikely to be depleted and that
recruitment is unlikely to be impaired. The current level of fishing mortality is unlikely to cause the
stock to become recruitment impaired. Therefore, Goldband snapper in the Pilbara management unit
have been classified as a sustainable stock.

The spawning biomass level of Bluespotted emperor overall (across all management areas) was
greater than 40% of the unfished biomass in the Pilbara management unit in 2015 (the last integrated
assessment was undertaken in 2015). The above evidence indicates that the biomass of this stock is
unlikely to be depleted and that recruitment is unlikely to be impaired. The current level of fishing
mortality is unlikely to cause the stock to become recruitment impaired. Therefore, Bluespotted
emperor in the Pilbara management unit have been classified as a sustainable stock.

*Stock assessments are based on FRDC (2019) stock assessment data.

In comparison with the fishing mortalities (which DPIRD considers to be acceptable and sustainable), the Sauropod 3D MSS
is not expected to result in any direct reduction in the available spawning biomass / allocated stock through fish mortalities
as fish are unlikely to be killed as a result of the seismic survey, as noted in Section 7.1.6.3 above).

7.1.6.6.5 Summary

The potential spatial-temporal overlap of the survey with the spawning fish stocks (£1.26%) will be minor. The effects of the
seismic survey on the spawning biomass of the various stocks are expected to comprise occasional localised behavioural
disturbances to spawning groups of fish, but the level of impact to the populations (spawning biomass and recruitment) is
predicted to negligible, particularly in the context of normal variability in the fish biomass and recruitment levels (250-350%)
indicated above.

Potential impacts to spawning and recruitment within commercially significant fish stocks are, therefore, expected to be
within an acceptable level based on:

e The seismic survey is not expected to result in any direct reduction in the spawning biomass through fish mortalities

e The high fecundity and broadcast spawning characteristics of key demersal and pelagic fish species in the region, which
provide for genetic connectivity of the stocks over extensive areas

e The very short ranges to injury thresholds for fish eggs and larvae shown in in Table 7-8 (130 m from the seismic
source) and negligible impacts in the context of natural turnover

e Localised (tens to hundreds of metres) and short-term (minutes, hours, days) behavioural disturbances resulting from a
transient seismic source are unlikely to result in a discernible impact to demersal fish populations given that spawning
and stock connectivity occurs over significantly larger geographic areas, over protracted spawning periods of several
months, and involves the production of millions of eggs over multiple spawning events

e A small spatial-temporal overlap of the Sauropod 3D MSS with the spawning areas in the Pilbara management unit and
spawning periods of key indicator fish species (maximum spatial-temporal overlap of 1.26%, based on highly
conservative spatial-temporal analyses)

e The approach to assessing the spatial-temporal overlap of the survey includes a significant level of conservatism due to
the assumptions outlined previously

e The level of disturbance and spatial-temporal overlap (maximum of 1.26%) with the key fish stocks is expected to be
negligible in the context of natural variability in spawning biomass and recruitment (250-350%)
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e CPUE data indicates that fish abundance is relatively low within the Sauropod 3D MSS Acquisition Area compared with
other parts of the region, therefore, there may be a lower likelihood of disturbing significant numbers of fish

e Key indicator species in the Pilbara fisheries management unit have been assessed annually as Sustainable, the
biomass of the stocks is unlikely to be depleted and recruitment is unlikely to be impaired despite a history of ongoing
commercial fishing and seismic surveys across the fisheries. The sustainability status is based upon the target and
threshold levels for spawning biomass, which DPIRD note in their Harvest Strategy is a conservative approach, as well
as being consistent with the principles of ESD

e Adult stocks comprise fish that are recruited over many years and are unlikely to be affected by seasonal disturbances,
even at a regional scale (Martin et al. 2014). Therefore, in comparison, the occasional, short-term, transient and
localised disturbances to groups of fish as a result of a seismic survey are not expected to impact recruitment

o DPIRD Status of the Fisheries reports indicate that fish catches have remained stable or increased despite a history of
ongoing commercial fishing and seismic surveys across the fisheries, with evidence that fish abundance is increasing,
and stocks are rebuilding

o DPIRD Status of the Fisheries reports also consider other activities in the region, including oil and gas activities and
seismic surveys. DPIRD considers the risk status of oil and gas activities to be ‘Low’ and states that ‘While there are a
number of specific oil and gas related offshore developments that are proposed in this region, at the overall ecosystem
level there is only a low risk that the ecosystem will be altered measurably’. The Status of the Fisheries assessments
are undertaken by DPIRD’s principal research scientists, responsible for assessing risks to the stocks and maintaining
suitable management measures.

Therefore, the survey is not expected to result in a serious or irreversible impact to the recruitment or sustainability of key

indicator commercial fish stocks.

Based on the timing and duration (up to 60 days) of seismic acquisition, the potential impacts of noise emissions from the

seismic source on spawning of key indicator commercial fish species during the Sauropod 3D MSS are considered to be

slight and short-term, as the activity is not likely to result in any ecologically significant impacts at a population level for any
key indicator species that may be spawning within or adjacent to the Acquisition Area during acquisition activities.

7.1.6.7 Commercial Fisheries

7.1.6.7.1 Impact Assessment

Increased sound levels associated with seismic acquisition may modify the behaviour, local abundance and distribution of
fish species and therefore affect commercial fisheries catch rates in proximity to the Operational Area.

Additionally, seismic acquisition has the potential to affect commercial fisheries via displacement or exclusion of fishers from
areas where they normally operate for all or part of the period during which the survey is being acquired. This potential
impact is assessed separately in Section 7.4.

As described in Section 4.4.4, there are a number of commercial fisheries that have historic fishing effort within the
Operational Area, as follows:

e Pilbara Trap Managed Fishery (PTMF)

e Pilbara Fish Trawl (Interim) Managed Fishery (PFTIMF)
e Northern Demersal Scalefish Managed Fishery (NDSMF)
e  Mackerel Managed Fishery (MMF).

The Pilbara Line Fishery also has fishing rights (the fishery licence areas) that extend into the same waters as the
Operational Area; however, fishing effort is not reported here and so they are not assessed further.

Scientific evidence of acoustic impacts on fish catches are somewhat equivocal because of the lack of determination
between natural movements and changes in fish abundance. Based on studies presented in Engas et al. (1996) and Slotte
et al. (2004) where fish were observed to return to the survey areas within 3-5 days following completion of the seismic
surveys, any disruptions would likely be short-term and limited to the period of the survey itself, with conditions returning to
‘normal’ levels soon (days to weeks after).

Not all studies have resulted in behavioural alteration. Feeding Atlantic herring (Clupea harengus) schools off northern
Norway showed no changes in swimming speed, direction or school size in response to a transmitting seismic vessel as it
approached from a distance of 27 km to 2 km, over a six-hour period (Pefia et al. 2013). As fishing areas are large and

cgg.com Page 136 / 287

Rev 0



\
Sauropod 3D MSS Q

commercial fish species are free-swimming, if fish are ‘scared’ temporarily from an area, based on evidence presented, it is
likely they will be displaced temporarily to another area still within the fishing zone and so able to be caught.

There is little research undertaken on what effect seismic surveys have on fish catchability. Salgado Kent et al. (2016)
acknowledge that there has been some effort to relate fisheries catch data to seismic survey effort, but to date none of the
Australian efforts to relate fin fish catch rates with seismic surveys have yielded results of any meaning. The Gippsland
Marine Environmental Monitoring (GMEM) project provided no clear evidence of adverse effects on scallops, fish, or
commercial catch rates due to the 2015 seismic survey (Przeslawski et al. 2016a): “Catch rates in the six months following
the seismic survey were different than predicted in nine out of the 15 species examined across both Danish Seine and
Demersal Gillnet sectors. Across both fishing gear types, six species (Tiger flathead, Goatfish, Elephantfish, Boarfish,
Broadnose shark and School shark) indicated increases in catch subsequent to the seismic survey, and three species
(Gummy shark, Red gurnard, Sawshark) indicated decreases in catch. These results support previous work in which the
effects of seismic surveys on catch seem transitory and vary among studies, species, and gear types.”

Research to date has identified effects and no effects from seismic surveys on catch rates and abundance. This is likely due
to the importance of the context of exposure. In many instances, fish may move away from an area when a seismic survey is
being undertaken. This could impact on the catchability and catch rates for the target species of any commercial fisheries
occurring in the same area at the same time.

A critical review of the potential impacts of marine seismic surveys on fish and invertebrates (Carroll et al. 2017) found that
other studies on fish have positive, inconsistent, or no effects from seismic surveys on catch rates or abundance. A desktop
study of four species (Gummy shark, Tiger flathead, Silver warehou and School whiting) in the Bass Strait found no
consistent relationships between catch rates and seismic survey activity in the area, although the large historical window of
the seismic data may have masked immediate or short-term effects, which cannot therefore be excluded (Przeslawki et al.
2016b). Przeslawki et al. (2016b) concluded that “These results support previous work in which the effects of seismic
surveys on catch seem transitory and vary among studies, species, and gear types”. The body of peer-reviewed literature
does not indicate any long-term abandonment of fishing grounds by commercial species, with several studies indicating that
catch levels returned to pre-survey levels after seismic activity had ceased (Carroll et al. 2017). As noted by Przeslawski et
al. (2016b), it is possible that fish may be displaced from a survey footprint to adjacent areas, however the total number of
fish within the fishery stock remains unchanged.

Effects will be temporary as the seismic vessel traverses each survey line, and fish may move away as the airgun array
approaches. As described above, significant behavioural responses in the key indicator demersal fish species (Red
emperor, Rankin cod, Goldband snapper, Blue-spotted emperor and Ruby snapper) will be limited to distances of a few tens
or hundreds of metres from the operating seismic source.

An analysis has been conducted to determine the area of overlap of historic fishing activity (effort) and the Acquisition Area
(refer to Table 7-15).

Table 7-15 — Spatial Overlap with Fishing Effort for Relevant Commercial Fisheries

Relevant Commercial Fisheries Average area of Maximum Potential Spatial Overlap
Fishing Effort (km?)* Overlap (km?) %

Pilbara Fish Trawl (Interim) Managed Fishery 25,922 1,047 4.04%

Pilbara Trap Managed Fishery 197,722 3,506 1.77%

Northern Demersal Scalefish Managed Fishery 133,229 0 0%

*The area of fishing effort for WA managed fisheries is based on historic FishCube data from 2016 to 2020.

As shown in Table 7-15, the spatial overlap between the Acquisition Area and historic fishing effort in the Pilbara region
ranges from 1.77% (Pilbara Trap Managed Fishery) to 4.04% (Pilbara Fish Trawl Interim Managed Fishery). These fisheries
operate throughout the year. The Sauropod 3D MSS is expected to take 60 days to acquire, therefore the temporal overlap
is approximately 16%, indicating a total spatial-temporal overlap with the Pilbara demersal scalefish fisheries of <0.66%. In
addition, as noted in Section 4.4.4, fishing effort is highest in western areas of the fisheries compared to the eastern areas of
the fisheries (where the Sauropod 3D MSS is located). FishCube data reports that less than three vessels have typically
operated in the Operational Area each year for the last five years (2016 - 2020), compared with greater fishing effort located
to the south-west of the Operational Area, between Exmouth and Dampier (up to five vessels operating). Therefore,
interactions and the potential for disturbances to commercial catch rates may be infrequent or may not occur at all. The
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distribution of fishing effort (Section 4.4.4) as well as catch-per-unit-effort (CPUE) of key indicator fish species (Section
7.1.6.7) indicates that target fish populations may be more abundant elsewhere.

The Acquisition Area does not overlap with the area of historic fishing activity for the Northern Demersal Scalefish Managed
Fishery. Although sound will propagate into the waters accessible to the NDSMF, historically fishing activity only occurs at
the eastern edge of the Operational Area where the effort is undertaken by less than three vessels during the entire five-year
period from 2016 to 2020 (refer to Section 4.4.4). Therefore, it is considered highly unlikely that disturbances to catch rates
in the NDSMF will occur.

In addition to the limited overlap between the Acquisition Area and commercial fishing effort, it is important to note that the
spatial overlaps in Table 7-15 are conservative as they assume that disturbance occurs across the entire Operational Area
(6,000 km?). In reality, the area that may be exposed to seismic sound at any one time during the survey will be significantly
less. For example, as described in Section 7.1.6.7, in a single 24-hour period, the area of disturbance (based on the
distance travelled by the seismic vessel and a 500 m buffer to either side of the acquisition lines to be representative of
behavioural effects to fishes within tens or hundreds of metres from the seismic source [Popper et al. 2014]) would be
approximately 166 km2. Even considering the area exposed during a week of racetrack acquisition with a highly conservative
5 km buffer applied, the total area exposed would be approximately 1,450 km?, approximately 60% less than the total
Acquisition Area (3,512 km?).

It is also important to note that, despite ongoing fishing and seismic surveys across the fisheries in previous years, the
demersal scalefish catch in the Pilbara remained stable and within catch tolerance levels between 2012 and 2017, with the
PFTIMF averaging approximately 1,200 tonnes per year during this period (DPIRD 2017). Subsequently, the most recent
DPIRD Status of the Fisheries report (Newman et al. 2019) notes that total annual trawl catches have since increased
despite having the same annual effort allocations, with catches in 2017-2018 exceeding the Department’s defined
acceptable catch range. Given that the effort allocations are the same, Newman et al. (2019) suggest that the increased
catch rates indicate that fishing effort reductions since 2008 have been effective and have resulted in increased fish
abundance.

It was understood through consultation with DPIRD and MMF fishers that there has been a moderate depletion of the
mackerel stock as evident from the decline in catch rates in recent years (FRDC 2021). Whilst short-term movement by
mobile pelagic species away from a marine seismic survey area is not unexpected, coincident changes in mackerel catches
reflect the long-term trajectory of the fishery and cannot be attributed to a seismic activity. The behaviour and distribution of
mackerel is affected by various environmental factors such as water temperature (Mackie et al. 2003) and the fishery
experiences regular intrinsic fluctuations. There was a decline in effort and catch rates in the MMF over the 2011/12 year,
which may have been due to the 2011 marine heatwave causing changes in biomass and availability of mackerel (DOF
2012). Declining catches were seen again following the 2016 marine heatwave (which occurred over the spawning period) in
all three areas of the MMF (DPIRD 2020). DPIRD has considered this an ‘acceptable moderate depletion of stock’ (FRDC
2021).

The low catches in Western Australia are attributed to ‘widespread environmental changes’ and the status report notes that
other Australian states have also recorded declining catches (DPIRD 2020). Whilst considered three distinct stocks, declines
in CPUE have also been observed across the Queensland and Torres Strait fisheries in recent years (ABARES 2020, DAF
2021). The Gulf of Carpentaria fishery is currently considered a depleting stock (FRDC 2021) which is in part attributed to
“extreme climatic conditions observed in 2015-2016 (that) may have exacerbated declines in biomass post 2017, once fish
spawned in those years became vulnerable to fishing”. The decline in catches described could be the result of these factors.

Pelagic fishes are most likely to exhibit a significant behavioural response (avoidance) by moving away from an operating
seismic source that approaches within hundreds of metres of them (Wardle et al. 2001). Research shows that mackerel in
this region don’t move more than 100 km along the coast (DOF 2013), and whilst it is possible that fish may be displaced
from a survey footprint to adjacent areas, the total number of fish within the fishery stock remains unchanged and survey-
induced mortality is highly unlikely. Apart from temporary avoidance behaviour around the source and vessel, mackerel
behaviour and catchability will also be unaffected by the survey. It is noted that the majority of the survey area is more
distant from the actively fished areas than the southern edge where there may be some behavioural disturbance when the
vessel is at its closest and therefore, for most of the survey duration noise levels in actively fished areas will be significantly
lower than the behavioural effect threshold. Refer to Section 7.2 for further evaluation of the cumulative effects of past
seismic surveys on the commercial fisheries.

Impacts to commercial fish stocks and fishing catch rates due to the survey are likely to be negligible for the following
reasons:
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e As noted in Section 7.1.6.7, mortality of fish (both immediate and delayed) is considered highly unlikely based on no
documented cases of fish mortality upon exposure to seismic airgun sound under experimental or field operating
conditions (ERM 2017).

e Large proportions of the PFTIMF, PTMF, MMF and NDSMF fished areas (95%) are located outside of the Sauropod 3D
MSS.

e  Fishing catch and effort within the Sauropod 3D MSS Acquisition Area is relatively low (refer to Section 4.4.4). Historic
catch effort indicates effort is more focussed in other areas than it is in the Sauropod 3D MSS Operational Area.

e Despite ongoing fishing and seismic surveys across the fisheries in previous years, the demersal scalefish catch in the
Pilbara has consistently remained stable and within catch tolerance levels, with catches in 2017-2018 exceeding the
acceptable catch tolerance range, indicating an increased level of fish abundance, as well as increased catch rates
(CPUE).

e Asnoted in Section 7.1.6.7, the stock assessment for all key indicator commercial fish species (Red emperor, Blue-
spotted emperor, Goldband snapper and Rankin cod) indicates adequate stock status, breeding stock and fishery catch
levels (Gaughan and Santoro 2018).

e Asnoted in Section 7.1.6.7, fish recovery from TTS or behavioural effects is expected in days to weeks. No population
level effects are predicted to target fish species hence no lasting effects on their catchability, and consequently to
commercial catch rates, are expected.

e There are no effects predicted to the ecosystems or habitats of the North Coast fishing bioregion, therefore the
proposed seismic activities do not threaten the sustainability of the fisheries that cover significantly smaller areas than
the overall distribution of fish in the North Coast fishing bioregion.

e The area of potential impact for the assessed species is a low proportion of the area that they are likely to inhabit and
where they are targeted by commercial fishers.

7.1.6.7.2 Summary

Based on the timing and duration (up to 60 days) of seismic acquisition, the potential impacts of underwater noise emissions
from the seismic source on commercial catch rates during the Sauropod 3D MSS are considered to be slight and short-term.
The activity is not likely to result in any ecologically significant impacts at a population level for any key indicator commercial
fish species targeted by commercial fisheries within of adjacent to the Operational Area.

7.1.6.8 Marine Protected Areas

7.1.6.8.1 Impact Assessment

As shown in Figure 4-15, the northern boundary of the Operational Area is located approximately 21 km from the southern
boundary of the Multiple Use Zone (MUZ) of the Argo-Rowley Terrace Marine Park (an AMP) and approximately 60 km from
the boundary of the Rowley Shoals Marine Park (State waters) at Imperieuse and Clerke reefs. The Operational Area is
located approximately 80 km from the boundary of the Mermaid Reef Australian Marine Park.

As described in Section 4.4.1.1, the Argo-Rowley Terrace AMP was established to protect a range of natural, cultural and
heritage values, including the canyons linking the Argo Abyssal Plain with the Scott Plateau and the Mermaid Reef and
Commonwealth waters surrounding Rowley Shoals KEFs. The latter KEF overlaps the MUZ of the Argo-Rowley Terrace
AMP.

Based on the sound level isopleths for modelling Site 3, maximum predicted received sound levels in the water column at
the boundaries of these marine protected areas (MPAS) are as follows:

e  MUZ of the Argo-Rowley Terrace Marine Park - approximately 134 dB re 1 yPa (SPL)
e Rowley Shoals Marine Park (at Clerke Reef) - approximately 125 dB re 1 yPa (SPL)
¢ Mermaid Reef Marine Park — approximately 122 dB re 1 yPa (SPL).

Maximum predicted received sound levels at the boundary of the Mermaid Reef and Commonwealth waters surrounding
Rowley Shoals KEF closest to the Operational Area are approximately 127 dB re 1 pPa (SPL).

Consequently, received sound levels in the water column or at the sea floor within the areas of these MPAs closet to the
Operational Area will not exceed any of the sound exposure thresholds for injury, TTS or behavioural disturbance in
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cetaceans, marine reptiles, fishes/elasmobranchs, benthic invertebrates or zooplankton that may be present within the
MPAs during acquisition of the Sauropod 3D MSS.

7.1.6.8.2 Summary

Based on the timing and duration (up to 60 days) of the Sauropod 3D MSS and the control measures that will be
implemented, predicted noise levels from seismic acquisition are not considered likely to cause any impacts to the natural or
cultural heritage values of the any AMP in the region, or to the values of the Rowley Shoals Marine Park (State waters)
(Section 4.4.1).

7.1.6.9 Tourism and Recreation

7.1.6.9.1 Impact Assessment

As described in Section 4.4.4.1, a range of recreational activities take place at Imperieuse and Clerke reefs, within the
Rowley Shoals Marine Park (State waters), including scuba diving, snorkelling and fishing charter trips.

The separation minimum distances from the Operational Area and Imperieuse and Clerke reefs are 67 km and 63 km,
respectively. At these ranges, received sound levels at the reefs will be well below levels that would result in any effects,
including TTS and behavioural disturbance, in fish targeted by recreational fishers. Therefore, acquisition of the Sauropod
3D MSS will not result in any impact to recreational fishing charter trips to the Rowley Shoals.

To assess the potential impacts from operation of the seismic source in the Acquisition Area on divers and snorkellers in the
water at Imperieuse and Clerke reefs, a single-impulse sound exposure threshold of 145 dB re 1 pPa (SPL) was applied,
which represents a human health assessment threshold for sound exposure to divers and swimmers, derived from Ainslie
(2008) and Parvin (2005). This does not imply that this level is associated with the onset of injury. Based on a number of
studies examining the potential effects of underwater noise emissions on both military and recreational divers Parvin (2005)
suggested 145 dB re 1 yPa (SPL) as a safety criterion for recreational divers and swimmers, within a frequency range
between 100 and 500 Hz. Seismic airgun sources are broadband sources and therefore, for this assessment, the most
precautionary and conservative diver acoustic impact threshold has been used.

For modelling Site 3, which is the closest of the four single impulse modelling sites to the Rowley Shoals, the maximum
predicted Rmax distance to the 145 dB re 1 pPa (SPL) threshold was 15.8 km, in the endfire direction (i.e. north towards the
reefs). Received levels at Imperieuse and Clerke reefs are predicted to be at or below 120 dB re 1 uPa (SPL), which is
approaching ambient background noise levels in these offshore atoll environments where SPLs are consistently between
85-110 dB increasing at times to in excess of 120 dB re 1 yPa as a result of biological noise, waves and tidal currents.

On this basis, divers and snorkelers at Imperieuse and Clerke reefs will not be exposed to sound levels anywhere close to
the 145 dB re 1 pPa (SPL) threshold. If diving and snorkelling activities in these areas were to coincide with acquisition of
the Sauropod 3D MSS, it is highly unlikely that individuals in the water would be able to hear individual shots from the
seismic source above background ambient noise levels.

7.1.6.9.2  Summary

On the basis of the information provided above there will be no impacts from seismic noise emissions during the Sauropod
3D MSS on diving and snorkelling activities at the Rowley Shoals.

7.1.7 Decision Context

The decision context for underwater sound emissions from the seismic source has been assessed as ‘Type B’ due to
stakeholder concerns raised in relation to potential impacts to commercial fisheries, including fish spawning. As described in
Section 6.7.1, further analysis is required in addition to using the tools for a Decision Type A, including assessing the results
of probabilistic analyses such as modelling, quantitative risk assessment and/or cost benefit analysis to support the selection
of control measures.
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7.1.8 Identification of Control Measures and Demonstration of ALARP

Control Measure Control Justification Performance
Adopted Standard Ref.
Legislative Requirements
Operation of the seismic source within the  Yes Consistent with Part A of EPBC Policy Statement 2.1, the following precaution zones will be applied: 11
Operational Area for the Sauropod 3D e Observation zone: 3+ km horizontal radius from the seismic source
MSS will be compliant with EPBC Act ) ) o
Policy Statement 2.1 Part A Standard e Low power zone: 2 km horizontal radius from the seismic source
Management Measures e  Shut-down zone: 500 m horizontal radius from the seismic source.
e Part A of EPBC Policy Statement 2.1 provides standard management procedures and will be implemented during the Sauropod 3D MSS.
e Precaution zones will be implemented around the seismic source to allow whale observations to be undertaken and the seismic source to be powered or shut down to reduce the
potential for PTS and TTS in the event a whale is observed within the precaution zones.
Consistent with Part A of EPBC Policy Statement 2.1, the following procedures will be applied:
e  Pre-Start-up Visual Observations (30 minutes)
e  Start-up Delay Procedures (if sighting)
e Soft-start Procedures (30 minutes)
e Operational Shut-down and Low-power Procedures
¢ Night-time and Low Visibility Procedures
e  Seismic survey vessel crew will be briefed in marine fauna observations, distance estimation and procedures
e Cetacean sighting and compliance reports to be submitted to DAWE within 2 months of survey completion.
Operation of the seismic source within the  Yes Two trained and experienced marine fauna observers (MFOs) will be aboard the seismic survey vessel. 1.2
Operatl.onal Area fgr the_Sauropod 3D The two MFOs (in addition to briefed crew members) will alternate shifts during daylight hours in order to manage fatigue and provide some redundancy in the event one MFO is
MSS will be compliant with EPBC Act e
Policy Statement 2.1 Part B.1 — Additional ) N ) ) ) )
Management Measures: Marine Mammal The MFOs will have adequate training and will have 12 months experience in Australian waters.
Observers
Operation of the seismic source within the  Yes In accordance with criteria outlined in EPBC Policy Statement 2.1, acoustic modelling confirmed that the received sound exposure level from a single seismic pulse will exceed 160 dB re 1.3
Operational Area for the Sauropod 3D 1uPa2.s for 95% of pulses at 1 km range. Therefore, instead of a 1 km low power zone, a larger 2 km low power zone will be implemented.
MSS will be compliant with EPBC Act
Policy Statement 2.1 Part B.4 - Increased
precaution zones and buffer zones.
Good Industry Practice
The seismic source will not be discharged  Yes The seismic source will not be discharged outside the Operational Area and will only be discharged outside the Acquisition Area for the purpose of run-outs, source testing and soft starts. 1.4
outside tr_‘e Operatlo.nal Area. The s_elsmlc Good industry practice, environmental benefit outweighs additional cost.
source will only be discharged outside of
the Acquisition Area for the purpose of
run-outs, source testing and soft starts.
CGG will engage with proponents Yes Engagement with titleholders for potential concurrent MSS activities prior to acquisition commencing, and development of a concurrent operations plan, which will include the following 15

identified as having potential concurrent
MSS activities prior to commencing the
Sauropod 3D MSS and develop a
concurrent operations plan for any
concurrent surveys identified within 40 km
of the Acquisition Area

aspects:

e Communications protocols

e SIMOPS and work programming
e Hazard management

e  Emergency response.

Good industry practice, environmental benefit outweighs additional cost.
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Control Measure Control
Adopted

Justification

Performance
Standard Ref.

Alternatives/Substitutes Considered

The source volume used during Yes
acquisition of the survey will be equal to or

less than the source volume used for the
acoustic modelling and impact

assessment

Additional Controls Considered

Survey acquisition timed to avoid the Yes
migration periods for Humpback whales
(June to October).

Survey acquisition timed to avoid the No
migration periods for Pygmy blue whales

Survey acquisition timed to avoid turtle No
internesting periods

EPBC Act Policy Statement 2.1 No
Part B.2 — Night-time/ Poor Visibility

EPBC Act Policy Statement 2.1 No

Part B.3 - Use of spotter aircraft and
vessels to detect presence of cetaceans

EPBC Act Policy Statement 2.1 No

Part B.5 - Passive Acoustic Monitoring
(PAM) to detect presence of vocalising
cetaceans

EPBC Act Policy Statement 2.1 No

Part B.6 - Adaptive Management
Measures

Application of a 200 m shut-down zone for  Yes
Whale sharks

Application of a 100 m shut-down zone for  Yes
marine turtles

Survey acquisition timed to avoid or limit No
temporal overlap with the spawning

periods for key indicator species for

commercial fisheries

CGG has assessed the minimum size source required to fulfil survey data objectives. A maximum source volume of 3,090 in® will be used to acquire the survey. This provides confidence in
the impact assessment conducted, which was based on modelling results for a 3,090 in® array.

Good industry practice, no additional cost.

The survey will be acquired in the period January to May, which will avoid the northbound and southbound migration season for Humpback whales in the region (June to October).

Good industry practice, environmental benefit outweighs additional cost.

Not justified. Acquisition of the survey may overlap the commencement of the northbound migration (April/May), but avoids most of the northbound migration and the entire southbound
migration period for Pygmy blue whales in the region (September to November). While the Operational Area overlaps with the Pygmy blue whale distribution BIA, the migration BIA is
located 95 km from the Operational Area. Only occasional, transient individuals are therefore expected in the area during the proposed acquisition period.

The costs of limiting the acquisition window further to avoid the Pygmy blue whale migration entirely are grossly disproportionate to any potential environmental benefit gained.

Not justified. Acquisition of the survey may overlap the nesting and breeding season for a number of turtle species in the region, however the Operational Area is located at least 15 km from
the closest BIA or ‘Habitat Critical’ boundary.

The costs are grossly disproportionate to any potential environmental benefit gained.

Not justified. These control measures will not be implemented given the relatively low densities of whales expected in the Operational Area during survey acquisition, and the absence of any
overlap between critical habitats (i.e. feeding, breeding, calving areas) or a constricted migratory pathway and the Acquisition Area. Additionally, survey acquisition is timed to avoid the
Humpback whale migration season.

The costs are grossly disproportionate to any potential environmental benefit gained.

Not justified. These control measures will not be implemented given the relatively low densities of whales expected in the Operational Area during survey acquisition, and the absence of any
overlap between critical habitats (i.e. feeding, breeding, calving areas) or a constricted migratory pathway and the Acquisition Area. Additionally, survey acquisition is timed to avoid the
Humpback whale migration season.

The costs are grossly disproportionate to any potential environmental benefit gained.

Not justified. These control measures will not be implemented given the relatively low densities of whales expected in the Operational Area during survey acquisition, and the absence of any
overlap between critical habitats (i.e. feeding, breeding, calving areas) or a constricted migratory pathway and the Acquisition Area. Additionally, survey acquisition is timed to avoid the
Humpback whale migration season.

The costs are grossly disproportionate to any potential environmental benefit gained.

Not justified. These control measures will not be implemented given the relatively low densities of whales expected in the Operational Area during survey acquisition, and the absence of any
overlap between critical habitats (i.e. feeding, breeding, calving areas) or a constricted migratory pathway and the Acquisition Area. Additionally, survey acquisition is timed to avoid the
Humpback whale migration season.

The costs are grossly disproportionate to any potential environmental benefit gained.

Whale sharks are most likely to be present in the Operational Area from July to November and so are not expected to occur in high numbers during the January to May period of the survey.
However, they may occur in low numbers.

Acoustic modelling indicates that the maximum predicted distance to the injury threshold for Whale sharks (categorised in the hearing group of fishes without swim bladders) is 60 m. A shut-
down zone with a horizontal radius of 200 m from the seismic source is therefore considered to reduce the potential for PTS and TTS to occur.

The Operational Area is located at least 15 km from the closest BIA or ‘Habitat Critical’ boundary for turtles; however, occasional turtles may be present in the Operational Area. Acoustic
modelling indicates that injury (PTS) and TTS effects will only occur within very close ranges (tens of metres) to the operating source. A shut-down zone with a horizontal radius of 100 m
from the seismic source is therefore considered to reduce the potential for PTS and TTS to occur.

Not justified. The maximum spatial-temporal overlap of the survey with the spawning areas and periods of commercial fish species is approximately 1.26%. However, the spatial overlap is
simply an indication of the area that may be ensonified and where potential spawning aggregations may be influenced. At any one time and during any single spawning event, the area of
disturbance will be significantly smaller and will represent a very small proportion of the spawning stock. Therefore, this assessment is conservative. In addition, CPUE data indicates that
fish abundance within the Operational Area is relatively low. The level of impact to the populations (spawning biomass and recruitment) is predicted to be negligible, particularly in the
context of normal variability.

Further limiting the temporal overlap with the spawning periods has been considered.

1.6

1.7

N/A

N/A

N/A

N/A

N/A

N/A

1.8

1.9

N/A
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Control Measure Control Justification Performance
Adopted Standard Ref.

The proposed schedule and temporal window for the Sauropod 3D MSS (January to May) was determined considering the:

e Timing of key environmental and socio-economic receptors

e Hearing ability and sensitivity of those receptors to sound from the seismic survey

e  Proximity of sensitive habitat areas to seismic survey areas

e Species distribution and range

e Level of overlap (in space and time) by the survey with important habitats and life stages of sensitive species
e Species vulnerability / conservation status

e Potential for impacts to species at both an individual level and at a population level.

The optimum window of opportunity was determined to be from January to May (inclusive). The proposed survey timing was selected primarily to avoid the Humpback whale migration
through the region (June to October), as well as reduce exposure to Pygmy blue whales during their migrations to the north of the Operational Area (April — August and October to
December). Both of these species are low-frequency cetaceans and sensitive to seismic sound over several kilometres. The defined survey period, therefore, limits the potential for impacts
to these protected species, including preventing injury/hearing impairment (PTS/TTS) or significant behavioural effects during their migrations. It is noted that the Pygmy blue whale
migration BIA is located sufficiently far from the Operational Area for impacts to be avoided but the timing had also originally taken into account Pygmy blue whale distribution outside of the
main migration BIA.

Fish spawning periods were also considered in detail, noting the importance of spawning and recruitment of fish stocks, but also noting fishes’ sensitivity to seismic sound is significantly less
than that of cetaceans. Significant disturbance to groups of spawning fishes may occur for short periods when the seismic source is passing within hundreds of metres of their location.

The spawning periods of the many different key indicator fish species for the commercial fisheries in the region extend throughout the majority of the year but can vary significantly between
species. It is noted that most key indicator species spawn between October and March, April or May. In order to avoid or reduce the survey’s overlap with this period, the survey window
would extend into both the Humpback whale and more of the Pygmy blue whale migration periods.

As noted in the above risk assessment, occasional localised disturbances of groups of spawning fishes may occur, but this is not expected to have a significant impact on the stocks, due to
their high fecundity, protracted spawning periods, biological connectivity through recruitment from across the region, as well as large natural variability in the spawning biomass and
recruitment levels.

Avoidance of fish spawning periods would provide limited additional environmental benefit at a disproportionate cost (in terms of potential impacts to more sensitive marine fauna and costs
associated with additional measures that would likely be required for whales such as additional shutdowns, adaptive management, etc. Therefore, this option is not considered practicable.

Further constraining the survey window and limiting the overlap of the survey with fish spawning periods may mean that the proposed seismic survey could not be completed, potentially
equivalent to a cost in the order of millions of dollars of lost seismic survey effort time and data.

Given the limited predicted risk to fish spawning and fish stocks, the costs are grossly disproportionate to any potential environmental benefit gained.

Survey acquisition timed to reduce No The Sauropod 3D MSS primarily overlaps with the Pilbara Demersal Scalefish Fisheries, specifically the fished areas of the PFTIMF and the PTMF. The survey does not overlap with the N/A
temporal overlap with commercial fishing fished area of the PLF or the Mackerel Managed Fishery. Overlap between the Operational Area and the NDSMF is negligible (as explained in the above risk assessment).
operations

The PFTIMF, PTMF and NDSMF operate throughout the year. Analysis of FishCube data for the fisheries monthly catch and effort does not provide sufficient information to indicate any
clear seasonal trends. Therefore, it is not practicable to alter the timing of the survey in a way that would reduce the temporal overlap with these fisheries.

No acquisition overlapping the ancient No Not justified. Would result in removal of 1,272 km? from the Acquisition Area and CGG would not be able to obtain data for all hydrocarbon prospects being targeted. The area of the KEF N/A
coastline at 125 m depth contour KEF potential impact by the survey is small (8%), and the KEF is not expected to support large numbers of site-attached species. Any impacts to individuals are not expected to lead to
population or ecosystem level impacts.

The costs are grossly disproportionate to any potential environmental benefit gained.

Payment of compensation to commercial No Not justified. Whilst a compensation or ‘make-good’ process can be an appropriate mechanism for compensating fishers who are impacted by a seismic survey, either by displacement or N/A
fishers for loss of catch due to from a loss of catch, compensation has to be assessed on a case-by-case basis. If compensation is appropriate for the activity, an appropriate process should be developed in collaboration
displacement or via seismic noise with stakeholders. CGG has determined that compensation for commercial fishers is not an appropriate control or mitigation measure for the Sauropod 3D MSS, given the nature and scale
reducing the ‘catchability’ of fish of the activity, and the minimal impacts expected to the commercial fishing industry.

Improvements Considered to Effectiveness of Controls (Functionality, Availability, Reliability, Survivability, Independence and Compatibility)
No practicable improvements have been identified
ALARP Statement

CGG considers the adopted control measures appropriate to manage the impacts and risks of underwater sound emissions from the seismic source. As no reasonable additional or alternative controls were identified that would further reduce the impacts and risks,
without jeopardising the objectives of the survey, the impacts and risks are considered to be ALARP.
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Performance
Standard Ref.

Justification

Control Measure Control
Adopted

Receptor

Cetaceans

Marine reptiles

Seabirds

Fishes and elasmobranchs
Benthic invertebrates
Zooplankton

Fish spawning
Commercial fisheries
Marine protected areas

Tourism and recreation

Consequence Likelihood Residual Risk Ranking
Moderate (2) Unlikely (B) Medium
Moderate (2) Rare (A) Low
Minor (1) Rare (A) Low
Minor (1) Possible (C) Medium
Minor (1) Unlikely (B) Low
Minor (1) Possible (C) Medium
Moderate (2) Unlikely (B) Medium
Moderate (2) Unlikely (B) Medium
Minor (1) Rare (A) Low
Minor (1) Rare (A) Low

7.1.9 Demonstration of Acceptable Levels
Context Factor Demonstration
Internal CGG Policy The impact/risk associated with underwater noise emissions from the seismic source will be managed in accordance with CGG’s HSE Policy. The risk management strategy for managing underwater noise
impacts is compliant with CGG’s HSE Policy objectives of proactively identifying hazards, eliminating impacts where possible and where this is not possible managing the risk to ALARP.
Company Standards/Systems The impact/risk associated with underwater noise emissions from the seismic source will be managed in accordance with CGG’s Management System. Section 9 details the relevant management system
processes adopted to implement and manage impacts/risks to ALARP:
e Contractor and Supplier Management
e Notification and Reporting.
External Values and Sensitivities of the EPBC Policy Statement 1.1. — Significant guidelines
Natural Environment The residual risk associated with underwater noise emissions from the seismic source has been assessed as Medium and will not have a ‘significant impact’ upon Protected Matters in accordance with EPBC
Policy Statement 1.1. — Significant Impact Guidelines.
Conservation Advice, Recovery Plans, and Other Guidelines
The activity will be undertaken in a manner consistent with the applicable objectives and actions of the following marine reserve management plans, species conservation or recovery plans, threat abatement
plans, and conservation advice:
e Conservation Management Plan for the Blue whale — Anthropogenic noise in biologically important areas will be managed such that any Blue whale continues to utilise the area without injury, and is not
displaced from a foraging area
e Approved Conservation Advice for Megaptera novaeangliae (Humpback whale) — Consistent with the Conservation advice for Humpback whales, acoustic modelling has been undertaken to assess the
potential impacts on Humpback whales. The seismic survey will also be undertaken consistent with the EPBC Act Policy Statement 2.1
e Conservation advice for Sei and Fin whales — The Conservation Advice for both species do not specify required standards for managing noise impacts from seismic surveys, but they do recognise
anthropogenic noise as a potential threat to the species. No significant or long-term disturbance, or injury, to Sei or Fin whales from noise emissions is expected as a result of the seismic survey
e Recovery Plan for Marine Turtles in Australia — The Recovery Plan states that a precautionary approach should be applied to seismic surveys, such that surveys should not occur inside important
internesting habitat during the nesting season. The Recovery Plan also states that in accordance with EPBC Act Policy Statement 2.1 — Interactions between Offshore Seismic Exploration and Whales, all
seismic survey vessels operating in Australian waters must undertake a soft start during surveys irrespective of location and time of year of the survey
e Conservation Advice for Rhincodon typus (Whale Shark) - This Conservation Advice identifies habitat disruption from mineral exploration, production and transportation as a threat to Whale sharks. It does
not specifically outline management actions in relation to seismic noise emissions, however, given the control measures to be implemented for the seismic survey, which include soft-start procedures, as
well as shut-down procedures for Whale sharks, no injury is expected and the potential for significant disturbance is limited.
Conservation values and objectives of the North-west Marine Parks Management Plan
No impacts are predicted to occur to the natural or cultural heritage values of the Argo-Rowley Terrace, Mermaid Reef or Eighty Mile Beach AMPs as a result of underwater noise from the seismic source.
Socio-economic Environment—  The assessment of impacts to commercial fisheries and key indicator fish stocks has been undertaken based on relevant external context, including the following data and publications:
Commercial Fisheries
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Context

Factor

Demonstration

Legislation and
Other
Requirements

Industry Standards

Ecological
Sustainability
Development (ESD)

7191

Receptor
Category

Relevant Persons Expectations

Legislation and Conventions

Industry Standards and Best
Practices

ESD Application

Defined Acceptable Levels of Impact

Relevant External Context

e North Coast Demersal Scalefish Resource Harvest Strategy 2017 — 2021 (DPIRD 2017), which describes the stock assessment and management approach (consistent with the principles of ESD), including
annual fishing effort allocations and catch tolerance levels

e Spatial and temporal patterns in fisheries catch and effort distribution (based on DPIRD 2016-2020 FishCube data)

e DPIRD (2019c) key indicator fish species’ spawning information

e DPIRD and FRDC publications and summaries (various, as referenced in this EP) that describe the extent of the biological stocks and fisheries management units.
CGG has considered the mitigation recommended in the Department of Fisheries (2013) Guidance statement on undertaking seismic surveys in Western Australian waters:
e Avoid key times of year — CGG has considered reducing the temporal overlap of the survey with fish spawning periods, but found this not to be practicable

e 'Soft starts’ for every event — Soft-starts will be implemented

e Avoid restricting movement of fish away from the source of seismic sounds — Fish movements will not be restricted

e Minimise the sound intensity and exposure time of surveys - CGG has assessed the minimum size source required to fulfil survey data objectives

e Address specific advice from WAFIC, Recfishwest and individual fishers — Consultation has been undertaken.

Key indicator fish species’ stock status and annual performance reviews, as determined annually by DPIRD and outlined in the annual DPIRD Status of the Fisheries reports. In relation to impacts to
commercially targeted fishes and invertebrates, CGG also considered DPIRD Fisheries Research Report No.288 - Risk Assessment of the Potential Impacts of Seismic Air Gun Surveys on Marine Finfish and
Invertebrates in Western Australia (Webster et al. 2018). However, the report states that the assessment is only applicable to individual fish, assumes they do not move away from the seismic source and only
considers mortality. Therefore, the report is not suitable for application to larger scale impacts such as regional aggregations and population level impacts.

Stakeholder concerns have been assessed, responded to and controls adopted for objections and claims which hold merit.

The proposed control measures meet or exceed the required standards and control measures set out in Part A of EPBC Policy Statement 2.1.

The activity will comply with the following applicable industry standards and best practice guidance:

e EPBC Policy Statement 2.1. Part A Standard Management Measures

e IOGP Recommended monitoring and mitigation measures for cetaceans during marine seismic survey geophysical operations (March 2017)
e |AGC Mitigation Measures for Cetaceans during Geophysical Operations (February 2015).

CGG has reduced the impact/risk of underwater noise emissions from the seismic source to prevent serious or irreversible ecological damage. Impacts are expected to be have a Negligible or Minor
consequence, with likelihoods ranging from Very Unlikely to Possible. The aspect and potential interactions are well understood and managed in accordance with EPBC Policy Statement 2.1 and applicable
industry standards and best practice guidance.

Defined Acceptable Level Comparison with Predicted Levels of Impact

Marine Fauna or
Ecological
Communities Listed
as Threatened or
Migratory under the
EPBC Act (Matters
of NES)

EPBC Act Part 3 (18A and 20A)

EPBC Act Significant Impact
Guidelines 1.1 (Commonwealth
of Australia 2013).

Conservation Management Plan
for the Blue Whale

The predicted level of impact from underwater noise emissions from the seismic source, as assessed above, does not exceed the defined
acceptable level of impact to marine fauna given the controls adopted will:

Seismic survey activities are undertaken in alignment with:

e the EPBC Act Part 3 (18A and 20A) and Significant Impact
Guidelines 1.1 (Commonwealth of Australia 2013), whereby .
activities do not have a significant impact on a listed
threatened or migratory species population or a listed
threatened ecological community

Prevent mortality or physical injury to EPBC listed marine fauna species

e Prevent a significant impact on a listed threatened or migratory species population or a listed threatened ecological community.

e do not result in the mortality or physical injury of an individual
of an EPBC listed (marine fauna) species.

No injury/hearing impairment (PTS/TTS) or significant behavioural impacts are expected to occur to Pygmy blue whales within the migration
BIA, which is located is located 72 km to the north of the Operational Area. The proposed timing of the Sauropod 3D MSS (between January
andMay) has also been selected to limit overlap with the Pygmy blue whale migration periods (April to August and October to December) and
therefore reduce the risk of impacts to migrating Pygmy blue whales outside of the migration BIA.

Seismic survey activities are undertaken in a manner consistent
with the requirements of the Conservation Management Plan for
the Blue Whale, specifically:

e Anthropogenic noise in biologically important areas will be
managed such that any Blue whale continues to utilise the
area without injury and is not displaced from a foraging area.
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Receptor
Category

Relevant External Context

Defined Acceptable Level

Comparison with Predicted Levels of Impact

Marine Fauna or
Ecological
Communities not
listed as threatened
or migratory (not
matters of NES)
under the EPBC
Act

Marine Protected
Areas

Conservation Advice for
Megaptera novaeangliae
(Humpback whale)

Recovery Plan for Marine

Turtles in Australia 2017-2027.

Principles of ESD, specifically
no serious or irreversible
damage.

Conservation objectives and

zone rules/requirements of the

North-west Marine Parks

Seismic survey activities are undertaken in a manner consistent
with the requirements of Conservation Advice for Megaptera
novaeangliae (Humpback whale), specifically:

e For actions involving acoustic impacts on Humpback whale
calving, resting, feeding areas, or confined migratory
pathways, site specific acoustic modelling should be
undertaken (including cumulative noise impacts).

e All seismic surveys must be undertaken consistently with the
EPBC Act Policy Statement 2.1 — Interaction between
offshore seismic exploration and whales. Should a survey be
undertaken in or near a calving, resting, foraging area, or a
confined migratory pathway then Part B Additional
Management Procedures must also be applied.

Seismic survey activities are undertaken in a manner consistent
with the requirements of the Recovery Plan for Marine Turtles in
Australia 2017-2027, specifically:

e  Seismic surveys should not occur inside important
internesting habitat during the nesting season.

e Consistent with EPBC Act Policy Statement 2.1 —
Interactions between Offshore Seismic Exploration and
Whales, all seismic survey vessels operating in Australian
waters must undertake a soft start during surveys
irrespective of location and time of year of the survey

No serious* or irreversible damage to a population of any marine
fauna species or ecological community not listed as threatened or
migratory (matters of NES) under the EPBC Act, including:

e Marine fauna species not listed under the EPBC Act as
threatened or migratory

e Benthic invertebrate communities, including those associated
with KEFs

e Fish communities, including those associated with KEFs
¢ Planktonic communities.

* In the absence of a definition for ‘serious’ environmental
damage in relation to the Principles of ESD under the EPBC Act,
CGG considers a serious impact to be impacts with the potential
to result in a threat to population or community viability,
consistent with a consequence ranking of ‘Significant’ or greater.

Seismic activities are undertaken in a manner consistent with a
management plan that is in force for AMPs or State Marine Parks
in the region (i.e. Eighty Mile Beach AMP, Argo-Rowley Terrace

Consistent with the Conservation advice for Humpback whales, acoustic modelling has been undertaken to assess the potential single pulse
and cumulative sound exposure impacts on Humpback whales.

The seismic survey will also be undertaken consistent with Part A of EPBC Act Policy Statement 2.1, although the survey will not take place
near a calving, resting or foraging area.

The proposed timing of the Sauropod 3D MSS (between January andMay) has been selected to avoid the Humpback whale migration
through the region, therefore, no impacts to Humpback whales are expected.

The Sauropod 3D MSS seismic source will not be operated within any important internesting habitats. The Operational Area is located at
least 15 km from the closest BIA or ‘Habitat Critical’ for marine turtles and no significant impacts to marine turtle populations are expected.

Soft-starts (as well as shut-down procedures for turtles, which exceed this requirement) will be implemented during the seismic survey.

The predicted level of impact from underwater noise emissions from the seismic source, as assessed above, does not exceed the defined
acceptable level of impact to non-listed marine fauna given that:

Non-listed marine fauna — The controls adopted to reduce risks to marine fauna such as cetaceans and turtles, apply to all species in these
groups irrespective of their status under the EPBC Act. No injury or mortality to such marine fauna is expected to occur given the controls
proposed consistent with EPBC Policy Statement 2.1 (e.g. marine fauna observers, precaution zones, soft-starts, shut-down procedures). No
species is expected to be displaced fro