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Environment Plan Summary

This 2D Seismic Survey WA-532-P, WA-533-P and WA-50-L Environment Plan Summary
has been prepared from material provided in this Environment Plan (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 Section 3.2.1
A description of the receiving environment  Section 4
A description of the activity Section 3

Details of the environmental impacts and Sections 7 and 8
risks

The control measures for the activity Sections 7 and 8

The arrangements for ongoing monitoring  Sections 9.11.1, 9.12 and 9.13
of the titleholder’s environmental
performance

Response arrangements in the oil pollution ' Sections 8.4 and 8.5 and Appendix E
emergency plan

Consultation already undertaken and plans Sections 5 and 9.8.3
for ongoing consultation

Details of the titleholders nominated Section 1.4
liaison person for the activity.
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Term, abbreviation or | Meaning

acronym

°C degrees Celsius

% percent

Mg/L micrograms per litre

num/s? Micrometre per second-squared
HPa micropascal

2D two-dimensional

2D seismic survey

a seismic survey comprising broadly-spaced seismic
acquisition lines, each providing data for a vertical
section of underlying geology.

3D

three-dimensional

3D seismic survey

a seismic survey comprising multiple, closely-spaced
seismic acquisition lines to produce a complete 3D
image of the surveyed geology.

AASM Airgun Array Source Model

ABARES Australian Bureau of Agricultural and Resource
Economics and Sciences

ADF Australian Defence Force

AFMA Australian Fisheries Management Authority (Cwlth)

AHO Australian Hydrographic Office

AIMS Australian Institute of Marine Science

AIS automatic identification system

ALARP as low as reasonably practicable

AMOSC Australian Marine Qil Spill Centre

AMP Australian marine park formerly Commonwealth
marine reserve

AMSA Australian Maritime Safety Authority (Cwlth)

APPEA Australian Petroleum Production and Exploration
Association

ARP applied research program

AS/NZS Australian/New Zealand Standard

ASBTIA Australian Southern Bluefin Tuna Industry Association

ATSB Australian Transport Safety Bureau
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Term, abbreviation or | Meaning

acronym

BIA Biologically Important Area

BoM Bureau of Meteorology

BPMF Broome Prawn Managed Fishery

Bg/L becquerels per litre

BWM ballast water management

CAES Catch and Effort System

CAMBA China-Australia Migratory Bird Agreement

CASA Civil Aviation Safety Authority

CITES Convention on International Trade in Endangered
Species of Wild Fauna And Flora

CMST Centre for Marine Science and Technology

CMT crisis management team

COLREGs International Regulations for Preventing Collisions at
Sea 1972

cP centipoise

CPUE catch-per-unit-effort

CRWG Community Relations Working Group

CSIRO Commonwealth Scientific and Industrial Research
Organisation

Cwlth Commonwealth

DAWR Department of Agriculture and Water Resources
(Cwlth)

dB decibel

DBCA Department of Biodiversity, Conservation and
Attractions (WA) formerly the Department of Parks
and Wildlife (DPaW)

DEE Department of the Environment and Energy (Cwlth)
(formerly the Cwlth Department of the Environment)

DER Department of Environment Regulation (WA)

DEWHA Department of the Environment, Water, Heritage and
the Arts, now known as DEE

DIIS Department of Industry, Innovation and Science
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Term, abbreviation Meaning

acronym

DMIRS Department of Mines, Industry Regulation and Safety
(WA) (formerly Department of Mines and Petroleum)

DNP Director of National Parks

DoE Department of the Environment, now known as DEE

DPaW Department of Parks and Wildlife, now known as
DBCA

DPIR Department of Primary Industry and Resources
formerly the Department of Primary Industries and
Fisheries DPIF (NT)

DPIRD Department of Primary Industries and Regional
Development (WA)

DSWEPaC Department of Sustainability, Environment, Water,
Population and Communities, now known as DEE

EEA Flyway East Asian-Australasian Flyway

EEZ exclusive economic zone

EIAPP Engine International Air Pollution Prevention

EIS environmental impact statement

EMBA environment that may be affected

ENVID environmental impact identification

EP environment plan

EPA Environmental Protection Authority (WA)

EPBC Act Environment Protection and Biodiversity Conservation
Act 1999 (Cwlth)

ERA ecological risk assessment

ERP emergency response plan

ERT emergency response team

ESD ecologically sustainable development

FPSO floating production, storage and offloading

g/m? grams per square metre

g/m?3 grams per cubic metre

GHG greenhouse gas

GT gross tonnes
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Term, abbreviation or | Meaning

acronym

ha hectare

HAZID identification of drilling operations risks and hazards

HFC High-frequency cetacean

HSE health, safety and environment

HSEQ-MS health, safety, environment and quality management
system

HPZ Habitat Protection Zone

Hz hertz

IAGC International Association of Geophysical Contractors

IAP incident action plan

IAPP International Air Pollution Prevention

IMCRA Integrated Marine and Coastal Regionalisation of
Australia

IMO International Maritime Organization

IMS invasive marine species

IMT incident management team

in3 cubic inches

INPEX INPEX Browse E&P Pty Ltd

IOGP International Association of Oil and Gas Producers

IOPP International Oil Pollution Prevention

IPA Indigenous Protected Area

IPIECA International Petroleum Industry Environmental
Conservation Association

ISPPC International Sewage Pollution Prevention Certificate

ISO International Organization for Standardization

ITOPF International Tanker Owners Pollution Federation
Limited

IUCN International Union for Conservation of Nature

JAMBA Japan-Australia Migratory Birds Agreement

JANSF Joint Authority Northern Shark Fishery

JRCC Joint Rescue Coordination Centre
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Term, abbreviation or | Meaning
acronym
KEF key ecological feature
kg kilogram(s)
kg/m3 kilograms per cubic metre
kHz kilohertz
km kilometre(s)
km? square kilometres
KPMF Kimberley Prawn Managed Fishery
L litre(s)
LAT lowest astronomical tide
LCso Lethal concentration 50. Lethal concentration in
which 50% of the population will be killed in a given
period of time
LFC low-frequency cetacean
LLR lower limits of reporting
Lp pressure level
Lpk peak pressure level
Lpk-pk peak-to-peak pressure level
Ls source level
m metre(s)
m? square metres
m?3 cubic metres
mm millimetre(s)
m/m mass-for-mass
m/s metres per second
m/s? metres per second-squared
‘make good’, ‘claim’ and Within this document the terms ‘make good’,
‘compensation’ ‘compensation’ and ‘claim’ process are used to
describe a future document setting out the process
for assessing genuine claims for directly attributable
negative impact.
In Section 9.6 INPEX has provided its preferred
wording to describe the proposed claim process.
Terms such as ‘make good’ and ‘compensation’ shall
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Term, abbreviation or | Meaning

acronym
not be considered in any way as an admission of
liability or an entitlement to any payment.

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

MFC mid-frequency cetacean

MFO marine fauna observer

MGO marine gas oil (marine diesel)

mg/L milligrams per litre

MMF Mackerel Managed Fishery

MMSI Maritime Mobile Service Identity

MNES Matters of National Environmental Significance

MoC management of change

MoU memorandum of understanding

MP marine park

MSS marine seismic survey

MUZ Multiple Use Zone

NatPlan National Plan for Maritime Environmental
Emergencies

NDSMF Northern Demersal Scalefish Managed Fishery

nm nanometre

nm/s nanometre per second

Nm nautical mile(s)

NNTT National Native Title Tribunal

NOAA United States National Oceanic and Atmospheric
Administration

NOPSEMA National Offshore Petroleum Safety and
Environmental Management Authority

NOPTA National Offshore Petroleum Titles Administrator

NOXx mono-nitrogen oxides

NPZ National Park Zone

NT Northern Territory

NWCS North West Cable System
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Term, abbreviation Meaning

acronym

NWMR north-west marine region

NWS North West Shelf

NWSTF North West Slope Trawl Fishery

ODS(s) ozone-depleting substance(s)

OGP Oil and Gas Producers

OPEP oil pollution emergency plan

OPGGS Act Offshore Petroleum and Greenhouse Gas Storage Act
2006 (Cwilth)

OPGGS (E) Regulations Offshore Petroleum and Greenhouse Gas Storage
(Environment) Regulations 2009 (Cwlth)

OSMP Operational and Scientific Monitoring Program

OSPAR The 1992 OSPAR Convention (“Convention for the
protection of the marine environment of the north-
east Atlantic”)

OSRL Oil Spill Response Limited

OSTM oil spill trajectory modelling

OowWSs oil-water separator

PAH(s) polycyclic aromatic hydrocarbon(s)

PAM passive acoustic monitoring

PK peak pressure level (also called zero-to-peak
pressure level)

PK-PK peak-to-peak pressure level

pm picometre

POB persons on board

POMF Pearl Oyster Managed Fishery

POLREP (marine) pollution report

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

ppb Parts per billion

ppm parts per million

ppt parts per thousand

PSD particle size distribution
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Term, abbreviation or | Meaning

acronym

psi pounds per square inch

PTS permanent threshold shift

Ramsar Convention The Convention on Wetlands of International
Importance, especially as Waterfowl Habitat (the
Ramsar Convention)

RNTCB Registered Native Title Body Corporate

Rmax maximum range to a given sound level in all
directions

Roso range to the given sound level in 95% of all
directions, after the 5% farthest points have been
excluded

ROKAMBA Republic of Korea- Australia Migratory Bird
Agreement

S seconds

SEEMP Ship Energy Efficiency Management Plan

SEL sound exposure level

SELcum accumulated sound exposure level

SEL2anr sound exposure level accumulated over 24 hours

SIMA spill impact mitigation assessment

SIMOPs simultaneous operations

SITREP situation report

SOLAS International Convention for the Safety of Life at Sea

SOPEP shipboard oil pollution emergency plan

SOx sulfur oxides

SPL time-mean-square sound pressure level

STCW International Convention on Standards of Training,
Certification and Watchkeeping for Seafarers

T tonne

TTS temporary threshold shift

U.S. NMFS United States National Marine Fisheries Service

VHFC very-high-frequency cetacean

WA Western Australia
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Term, abbreviation or | Meaning

acronym

WA-532-P Exploration permit area within the Browse basin

WA-533-P Exploration permit area within the Browse basin

WA-50-L Production licence area within the Browse basin

WA DoT Department of Transport (WA)

WA EPA Western Australian Environmental Protection
Authority

WAFIC Western Australian Fishing Industry Council

WAMSI Western Australian Marine Science Institution

WANCSF WA North Coast Shark Fishery

WTBF Western Tuna and Billfish Fishery

WTO World Trade Organisation
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1 Introduction
1.1 Scope
As titleholder, INPEX Browse E&P Pty Ltd. (INPEX) is proposing to undertake a two-
dimensional (2D) seismic survey of Exploration Permits WA-532-P and WA-533-P in the
Browse and Offshore Canning Basins. The 2D seismic survey will also include the
acquisition of seismic data in Production Licence WA-50-L, also within the Browse Basin
(Figure 1-1).
100000 _ 300000 i = 500000 600000 700000 e
Offshore Administration
Boundaries
= = Territorial sea (12nm limit)
— — Coastal waters (3nm limit)
Bathymetric Features
Minor water depth contour
——— (100m interval) (thin white
line)
Major water depth contour
~——(1000m interval) (thick blue
line)
Offshore shoals and reefs
Petroleum Permits
Il Petroleum permit areas
0 100 200
kilometres ' C090-DH-MAP-10652_0
Figure 1-1: Location of WA-532-P, WA-533-P and WA-50-L permit areas
The permit areas are located wholly within Commonwealth waters. At the closest point,
the survey activity will be undertaken over 87 km west of Broome and 42 km offshore from
the Dampier Peninsula.
The petroleum exploration activity will consist of 2D seismic data acquisition by a single
seismic survey vessel within a defined Acquisition Area, and the associated line run-ins,
run-outs, line turns, seismic testing and support activities within a defined Operational
Area (Section 3.1). It is anticipated that the seismic survey vessel will also be accompanied
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by one or two support vessels, which will assist with on-the-water communication with
other marine users, refuelling, re-supply and other support functions. A small work-boat
may assist the survey vessel during deployment, testing and recovery of the seismic
equipment. Personnel transfers to and from the seismic survey vessel may also be
undertaken by helicopter.

The scope of the petroleum activity and this Environment Plan (EP) is defined as
commencing at the point when the seismic array equipment is deployed and within the
defined Operational Area, until the survey vessel has demobilised and departed the
Operational Area following completion of the survey. The EP does not include any required
movement of vessels or helicopters outside of the Operational Area (e.g. travel to and from
port). These activities will be undertaken in accordance with relevant maritime and aviation
legislation; most notably, the Navigation Act 2012 (Cwlth).

1.2 Objectives

The objectives of this EP are to:

. demonstrate that the environmental impacts and risks associated with the petroleum
activity have been reduced to ‘as low as reasonably practicable’ (ALARP) and are of
an acceptable level, in accordance with the Offshore Petroleum and Greenhouse Gas
Storage (Environment) Regulations 2009 (OPGGS (E) Regulations)

o establish appropriate environmental performance outcomes, environmental
performance standards and measurement criteria in relation to the operation of the
survey vessels

o define an appropriate implementation strategy and monitoring, recording and
reporting arrangements, whereby compliance with this EP, the OPGGS (E)
Regulations, and other relevant legislative requirements, can be demonstrated

. demonstrate that INPEX has carried out the consultations required by the OPGGS (E)
Regulations

o demonstrate that the measures adopted by INPEX, arising from the consultation
process, are appropriate

o demonstrate that the petroleum activity complies with the Offshore Petroleum and
Greenhouse Gas Storage Act 2006 (OPGGS Act) and the OPGGS (E) Regulations.
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1.3 Overview of activity description

Table 1-1: Overview of the activity description

Item

Description

INPEX exploration permit /
production licence areas

WA-532-P, WA-533-P and WA-50-L

Other titleholders’ exploration
permit / licence areas within
the Acquisition Area that
survey lines may enter
(subject to Access Authority)

WA-479-P, WA-487-P, WA-281-P, WA-51-L, WA-285-
P, WA-424-P, WA-471-P.

The survey may also enter vacant acreage which may
be awarded in future rounds of acreage release.

Basins Browse Basin
Offshore Canning Basin

Location The Operational Area is located over 87 km west of
Broome and 42 km offshore from the Dampier
Peninsula at the closest point.
The Acquisition Area is approximately 20 km further
offshore than the Operational Area, over 105 km
west of Broome and 61 km offshore from the
Dampier Peninsula at the closest point.

Vessels 1 X survey vessel
1 to 2 x supply/support vessels
1 to 2 x work boats (small launch from survey vessel)

Activities 2D seismic survey

Activity timing

The 2D seismic survey is proposed to commence 1
January 2020 at the earliest. The latest the survey is
expected to be completed is 31 December 2021.

Based on the environmental risk assessments
presented in this EP, an acceptable window of
opportunity was determined to be from 1 November
to 31 May in either calendar year that this EP applies.
Therefore, no seismic acquisition will occur during the
period 1 June to 31 October in either 2020 or 2021.

Duration

Seismic data acquisition duration: 105-140 days

Total survey duration (allowing for adverse weather
and operational downtime): Up to 210 days

1.4 Titleholder details

INPEX Browse E&P Pty Ltd is the sole titleholder of Exploration Permits WA-532-P and WA-
533-P. Seismic data acquisition that may be undertaken within Production Licence WA-50-
L will be undertaken on behalf of INPEX Ichthys Pty Ltd in accordance with an Access
Authority granted by the National Offshore Petroleum Titles Administrator (NOPTA). Any
seismic data acquisition that occurs in the permit / licence areas granted to other petroleum
titleholders will also be undertaken subject to an Access Authority granted by NOPTA.
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In accordance with Regulation 15(1) of the OPGGS (E) Regulations 2009, details of the
titleholder are described in Table 1-2. INPEX will be responsible for ensuring that activities
covered in this EP are carried out in accordance with the OPGGS (E) Regulations 2009, this
EP and other applicable Australian legislation.

Table 1-2: Titleholder details
Name INPEX Browse E&P Pty Ltd (INPEX)

Business address Level 22, 100 St Georges Tce, Perth, WA 6000

Telephone number | +61 8 6213 6000

Fax number +61 8 6213 6455
Email address enquiries@inpex.com.au
ABN 61 165 711 017

In accordance with Regulation 15(2) of the OPGGS (E) Regulations 2009, details of the
titleholder’s nominated liaison person are provided in Table 1-3.

Table 1-3: Titleholder nominated liaison officer

Name Jake Prout
Position Offshore Environmental Lead
Business address INPEX Australia, Level 22, 100 St Georges Terrace,

Perth, WA, 6000

Telephone number | +61 8 9213 6201

Email address jake.prout@inpex.com.au

1.4.1 Notification arrangements

In the event that the titleholder, nominated liaison person or contact details for the
nominated liaison person change, INPEX will notify the regulator in accordance with
Regulation 15(3) of the OPGGS (E) Regulations 2009.

1.5 Financial assurance

Financial assurance for the titleholder's liabilities for cleaning up, remediating and
monitoring the impact of a petroleum release has been calculated using the Australian
Petroleum Production and Exploration Association (APPEA) methodology based on the
maximum credible loss scenario.

A declaration of financial assurance will be provided in relation to titles WA-532-P, WA-
533-P and WA-50-L prior to acceptance. These forms have not been attached for public
comment in Appendix A.
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2.1.1

2.1.2

2.1.3

Environmental management framework

In accordance with Regulation 13(4) of the OPGGS (E) Regulations 2009, the requirements,
including legislative requirements that apply to the activity and are relevant to
environmental management, are described in this section with reference to demonstration
of how those requirements will be met.

Corporate framework

The INPEX Australia health safety, environment and quality management system (HSEQ-
MS) is part of the INPEX’s Business Management System (BMS), an integrated framework
of policies, standards and procedures that describe how business activities at INPEX are
governed and managed.

The INPEX Environmental Policy sets the direction and minimum expectations for
environmental performance, and is implemented through the standards and procedures of
the HSEQ-MS. This system and policy are further described in Section 9 in accordance with
Regulation 16(a) of the OPGGS (E) Regulations 2009.

Legislative framework

In accordance with Regulation 13(4) of the OPGGS (E) Regulations 2009, the legislative
framework relevant to the petroleum activity is listed in Table 2-1. A summary of applicable
industry standards and guidelines is also presented in Table 2-2. Ongoing management of
legislative and other requirements is described further in in Section 9.8.1.

Seismic survey and underwater noise assessment guidelines

A summary of policies and guidelines applicable to the assessment and management of
seismic surveys and underwater noise impacts in Australia is presented in Table 2-3.
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Table 2-1: Summary of applicable legislation

Legislation Description Requirements Demonstration of how
requirements are met in EP
Environment Provides for the protection The OPGGS (E) Regulations were revised in Section 4.3 - Australian
Protection and and management of nationally | February 2014 to include the requirement that | Marine Parks.
Biodiversity and internationally important matters protected under Part 3 of the EPBC Act . .
; . ; . Section 7.1 - Noise and
Conservation Act flora, fauna, ecological are considered and any impacts are at vibration
1999 (EPBC Act; communities, and heritage acceptable levels. )
CWIFh) and places. Part 8 of the EPBC Regulations outlines Section 7.4.2 - Physical
Environment . . i . presence of vessels and
- requirements for vessel when interacting with ; : : .
Protection and interaction with marine
L . cetaceans.
Biodiversity fauna.
Conservation EPBC Act Policy Statement 2.1 provides a Section 7.2.5 — Australian
Regulations 2000 framework for minimising the risk of injury to Marine Park values
(EPBC Regulations) whales by outlining requirements for vertical )
seismic profiling. A demonstration of how this
The EPBC Act provides for protection of EP addres_ses the relevant
\ . . conservation management
matters of national environmental
RS , - ) ) . documents related to
significance’ including not only listed species . -
. . EPBC-listed species has been
but also heritage properties and Ramsar - .
. . presented in Appendix B.
wetlands. There are exemptions covering
provisions of Part 3 and 13 of the EPBC Act,
for the undertaking of activities when
responding to maritime environmental
emergencies, in accordance with the National
Plan for Maritime Environmental Emergencies
(NatPlan - AMSA 2019b).
Australian Marine Parks (AMPs) are proclaimed
under this Act and associated management
plans are enacted under this legislation.
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Regulations (Cwlth)

a titleholder to have an
accepted plan in place for a
petroleum activity.

ecologically sustainable manner, and in
accordance with an accepted EP.

Legislation Description Requirements Demonstration of how
requirements are met in EP

OPGGS Act and The OPGGS (E) Regulations The OPGGS (E) Regulations require that the Throughout this EP and

OPGGS (E) under the OPGGS Act require petroleum activity is undertaken in an implementation of the

HSEQ-MS.

Navigation Act 2012
(Cwilth)

The primary legislation that
regulates ship and seafarer
safety, shipboard aspects of
protection of the marine
environment, and
employment conditions for
Australian seafarers.

The Navigation Act 2012 includes specific
requirements for safe navigation, including
systems, equipment and practices consistent
with the International Convention for the
Safety of Life at Sea (SOLAS) and the
International Regulations for Preventing
Collisions at Sea (COLREGS), as implemented
as maritime law in Australia through a series
of Marine Orders, including Marine Orders -
Part 21 - Safety of navigation and emergency
procedures and Marine Orders - Part 30 -
Prevention of collisions.

The Navigation Act 2012, in conjunction with
the Protection of the Sea (Prevention of
Pollution from Ships) Act 1983 and through
legislative Marine Orders, also requires vessels
to have pollution prevention certificates (see
below).

Section 7.2.4 - Physical
presence - disruption to
other marine users.

Section 8.2 - Vessel collision.

Implementation of the
HSEQ-MS.

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

The POTS Act provides for the
prevention of pollution from

vessels, including pollution by
oil, noxious liquid substances,
packaged harmful substances,

The requirements of the POTS Act and the
Navigation Act 2012 are implemented as
maritime law in Australia through a series of
Marine Orders and legislative instruments,
made and administered by the Australian
Maritime Safety Authority (AMSA). The
requirements of each Marine Order made

Section 7 and Section 8.

Implementation of the
HSEQ-MS.
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Legislation

Description

Requirements

Demonstration of how
requirements are met in EP

sewage, garbage, and air
pollution.

In conjunction with Chapter 4
of the Navigation Act 2012,
the POTS Act gives effect to
relevant requirements of the
International Convention for
the Prevention of Pollution
from Ships, 1973/1978
(MARPOL 73/78) in Australia.

under the POTS Act and the Navigation Act
2012 and their relevance to the activity are
outlined separately below.

Marine Orders Part
91 - Marine
pollution prevention
— oil

Marine Orders Part 91
implements Part II of the
POTS Act, Chapter 4 of the
Navigation Act 2012, and
Annex I of MARPOL 73/78 (oil
pollution).

The Marine Orders provide
standards for the discharge of
certain oily mixtures or oily
residues and associated
equipment and include duties
to manage bunkering and
transfers of oil between
vessels; to maintain QOil
Record Books and Shipboard
Oil Pollution Emergency Plans
(SOPEPs); and to report oil
pollution.

The survey vessels 2400 gross tonnes (GT)
are required to maintain:

International Qil Pollution Prevention (IOPP)
certificates to demonstrate that the vessel or
facility and onboard equipment comply with
the requirements of Annex I of MARPOL 73/78
(as applicable to vessel size, type and class).

Oil Record Books to record activities, such as
fuel/oil bunkering and discharges of oil, oily
water, mixtures and residues.

SOPEPs outlining the procedures to be followed
during an oil pollution incident.

Discharges must also comply with Annex I of
MARPOL 73/78, and oil pollution incidents
must also be reported to AMSA.

Section 7.5.3 - Routine
discharges.

Section 7.7 - Loss of
containment.

Section 8 - Emergency
Conditions - Impact and Risk
Evaluation.

OPEP (Appendix E).

Implementation of the
HSEQ-MS.
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Legislation

Description

Requirements

Demonstration of how
requirements are met in EP

Marine Orders Part
94 - Marine
pollution prevention
— packaged harmful
substances

Marine Orders Part 94, -
Marine pollution prevention —
packaged harmful substances,
and the POTS Act relating to
packaged harmful substances
as defined by Annex III of
MARPOL 73/78.

INPEX and vessel contractor will comply with
the Navigation Act 2012 - Marine Orders -
Part 94: Marine Pollution Prevention-
Packaged Harmful Substances (as appropriate
to vessel class), through reporting the loss or
discharge to sea of any harmful materials.

Section 7.6 - Waste
management.

Marine Orders Part
96 - Marine
pollution prevention
— sewage

Marine Orders Part 96 -
Marine pollution prevention —
sewage implements Part I1IB
of the POTS Act, Chapter 4 of
the Navigation Act 2012, and
Annex IV of MARPOL 73/78
(sewage).

The Marine Orders include
requirements for the
treatment, storage and
discharge of sewage and
associated sewage systems,
and for an International
Sewage Pollution Prevention
(ISPP) certificate to be
maintained on board.

Survey vessels 2400 GT are required to
maintain International Sewage Pollution
Prevention (ISPP) certificates to demonstrate
that vessels and their onboard sewage
systems comply with the requirements of
Annex IV of MARPOL 73/78.

Discharges of sewage must also comply with
Annex I of MARPOL 73/78, and oil pollution
incidents must also be reported to AMSA.

Section 7.5.3 - Routine
discharges.

Implementation of the
HSEQ-MS.

Marine Orders Part
95 - Marine
pollution prevention
— garbage

Marine Orders Part 95 -

Marine pollution prevention —
garbage implements Part IIIC
of the POTS Act, Chapter 4 of
the Navigation Act 2012, and

Survey vessels 2100 GT, or vessels certified to
carry 15 persons or more, are required to
maintain a Garbage Management Plan.

Survey vessels 2400 GT are required to
maintain a Garbage Record Book.

Section 7.6 - Waste
Management.

Implementation of the
HSEQ-MS.
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Legislation

Description

Requirements

Demonstration of how
requirements are met in EP

Annex V of MARPOL 73/78
(garbage).

The Marine Orders provide for
the discharge of certain types
of garbage at sea, waste
storage, waste incineration,
and the comminution and
discharge of food waste. They
also set out requirements for
garbage management and
recording.

The requirements will apply to the vessels (as
appropriate to their size, type and class) at all
times.

Marine Orders Part
97 - Marine
pollution prevention
— air pollution

Marine Orders Part 97 -
Marine pollution prevention —
air pollution implements Part
ITID of the POTS Act, Chapter
4 of the Navigation Act 2012,
and Annex VI of MARPOL
73/78 (air pollution).

The Marine Orders set
requirements for marine
diesel engines and associated
emissions, waste incineration
on board vessels, engine fuel
quality, and equipment and
systems containing
ozone-depleting substances
(ODS).

Survey vessels 2400 GT are required to have
International Air Pollution Prevention (IAPP)
certificates and Engine International Air
Pollution Prevention (EIAPP) certificates to
demonstrate that the vessel and onboard
marine diesel engines comply with the
requirements of Annex VI of MARPOL 73/78.

Low-sulfur fuel oil / marine diesel with 3.5%
mass-for-mass (m/m) sulfur content is also
required to be used in engines before 1
January 2020 (and 0.5% m/m sulfur content
on and after 1 January 2020).

Vessels 2400 GT are required to have an
Internal Maritime Organization
(IMO)-approved waste incinerator, as
confirmed by the IAPP certificate.

Section 7.5.2 - Atmospheric
emissions.

Implementation of the
HSEQ-MS.
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Legislation

Description

Requirements

Demonstration of how
requirements are met in EP

The Marine Orders require vessels 2400 GT
with rechargeable systems containing ODS to
maintain an ODS Record Book.

Biosecurity Act 2015

The Act and subordinate

Of specific relevance to this EP, the Act

Section 7.4.1 - Invasive

the event of a potential
hydrocarbon spill and
response activities.

contaminated areas) and post-contact wildlife
response, if applicable following a hydrocarbon
spill.

(Cwilth) legislation are the primary requires that ballast is managed within marine species.
Ieglslat_lve means for Australlgn seas; as _such the Bl?securlty Act Implementation of the
managing risk of pests and now defines Australian seas as: HSEQ-MS
diseases entering Australian for d . di . | s wh )
territory and seas and causing or domestic an _|nterr_1at|<_3na vessels whose

: Flag State Administration is party to the BWM
harm to animals, plant and ; : . .
Convention - the waters (including the internal
human health, the . .
environment and/or the v_vat_ers of Australla? that are w_lthln the outer
econom limits of the exclusive economic zone (EEZ) of
Y Australia (all waters within 200 nm) or
for all other international vessels - the
Australian territorial seas (all waters within 12
nm).

Biodiversity Ensures the protection of Consult with WA Department of Biodiversity, Section 8 — Emergency

Conservation Act biodiversity and humane Conservation and Attractions (DBCA) and conditions.

2018 (WA) treatment of nat_lve fauna. obtz_nn relevant permit(s) before a wildlife OPEP (Appendix E).

. Ensures appropriate treatment | hazing (the use of deterrents or other

Animal Welfare Act e : .

2002 (WA) and management of wildlife in | techniques to keep wildlife away from

Fish Resources
Management Act
1994 (WA)*

The Fish Resources
Management Act is
administered by the WA
Department of Primary
Industry and Regional

INPEX will manage its operations in
accordance with the Act and the associated
Fish Resources Management Regulations

Section 7.4.1 - Invasive
marine species.

Implementation of the
HSEQ-MS.
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Legislation

Description

Requirements

Demonstration of how
requirements are met in EP

* The Aquatic
Resources
Management Act
2016 (ARM Act) will
supersede this Act
as the primary
legislation used to
manage fishing,
aquaculture,
pearling and aquatic
resources in WA.
This EP will be
updated to reflect
this once the ARM
Act comes into
effect.

Development (WA DPIRD)
that has powers to deal with
incursions of marine pests.

(1995) with respect to managing potential
invasive marine species (IMS) risks.
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Table 2-2: Summary of applicable industry standards and guidelines

Guideline

Description

Australian and New Zealand
guidelines for fresh and
marine water quality
(ANZECC/ARMCANZ 2000)

These guidelines provide a framework for water
resource management and state specific water quality
guidelines for environmental values, and the context
within which they should be applied.

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

This convention is designed to reduce pollution of the
seas, including dumping, oil and exhaust pollution.
MARPOL 73/78 currently includes six technical
annexes. Special areas with strict controls on
operational discharges are included in most annexes.

International Convention on
the Control of Harmful
Anti-fouling Systems

This 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.

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

In the event of an offshore emergency event that
endangers the life of personnel, the International
Convention for the Safety of Life at Sea (SOLAS) 1974
may take precedence over environmental
management.

Bonn Agreement for
Cooperation in Dealing with
Pollution of the North Sea by
Oil and other harmful
substances (Bonn Agreement)

The Bonn Agreement is the mechanism by which the
North Sea states, and the European Union (the
Contracting Parties), work together to help each other
in combating pollution in the North Sea area from
maritime disasters and chronic pollution from ships
and offshore installations; and to carry out
surveillance as an aid to detecting and combating
pollution at sea.

The Bonn Agreement Oil Appearance Code may be
used during spill response activities.

The Australian Petroleum
Production and Exploration
Association (APPEA) Code of
Environmental Practice
(APPEA 2008)

Recognising the need to avoid or minimise and
manage impacts to the environment, this code of
environmental practice includes four basic
recommendations to APPEA members undertaking
activities:

Assess the risks to, and impacts on, the environment
as an integral part of the planning process.

Reduce the impact of operations on the environment,
public health and safety to as low as reasonably
practicable (ALARP) and to an acceptable level by
using the best available technology and management
practices.

Consult with stakeholders regarding industry
activities.

Develop and maintain a corporate culture of
environmental awareness and commitment that
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Guideline

Description

supports the necessary management practices and
technology, and their continuous improvement.

Australian Ballast Water
Requirements, Version 7
(DAWR 2017)

Australian Ballast Water Management Requirements
outline the mandatory ballast water management
requirements to reduce the risk of introducing harmful
aquatic organisms into Australia’s marine environment
through ballast water from international vessels.
These requirements are enforceable under the
Biosecurity Act 2015.

National Biofouling
Management Guidelines for
the Petroleum Production and
Exploration Industry (MPSC
2018)

A voluntary biofouling management guidance
document developed under the National System for
the Prevention and management of Marine Pest
Incursions. Its purpose is to provide tools to operators
to minimise the amount of biofouling accumulating on
their vessels, infrastructure and submersible
equipment and thereby to minimise the risk of
spreading marine pests.

International Convention for
the Control and Management
of Ships’ Ballast Water and
Sediments (BWM Convention)
(IMO 2009)

All vessels are required to manage their ballast water
and sediments in accordance with the Convention and
Biosecurity Act 2015. The convention came into force
on 8 September 2017 and Australia’s ballast water
policy and legislation align with the convention.

Guidelines for the control and
management of ships’
biofouling to minimize the
transfer of invasive aquatic
species (IMO 2012)

The guidelines provide a globally consistent approach
to the management of biofouling. They aim to reduce
the risk of translocation of marine pests from
biofouling present on immersed areas of vessels. It
was adopted by IMO marine environment committee
in the form of Resolution MEPC.207 (62) in 2011.

Table 2-3: Summary of policies and guidelines applicable to the assessment and
management of underwater noise impacts and marine seismic surveys

Policy / Guideline

Description

EPBC Act Policy Statement 2.1
(DEWHA 2008a)

The policy statement encourages industry to minimise
the likelihood of seismic activities causing injury or
hearing impairment to whales in Australian waters.
The policy statement outlines sound exposure criteria
for determining appropriate precaution zones and
outlines recommended management procedures.

Part A of the policy statement outlines standard
management procedures, which include:

pre-start-up visual observations
soft-start procedures

start-up delay procedures

operations and shut-down procedures
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Policy / Guideline Description

night-time and low visibility procedures.

Part B of the policy statement outlines additional
optional management procedures for consideration for
seismic surveys in areas where there is a moderate to
high likelihood of encountering whales.

NOPSEMA (2018) Information | The information paper provides advice to titleholders
Paper IP1765: Acoustic Impact | to assist with preparing EPs for marine seismic survey
Evaluation and Management activities, and in particular the components of an EP
that relate to detailing, evaluating and managing
impacts from acoustic emissions.

WA DPIRD Fisheries Research | The Fisheries Division of the WA DPIRD undertook an

Report No. 288: Risk ecological risk assessment (ERA) of the potential
Assessment of the potential effects of seismic surveys on marine finfish and
impacts of seismic air gun invertebrates. The ERA assessed different categories
surveys on marine finfish and | of seismic source volume and the potential exposure
invertebrates in Western of different types of finfish and invertebrates in
Australia (Webster et al. different water depths. The ERA was undertaken at
2018) the level of individual adult finfish and invertebrate

organisms closest to the seismic source and it was
assumed that an individual organism remains
stationary (i.e. does not flee) and is positioned
directly in the path of the vessel, thus experiencing
numerous pulses with varying degrees of intensity as
the vessel approaches, passes overhead and moves
further away. Therefore, the WA DPIRD ERA
represents a highly conservative worst-case scenario
that is not representative of real-life exposures in all
cases, as it does not account for any avoidance
response by mobile organisms.

The WA DPIRD ERA identified that overall the greater
the intensity of sound and shallower the water depth
the greater the assigned risk. The organisms classified
as most at risk from seismic impacts were immobile
invertebrates (e.g. molluscs) while pelagic fish were
rated as the least at risk.

The 2D seismic exploration survey environmental
impact and risk assessment in Section 7.1 of this EP
has applied additional activity-specific and situation-
specific context to assess potential risks to individuals
and populations.

A guidance statement is currently being developed by
the WA DPIRD Fisheries Division on the assessment of
impacts at the population level.
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3 Activity description
As per the requirements of Regulation 13(1) of the OPGGS (E) Regulations, the following
subsections provide a comprehensive description of the petroleum activity, including
location, operational details, and any additional information relevant for consideration of
the environmental risks and impacts associated with the activity.
3.1 Activity overview
The proposed 2D seismic survey will be undertaken in Exploration Permits WA-532-P and
WA-533-P, and in Production Licence WA-50-L. The purpose of the 2D seismic survey is to
collect geophysical data about rock formations and structures beneath the seabed for the
following purposes:
o to assess the potential to discover new oil and gas resources in WA-532-P and WA-
533-P
o to provide preliminary data to inform an assessment of the status of the Ichthys gas
resource in WA-50-L and how it may have changed following commencement of
Ichthys LNG Project production in 2018.
The survey will be undertaken by a seismic survey vessel towing an underwater seismic
source and a single streamer behind it. 2D seismic data will be acquired along a grid of
broadly-spaced, approximately orthogonal lines (spaced approximately three to six
kilometres apart) within the ‘Acquisition Area’ with associated vessel movements and
support activities undertaken within the ‘Operational Area’ (Figure 3-1).
3.2 Location and timing
3.2.1 Acquisition Area and Operational Area
The Acquisition Area (Figure 3-1) defines where seismic data acquisition will occur. At the
closest points, the Acquisition Area is located approximately:
) 105 km from Broome
o 60 km from the Lacepede Islands
o 61 km from the Dampier Peninsula
. 24 km from Adele Island
o 10 km from Beagle Reef
. 30 km from Scott Reef
o 17 km from Browse Island.
Most of the Acquisition Area is in water depths between approximately 50 m and 600 m
below mean sea level. Water depths less than 50 m are located at Lynher Bank in the
southern part of WA-532-P where the shallowest water depth is approximately 30 m, and
east of WA-533-P where the shallowest water depth is approximately 37 m.
The Operational Area (Figure 3-1) includes 15-20 km of space surrounding the Acquisition
Area, required for vessel line run-ins, run-outs and line turns, and for the deployment,
recovery and testing of equipment. Support activities such as vessel reprovisioning,
refuelling and personnel transfers may also take place in the Operational Area. At the
closest points, the Operational Area is located approximately:
. 87 km from Broome
o 39 km from the Lacepede Islands
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o 42 km from the Dampier Peninsula
o 12 km from Scott Reef.

The Operational Area boundary is also contiguous with the 3 nm (5.5 km) State coastal
waters boundary surrounding Adele Island, Beagle Reef and Browse Island.

The Operational Area includes water depths up to approximately 1,000 m. Isolated shoals
and other shallow areas of approximately 15 - 20 m water depth occur in the Operational
Area to the south of the Acquisition Area near Adele Island, Beagle Reef and Cape Leveque.
Operation of the seismic source will not occur within these waters, which are designated
as a National Park Zone and Habitat Protection Zone of the Kimberley Australian Marine
Park. Vessels and the towed streamer will also maintain a safe operating distance from
these locations.

3.2.2 Survey timing
The 2D seismic survey is proposed to commence 1 January 2020 at the earliest. The latest
the survey is expected to be completed is 31 December 2021.
The survey activity will comprise up to 140 days of seismic data acquisition. To allow for
potential adverse weather and operational downtime, the survey may occur over a longer
period, and so the survey vessel may be present in the Operational Area for up to 210
days.
The final timing of the survey is dependent upon vessel availability and contracting, and
avoidance of environmentally sensitive time periods where specified as a management
measure in this EP. Based on the environmental risk assessments presented in Section 7,
an acceptable window of opportunity was determined to be from 1 November to 31 May in
either calendar year that this EP applies. Therefore, no seismic acquisition will occur during
the period 1 June to 31 October in either 2020 or 2021. The survey will likely be acquired
in one mobilisation, but may be acquired in more than one mobilisation spanning either
side of the identified June to October period.
3.3 Seismic survey activities
Key details of the INPEX 2D seismic survey are summarised in Table 3-1 and described in
the following subsections.
Table 3-1: Key seismic survey details
Feature / Parameter Description
2D Seismic Data Acquisition
Total acquisition line kms 11,000 - 14,000 kms
Total acquisition duration Up to 140 days
Seismic source volume Approximately 3,000 cubic inches
Source discharge pressure | Approximately 2,000 psi
Source point interval (SPI) | 18.75 m (approximately every 8 seconds)
Source tow depth 5-10m
Streamer length 6 - 10 km
Number of streamers 1
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3.3.1

3.3.2

Feature / Parameter Description
Streamer tow depth 5-15m
Vessel acquisition speed Approximately 4.5 knots (~8 km/hour)

Seismic Survey Vessel

Number of seismic vessels | One

Fuel type Marine diesel (marine gas oil; MGO)

Largest fuel tank volume 284 m3

Support Activities

Number of support / One to two vessels will assist with on-the-water
supply vessels communications with other marine users, refuelling, re-
supply and other support functions.

One to two small work boats (typically 5-10 m in length)
launched from the seismic vessel will be used to assist
with equipment deployment, maintenance and recovery.

Refuelling and resupply In port or at sea (approximately every 5 - 8 weeks)

Crew changes In port or at sea via helicopter or supply vessel

Seismic source

The 2D seismic survey will be acquired using a seismic source with an approximate total
volume of 3,000 cubic inches with an operating pressure of approximately 2,000 psi. The
seismic source specifications were selected following a feasibility study, review of legacy
seismic survey parameters, and using information provided by experienced seismic
contractors. The source specifications have considered the range of water depths within
the Acquisition Area and depth of the targets within the subsurface geology to ensure
adequate seismic imaging.

INPEX has not yet selected a seismic contractor to undertake the seismic survey. Therefore,
to account for different seismic source options and maximum potential underwater sound
outputs, INPEX has evaluated three seismic sources (2970, 3000 and 3080 cubic inches)
available from three potential 2D seismic contractors to account for representative sound
levels in the assessment of environmental impacts and risks (Section 7.1.2).

Acquisition line plan

The 2D seismic survey will include:

o 7,185 line kms of 2D seismic data within WA-532-P (minimum work requirement
under the title)

. 5,005 line kms of 2D seismic data within WA-533-P (minimum work requirement
under the title)

o a limited number of well-to-seismic tie lines that extend beyond the WA-532-P and
WA-533-P permit area boundaries to link INPEX 2D data acquisition with exploration
data available at existing well locations in the region

. a limited number of acquisition lines that extend across the WA-50-L Production
Licence.
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3.3.3

3.4

In total, between 11,000 and 14,000 line kms of 2D seismic data will be acquired within
the Acquisition Area.

The acquisition lines will be spaced approximately 3-6 km apart. The final line plan will be
designed following a detailed seismic acquisition feasibility study and will consider the
environmental management measures outlined in this EP.

Seismic data acquisition

The INPEX 2D seismic survey will be undertaken by a seismic survey vessel towing the
seismic source and a single streamer beneath the water surface. A typical seismic survey
vessel is approximately 60-120 m in length, although 2D survey vessels are usually in the
smaller end of this size range.

The seismic source will be towed behind the vessel at water depths of approximately 5-
10 m. The seismic source will use compressed air to emit regular pulses of sound which
reflect off the seabed and underlying geological rock formations and structure boundary.
The reflected sound will be received by the streamer, which may be up to 6-10 km in length
and will be towed behind the survey vessel at a water depth of approximately 5-15 m.

During the survey, the survey vessel will sail along the pre-determined acquisition lines at
a speed of approximately 4.5 knots (approximately 8 km/hr), discharging the seismic
source approximately every 18.75 m (approximately every 8 seconds). Once the survey
vessel completes an acquisition line, it will undertake a ‘run-out’, a turn and a ‘run-in’,
before commencing acquisition along the next line. The run-out requires operating the
seismic source for approximately 4-5 km beyond the end of each acquisition line. Following
the vessel turn, a run-in of several kilometres is undertaken to straighten the streamer
prior to commencing the next line.

“Soft starts”, where the seismic source is gradually increased from low power to the full
required power level, will be undertaken during the run-ins to reduce the potential impact
on marine fauna. Therefore, the seismic source may be operated approximately 4-5 km
beyond the defined Acquisition Area boundary in some instances. All run-outs, turns and
run-ins will be completed within the defined Operational Area.

Operation of the seismic source will not occur within the National Park or Habitat Protection
Zones of the Kimberley Australian Marine Park. Although, generally, the seismic source
may be operated beyond the Acquisition Area boundary during run-outs and run-ins, this
will not be the case where this overlaps with the National Park and Habitat Protection
Zones. The seismic source will not be operated in these zones at any time, consistent with
the zone rules and management principles set out in the North-west Marine Parks Network
Management Plan (DNP 2018), although the survey vessel and support vessels may transit
in these zones.

Support vessels and aircraft

The seismic survey vessel will be accompanied by one to two support vessels, which will
assist with on-the-water communication with other marine users, refuelling, re-supply and
other support functions. A small work-boat (typically 5-10 m in length) may also assist
the survey vessel within the Operational Area during deployment and recovery of the
seismic source and streamer.

Refuelling and re-supply will occur approximately every 5-8 weeks, either at sea or in port.
Crew changes are also expected to occur approximately every 5-8 weeks, which will involve
either the vessels returning to port or personnel transfers via helicopter or supply vessels.

Vessels are expected to operate from the Port of Broome.
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3.5

activity

Summary of emissions, discharges and wastes

A summary of the emissions, discharges, and wastes resulting from the activities covered
in this EP are identified in Table 3-2.

Table 3-2: Emissions (E), discharges (D) and wastes (W) generated during the petroleum

Activity/system

E, D, W Description

2D seismic survey

Power generation

Cooling water

Vessel deck
drainage

Bilge system

Sewage, grey water
and macerated food
waste effluent

Ballast system

Waste incineration

Miscellaneous

E Seismic
source
E Vessels
D Vessels
D Vessels
D Vessels
Vessels
D
D Vessels
E
Vessels
w
E
Vessels
w

Sound emissions (pulses) from the
seismic source during the survey.

Seismic source volume: ~ 3,000 cubic
inches.

Source point interval: ~18.75 m (8
secs)

Sound levels and exposures are
described in Section 7.1.2.

Combustion emissions from vessels and
diesel-powered generators onboard
emitted to the atmosphere.

Treated seawater used as heat-
exchange medium for machinery and
engines is returned to sea.

Vessel deck drainage water will be
discharged to sea.

Treated contaminated bilge water with
<15 ppm (v) oil in water (OIW) is
discharged to sea.

Effluent produced by vessel sewage
systems is discharged to sea.

N/A. No ballast exchange will occur
within the Operational Area during the
survey.

Combustion gas emissions from on
board incineration of permitted wastes.

Ash from incinerators will be stored as
waste for disposal on the mainland.

Light emissions from deck and
navigation lights on vessels.

Solid and liquid wastes from general
maintenance operations, equipment
replacement, etc., and domestic wastes
are transported to the mainland for
disposal.
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4.1

4.1.1

4.2

Existing environment
Regional setting

The Operational Area is situated in the offshore Canning and Browse Basins, approximately
42 km from the mainland of Western Australia at its closest point and contiguous with the
State coastal waters limit surrounding Browse Island, Adele Island and Beagle Reef. The
Acquisition Area, where seismic data will be acquired, is located approximately 15-20 km
within the Operational area (Figure 3-1).

The environment that may be affected (EMBA), the area that has the potential to be
exposed in the unlikely event of an unplanned marine diesel spill (i.e. the worst-case
credible spill scenario), covers a considerably larger area than where planned seismic
survey activities will occur (i.e. the Acquisition area). The proposed 2D seismic survey will
be undertaken by vessels fuelled with marine diesel. As with any marine vessel movement
in the region, there is a small risk of an unplanned release from a vessel fuel tank. The
spatial extent of the EMBA was determined using stochastic spill modelling. Defined
hydrocarbon exposure thresholds were used to determine impacts to fauna and/or habitats
(refer Section 8, Table 8-1) for surface hydrocarbons, entrained oil and dissolved aromatic
hydrocarbons. Further, as an unplanned spill could potentially occur at any location within
the Operational Area the model was run at six separate locations within this area. The
release locations were selected to be representative of a release in different parts of the
Operational Area and in closest proximity to sensitive receptors.

The resulting EMBA is the sum of 100 overlayed modelling runs for the worst-case spill
scenario at six locations within the Operational Area boundary, and under different
hydrodynamic conditions (e.g. currents, winds, tides, etc.). As such, the actual area that
may be affected from any single spill event would be considerably smaller than that
represented by the EMBA.

The EMBA has been used to identify relevant values and sensitivities that may be affected
and has been used as the basis for the EPBC Protected Matters Database search (Appendix
B).

North-west Marine Region

Australia’s offshore waters have been divided by the Australian Government into six marine
regions in order to facilitate their management under the EPBC Act. The Operational Area
and EMBA are located entirely within the North-west Marine Region (NWMR). The NWMR
comprises Commonwealth waters, from the WA-NT border in the north, to Kalbarri in the
south. The NWMR encompasses a number of regionally important marine communities and
habitats which support a high biodiversity of marine life and feeding and breeding
aggregations.

Key ecological features

The Australian Government has identified parts of the marine ecosystem that are
considered to be of importance for a marine region’s biodiversity or ecosystem function
and integrity, referred to as key ecological features (KEFs; DSEWPaC 2012). As shown in
Figure 4-1, the following KEFs occur within the Operational Area or EMBA:

. Ancient coastline at 125 m depth contour (within Operational Area)
o Continental slope demersal fish communities (within Operational Area)
o Seringapatam Reef and Commonwealth waters in the Scott Reef Complex

o Mermaid Reef and Commonwealth waters surrounding Rowley Shoals
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4.2.1

4.2.2

o Ashmore Reef and Cartier Island and surrounding Commonwealth waters
o Carbonate bank and terrace system of the Sahul Shelf

o Canyons linking the Argo Abyssal Plain with the Scott Plateau.
Ancient Coastline at 125m Depth Contour

The ancient coastline runs diagonally in a north-easterly direction and overlaps with the
north-west part of WA-532-P, and the central part of WA-533-P (Figure 4-1). Parts of the
ancient coastline, particularly where it exists as a rocky escarpment, are thought to provide
biologically important habitats in areas otherwise dominated by soft sediments. The
topographic complexity of the escarpments may facilitate vertical mixing of the water
column, providing relatively nutrient rich local environments. The coastline is an area of
enhanced productivity, attracting baitfish which, in turn, supplies food for migrating species
(DSEWPaC 2012).

While there is little information available on the fauna associated with the hard substrate
of the escarpment, it is likely to include sponges, soft corals, crinoids, molluscs,
echinoderms and other benthic invertebrates representative of hard substrate fauna in the
NWMR (DSEWPaC 2012).

Continental Slope Demersal Fish Communities

The continental slope demersal fish community overlaps with the deep, north-west portion
of the Operational Area (Figure 4-1). The level of endemism (i.e. unique to a location) of
demersal fish species in this community is the highest among Australian continental slope
environments.

The demersal fish species occupy two distinct demersal community types associated with
the upper slope (water depth of 225-500 m) and the mid-slope (750-1000 m) (DEE
2018a). Although research is limited, it is suggested that the demersal-slope communities
rely on bacteria and detritus-based systems comprised of infauna and epifauna, which in
turn become prey for a range of teleost fish, molluscs and crustaceans (Brewer et al. 2007).
Higher-order consumers may include carnivorous fish, deepwater sharks, large squid and
toothed whales (Brewer et al. 2007). Pelagic production is phytoplankton based, with hot
spots around oceanic reefs and islands (Brewer et al. 2007). Bacteria and fauna present
on the continental slope are the basis of the food web for demersal fish and higher-order
consumers in this system (DSEWPaC 2012).
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Figure 4-1 Key ecological features relevant to the EMBA
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4.2.3

4.2.4

4.2.5

Seringapatam Reef and Commonwealth waters in the Scott Reef Complex

This KEF comprises Seringapatam Reef, Scott Reef North and Scott Reef South, and at its
nearest point is approximately 19 km north-west of the Operational Area (Figure 4-1).
Scott and Seringapatam reefs are part of a series of submerged reef platforms that rise
steeply from the seafloor. The total area of this KEF is approximately 2,400 km? (DSEWPaC
2012).

Scott and Seringapatam reefs are regionally significant because of their high representation
of species not found in coastal waters off Western Australia, and for the unusual nature of
their fauna which has affinities with the oceanic reef habitats of the Indo West Pacific, as
well as the reefs of the Indonesian region. The coral communities at Scott and
Seringapatam reefs play a key role in maintaining the species richness and subsequent
aggregations of marine life identified as conservation values for this KEF. Scott Reef is a
particularly biologically diverse system and includes more than 300 species of reef building
corals, approximately 400 mollusc species, 118 crustacean species, 117 echinoderm
species, and around 720 fish species (Woodside 2009).

Scott and Seringapatam reefs and the waters surrounding them attract aggregations of
marine life, including humpback whales and other cetacean species, whale sharks and
seasnakes (Donovan et al. 2008; Jenner et al. 2008; Woodside 2009). Two species of
marine turtle, the green and hawksbill, nest during the summer months on Sandy Islet (a
small sand cay), located on Scott Reef South. These species also internest and forage in
the surrounding waters (Guinea 2006). The reef also provides foraging areas for seabird
species, including the lesser frigatebird, wedge tailed shearwater, brown booby and roseate
tern (Donovan et al. 2008).

Mermaid Reef and Commonwealth waters surrounding Rowley Shoals

The Rowley Shoals are a collection of three atoll reefs, Clerke, Imperieuse and Mermaid,
which are located about 300 km north-west of Broome and 45 km south west of the
Operational Area (Figure 4-1). Mermaid Reef and the 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
(Done et al. 1994). The reefs provide a distinctive biophysical environment in the region
as there are few offshore reefs in the north-west. They have steep and distinct reef slopes
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. Both coral communities and fish assemblages differ from similar habitats in
eastern Australia (Done et al. 1994).

The reefs provide a distinctive biophysical environment in the region as there are few
offshore reefs in the north-west. The KEF provides enhanced productivity and high species
richness, that apply to both the benthic and pelagic habitats within the feature. The steep
changes in slope around the reef also attract a range of migratory pelagic species including
dolphins, tuna, billfish and sharks (DSEWPaC 2012).

Ashmore Reef and Cartier Island and surrounding Commonwealth waters

The Ashmore Reef and Cartier Island and surrounding Commonwealth waters KEF is
located approximately 112 km north of the Operational Area (Figure 4-1). The KEF is
recognised for its ecological functioning and integrity (high productivity), and biodiversity
(aggregations of marine life) values, which apply to both the benthic and pelagic habitats
within the feature.

Ashmore Reef is the largest of only three emergent oceanic reefs in the north-eastern
Indian Ocean and is the only oceanic reef in the region with vegetated islands. The waters
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4.2.6

4.2.7

4.3

surrounding Ashmore Reef and Cartier Island are important because they are areas of
enhanced productivity in relatively unproductive waters (DSEWPaC 2012).

Further details regarding this KEF are provided in Section 4.3 which describes Australian
marine parks.

Carbonate Bank and Terrace System of the Sahul Shelf

The Carbonate Bank and Terrace System of the Sahul Shelf KEF is located approximately
150 km north east of the Operational Area and partially overlaps with the EMBA (Figure
4-1). The KEF forms a nearly continuous chain of complex submerged algal banks on the
middle and outside shelf, providing a hard substrate required for colonisation by reef-
building organisms (DSEWPaC 2012). They are believed to be areas of enhanced
productivity and biodiversity due to upwellings of cold nutrient-rich water at the heads of
the channels (Brewer et al. 2007).

The banks of the KEF are known foraging areas for loggerhead, flatback and olive ridley
turtles (Donovan et al. 2008). The banks support a high diversity of organisms including
reef fish, sponges, soft and hard corals, gorgonians, bryozoans, ascidians and other sessile
feeders (Brewer et al. 2007). Humpback whales, green and freshwater sawfish also
potentially occur within the area.

Canyons Linking the Argo Abyssal Plain and Scott Plateau

The Canyons Linking the Argo Abyssal Plain and Scott Plateau KEF are located
approximately 150 km north-west of the Operational Area on the border of the EMBA
(Figure 4-1). The canyons are located at the south west margin of the Scott Plateau at an
approximate depth of 2000 - 3000 m. They also facilitate the transportation of sediment
to depths of more than 5500 metres on the Argo Abyssal Plain (Falkner et al. 2009). At
these depths benthic communities are most likely reliant on particulate matter from the
pelagic zone falling to the sea floor (DSEWPaC 2012). The KEF is historically associated
with sperm whale aggregations (DSEWPaC 2012).

Australian Marine Parks

Australian Marine Parks (AMPs) have been established around Australia as part of the
National Representative System of Marine Protected Areas, the primary goal of which is to
establish and effectively manage a comprehensive, adequate and representative system
of marine reserves to contribute to the long-term conservation of marine ecosystems and
protect marine biodiversity.

AMPs under the EPBC Act, and any zones within them, are assigned to an International
Union for Conservation of Nature (IUCN) Category (Environment Australia 2002). The IUCN
categories that are Table 4-1, include:

. IUCN Category Ia - Sanctuary Zone - The primary objective of this category is to
conserve regionally, nationally or globally outstanding ecosystems, species
(occurrences or aggregations) and/or geodiversity features

. IUCN Category II - National Park Zone - The primary objective of this category is to
protect natural biodiversity along with its underlying ecological structure and
supporting environmental processes, and to promote education and recreation.

o IUCN Category IV - Habitat Protection Zone — The primary objective of this category
is to maintain, conserve and restore species and habitats.

o IUCN Category IV - Recreational Use Zone - The primary objective of this category
is to provide for the conservation of ecosystems, habitats and native species in as
natural a state as possible, while providing for recreational use.
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o IUCN Category VI - Multiple Use Zone — The primary objective of this category is to
protect natural ecosystems and use natural resources sustainably, when conservation
and sustainable use can be mutually beneficial.

o IUCN Category VI - Special Purpose Zone - The primary objective of this category is
to protect natural ecosystems and use natural resources sustainably, when
conservation and sustainable use can be mutually beneficial.

The Director of National Parks may make, amend and revoke prohibitions, restrictions and
determinations under regulation 12.23, 12.23A, 12.26, 12.56 and 12.58 of the EPBC
Regulations where it is considered necessary to:

o protect and conserve biodiversity and other natural, cultural and heritage values; or
o to ensure human safety or visitor amenity; or
o where it is otherwise necessary to give effect to the management plan.

The Commonwealth Director of National Parks (DNP) has issued a general approval under
Section 359B of the EPBC Act allowing a range of activities to occur within these AMPs. The
activities approved including *‘mining operations’ in Multiple Use Zones and some Special
Purpose Zones which, as defined under the EPBC Act, also includes all petroleum activities.
No other approvals relating to this activity are required from the Director of National Parks.

Actions to respond to oil pollution incidents (including environmental monitoring and
remediation) in AMPs, can be undertaken without an authorisation issued by the DNP,
provided that the actions are undertaken in accordance with an EP that has been accepted
by NOPSEMA. However, the DNP is to be notified of the pollution event or proposed spill
response actions within AMPs prior to the activity being undertaken where practicable.

Table 4-1: Australian Marine Park and IUCN categories within the EMBA

Australian
Marine
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Sanctuar
Yy Zone
(IUCN

National
Park
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Habitat
Protectio
n Zone

Recreati
onal Use
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Ia) (IUCN

II)

(IUCN
IV)
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IV)
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VI)

Kimberley
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Rowley X X X
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4.3.1

4.3.2

4.3.3

Kimberley Marine Park

The Kimberley Marine Park occupies an area of approximately 74,500 km?2 and comprises
an IUCN Category II National Park Zone, a Category IV Habitat Protection Zone, and a
Category VI Multiple Use Zone (Parks Australia 2018a). The Acquisition Area overlaps with
the Multiple Use Zone and lies adjacent to the Marine National Park Zone and Habitat
Protection Zone (Figure 4-2).

The Kimberley Marine Park includes examples of ecosystems representative of the
Northwest Shelf Province, Northwest Shelf Transition and Timor Province (DNP 2018). The
Marine Park connects inshore waters of the adjacent state marine parks (Section 4.4) and
deeper offshore waters. Two KEFs are included in the Kimberley Marine Park, namely the
Ancient coastline at the 125 m depth contour and the Continental slope demersal fish
communities, both previously described in Section 4.2 above.

A range of species, including those listed under the EPBC Act, occur within the Kimberley
Marine Park. The Marine Park provides an important migration pathway and nursery areas
for the protected humpback whale, pygmy blue whale migration routes, foraging areas for
migratory seabirds and dugongs, dolphins and nesting sites for marine turtles. (DNP 2018).

The Kimberley Marine Park contains waters belonging to the Wunambal Gaambera,
Dambimangari, Bardi Jawi and Nyul Nyul people, who value the land as an important part
of Indigenous cultural identity (DNP 2018).

Argo-Rowley Terrace Marine Park

The Argo Rowley Terrace Marine Park is located approximately 26 km west of the
Operational Area. This AMP covers an area of 146,099 km? and includes an 83,379 km?
Marine National Park Zone (IUCN II) and a 62,720 km? Multiple Use Zone (IUCN VI) (Parks
Australia 2018b). The EMBA overlaps with the Multiple Use Zone and National Parks Zones
of the AMP (Figure 4-2).

The reserve is an important area for sharks, which are found in abundance around the
Rowley Shoals, and provides important foraging areas for migratory seabirds and the
endangered loggerhead turtle (DNP 2018). Two KEFs are included within this AMP: the
canyons linking the Argo Abyssal Plain with the Scott Plateau, and Mermaid Reef and the
Commonwealth waters surrounding Rowley Shoals, both previously described in Section
4.2,

Mermaid Reef Marine Park

Mermaid Reef Marine Park is located approximately 46 km west of the Operational Area,
290 km north-west of Broome and is listed as an IUCN Category Ia - Sanctuary Zone
(Parks Australia 2018c). Mermaid Reef AMP covers an area of approximately 540 km? and
is the most north-easterly of three reef systems forming the Rowley Shoals. 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. 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 Marine Park (DNP 2018).

Mermaid Reef (and the other Shoals) supports 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; and an important resting and feeding site for migratory seabirds (DNP 2018).
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Figure 4-2: Australian and state marine parks
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4.3.4

4.3.5

4.3.6

The environmental values include its biodiversity, the marine ecosystems on which the
biodiversity depends and the high water quality. The two major currents affecting the area
are the Indonesian Throughflow which transports warm, nutrient poor water from the
Pacific Ocean to the Indian Ocean, and the South Equatorial Current, which recirculates
Indian Ocean waters. Mermaid Reef experiences demi diurnal tides and a spring tidal range
of about 4.5 metres.

Roebuck Marine Park

Roebuck Marine Park is located approximately 59 km east of the Operational Area, 12 km
south-west of Broome and covers an area of 304 km? with depths ranging from 15 to 70
metres. The AMP is listed as an IUCN Category VI - Multiple Use Zone (Parks Australia
2018d). It consists entirely of shallow continental shelf habitat and contains habitats,
species and ecological communities associated with the Northwest Shelf Province (DNP
2018).

Roebuck Marine Park is adjacent to the Roebuck Bay Ramsar site, recognised as one of the
most important areas for migratory shorebirds in Australia. The AMP provides important
foraging areas to the adjacent nesting areas for marine turtles and seabirds, foraging
habitat for dugong and includes part of the migratory pathway of the protected humpback
whale (DNP 2018).

Eighty Mile Beach Marine Park

The Eighty Mile Beach Marine Park is approximately 56 km south-east of Operational Area
and is listed as an IUCN Category VI — Multiple Use Zone (Parks Australia 2018e). The AMP
covers an area of 10,785 km? and ranges in depths of less than 15 m to 70 m.

The Marine Park includes examples of ecosystems representative of the Northwest Shelf
Province. BIAs within the Marine Park include foraging, breeding and resting habitat for
avifauna, nesting and internesting habitat for marine turtles, foraging, nursing and pupping
habitat for sawfish, and also includes part of the migratory pathway of the protected
humpback whale. 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.

Ashmore Reef Marine Park

Ashmore Reef Marine Park is approximately 142 km north of the Operational Area and
within the wider EMBA. The AMP is mostly comprised of an IUCN Category Ia - Sanctuary
Zone, and also includes a small IUCN Category IV — Recreational Use Zone (Parks Australia
2018f). Ashmore Reef is within an area subject to a Memorandum of Understanding
between the Australian and Indonesian Government related to traditional fishing, which is
described in Section 4.9.7. On the emergent island and within the boundary of the Marine
Park is the Ashmore Reef Ramsar site. The site was listed under the Ramsar Convention in
2002 and is a wetland of international importance under the EPBC Act.

The Marine Park includes habitats, species and ecological communities associated with the
Timor Province. There are two KEFs within the AMP: Ashmore Reef and Cartier Island and
waters surrounding Commonwealth waters and the continental slope demersal fish
communities. Ashmore reef is the largest of three emergent oceanic reefs in the region
and the only one with vegetated islands (DNP 2018). The AMP is an area of enhanced
biological productivity, supporting a range of pelagic and benthic marine species and
facilitating the transport of biological material to other reef systems along the WA coast
via the Leeuwin Current (DNP 2018).
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4.3.7 Cartier Island Marine Park
Cartier Island Marine Park is approximately 112 km north of the Operational Area and
within the EMBA. The AMP is listed as IUCN Category Ia - Sanctuary Zone (Parks Australia
2018g). Ashmore Reef is within an area subject to a Memorandum of Understanding
between the Australian and Indonesian Government related to traditional fishing, which is
described in Section 4.9.7.
The Marine Park includes habitats, species and ecological communities associated with the
Timor Province. There are two KEFs within the AMP: Ashmore Reef and Cartier Island and
surrounding Commonwealth waters and the continental slope demersal fish communities.
Cartier Island AMP is an area of high biodiversity and provides supports the transport of
biological material to other reef systems along the WA coast via the Leeuwin Current (DNP
2018).
4.4 State reserves and marine parks
There are no state marine parks/reserves within the Operational Area. Within the EMBA,
eight state marine parks occur, as follows:
) North Kimberley Marine Park
o North Lalang-garram Marine Park
o Lalang-garram/Camden Sound Marine Park
o Lalang-garram/Horizontal Falls Marine Park
o Yawuru Nagulagun/Roebuck Bay Marine Park
. Rowley Shoals Marine Park
. Adele Island Nature Reserve (including Unnamed Reserve WA44673 and Unnamed
Reserve WA44674)
o Browse Island Nature Reserve (including Unnamed Reserve WA41775).
These are discussed in detail in the following sections and are shown in Figure 4-2.
4.4.1 Browse Island Nature Reserve
Browse Island is the nearest landform to the Operational Area and is a Class C nature
reserve. It is an isolated sand cay surrounded by an intertidal reef platform and shallow
fringing reef. The purpose of this reserve (#41775) is conservation, navigation,
communication, meteorology and survey, with a lighthouse present on the island.
The island is triangular, standing just a few metres above high-tide level and measures
approximately 700 m by 400 m. The Browse Island reef complex is an outer shelf,
biohermic structure rising from a depth of approximately 200 m. It is an oval-shaped
platform reef with a maximum diameter of approximately 2.2 km.
Reef habitats at Browse Island are not diverse. Rocky shore habitat is represented only by
exposed beach rock, and there are no intertidal sand flats. The lagoon habitat is poorly
developed, with poor water circulation, and it shows evidence of recent infill and high
mortality. The shallow, subtidal zone is narrow, and supports relatively small areas of
well-developed coral assemblages (INPEX 2010). Green and flatback turtle nesting occurs
during the summer months and Browse Island also provides habitat for seabirds and
shorebirds, including breeding habitat for the crested tern (INPEX 2011).
Browse Island (including a 20 km buffer) has been classified as habitat critical to the
survival of marine turtles in the Recovery Plan for Maine Turtles, due to the occurrence of
nesting during November to March (DEE 2017).
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4.4.2

4.4.3

4.4.4

It is not a regionally significant habitat for seabirds, with previous surveys finding a lack of
diversity of seabirds breeding there (Clarke 2010).

Adele Island Nature Reserve

Adele Island (which is also Unnamed reserve #WA44679 and Unnamed reserve
#WA44674) is a declared nature reserve to protect the seabird breeding colonies. It is a
hook shaped island off the central Kimberley coast, located around 97 km north northwest
from Cape Leveque. The island measures 2.9 km by 1.6 km with an area of 2.17 km2. The
islands surrounding sand banks sit atop a shallow-water limestone platform, surrounded
by an extensive reef system. Adele Island Nature Reserve is located outside of the
Operational Area and the closest landfall is approximately 8 km away.

Adele Island is an important site for breeding seabirds with several species listed under
the Japan-Australia Migratory Birds Agreement (JAMBA), China-Australia Migratory Birds
Agreement (CAMBA) and Republic of Korea Migratory Birds Agreement (ROKAMBA)
breeding there, with rookeries of cormorants (Phalacrocorax spp.), Australian pelicans
(Pelecanus conspicillatus), lesser frigatebirds (Fregata ariel), brown booby (Sula
leucogaster), red footed booby (Sula sula) and masked booby (Sula dactylatra), grey tailed
tattler (Tringa brevipes) and red-necked stint (Calidris ruficollis).

The seabird colonies at Adele Island tend to have peak breeding periods from May to July;
however, birds may also be present during the non-breeding season (DEWHA 2008b).

Adele Island (including a 20 km buffer) has also been classified as a habitat critical to the
survival of marine turtles in the Recovery Plan for Maine Turtles, due to the occurrence of
nesting during November to March (DEE 2017).

North Kimberley Marine Park

The North Kimberley Marine Park is the largest State marine park, covering an area of
approximately 18, 450 km?, and is located in state waters from York Sound to the WA/NT
border (DPaW 2016a). The Marine Park is part of a joint management plan between the
Department of Parks and Wildlife and the Uunguu, Balangarra, Miriuwung Gajerrong and
Wilinggin traditional owners (DPaW 2016a). At its closest point, the North Kimberley Marine
Park is located 22 km from the eastern extent of the Operational Area.

The North Kimberley Marine Park covers a large variety of marine habitats including coral
reefs, seagrass and macroalgal communities. More than one thousand islands and
associated intertidal and subtidal habitats are contained within its boundaries. Seagrass
beds found around Cape Londonderry provide foraging areas for dugong and marine turtles
(DPaW 2016a).

North Lalang-garram Marine Park

The North Lalang-garram Marine Park is located approximately 20 km south-east of the
Operational Area and includes the waters from the edge of Cape Wellington (WA mainland)
to the WA state waters boundary, and several islands, including Booby Island, Duguesclin
Island and Jackson Island. Its northern boundary adjoins the North Kimberley Marine Park,
and its southern boundary adjoins the Lalang-garram / Camden Sound Marine Park. The
North Lalang-garram Marine Park is gazetted as a class ‘A’ reserve. The Marine Park
contains a number of islands with fringing coral reefs. This Marine Park’s geology, wide
variety of habitats, ecological values and sensitivities (DPaW 2016b) are virtually identical
to that described above for the North Kimberley Marine Park (DPaW 2016a).
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4.4.5

4.4.6

4.4.7

Lalang-garram/Camden Sound Marine Park

The Lalang-garram / Camden Sound Marine Park is located in the Buccaneer Archipelago
of the Kimberley coast, approximately 20 km from the Operational Area and within the
EMBA. The subtidal portion of the marine park has been proclaimed and covers an area of
approximately 6730 km?2. The intent is to also include the intertidal area within the marine
park which will extend the marine park to approximately 7050 km? (DPaW 2013). The
marine park is located about 150 km north of Derby, 300 km north of Broome, and lies
within the traditional country of three Aboriginal native title groups. The park is under the
joint management of WA DBCA and the Traditional Owners.

The marine park includes a principal calving habitat for the humpback whale (Megaptera
novaeangliae) and a wide range of other protected species, including marine turtles,
snubfin and Indo-Pacific humpback dolphins, dugong, saltwater crocodiles and several
species of sawfish. The park also includes a wide range of marine habitats and associated
marine life, such as coral reef communities, rocky shoal and extensive mangrove forests
(DPaW 2013).

Within the marine park, mangroves and their associated invertebrate-rich mudflats are an
important habitat for migratory shorebirds from the northern hemisphere. Up to 35 species
of migratory shorebirds potentially occur in the marine park, which are subject to the
JAMBA, CAMBA and ROKAMBA migratory bird agreements and are listed as migratory
species under the EPBC Act. Many other bird species may also be found in mangrove habitat
including the mangrove grey fantail (Rhipidura phasiana), broad-billed flycatcher (Myiagra
ruficollis) and red-headed honeyeater (Myzomela erythrocephala). Striated herons
(Butorides striata), black-necked storks and brahminy kites (Milvus indus) nest in the
dense mangrove foliage and seek prey around the roots of mangrove trees. (DPaW 2013).

Lalang-garram/Horizontal Falls Marine Park

The Lalang-garram Marine Park covers an area of approximately 3530 km? from Talbot Bay
in the West to Walcott Inlet and Glenelg River in the east (DPaW 2016b). The Marine Park
lies outside of the Operational Area but within the wider EMBA. The Marine Park is gazetted
as a class ‘A’ reserve. The horizontal falls are a waterfall effect created by strong tidal
currents (up to 11 m) moving through narrow coastal gorges (DPaW 2016b). Strong
currents of up to 3 m/s facilitate the transportation and dispersion of nutrients.

Yawuru Nagulagun/Roebuck Bay Marine Park

The Yawuru Nagulagun/Roebuck Bay Marine Park is located south of Broome, outside of
the Operational Area but within the wider EMBA. The Marine Park covers an area of
approximately 788 km? from Gantheuame Point in the north to Cape Villaret in the south.
The Yawuru Nagulagun Marine Park is gazetted as a class ‘A’ reserve.

The Marine Park contains a range of geomorphic features including extensive intertidal
sand and mudflats, intertidal creeks, fossil dinosaur footprints, carbonate shoals and the
Roebuck Deeps (DPaW 2016c). The Yawuru Nagulagun Marine Park has significant
seagrass and macroalgal communities that support primary productivity and provide
habitat for fish and invertebrates. Along the coastline of the Marine Park mangroves are
commonly found, with the majority around Dampier Creek and Crab Creek. These
mangroves provide a critical habitat for important marine and terrestrial species (DPaW
2016c). Intertidal sand and mudflats also occur along the coastline within the Marine Park,
supporting invertebrate communities and providing an important area for shorebird
populations. Roebuck Bay is an important stopover for 38 migratory shorebird species and
is part of the East Asian - Australasian Flyway.
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4.4.8

4.4.9

4.4.10

4.5

Rowley Shoals Marine Park

The subtidal values and sensitivities of the Rowley Shoals Marine Park are virtually identical
to the Mermaid Reef AMP described above in Section 4.3.3 Bedwell Island, in Clerke Reef,
is home to one of only two colonies of red-tailed tropicbirds in WA. The tropicbirds nest on
the island, along with wedge-tailed shearwaters, white bellied sea eagles, ruddy
turnstones, various terns, sand plovers, eastern reef egrets and white-tailed tropicbirds.
Bedwell Island is also an important resting area for migratory birds. Hawksbill and green
turtles sometimes nest on this sandy cay (DEC 2007) and is likely to provide foraging
habitat (DEE 2017a).

Scott Reef Nature Reserve

Sandy Island is a C class nature reserve (under Western Australian legislation) for
conservation (No. 42749), declared to Low Water Mark (LWM). It has an approximate area
of 11,658 hectares and is located approximately 11 km north west from the Operational
Area. This encompasses much of the South Scott lagoon, and the south-western reef flat
of North Scott Reef. The remainder of the South Scott Reef lagoon and North Scott Reef
are Commonwealth waters and Commonwealth jurisdiction applies.

Scott Reef (including a 20 km buffer) has been classified as habitat critical to the survival
of marine turtles in the Recovery Plan for Marine Turtles, due to the occurrence of nesting
during November to March (DEE 2017).

Lacepede Islands Nature Reserve

The Lacepede Islands are a Class C nature reserve, located approximately 65 km south-
east of the Operational Area, and 120 km north west of Broome. The purpose of this
reserve is the conservation of flora and fauna, navigation, communication, meteorology
and survey. The Lacepede Islands are a 12 km long chain of four islands known as West
Island, Middle Island, Sandy Island and East Island. They are all small, low spits of coarse
sand and coral rubble, lying atop a platform coral reef. They are treeless but support low
vegetation.

INPEX (2010) identified these islands as the largest green turtle breeding rookery along
the Kimberley coastline. This was recognised in the Recovery Plan for Marine Turtles in
Australia which identified the nesting area as habitat critical to the survival of marine turtles
(DEE 2017a). The Recovery Plan has provided a 60 km interesting buffer around the
Lacepede Islands for flatback turtle nesting occurring from October to March, with a peak
in December and January. A 20 km interesting buffer has also been provided for green
turtle nesting, occurring from November to March each year.

The Lacepede Islands support over 1 per cent of the world populations of brown boobies
and roseate terns. The breeding colony of brown boobies, of up to 18 000 breeding pairs,
is possibly the largest in the world. Up to 20,000 roseate terns have been recorded there
(Birdlife International 2018). Other birds breeding on the islands include masked boobies,
Australian pelicans, lesser frigatebirds, eastern reef egrets, silver gulls, crested, bridled
and lesser crested terns, common noddies, and pied and sooty oystercatchers. Visiting
waders include grey-tailed tattlers, ruddy turnstones, great knots and greater sand plovers
(Birdlife International 2018).

Wetlands of conservation significance
Australia is a signatory of the Convention on Wetlands of International Importance (the

Ramsar Convention). Ramsar wetlands are those that are representative, rare or unique
wetlands, or are important for conserving biological diversity. A search of the protected
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4.6

4.6.1

matters listed under the EPBC Act identified Ashmore reef national nature reserve as a
Ramsar site within the EMBA.

The Ashmore Reef Ramsar Site shares the same boundaries as the Ashmore Reef Australian
Marine Park (Section 4.3.6), approximately 142 km north of the Operational Area at the
extent of the EMBA. The Ramsar site regularly supports more than one per cent of at least
six species of waterbird including the sooty tern, bar-tailed godwit, grey-tailed tattler,
ruddy turnstone, sanderling and greater sand plover.

Physical environment
Climate

Air temperature

Air temperatures recorded at Cape Leveque, the closest Bureau of Meteorology (BOM)
climatological station to the Operational Area, shows a maximum mean temperature of
32.5 degrees Celsius (°C) and a minimum mean temperature of 18.9 °C (BOM 2018). Air
temperatures recorded at Browse Island shows a maximum temperature of 33.3 °C and a
minimum of 21.6 °C (BOM 2018). Air temperatures in the Browse Basin remain warm
throughout the year with means and maxima ranging from 26-30 °C and 32-35 °C,
respectively (INPEX 2010).

Winds

The climate of northern Australia shows two distinct seasons: winter, from April to
September; and summer, from October to March. There are rapid transitional periods
between the two main seasons, generally in April and September/October (RPS MetOcean
Pty Ltd 2011).

The winter season is characterised by steady north-east to south-east winds of 5 metres
per second (m/s) to 12 m/s, driven by south-east trade winds. The prevailing south-east
winds bring predominantly fine conditions throughout the north of Australia. The summer
season is the period of the predominant north-west monsoon. It is characterised by
north-west to south-west winds of 5 m/s for periods of five to ten days with surges in
airflow of 8 m/s to 12 m/s for periods of one to three days.

During the summer season, the weather in the north is largely determined by the position
of the monsoon trough, which can be in either an active or an inactive phase. The active
phase is usually associated with broad areas of cloud and rain, with sustained moderate to
fresh north-westerly winds on the north side of the trough. Widespread heavy rainfall can
result if the trough is close to, or over, land. An inactive phase occurs when the monsoon
trough is temporarily weakened or retreats north of Australia. It is characterised by light
winds, isolated showers, and thunderstorm activity, sometimes with gusty squall lines.

Tropical cyclones can also develop off the coast in the northern wet season, usually forming
within an active monsoon trough. Heavy rain and strong winds, sometimes of destructive
strength, can be experienced along the coast within several hundred km of the centre of
the cyclone. The Browse Basin is prone to tropical cyclones, mostly during the tropical wet
season from December to March (INPEX 2010). Under extreme cyclone conditions, winds
can reach 300 km/h.

Rainfall

The region has a pronounced monsoon season between December and March, which brings
with it heavy rainfall. Heaviest rainfall is typically associated with tropical cyclones.

Cape Leveque located on the Kimberley coastline is the closest location to the Operational
Area with a historical rainfall record. Historical rainfall data shows the highest maximum
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(219.9 mm) and mean (>85 mm) monthly rainfalls occur from December to March (BOM
2018).

Air quality

There is no publicly available data on air quality within the proposed survey location.
However, given the distance from land and the limited development within the Operational
area, air quality is expected to be relatively high. Potential sources of air pollution
associated with anthropogenic influences are expected to be emissions generated by
shipping, and oil and gas activities, and therefore considered to be localised in relation to
the regional setting.

Oceanography

Currents

Broad-scale oceanography in the NWMR is complex, with major surface currents influencing
the region, including the Indonesian Throughflow, the Leeuwin Current, the South
Equatorial Current, and the Holloway Current (Figure 4-3). The Indonesian Throughflow
current is generally strongest during the south-east monsoon from May to September (Qiu
et al. 1999). The Indonesian Throughflow is a key link in the global exchange of water and
heat between ocean basins. 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 (DSEWPaC
2012).

The Holloway current is a narrow boundary current present almost year-round, carrying
water along the continental shelf edge in depths ranging between 100 m and 200 m. There
is a strong seasonal variation where the Holloway current transects with the Indonesian
Throughflow, with north easterly flow during the monsoon season and south westerly flow
during the dry season (DSEWPaC 2012).

The Operational Area is typified by strong tidal flows over the shallower regions, particularly
along the inshore region of the Kimberley coast. Offshore regions with water depths
exceeding 100-200 m tend to experience significant large-scale drift currents. These drift
currents can be relatively strong (1-2 knots) and complex, manifesting as a series of
eddies, meandering currents and connecting flows. Wind shear at the surface also
generates local-scale currents that can persist for extended periods (hours to days) (RPS
2019).
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Figure 4-3: Surface currents for Western Australian waters

Tides

The NWMR experiences some of the largest tides along a coastline adjoining any open
ocean in the world. The tides are semidiurnal, with two daily high tides and two daily low
tides (McLoughlin et al. 1988). Both the semidiurnal and diurnal tides appear to travel
north-eastwards in the deep water leading to the Timor Trough before propagation
eastwards and southwards across the wide continental shelf.

Along the central Kimberley coast, tidal ranges of up to 11 m near Walcott Inlet and
Doubtful Bay can produce tidal current speeds in the order of 3 m/s (DPaW 2016a).
Similarly, at King Sound, peak currents often reach 3 m/s (Condie & Andrewartha 2008;
Ivey et al. 2016). The Pilbara coast around Eighty Mile Beach experiences semidiurnal flows
of approximately 1 m/s and tidal ranges of up to 6 m (Condie & Andrewartha 2008).

Maximum tidal current speeds in the Operational Area have been predicted by RPS (2019)
to be approximately:

o 3.0 m/s on the southern boundary of the Operational Area surrounding WA-532-P,
near Adele Island;

o 1.2 - 1.6 m/s on the eastern boundary of the Operational Area surrounding WA-533-
P;

. 0.6 m/s on the north-eastern boundary of the Operational Area, near Browse Island;
and

. 0.4 - 0.5 m/s on the northern and western boundaries of the Operational Area, in

deep waters along the continental slope and near Scott Reef.

Cross-shore transport near the Eighty Mile Beach and the Broome coast is driven by strong
tidal oscillations, which results in the back and forth movement of water up to 20 km
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offshore from coastal waters (Condie et al. 2006). Recent studies at Collie Bay and Camden
Sound in the west Kimberley have also found that maximum outward movement of water
from inshore locations towards offshore open waters, as a result of the strong tidal currents
in the region, is approximately 18 - 23 km (Ivey et al. 2016).

Waves

The sea wave climate within the Operational Area reflects the seasonal wind regime, with
waves predominantly from the west in summer and from the east in winter. Summertime
tropical cyclones generate waves propagating radially out from the storm centre.
Depending upon the storm size, intensity, relative location and forward speed, tropical
cyclones may generate swell with periods of 6-10 seconds (s) from any direction and with
wave heights of 0.5-9.0 m. During severe tropical cyclones, which can generate major
short-term fluctuations in current patterns and coastal sea levels (Fandry & Steedman
1994; Hearn & Holloway 1990), current speeds may reach 1.0 m/s and occasionally exceed
2.0 m/s in the near-surface water layer. Such events are likely to have significant impacts
on sediment distributions and other aspects of the benthic habitat.

Bathymetry and seabed habitats

The Acquisition Area and Operational Area are located on the middle and outer continental
shelf and the upper continental slope. Water depths within the Acquisition Area mostly
range from approximately 50 - 600 m below mean sea level. Water depths less than 50 m
within the Acquisition Area are located at Lynher Bank in the southern part of WA-532-P
where the shallowest water depth is approximately 30 m, and in the eastern part of the
Acquisition Area surrounding WA-533-P where the shallowest water depth is approximately
37 m (refer Figure 3-1).

The bathymetry in the Operational Area reflects several large-scale geomorphic features,
as defined by Heap and Harris (2008) and Baker et al. (2008) (Figure 4-4).

The south of the Operational Area, encompassing WA-533-P, includes the Rowley
Depression to the west of Broome (Figure 4-4), with water depths gradually decreasing
from approximately 50 m to 200 m at the edge of the continental shelf and the upper
continental slope. The depression is bounded by shelf to the north and south including the
Leveque Rise, a feature that extends to the north-west of the Dampier Peninsula and the
Lacepede Islands (Figure 4-4). It is on the southern margin of the Leveque Rise where
the eastern boundary of the Acquisition Area surrounding WA-533-P is at its shallowest
(approximately 37 m).

The continental shelf within the Operational Area surrounding WA-532-P includes low relief
plateau and terrace. A number of valleys lie on the southern margin near Adele Island as
well as along the continental shelf edge. Lynher Bank (Figure 4-4) represents the
shallowest area, where the minimum water depth in the Acquisition Area is approximately
30 m.

The northern and western parts of the Acquisition Area and Operational Area, including the
deepest parts of WA-532-P and WA-533-P, and all of WA-50-L, include deep slope and
terrace features extending to approximately 600 m (Acquisition Area) and 1,000 m depth
(Operational Area).

Seabed habitats within the Acquisition Area and Operational Area are predominantly
featureless plains of unconsolidated soft sediments, comprising sands and gravels on the
continental shelf and muddy sediments on the continental slope (DEWHA 2008b; Brewer
et al. 2007). Some areas of hard substrate and more varied topographic relief are predicted
to be associated with the Ancient coastline at the 125 m depth contour KEF (Section 4.2.1),
which broadly lies between the 115 m and 135 m depth contours.
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The relatively shallow shelf areas at Lynher Bank and on the Leveque Rise also provide
some localised areas of hard substrate and relief. However, surveys of these features have
found them to be predominantly sand (Nicholas et al. 2016; Heyward et al. 2019). Nicholas
et al. (2016) noted that 98% of the areas surveyed on the Leveque Rise were
unconsolidated sediment and 97% were areas of flat relief. Hard substrate was rare (3%).
Similarly, a recent survey at Lynher Bank and adjacent areas found that 94% was bare
sand with only occasional hard substrate (Heyward et al. 2019). This is reflective of the
depositional processes on the continental shelf in this region (DEWHA 2008b).
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4.6.4

Water quality

Water quality has been measured by INPEX during numerous surveys to describe the
natural water quality conditions in the Ichthys Field in WA-50-L and in surrounding areas.
This data is relevant for offshore waters throughout the Operational Area given its relative
proximity and similar remote open ocean location. An overview of the water quality studies
undertaken are as follows:

e Water quality sampling was conducted at 27 offshore locations near the Ichthys
Field, Echuca Shoal and their surrounds between March 2005 to June 2007 as a part
of the INPEX Ichthys Environmental Impact Statement studies.

e Information on conductivity, temperature and dissolved oxygen was collected in
offshore waters of petroleum exploration permit area WA-344-P during exploratory
drilling in July 2008.

¢ Near-seabed temperature and salinity profiles were obtained along the proposed
pipeline route from the Ichthys Field to Darwin Harbour during geophysical and
geotechnical surveys conducted between August and October 2008.

The results of these studies, as relevant to this EP, are summarised in Table 4-2.

Furthermore, as part of the Applied Research Program (ARP) between INPEX and Shell in
the Browse Basin, a significant amount of environmental baseline data has been collected.
This included 66 water quality profiles and more than 1,300 water samples collected from
56 locations around the Ichthys Field in 2015.

Sampling locations were based on a gradient design away from a central point in the
Ichthys Field and also included increased sampling around Browse Island, Echuca and
Heywood shoals. Samples were analysed for metals and hydrocarbons. In addition to the
May 2015 survey, ad hoc water quality samples have been collected from sampling
locations during other ARP field surveys to increase the dataset and knowledge. An
interpretive report of all the aforementioned ARP water quality results was delivered in
2017 (Ross et al. 2017).

Offshore surface waters are typically oligotrophic. This has been confirmed by studies
recording low nitrate concentrations and low phytoplankton abundance. In general, the
region experiences an influx of comparatively nutrient-rich waters at depth in summer and
a variety of processes, such as tidal currents, internal waves and cyclone mixing, are known
to carry these nutrients into the bottom waters of the shelf (Hallegraeff 1995).

Inshore coastal waters tend to be more turbid than offshore open ocean waters due to
suspension of sediments by wave action and sediment laden runoff from the land. Higher
total suspended solids (TSS) concentrations tend to occur during spring tide conditions due
to stronger tidal currents and meteorological perturbations, such as periods of strong
winds.

Table 4-2: Summary of water quality parameters in the vicinity of the Operational area

Parameter Description

Surface-water The surface waters of the region are tropical year-round, with
temperature surface temperatures of ~26 °C in summer and ~22 °C in
winter (DSEWPaC 2012). The baseline monitoring in the
Ichthys Field area recorded surface water temperatures of
~30 °C in summer (March) and ~26-27 °C in winter (July)
(INPEX 2010).

Offshore waters in the region are typified by thermal
stratification, with the start of the thermocline generally
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around 60 m below sea surface (but ranging from 30-80 m)
(Ross et al. 2017). Temperature decays rapidly through the
water column to 14 °C at approximately 200 m and then
decays more slowly to a minimum of circa 8 °C recorded at
the deepest sites (Ross et al. 2017).

Salinity

Salinity was spatially and temporally consistent at 34 to 35
parts per thousand (ppt) across all sampling sites and can
reasonably be expected to be similar within the wider area,
given the distance from major freshwater discharges (INPEX
2010). Minor variations in the salinity profile were identified
however data indicated lower salinity values were recorded in
the top layer of the water column with higher salinity values
corresponding to deeper within the water column (Ross et al.
2017).

Dissolved oxygen

Dissolved oxygen concentrations in the Ichthys Field mirrored
water temperatures, with concentrations varying considerably
between the surface and subsurface layers. The surface mixed
layer was generally well oxygenated throughout; however,
below the thermocline (starting at approximately 60 m
through to 200 m water depth), the concentration of dissolved
oxygen decreased consistently with depth (RPS 2007; Ross et
al. 2017). Dissolved oxygen concentrations were recorded at
constant levels of 6.0 to 6.5 ppm at or above the thermocline
in both summer and winter. In the cooler waters below the
thermocline, dissolved oxygen decreased with increasing
depth, with levels as low as 4.5 to 5.0 ppm recorded at a
depth of 93 m and 3 ppm at a depth of 250 m (INPEX 2010).
This indicates that the strong thermal stratification at the
offshore locations results in limited oxygen replenishment of
subsurface waters due to the lack of regular mixing between
water layers (RPS 2007).

pH

The average pH of waters was measured at approximately 8.4
(RPS 2007), which is slightly higher (more alkaline) than
normally encountered in the marine environment and is above
the default criteria given in the Australian and New Zealand
guidelines for fresh and marine water quality
(ANZECC/ARMCANZ 2000).

Turbidity and light
attenuation

Turbidity is generally higher in the shallow continental shelf
and towards the base of many of the deeper water column
profiles. This has been attributed to re-suspension of fine
sediments in these higher energy environments (Ross et al.
2017). The re-suspension of materials from the seafloor
includes organic material which could comprise a pathway for
hydrocarbon materials to become incorporated into
sediments.

Petroleum
hydrocarbons

Baseline sampling has indicated low levels of naturally
occurring hydrocarbons released by organic matter decay or
higher trophic level organisms. Shallow water sites showed a
constant hydrocarbon concentration through the profile. Deep
water sites showing a low and constant concentration above
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the thermocline, with a peak of 0.2-0.25 pg/L at the
thermocline before slowly diminishing (Ross et al. 2017).

Radionuclides Water-column sampling for radionuclides in the Ichthys Field
area indicated concentrations of radium-226 ranging from
below lower limits of reporting (LLR) to 0.034 (£0.012)
becquerels per litre (Bg/L) and concentrations of radium-228
ranging from below LLR to 0.167 (£0.128) Bqg/L. With the
exception of one mid-depth sample, all samples returned
gross alpha-particle and gross beta-particle radiation levels
below the Australian Drinking Water Guidelines screening
criterion of 0.5 Bqg/L provided by the National Health and
Medical Research Council and the Natural Resource
Management Ministerial Council (NHMRC & NRMMC 2018).

Metals Total metal concentrations in the offshore waters sampled
were below the 99% species protection level for marine
waters (ANZECC/ARMCANZ 2000), with the exception of zinc
and cobalt at one site each. The reason for these two slightly
elevated readings is unknown (INPEX 2010).

Ultra-trace-level analysis methods were used to assess metal
concentrations in surface waters because ANZECC/ARMCANZ
(2000) guideline trigger values at the 99% species protection
level are lower than the limits of standard laboratory
methods. Mercury was the only metal not detected above the
LLR, while cobalt was marginally above the LLR at only one
site. Concentrations of arsenic, nickel, chromium and zinc
were consistent across all sites, but the concentrations of
cadmium, copper and lead showed greater variability (INPEX
2010).

4.6.5 Sediment quality

Similar to water quality, offshore marine sediments have been sampled for INPEX during
numerous surveys in order to characterise the marine sediments in the Ichthys Field and
surrounding areas (URS 2009a). Overviews of the studies are listed below, with the results
as relevant to this EP summarised in Table 4-3:

e Sampling and characterisation of marine sediments in the Ichthys development area
was conducted at 10 sites in September 2005 and May 2007. This included five sites
within 20 km of the Ichthys Venturer FPSO location and another five sites between
36 km and 134 km. A further 10 sites were also sampled for particle size distribution
(PSD) between 24 km and 66 km of the FPSO location and therefore this data is
considered to be relevant for the Operational Area given its relative proximity and
similar remote open ocean location.

e Seabed sediment sampling along the proposed pipeline route from the Ichthys Field
to Darwin Harbour was also conducted at approximately 10 km intervals during
geophysical and geotechnical surveys between August and October 2008.

Furthermore, as a part of the ARP, a 133 sediment samples at 56 locations were collected
around the Ichthys Field in May 2015. Sampling locations were based on a gradient design
away from a central point in the Ichthys Field and also included increased sampling around
Browse Island, Echuca and Heywood shoals. Samples have been analysed for metals and
hydrocarbons. In addition to the May 2015 survey, ad hoc sediment samples have also
been collected from sampling locations during other ARP field surveys to increase the
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dataset and knowledge. An interpretive report of all the aforementioned ARP sediment
sample results was delivered in 2017 (Ross et al. 2017).

Table 4-3: Summary of sediment quality parameters in the vicinity of the Operational Area

Parameter

Description

Particle size
distribution (PSD)

The seabed in offshore locations on the continental shelf is
known to consist of generally flat, relatively featureless plains
characterised by soft sandy-silt marine sediments that are
easily resuspended. Similarly, the substrate of the Scott Reef
- Rowley Shoals Platform, located in water depths of 200-600
m, is considered to be a depositional area with predominantly
fine and muddy sediments (INPEX 2010).

The composition of sediments varied across the Ichthys
development area, with the most variation occurring in the
vicinity of the Echuca Shoal (approximately 19 km from the
Operational Area). In this area, sediments consisted mainly of
calcareous shell grit and coral debris along with varying minor
proportions of silts and fine-to-medium sands. In general, the
proportion of silts, clays and fine sands increased rapidly with
increasing distance from the shoal (RPS 2007; INPEX 2010).

The PSD of sediment at sites located within the Ichthys Field
was primarily sand, with some silts. The two samples collected
adjacent to Echuca Shoal contained a large (30-37%)
component of gravel relative to the other sampling locations
(£3%).

Petroleum
hydrocarbons

Concentrations of BTEX and PAH compounds in sediments in
the vicinity of the sampling sites were very low (Ross et al.
2017; RPS 2007). The components of the more prevalent
alkane compounds found indicated that the concentrations
observed were likely to have originated from biogenic sources
(Ross et al. 2017).

Radionuclides

Naturally occurring radioactive materials for the majority of
results were below or close to LLR. Radium-226 was detected
at one site but all other samples were below LLR for each
radium isotope. The concentration of uranium and thorium
was consistent across all sites (RPS 2007).

Metals

Concentrations of all metals were consistent across the
sampling sites and well below the interim sediment quality
guidelines low screening level (ANZECC/ARMCANZ 2000), with
the majority also below their respective LLR (RPS 2007).

Organometallics (i.e. tributyltin (TBT)) were below
ANZECC/ARMCANZ (2000) guidelines and lower than the LLR
at all sampling locations.

4.6.6 Underwater noise

Ambient noise refers to the overall continuum of background noise such that the
contribution from specific sources is not readily identifiable from one another. Ambient
noise may comprise of sound from multiple different sources, including wind, waves, rain,
tidal turbulence, movement of sediments on the seabed, biological noise (e.g. snapping
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shrimp, fish choruses, marine mammal vocalisations) and anthropogenic noise sources
(e.g. distant shipping noise). Therefore, background noise levels will vary between
locations, including deep waters versus coastal waters (Cato and McCauley 2002; Harland
et al. 2005).

The Centre for Marine Science and Technology at Curtin University undertook a study on
behalf of INPEX from September 2006 to August 2008 to assess ambient biological and
anthropogenic sea noise sources in the Browse Basin. Ambient noise in the Ichthys Field
was measured using a sea noise logger deployed at a depth of 240 m on the seabed 45
km north-west of Browse Island. The monitoring revealed the average ambient noise level
of 90 dB re 1 pyPa under low sea states, although the level was greater than 100 dB re 1
pPa for 70% of the time as a result of anthropogenic noise contributions (McCauley 2009).
Biological noise sources recorded in the Ichthys Field included regular fish choruses and
several calls from humpback whales, pygmy blue whales, minke whales and other
unidentified species (McCauley 2009).

Monitoring of underwater noise at other offshore locations in the region include monitoring
in the Timor Sea approximately 300 km north of Darwin (McPherson et al. 2016a) recorded
ambient noise varying between approximately 80 and 115 dB re 1 pyPa (96 dB re 1 pPa
average). Variations in ambient sound were primarily affected by weather events, with
notable contributions from fish, whales and occasional anthropogenic noise sources.

Noise monitoring at various sites in and around Scott Reef indicates a greater background
noise contribution from fish chorusing on the reef and within the lagoon compared with
monitoring sites located in open waters away from the reef. Whale vocalisations were also
detected, including pygmy blue, humpback, Bryde’'s and minke whales (McCauley 2011).

Ambient noise was also measured on behalf of INPEX at an inshore site near the Maret
Islands in 45 m of water. Under low sea states, the average ambient noise level was 85 dB
re 1 yPa, although periodic increases in noise levels of almost 60 dB above lowest ambient
noise levels occurred as a result of increased wind and fish chorusing (McCauley 2009).

A series of sea noise loggers deployed in the coastal waters and inner continental shelf of
the Kimberley region (Maret Islands, Pender Bay, James Price Point, Gourdon Bay and at
a site west of the Lacepede Islands) indicate relatively high but also highly variable ambient
noise levels with significant contributions from humpback whales and fish chorusing, which
fluctuate with the seasons and phases of the moon (McCauley 2011, 2012; McPherson et
al. 2016b). Ambient noise levels of between approximately 85 and 110 dB re 1 pPa,
increasing to levels more than 130 dB re 1 pPa have been observed (McCauley 2012;
McPherson et al. 2016b). URS (2009b) report that ambient noise in coastal embayments
in the Kimberley that contain coarse gravely sediments can exceed 110-120 dB re 1 pPa
on a daily basis, particularly during spring ebb and flood tides.

Results from the various surveys in the region are considered to be indicative of typical
background underwater noise levels within the Operational Area and adjacent waters of
the Kimberley. Therefore, background noise levels in offshore, open water locations may
be between approximately 90 and 100 dB re 1 pPa in low wind conditions. These levels
may increase significantly during weather events and during fish and whale vocalisations,
particularly at offshore reefs such as Scott Reef. Noise levels in WA-533-P are likely to be
slightly higher than in WA-532-P and WA-50-L due to the presence of heavier shipping
traffic (see Section 4.9.9).

Background noise levels in the coastal waters of the Kimberley are consistently between
85-110 dB re 1 pPa, increasing at times to more than 130 dB re 1 yPa as a result of
biological sounds (e.g. fish choruses), wind, tidal currents and movement of sediment, and
other anthropogenic noise sources (e.g. boat noise).
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4.7

4.7.1

Biological environment
Planktonic communities

Plankton communities comprise phytoplankton and zooplankton, including fish eggs and
larvae. Phytoplankton and zooplankton are a source of primary and secondary productivity,
and key food sources for other organisms in the oceans (Brewer et al. 2007). Eggs and
larvae may be dispersed throughout the water column and throughout the region, playing
an important role in species recruitment.

The primary driver of planktonic primary productivity in the NWMR is from seasonal
influences, including large scale currents, cyclones, inputs of freshwater, and localised
mixing and upwelling. The Indonesian Throughflow generally suppresses upwellings along
the coast, but there are some localised areas of enhanced biological productivity (Brewer
et al. 2007; DEWHA 2008b). The processes underlying this productivity are unclear,
although productivity may be associated with a unique combination of bathymetry and
oceanography, where a strong current running along the coastline interacts with the 50 m
depth contour, which runs perpendicular to the coast. This interaction is likely to cause
mixing of deeper, more nutrient-rich water with surface waters. Sporadic mixing of nutrient
rich waters with the surface layer along the Kimberley shelf has also been found to result
in a deep chlorophyll maximum in the upper mixed layer in depths of less than 70 m
(Brewer et al. 2007). Phytoplankton production above background values stimulates
blooms of zooplankton which feed on the phytoplankton, which in turn attract predators
that feed on the zooplankton. Localised upwelling and mixing are also thought to occur
around Browse Island and in water surrounding Scott Reef which attract a number of
marine species, including cetaceans (DEWHA 2008b).

Chlorophyll-a and phytoplankton concentrations are highly variable (Brewer et al. 2007;
DEWHA 2008b). Higher phytoplankton concentrations in the region, as indicated by surface
chlorophyll-a concentrations, generally occur during the winter months (June to August)
and are lower in summer (December to February) (Hayes et al. 2005), although there is
some variability. This trend is evident in Figure 4-5, which shows the mean seasonal
chlorophyll-a concentration (Parks Australia 2018). Between spring and autumn, the areas
of greatest productivity are associated with nearshore continental shelf waters of
approximately 50 - 70 m depth or less, where the greatest mixing occurs, and around
offshore islands and reefs (Figure 4-5). The relatively greater abundance in phytoplankton
in nearshore waters of the Kimberley, less than 50 m depth, has also been reported by
Thompson and Bonham (2011). Increased productivity during the winter months sees
increased chlorophyll-a concentrations in water depths up to approximately 100 m (Figure
4-5). The winter months show relatively consistent chlorophyll-a concentrations on the
Kimberley shelf, compared with other seasons which have more variable concentrations
(Parks Australia 2018h).

Zooplankton biomass over tropical continental shelves is generally greatest in coastal
waters (Nair et al. 1981; Wilson et al. 2003; Munk et al. 2004) and associated with areas
of higher phytoplankton biomass (Wilson et al. 2003; Lamb & Peterson 2005; Stenseth et
al. 2006). Zooplankton biomass in the Kimberley region has also been found to be highest
within coastal waters and within the 50 m depth contour where the areas of greater
phytoplankton biomass occur, and decreases offshore (Holliday et al. 2011). Offshore, the
correlation between phytoplankton and zooplankton biomass is known to be generally
weaker due to the influence of physical processes which introduce strong variability to the
distribution of planktonic biomass (Gibbons & Hutchings 1996; Holliday et al. 2011).

The spawning of fishes and invertebrates throughout the region also contributes to the
biomass of planktonic communities in the waters of the NWMR. Fish spawning is described
further in Section 4.7.4. Coral spawning at nearshore reefs in the Kimberley region and at
offshore reefs such as Scott Reef and the Rowley Shoals mainly occurs in autumn
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(March/April) with a lesser spawning event in spring (October/November) (Gilmour et al.
2009; Rosser 2013). Research into coral larval dispersal (Gilmour et al. 2009, 2010, 2011;
Underwood et al. 2009, 2017; Cook et al. 2017; Waples et al. 2019) has indicated that
dispersal and recruitment is predominately local and limited to within a few kilometres to
a few tens of kilometres from natal reef patches.
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Figure 4-5 Average seasonal concentration of chlorophyll-a in the NWMR (2002-2016) (Parks Australia 2018h)
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4.7.2

Benthic communities

Soft-bottom benthos and filter feeder communities

By area, soft-bottom benthos is the dominant environment within the Operational Area,
comprising of sands and gravels on the continental shelf and muddy sediments on the
continental slope (DEWHA 2008b; Brewer et al. 2007). Macrotidal stirring and high
seasonal inputs from terrestrial runoff make the Kimberley shelf a highly dynamic and
relatively turbid region, which favours filter feeder invertebrate communities such as
sponges instead of photosynthetic communities such as hard corals and algae (Brewer et
al. 2007).

The mid and outer shelf habitats of the Kimberley shelf have been described from trawl
surveys (Nowara & Newman 2001). These surveys indicate relatively sparse populations
of infauna and epibenthos that inhabit the sandy-mud substrates. A wide range of benthic
fauna can be found, including crabs, shrimps and echinoderms (Brewer et al. 2007).
Infauna typically found in the relatively low nutrient sediments in the NWMR includes
nematodes, copepods, polychaete worms and isopods (Brewer et al. 2007).

Benthic surveys undertaken in the Operational Area include surveys on the Leveque Rise,
in water depths of 47 to 102 m, which involved multibeam echosounder, towed video and
still images, and infauna sampling (Nicholas et al. 2016). Based on still towed-video
imagery, it was observed that the seabed is dominated by unconsolidated sediment (98%
of all locations observed) and mostly in areas of flat relief (97%). Rare occurrences of hard
substrates comprising consolidated boulders (1%) and rock (2%) were observed. The
rocky outcrops and some areas of thin sand veneer over hard substrate support locally
abundant octocorals and sponges, interspersed with areas of soft sediment and low
epifaunal cover (Nicholas et al. 2016). Some bare sediments showed evidence of
bioturbation from infauna, including polychaete worms.

Recent surveys at Lynher Bank, in water depths of 36 to 108 m, involved multibeam
echosounder, towed video and still images, and benthic sled trawls (Heyward et al. 2019).
Abiotic substrates were overwhelmingly prevalent, representing average cover of 94%
across all transects. Sediment was predominantly sand, with only occasional outcrops of
low-relief hard substrate. Rock outcrops and areas of thin sand veneer over hard substrate
supported filter feeders, such as sponges, soft corals, bryozoans and other invertebrates.
Other organisms collected in the sled trawls included a diversity of crustaceans, molluscs
and echinoderms such as crabs, nudibranchs, feather stars and brittle stars (Heyward et
al. 2019; Puotinen & Thums 2016).

It is noted that some shallow areas of the Leveque Rise and Lynher Bank may provide
suitable substrate within the upper limits of the depth range where pearl oysters (Pinctada
maxima) occur. However, neither of the surveys at the Leveque Rise or Lynher Bank report
any pearl oysters. Therefore, significant populations of pearl oyster are not expected to be
present within the Operational Area.

Varied relief and outcrops of hard substrate are also likely to be present on the outer
continental shelf in association with the Ancient coastline at the 125 m depth contour KEF.
Little is known about fauna associated with the hard substrate of the escarpment, but it is
likely to include sponges, soft corals, crinoids, molluscs, echinoderms and other benthic
invertebrates representative of hard substrate fauna in the NWMR (DSEWPaC 2012).

On the deeper continental slope, the continental slope demersal fish communities KEF
occupies two distinct community types associated with the upper slope (225-500 m depth)
and the mid-slope (750-1,000 m depth). Although poorly known, it is suggested that the
demersal-slope communities rely on bacteria and detritus-based systems comprised of
infauna and epifauna, which in turn become prey for a range of teleost fish, molluscs and
crustaceans (DEE 2018a; Brewer et al. 2007). Commercially targeted scampi occur in this
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upper slope region, commonly associated with Globigerina ooze-type sediments at depths
of 420-500 m (AFMA 2018).

Inshore of the Operational Area, parts of the shallower coastal turbid zone support more
significant filter feeder communities than offshore (Brewer et al. 2007; Miller 2017).
Surveys in Camden Sound and the Bonaparte Archipelago observed patchy but widespread
and diverse filter feeder communities dominated by sponges, bryozoans, soft corals,
ascidians and hydroids, with a diversity of crustacean, mollusc and other invertebrate
species also present (Miller 2017). Surveys off the west coast of the Dampier Peninsular in
water depths less than 25 m were undertaken between Coulomb Point, James Price Point,
Quandong Point and Cape Boileau (SKM 2010). Sandy sediments were present throughout
the study area, often overlaying hard substrate. Biota was relatively sparse but sponges,
sea whips, gorgonians, ascidians, sea pens and non-photosynthesising soft corals, were
the most extensive biota mapped throughout the study area (SKM 2010).

Coral Reefs

Coral reefs within the region can be categorised into three general groups: fringing reefs,
large platform reefs, and intertidal reefs. Corals are significant benthic primary producers
that play a key ecosystem role in many reef environments and have an iconic status in the
environments where they occur.

The Operational Area, inner shelf and coastal waters of the Kimberley are generally
unsuitable for coral development, due to high terrestrial sediment input, macrotidal
regimes, highly turbid water and raised sea surface temperatures. However, despite these
environmental conditions, fringing coral reefs exist around the margins of a number coastal
islands as well as a number of emergent platform reefs (Collins et al. 2015; Miller 2017;
Waples et al. 2019).

No coral reefs are present in the Operational Area. Coral reefs considered to have
significant value within the EMBA include:

. Scott Reef and Seringapatam Reef

. Rowley Shoals, including Mermaid Reef

. Ashmore Reef and Cartier Island

) Browse Island

. Adele Island

. Beagle and Mavis Reefs

. Outer islands of the Buccaneer Archipelago and Bonaparte Archipelago, including the
Maret Islands

. Montgomery Reef

o Lacepede Islands.

These reefs, in particular Ashmore Reef, are recognised as having the highest richness and
diversity of coral species in Western Australia (Mustoe & Edmunds 2008). The Rowley
Shoals and Scott Reef also support very high coral species diversity, as discussed in Section
4.2. The intertidal reefs surrounding the outer islands of the Bonaparte and Buccaneer
Archipelago also exhibit very high coral species diversity (INPEX 2010). More than 210
species of hard coral have been identified at the Maret Islands (Richards et al. 2015).

Seagrass

The largest known seagrass locations for the NWMR have been reported from around the
Buccaneer Archipelago located north of the Dampier Peninsula (Wells et al. 1995).
However, coastal shallow-water seagrass habitats are generally rare in the region,
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4.7.3

accounting for only 11.5 km or 0.2 per cent of the total coastline surveyed by Duke et al.
(2010). The regionally dominant genera are Halophila and Halodule.

A strip north and south of Broome has a high coverage of seagrass (Whiting & Guinea
2005) and has been identified as a dugong foraging area.

Shoreline habitats

There are no islands or shorelines within the Operational Area, with the closest intertidal
habitat located at Browse Island (5.5 km from the Operational Area). However, within the
EMBA there are numerous small islands. The Kimberley coast generally comprises sandy
beach, rocky shorelines, and mangrove/estuarine mudflat habitat.

In the offshore waters of the EMBA there are multiple islands which have an associated
Commonwealth or State marine park/reserve status. The values and sensitivities
associated with the shorelines of these islands are described in Sections 4.3, 4.4 and 4.5.

Emergent intertidal coral reef occurs within the EMBA at Rowley Shoals, Ashmore Reef,
Cartier Island and Browse Island. Fringing coastal reefs may also be exposed at low tide.

Sandy Beaches

Sandy beaches are the dominant shoreline habitat on all the offshore islands within the
EMBA and provide significant habitat for turtles and seabird nesting above the high tide
line (Section 4.8.2). Sandy beaches are present within the EMBA at the sandy cays of
Ashmore Reef, Cartier Island, Browse Island and Scott Reef.

Generally, sands are highly mobile and therefore do no support a high level of biodiversity.
Fauna within sandy beach habitats usually consists of polychaete worms, crustaceans and
bivalves. These fauna provide a valuable food source for resident and migratory sea and
shorebirds (DEC/MPRA 2005). Natural processes tend to supply fresh sediments and larval
stock (food source) with each tidal influx.

Mangroves

Mangrove communities make up a common shoreline habitat along the northern Western
Australian coastlines with extensive mangrove communities within the EMBA. They
commonly occur in sheltered coastal areas in tropical and sub-tropical latitudes. Mangroves
play an important role in connecting the terrestrial and marine environments and reducing
coastal erosion. They also play an important ecosystem role in nutrient cycling and carbon
fixing (NOAA 2010).

More than a quarter of the world’s species of mangroves can be found along the Kimberley
coast, covering an area of approximately 1,400 km2. During 2009, shoreline ecological
aerial and ground surveys were conducted from Darwin in the NT to Broome in WA in
response to the Montara oil spill (Duke et al. 2010). Approximately 5,100 km of shoreline
was surveyed, analysed and mapped to quantitatively characterise coastal ecological
features. Mangroves were found to grow along 63 per cent of the surveyed shoreline and
salt marshes occurred over 23.8 per cent of the shoreline.

Regionally significant mangrove habitat habitats are located at Eighty Mile Beach, Lalang-
garram / Camden Sound, Roebuck Bay, Lalang-garram / Horizontal Falls and North
Kimberley marine parks.
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4.7.4

Fishes

Fish assemblages of the continental shelf and slope

A large range of pelagic and demersal fish species are likely to be present in the Operational
Area and wider EMBA. The benthic habitats on the continental shelf support various
demersal fish species, including snappers and emperors (e.g. goldband snapper
Pristipomoides multidens, red emperor Lutjanus sebae, saddletail snapper L. malabaricus,
spangled emperor Lethrinus nebulosus) and rock cods and groupers (Serranidae, e.g.
rankin cod Epinephelus multinotatus) (Brewer et al. 2007; Newman et al. 2018). These
fish are particularly common over hard substrate where ridges, rises, reefs and large
epibenthos occur (Brewer et al. 2007), including the Ancient coastline at the 125 m depth
contour KEF, which is considered to provide an area of enhanced productivity along the
outer continental shelf of the NWMR (see Section 4.2.1).

Large pelagic species such as tuna and mackerel (Scombridae) and billfish species
(Xiphiidae, Istiophoridae) also occur across the continental shelf (DEWHA 2008b). Tuna
and billfish have a wide geographic distribution across the region and Indian Ocean basin,
moving great distances in open ocean waters beyond the continental shelf (Williams et al.
2018).

Sharks and rays also occur, including whale sharks, which forage in the region in spring
(September to November) (Section 4.8). Other species of shark include blacktip, sandbar,
dusky whaler, tiger and hammerhead sharks. Sawfish and the northern river shark may
also occur in the EMBA, but these species are limited to shallow coastal and estuarine
waters and are not expected to occur offshore in the Operational Area.

The deeper continental slope supports over 400 species of deep-water fishes, sharks and
rays, of which 64 species are considered endemic (Last et al. 2005). The continental slope
demersal fish communities have been identified as a key ecological feature due to this
diversity and endemism (see Section 4.2.2).

Small pelagic fish (e.g. lantern fish, members of the family Myctophidae) are believed to
comprise a significant proportion of the total fish biomass in the NWMR (Bulman 2006;
DEWHA 2008b). Small pelagic fish inhabit continental shelf waters, feeding on pelagic
phytoplankton and zooplankton and providing a food source for a wide variety of predators
including large pelagic fish, sharks, seabirds and marine mammals (Mackie et al. 2007;
DEWHA 2008b). Other small pelagic baitfish are common in shallow nearshore waters,
including members of the family Clupeidae such as pilchards (e.g. northern pilchard
Amblygaster sirm), and possibly a number of other species (e.g. smooth-belly sardine
Amblygaster leiogaster, slender sardine Dussumieria elopsoides, bluestripe herring
Herklosichthys quadrimaculatus, Goldstripe sardine Sardinella gibbosa). The baitfish feed
on phytoplankton and zooplankton concentrations in coastal waters, which are influenced
by currents and mixing on the inner continental shelf (Sainsbury et al. 1985; Brewer et al.
2007; Wright and Pyke 2010; Bray 2019a, 2019b). Movements of these baitfish along the
coast near Eighty Mile Beach, Roebuck Bay, Broome and the Dampier Peninsula are thought
to attract large predatory pelagic fish, such as marlin and sailfish, which are present
throughout the year, but peak from June to September when productivity and baitfish
activity in the region are highest (Wright & Pyke 2010; Pepperell et al. 2011).

Coral reef-associated and site-attached fish assemblages

Coral reefs, such as Scott Reef, Beagle Reef and fringing coastal reefs at Browse Island,
Adele Island and the Lacepede Islands (located outside of the Operational Area) support a
high abundance and diversity of fish species, including tropical reef fish assemblages, small
pelagic fish, parrotfish and groupers as well as larger species such as trevally, coral trout,
emperors, snappers, dolphinfish, marlin and sailfish (DEWHA 2008b).
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Coral reef-associated fish assemblages also include a high abundance and diversity of
highly site-attached species (e.g. damselfish), meaning that they rely on the benthic
habitat, have limited mobility and demonstrate a very high degree of site fidelity (Ault &
Johnson 1998). These site-attached fish assemblages typically comprise small to medium
species and are most abundant in the shallow photic zone (e.g. 30 - 40 m depth) and in
association with hard coral coverage, while the abundance and composition of reef fish
assemblages usually changes in favour of less site-attached species towards greater depths
(e.g. 50 - 80 m) (Colin 1974, 1976; Feitoza et al. 2005; Brokovich et al. 2008; Garcia-
Sais 2010; Heyward et al. 2011; Bryan et al. 2013; Bejarano et al. 2014; Baker et al.
2016). In contrast, despite the presence of some hard rocky substrate, filter feeder
communities and other patchy epibenthos that provide habitat structures for fish, the
turbid waters and predominantly abiotic substrates present in even the shallowest parts of
the Operational Area (Section 4.7.2) do not provide any significant areas of suitable habitat
for site-attached fish assemblages.

Pipefish, pipe horses, seahorses and sea dragons (family Syngnathidae) are potentially
present in the EMBA (Section 4.8). These listed species are site-attached species that
display a preference for shallow water habitats such as seagrass and macroalgal beds,
coral reefs, mangroves and sponge gardens (Foster & Vincent 2004; Lourie et al. 1999;
Scales 2010). Most seahorses are found in at depths of 1-15 m, occurring in relatively
protected environments, although a few species inhabit open sand or muddy bottoms, as
well as areas influenced by strong currents and tidal flow, and deeper reef environments
(15-60 m depth) (CITES 2001). Seahorses tend to be patchily distributed at low densities
(Lourie et al. 2004). Given the water depths present in the Acquisition Area are
predominantly (>95%) greater than 50 m depth, the limited coverage of suitable habitat,
and the predominantly shallow water preference and sparse distribution of Syngnathids,
they are unlikely to be present in significant numbers in this area.

Fish spawning and recruitment

Fish reproduction and population recruitment occurs via spawning of eggs, distribution and
settlement of larvae, and the development and recruitment of juvenile fishes to maturity.
Shark species on the continental shelf give birth to live young, and tend to do so in coastal
waters. Coastal waters provide important nursery habitat for the initial stages of many fish
species.

The demersal and pelagic fish assemblages that are typical of the continental shelf in the
Operational Area spawn throughout their ranges. Many are broadcast spawners that
release millions of eggs over multiple spawning events and over many months.
Recruitment (the process of juvenile fish moving into adult populations) and population
connectivity varies; some demersal and pelagic fishes within the Kimberley region show
genetic connectivity within hundreds of kilometres (Underwood et al. 2012; Berry et al.
2016; Depczynski et al. 2017), while other species are known to comprise populations with
genetic connectivity throughout waters of northern Australia and the Indian Ocean. The
larvae of many continental shelf species (e.g. snappers, emperors and mackerels) settle
in shallow coastal nursery habitats such as mangroves, estuaries, seagrasses, intertidal
pools and coral reefs, and juvenile fishes gradually move offshore again as they mature
(Jenkins et al. 1984; Leis and Carson-Ewart 2000; Begg et al. 2006; Cowen et al. 2007;
Newman et al. 2008). The larvae of some other species that occur in more intermediate
and deeper waters (e.g. goldband snapper) potentially spend their entire life, from larval
settlement, through juvenile stages to adulthood, in the same depth ranges, although some
adult and juvenile habitat separation may still occur (Lloyd et al. 2000; Lloyd 2006). The
spawning periods of many key indicator fish species for the commercial fisheries in the
region varies significantly between species, as presented in Table 4-4.
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4.7.5 Fish and invertebrate species of commercial and recreational significance

The Operational Area overlaps with the known distribution and habitat of several
commercially and recreationally significant fish and invertebrate species, as summarised
in Table 4-4. Information has been sourced from the WA Department of Primary Industries
and Regional Development (WA DPIRD) during stakeholder consultation and from other
references cited in the table.
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Table 4-4 Key fish and invertebrate species of commercial and recreational significance

Species

Distribution and habitat

Reproduction and recruitment

Food / Prey

Stock Status

References

Demersal species

Lutjanus sebae

water depths, and are often concentrated in
depths from 60 - 120 m.

The WA stock occurs from Cape Naturaliste
to the NT border.

Adult fish occur in a range of habitats
including coral reef lagoons, reefs, banks,
limestone sand flats and gravel patches.

producing millions of eggs per season.

Red emperor spawn throughout their range (rather
than aggregating at specific locations).

Red emperor spawn multiple times between
September - June (with bimodal peaks from
September — November and January — March)

There is limited movement and mixing of adult red
emperor between the Gascoyne, Pilbara and
Kimberley regions. Red emperor in these regions
are, therefore, treated as separate management
units. However, there is extensive connectivity and
gene flow among populations across northern
Australia, indicating a single genetic stock.

Juvenile fish are more common in nearshore waters
and move offshore as they mature.

Fish are estimated to reach maturity after
approximately 4 - 6 years.

carnivorous bottom
feeders.

Red emperor feed
mainly on fish,
benthic crustaceans
and cephalopods.

Goldband snapper e Goldband snapper typically occur in 50 - 200 e There is limited movement and mixing of adult Goldband snapper Sustainable DPIRD finfish advice
Pristivomoides m water depths, and often concentrated in goldband snapper between different regions in feed on the bottom received 17th June 2019
multifiens depths from 80 - 150 m. Australia. There is also evidence that the northern and in the water Lioyd et al. (2000)
e Adults occur around offshore reefs, shoals, Kimberley population (extending from the Northern | column, consuming 4 '
and areas of hard flat bottom with occasional Territory and Timor Sea to at least 122°E [Lynher | fish, crustaceans, Lloyd (2006)
benthos or vertical relief. Bank]) may be distinct fr‘om other regions. gastropods, squid Ovenden et al. (2002)
« Juvenile fish may remain in deep offshore Therefore, although Australian populations of | and scallops.
waters but occur in association with different g_oldba_md shapper are Iikely to form a single Newman (2003)
habitats, over uniform sandy and gravelly biological stock, the popglatlon§ are treat.ed as Newman et al. (2000)
substrate separate management units (Kimberley, Pilbara,
Goldb d. ] ; Gascoyne Northern Australia [Northern Territory Newman et al. (2008)
o oldban snapper occur in  waters
throughout the t?gpical Indo-Pacific region. and Queensland], and East Coast Queensland). Newman et al. (2018a)
i s e Broadcast, serial/multiple spawners, producing
e Goldband snapper are widely distributed millions of eggs per season. Saunders et al. (2018)
throughout northern Australia, from the .
Gascoyne region of WA to SE Queensland. e Goldband snapper spawn throu'g.hout thelr range
] ) ) (rather than aggregating at specific locations).
e The Australian population occurs as a single . . . .
biological stock separate from goldband e Spawning occurs consistently during the following
shapper in SE Asia. months:
e Pilbara: October - May (extended peak spawning
period)
e Kimberley: November - May (extended peak
spawning period)
e Larval settlement and juvenile development is likely
to occur in similar water depths to adults, although
juveniles are associated with different habitat.
e Fish are estimated to reach maturity after
approximately 4.6 years.
Red emperor e Red emperor typically occur in 10 - 180 m e Lethrinids are broadcast, serial/multiple spawners, Lethrinids are Sustainable DPIRD finfish advice

received 17th June 2019
Newman et al. (2008)
Newman et al. (2018b)

Van Herwerden et al. (2009)
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Scomberomorus
commerson

Spanish mackerel occur in continental shelf
waters and congregate in coastal waters
around reefs, shoals and headlands to feed
and spawn in winter and spring.

WA DPIRD, They occur in water depths from
1 m to at least 50 m.

north coast bioregion

Congregate in coastal waters from approximately
June onwards, but the peak spawning period is:

Pilbara: September — December
Kimberley: September - January

as sardines,
anchovies and
pilchards, as well as
squids and prawns.

Species Distribution and habitat Reproduction and recruitment Food / Prey Stock Status References
Blue spotted e Blue spotted emperor typically occur in water e Lethrinids are broadcast, serial/multiple spawners, Lethrinids are Sustainable DPIRD finfish advice
emperor depths of 5 - 110 m. producing millions of eggs per season. carnivorous bottom received 17th June 2019
Lethrinus e This species is endemic to Australia, ranging e Spawn throughout their range (rather than | feeders Newman et al. (2008)
punctulatus from Exmouth to possibly Darwin. aggregating at specific locations).
Newman et al. (2018c)
e Blue spotted emperor spawn from July to March.
e Fish are estimated to reach maturity after
approximately 1.6 years.
Spangled emperor e Spangled emperor typically occur in water e Lethrinids are broadcast, serial/multiple spawners, Lethrinids are Sustainable DPIRD finfish advice
Lethrinus nebulosus depths of 1 - 80 m+. producing millions of eggs per season. carnivorous bottom received 17th June 2019
o Widespread throughout the Indo-West | e Most likely to exhibit a peak spawning period from | feeders Newman et al. (2008)
Pacific. October - May. N | (20184
e Spangled Emperor inhabit inshore and e Fish are estimated to reach maturity after ewman et al. ( )
offshore coral and rocky reefs, coralline approximately 3.6 years.
lagoons, seagrass beds, mangrove swamps,
and nearshore sandy and rocky areas.
e Adults are usually solitary or form small
groups, while juveniles form large schools.
Rankin cod e Rankin cod typically occur in water depths of e Broadcast, serial/multiple spawners, producing Small fishes, crabs Sustainable DPIRD finfish advice
Epinephelus 10 - 150 m. millions of eggs per season. and other benthic received 17th June 2019
multinotatus « This species is found in continental shelf | e« Spawn throughout their range (rather than | invertebrates. Newman et al. (2008)
waters throughout the Indian Ocean, aggregating at specific locations).
including tropical and sub-tropical northern | o Rankin cod spawn from June to December and in Newman et al. (2018e)
Australia. March (peak spawning occurs from August to
October).
e Although adults do not mix extensively between
regions, they all contribute to the total adult
spawning biomass and larval dispersal of a single
biological stock.
e Fish are estimated to reach maturity after
approximately 2 years.
Giant ruby snapper | ¢ Occurs in water depths of 150 - 480 m e Spawn throughout their range (rather than Various fishes, squid | Sustainable Australian Museum (2019)
Etelis carbunculus across the Indo-West pacific region. aggregating at specific locations). and crustaceans. DPIRD finfish advice
e InAustralia it is recorded from north-western e Spawn December to April (peak spawning period received 17th June 2019
Western Australia and off north-eastern January - March).
Queensland.
Other demersal Variable e Most likely to exhibit a peak spawning period from Various Sustainable DPIRD finfish advice
species October - May. received 17th June 2019
Pelagic species
Spanish mackerel e Occur throughout the Indo-West Pacific. e Form spawning schools around inshore reefs in Pelagic baitfish such Sustainable Begg et al. (2006)

DPIRD finfish advice
received 17th June 2019

Langstreth et al. (2018)
Lewis and Jones (2017)
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Thunnus albacares

Atlantic and Indian Oceans.
e The Indian Ocean stock is considered to be a
single biological stock.

e Yellowfin tuna are highly migratory and
travel long distances. They are typically
found to depths of 250 m.

waters, with peak spawning in summer.

Females spawn almost daily producing 0.2-8 million
eggs per spawning event.

crustaceans and
squid.

biomass, subject
to overfishing

Species Distribution and habitat Reproduction and recruitment Food / Prey Stock Status References
e Information provided by mackerel fishery e Females are capable of producing a batch of Lewis and Jones (2018)
stakeholders indicates that mackerel occur in hundreds of thousands of eggs every 1-3 days .
. ) Mackie et al. (2010)
water depths up to 70 - 100 m. during the spawning season.
e 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.
e Fish are estimated to reach maturity after
approximately 2 years.
Grey mackerel e Grey mackerel area a highly mobile schooling e Spawning may extend from approximately August | pg|agic baitfishes | Sustainable Bray and Schultz (2018)
Scomberomorus fish species, which can be found on the to February, with a peak between August and |gsych as anchovies
cemifasciatus continental shelf, although its preferred December. and sardines. Cameron and Begg (2002)
habkitat ir; shzllrc:w dilnsrliore waters around | o Fish are estimated to reach maturity after Helmke et al. (2018)
rocky reefs and headlands. i -
Y approximately 1-2 years. Mackie et al. (2010)
 Grey Mackerel are dependent on near-shore e Females produce approximately 250,000 eggs per
the spawning season. Welch et al. (2014)
e Larval and juvenile life history stages of grey
mackerel are found inshore, often in estuarine
environments.
Southern bluefin e Southern bluefin tuna are circumglobal in e A single spawning ground is known for this species, Pelagic fishes, Recovering Australian Fisheries
tuna temperate and cold temperate waters of the located in waters south of Java. crustaceans and Management Authority
Pacific, Indian, Southern and south-eastern with females spawning daily and producing 14-15 Bray and Gomon (2019)
o .
50°S. e Juveniles migrate south over the continental shelf of Patterson and Nicol (2018)
WA during their first year. Some then head
westwards into the Indian Ocean, while others head
eastwards into the Great Australian Bight.
Bigeye tuna e Bigeye tuna occur in the tropical waters of e Spawning occurs throughout the year, with peak Pelagic fishes, Sustainable Australian Fisheries
the Pacific, Atlantic and Indian Oceans. spawning in summer and autumn. crustaceans and Management Authority
Thunnus obesus -
e The Indian Ocean stock is considered to be a o Females spawn every 2-3 days producing 2.9-6.3 | squid. (2018)
single biological stock. million eggs per spawning event. Kailola et al. (1993)
e Bigeye tuna are hlghly migratory and travel Schaefer et al. (2014)
over thousands of kilometres.
e They are typically found to depths of 500 m Williams et al. (2018)
throughout the oceans.
Yellowfin tuna e Yellowfin tuna occur throughout the Pacific, e Spawning occurs throughout the year in tropical Pelagic fishes, Sustainable Australian Fisheries

Management Authority
(2018)

Kailola et al. (1993)
Williams et al. (2018)

Skipjack tuna

e Skipjack tuna are circumglobal in tropical
seas.

e Found in all Australian states and territories.

Spawning occurs throughout the year in tropical
waters, with females spawning almost daily to
produce 0.8-2 million eggs per spawning season.

Pelagic fishes,
crustaceans and
squid.

Sustainable

Schultz (2019)
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Xiphias gladius

Pacific, Atlantic and Indian Oceans.

e The Indian Ocean stock is considered to be a
single biological stock.

e Broadbill swordfish are highly migratory and
are typically found to depths of 550 m.

waters.

Females spawn every 2-3 days producing 1.2-2.5
million eggs per spawning event.

tuna, flying fish and

barracudas.

Demersal prey
includes hakes,
gempylids and
myctophids.

Not overfished

Species Distribution and habitat Reproduction and recruitment Food / Prey Stock Status References
Katsuwonus
pelamis
Albacore tuna e Albacore tuna occur throughout the Pacific e Peak spawning occurs in summer with females Pelagic fishes, Sustainable Australian Fisheries
and Indian Oceans. producing 2-3 million eggs per season. crustaceans and Management Authority
Thunnus alalunga -
e The Indian Ocean stock is assumed to be a squid. (2018)
single biological stock. Kailola et al. (1993)
e Albacore tupa are highly migratory and Williams et al. (2018)
travel long distances.
e They are typically found to depths of 200 m.
Broadbill swordfish e Broadbill swordfish occur throughout the e Spawning occurs throughout the year in tropical Pelagic fishes such as | Sustainable - Australian Fisheries

Management Authority
(2018)

Kailola et al. (1993)
Williams et al. (2018)

Striped marlin

Kajikia audax

e Striped marlin occur in tropical to temperate
waters of the Pacific and Indian Oceans.

e The Indian Ocean stock is considered to be a
single biological stock.

e They are highly migratory and are typically
found to depths of 290 m.

Spawhning occurs in summer.

Females release eggs every few days, producing up
to 120 million eggs per spawning season

Pelagic fishes,
crustaceans and
squid.

Uncertain
biomass, subject
to overfishing
(Western stock)

Australian Fisheries
Management Authority
(2018)

Kailola et al. (1993)
Williams et al. (2018)

Black marlin

Istiompax indica

e Black marlin occur circum-Australia and
throughout tropical and subtropical Indo-
Pacific =~ waters, occasionally  entering
temperate waters.

e An epipelagic, oceanic species often found
near shore in coastal waters, around islands
and coral reefs.

e Highly migratory.

e Common in nearshore waters off Eighty Mile
Beach, Roebuck Bay, Broome and the
Dampier Peninsula from June to September
when productivity and baitfish activity in the
region are highest.

Spawns from August to November, with females
capable of producing 40 million eggs.

Pelagic fishes (e.g.

small tunas),
crustaceans and
squid.

N/A - Stock not
assessed

Pepperell et al. (2011)
Wright and Pyke (2010)

Indo-Pacific sailfish

Istiophorus
platypterus

e Indo-Pacific sailfish are common and
widespread in the tropical and sub-tropical
Atlantic and Indo-Pacific oceans, ranging into
temperate waters.

e Epipelagic usually in oceanic waters and also
found near continental coasts, islands and
reefs.

e Common in nearshore waters off Eighty Mile
Beach, Roebuck Bay, Broome and the
Dampier Peninsula from June to September
when productivity and baitfish activity in the
region are highest.

Spawning occurs throughout the year, peaking in
summer

Pelagic fishes,
crustaceans and
squid.

N/A - Stock not
assessed

Pepperell et al. (2011)
Wright and Pyke (2010)
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Species

Distribution and habitat

Reproduction and recruitment

Food / Prey

Stock Status

References

Shark species

Sandbar shark

The sandbar shark inhabits tropical and
temperate coastal waters, including shallow

Pupping occurs between North West Cape and
Albany.

Small bottom
dwelling fishes,

Transitional,
recovering

Braccini et al. (2018)

shark

Carcharhinus
limbatus

and sub-tropical continental shelf waters up
to 150 m water depth, in bays, estuaries,
over coral reefs and off river mouths.

Adults prefer deeper shelf waters while
newborn and juvenile sharks are found in
shallow, nearshore habitats.

Blacktip sharks are highly mobile animals,
enabling them to readily move between
preferred habitats.

months when ready to give birth, and the young are
also usually found in warm, shallow nearshore
nursery areas.

Adults breed every two years with a ten to 12-
month gestation period.

Females move into coastal waters to give birth to 4-
10 pups between October and March, peaking in
November.

fishes, cephalopods
and crustaceans

Carcharhinus . ) Bray (2019c)
lumbeus estuaries with sandy or muddy bottoms, e Adults reproduce every two years. Mating may | Crustaceans and
p bays, estuaries and around offshore islands, begin as early as October, with peaks between molluscs Compagno (1984)
banks and reef flats across the continental January and April. This is followed by an 11-12- Compagno (2001)
shelf out to 280 m depth, but typically in month gestation period, with pupping between o
waters less than 100 m February and April. Litter sizes range from 4 to 10 Department of Fisheries
e In WA, the species is primarily found pups. (2005)
between the west Kimberley (Cape Leveque) | o Unlike most other carcharhinid shark species in WA, McAuley and Gaughan
and Albany. juveniles move from shallow waters out to deeper, (2005)
e Adults are most commonly found in depths temperate continental shelf waters (80-130 m) McAuley et al. (2005)
greater than 40 m between the Eighty Mile south of Shark Bay and move into shallower waters Y '
Beach and the Houtman Abrolhos Islands. (50-100 m) between summer and early winter. McAuley et al. (2007)
These movements separate them from adult sharks
and the potential for predation and competition for Newman et al. (2003)
food.
e Juvenile sharks are largely absent from waters
further north in WA but move northward to these
waters as they mature.
Australian blacktip e The Australian blacktip shark is endemic to e Adult females move inshore during the summer Pelagic and benthic Sustainable Compagno and Niem (1998)
shark the tropical continental shelf waters of months when ready to give birth, and the young are fishes, cephalopods
. ; Harry et al. (2011)
, northern Australia. also usually found in warm, shallow nearshore and crustaceans
Carcharhinus | (2012
tilstoni e Adults occur across the continental shelf up nursery areas. Harry et al. (2012)
to 150 m water depth, while newborn and e Individuals breed each year. Mating occurs in Harry et al. (2013)
juvenile sharks are found in shallow February - March, giving birth to 1-6 pups in
nearshore habitats. December - January after a ten-month gestation Johnson et al. (2018)
e Blacktip sharks are highly mobile animals, period. Knip et al. (2010)
enabling ther_n to readily move between Last and Stevens (2009)
preferred habitats.
Stevens and Wiley (1986)
Welch et al. (2014)
Common blacktip e Common blacktip sharks are found in tropical e Adult females move inshore during the summer Pelagic and benthic Sustainable Burgess and Branstetter

(2009)

Davenport and Stevens
(1988)

Harry et al. (2011)
Harry et al. (2012)
Harry et al. (2013)
Johnson et al. (2018)
Knip et al. (2010)

Last and Stevens (2009)
Macbeth et al. (2009)
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Carcharhinus sorrah

coastal, shallow-water tropical shark, found
at depths from the intertidal zone to 140 m,
but most common in depths between 20 m
and 50 m around coral reefs and over sand
and mud flats.

Young spot-tail sharks occur in quiet, shallow
water, separate from the adults.

Spot-tail sharks are highly mobile animals,
enabling them to readily move between
preferred habitats.

months when ready to give birth, and the young are
also usually found in warm, shallow nearshore
nursery areas.

The reproductive cycle is similar to that of Australian
blacktip sharks. Females typically give birth
annually to 1-8 pups between late November and
early February, peaking in December/January.

Mating is likely to occur soon after pupping, in late
summer, with a 9-10-month gestation period before
giving birth again (Stevens & Wiley 1986; Harry et
al. 2013).

fishes, cephalopods
and crustaceans

Species Distribution and habitat Reproduction and recruitment Food / Prey Stock Status References
Ovenden et al. (2010)
Welch et al. (2014)
Spot-tail shark e The spot-tail shark are a highly mobile e Adult females move inshore during the summer Pelagic and benthic Sustainable Compagno (2001)

Compagno and Niem (1998)

Davenport and Stevens
(1988)

Harry et al. (2013)
Johnson et al. (2018)
Knip et al. (2010)

Last and Stevens (1994)
Pillans et al. (2009)
Stevens and Wiley (1986)

Stevens and Davenport
(1991)

Welch et al. (2014)
White et al. (2006)

oyster

Pinctada maxima

stone and coral rubble or hard flat rocky
bottom covered by a fine layer of sediment
with occasional sponges, soft corals, sea
fans, hydroids, ascidians and other fauna.

Habitat range off the WA coast is known to
extend from the shallow waters of the sub-
tidal zone, to water depths of up to 50
metres or more.

extending to April/May.

Although there is variability from month to month,
the primary spawning occurs from the middle of
October to December. A smaller secondary
spawning period occurs in February and March.

Recruitment is highly variable due to environmental
factors.

The movements of pearl oyster larvae prior to
settlement on the seabed are dictated to by wave
action, prevailing winds and currents. The currents
off Eighty Mile Beach result in alongshore
dispersion.

Spawning of oysters off Eighty Mile Beach has been
predicted to be concentrated mostly between 8-15
metre water depths with smaller contributions of
spawn from deeper water, resulting in recruitment
locally and alongshore.

Larvae on WA’s north-west shelf are predominantly
transported alongshore less than 30 kilometres,
however some as far as 60 kilometres.

particulate organic
matter / nutrients

Blacktip reef shark e The blacktip reef shark occurs in close e In northern Australia mating probably occurs in Small fishes, N/A - Stock not Bray (2019d)
Carcharhinus association with tropical reefs in water January and February, giving birth to 2-4 pups in molluscs and assessed Lyle (1987)
melanopterus depths of 0-75 m and usually in shallow November and December, following an 8-9-month crustaceans Y

p waters less than 40 m depth. gestation period. Last and Stevens (2009)
Invertebrate species
Silver-lipped pearl e Pearl oysters are typically associated with e The breeding season starts in September/October Suspension feeders - | Sustainable Benzie and Smith (2006)

Condie et al. (2006)

Department of Fisheries
(2015a)

Department of Fisheries
(2016)

Fletcher et al. (2006)
Hart and Friedman (2004)
Hart et al. (2018)

Hart et al. (2016)
Johnson and Joll (1993)
Wada and Témkin (2008)
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Penaeus esculentus

coastal waters, occurring in Northern

Australia from Shark Bay to NSW.

Tiger prawns are found in depths up to 200
metres.

Adults are typically found over coarse
sediments. Adult grooved prawns are found
in fine mud sediments. Juveniles are found in
shallower waters.

near estuaries.

Prawn nursery areas in the fisheries are known to
be located in and around Roebuck Bay, Collier Bay,
York Sound and Admiralty Gulf.

molluscs,
crustaceans,
polychaete worms,
and foraminifera

Species Distribution and habitat Reproduction and recruitment Food / Prey Stock Status References
Australian scampi e Scampi live on the seabed in deep e Timing of spawning is uncertain but is thought to Other crustaceans, Sustainable Australian Fisheries
continental slope waters. occur annually and studies of similar species fish and squid Management Authority
Metanephrops ) -
(deep sea muds rich in the shells of October. Harte and Curtotti (2018)
planktonic organisms) at depths of 420-500
metres.
Banana prawn e Inhabit coastal waters over muddy and e Prawn spawning occurs in shallow coastal waters Small bivalve Sustainable Australian Fisheries
. sandy seabed. near estuaries. molluscs, Management Authority
Penaeus indicus / ) o o _ _ )
Penaeus  Banana prawns are widely distributed within | e Prawn nursery areas in the fisheries are known to | crustaceans, (2018)
merguiensis tropical and subtropical waters. be located in and around Roebuck Bay, Collier Bay, | Polychaete worms, Department of Fisheries
e White banana prawns are typically found in York Sound and Admiralty Gulf. and foraminitera (2004)
water depths of 16-25 metres. . Kangas (2018)
e Redleg banana prawns are found in deeper
waters of 35-90 metres, however they are Sporer et al. (2015)
schooling species and can occasionally form
dense aggregations near the surface.
Western king prawn | ¢ Western king prawns are distributed e Prawn spawning occurs in shallow coastal waters Small bivalve Sustainable Australian Fisheries
. throughout the Indo-West Pacific. near estuaries. molluscs, Management Authority
Penaeus latisulcatus
e Inhabit coastal waters over muddy and e Prawn nursery areas in the fisheries are known to | crustaceans, (2018)
sandy seabed. be located in and around Roebuck Bay, Collier Bay, | Polychaete worms, Department of Fisheries
York Sound and Admiralty Gulf. and foraminifera (2004)
Kangas (2018)
Sporer et al. (2015)
Tiger prawn e Tiger prawns are endemic to Australian e Prawn spawning occurs in shallow coastal waters Small bivalve Sustainable Australian Fisheries

Management Authority
(2018)

Department of Fisheries
(2004)

Kangas (2018)
Sporer et al. (2015)

Trochus

Tectus niloticus

Trochus is typically found in intertidal and
shallow, nearshore sub-tidal reefs where it
grazes on algae.

Recruitment and connectivity in trochus in
Kimberley coastal waters is highly localised because
of having a short larval life-expectancy (3-5 days).

Trochus recruitment along the Kimberley coast
occurs locally (= 75km) and there is limited genetic
connectivity with isolated oceanic reefs such as
Scott Reef and the Rowley Shoals.

Coralline and fleshy
algae

N/A - Stock not
assessed

Berry et al. (2017)
Lawrence (1995)
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4.8

Species of conservation significance

Species of conservation significance within the Operational Area and EMBA were identified
through a search of the EPBC Act Protected Matters Database. A precautionary 20 km
buffer was applied to the Operational Area search to account for sound propagation outside
of the Operational Area. The search identified a total of 47 “listed threatened” species and
74 “listed migratory” species that potentially use, or pass through, the EMBA. In addition,
132 “listed marine” species were identified, of which 29 are “whales and other cetaceans”
that may occur at, or immediately adjacent to the area. The full search results for both the
Operational Area and EMBA are contained in Appendix B. Note that true terrestrial species
have not been listed in Table 4-5, although species that typically inhabit coastal
environments have been included.

Table 4-5: Listed threatened and/or migratory species under the EPBC Act potentially

occurring within the EMBA

Species Common Conservation | Migratory | Operational | EMBA
name status Area
Mammals
Balaenoptera Blue whale Endangered Yes Yes Yes
musculus
Megaptera Humpback Vulnerable Yes Yes Yes
novaeangliae whale
Balaenoptera Sei whale Vulnerable Yes Yes Yes
borealis
Balaenoptera Fin whale Vulnerable Yes Yes Yes
physalus
Balaenoptera Bryde’s Nil Yes Yes Yes
edeni whale
Orcinus orca Killer whale Nil Yes Yes Yes
Physeter Sperm whale | Nil Yes Yes Yes
macrocephalus
Tursiops aduncus | Spotted Nil Yes Yes Yes
bottlenose
dolphin
(Arafura/
Timor Sea
populations)
Orcaella Australian Nil Yes Yes Yes
heinsohni Snubfin
Dolphin
Sousa chinensis Indo-pacific Nil Yes Yes Yes
humpback
dolphin
Dugong dugon Dugong Nil Yes Yes Yes
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Species Common Conservation | Migratory | Operational | EMBA
name status Area

Marine reptiles

Caretta caretta Loggerhead Endangered Yes Yes Yes
turtle

Chelonia mydas Green turtle Vulnerable Yes Yes Yes

Dermochelys Leatherback Endangered Yes Yes Yes

coriacea turtle

Eretmochelys Hawksbill Vulnerable Yes Yes Yes

imbricate turtle

Lepidochelys Olive riley Endangered Yes Yes Yes

olivacea turtle

Natator Flatback Vulnerable Yes Yes Yes

depressus turtle

Aipysurus Short-nosed | Critically No Yes Yes

apraefrontalis sea shake Endangered

Aipysurus Leaf-scaled Critically No No Yes

foliosquama seashake endangered

Ctenotus Northwestern | Vulnerable No No Yes

angusticeps Coastal
Ctenotus

Crocodylus Saltwater Nil Yes No Yes

porosus crocodile

Shark, fish and rays

Carcharodon White shark Vulnerable Yes Yes Yes

carcharias

Rhincodon typus | Whale shark | Vulnerable Yes Yes Yes

Pristis pristis Largetooth Vulnerable No Yes Yes
sawfish

Pristis zijsron Green Vulnerable No Yes Yes
sawfish

Pristis clavata Dwarf Vulnerable Yes Yes Yes
sawfish

Anoxypristis Narrow Nil Yes Yes Yes

cuspidate sawfish

Glyphis garricki Northern Endangered No Yes Yes
river shark

Isurus Shortfin Nil Yes Yes Yes

oxyrinchus mako
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Species Common Conservation | Migratory | Operational | EMBA
name status Area

Isurus paucus Longfin mako | Nil Yes Yes Yes

Manta birostris Giant manta Nil Yes Yes Yes
ray

Manta alfredi Reef manta Nil Yes Yes Yes
ray

Marine avifauna

Anous Australian Vulnerable No Yes Yes

tenuirostris lesser noddy

melanops

Calonectris Streaked Nil Yes Yes Yes

leucomelas shearwater

Fregata ariel Lesser Nil Yes Yes Yes
frigatebird

Fregata minor Great Nil Yes Yes Yes
frigatebird

Hydroprogne Caspian tern | Nil Yes Yes Yes

caspia

Sternula albifrons | Little tern Nil Yes Yes Yes

Onychoprion Bridled tern Nil Yes Yes Yes

anaethetus

Sterna dougallii Roseate tern | Nil Yes Yes Yes

Thalasseus bergii | Crested tern Nil Yes Yes Yes

Tringa brevipes Grey-tailed Nil Yes Yes Yes
tattler

Charadrius Greater sand | Vulnerable No Yes Yes

leschenaultia plover

Charadruis Lesser sand Endangered No Yes Yes

mongolus plover

Pluvialis fluva Pacific golden | Nil Yes Yes Yes
plover

Pluvialis Grey plover Nil Yes Yes Yes

squatarola

Phaethon White-tailed Nil Yes Yes Yes

lepturus tropicbird

Calidris Curlew Critically Yes Yes Yes

ferruginea sandpiper Endangered
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Species Common Conservation | Migratory | Operational | EMBA
name status Area

Numenius Eastern Critically Yes Yes Yes

madagascariensis | curlew Endangered

Calidris Canutus | Red knot Endangered Yes Yes Yes

Calidris Great knot Critically No Yes Yes

tenuirostris Endangered

Apus pacificus Fork-tailed Nil Yes Yes Yes
swift

Papasula abbotti | Abbott's Endangered No Yes Yes
booby

Sula dactylatra Masked Nil Yes Yes Yes
booby

Sula leucogaster | Brown booby | Nil Yes Yes Yes

Sula sula Ret-footed Nil Yes Yes Yes
booby

Anous stolidus Common Nil Yes Yes Yes
noddy

Arenaria Ruddy Nil Yes Yes Yes

interpres turnstone

Calidris alba Sanderling Nil Yes Yes Yes

Numenius Whimbrel Nil Yes Yes Yes

phaeopus

Erythrotriorchis Red goshawk | Vulnerable No Yes Yes

radiates

Limosa lapponica | Bar-tailed Vulnerable Yes Yes Yes

bauera godwit

Limosa lapponica | Northern Critically Yes Yes Yes

menzbieri Siberian bar- | Endangered
tailed godwit

Limosa limosa Black-tailed Nil Yes Yes Yes
godwit

Actitis Common Nil Yes Yes Yes

hypoleucos sandpiper

Calidris Sharp-tailed Nil Yes Yes Yes

acuminata sandpiper

Calidris Pectoral Nil Yes Yes Yes

melanotos sandpiper
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4.8.1

4.8.2

Species Common Conservation | Migratory | Operational | EMBA
name status Area

Xenus cinereus Terek Nil Yes Yes Yes
sandpiper

Acrocephalus Oriental Nil Yes Yes Yes

orientalis reed-warbler

Tringa nebularia | Common Nil Yes Yes Yes
greenshank

Tringa totanus Common Nil Yes Yes Yes
redshank

Calidris ruficollis | Red-necked Nil Yes Yes Yes
stint

Cuculus optatus Oriental Nil Yes Yes Yes
cuckoo

Pandion haliaetus | Osprey Nil Yes Yes Yes

Rostratula Australian Endangered Yes No Yes

australis painted snipe

Ardenna pacifica | Wedge-tailed | Nil Yes No Yes
shearwater

Charadrius Oriental Nil Yes No Yes

veredus Plover

Glareola Oriental Nil Yes No Yes

maldivarum pratincole

Conservation management documents

In addition to species being identified as threatened or migratory and matters of national
environmental significance (MNES), depending on the threat classification, the Department
of the Environment and Energy (DEE) has established management policies, guidelines,
plans and other materials for threatened fauna, threatened flora (other than conservation
dependent species) and threatened ecological communities listed under the EPBC Act.

In particular, the objectives of DEE recovery plans and conservation advice, seek to support
the long-term recovery of various species outlining research and management measures
that must be undertaken to stop the decline of, and support the recovery of a species,
including the management of threatening processes.

A demonstration of how this EP addresses the relevant conservation management
documents related to EPBC listed species has been presented in Appendix B.

Biologically important habitats

The DEE has, through the marine bioregional planning program, identified, described and
mapped biologically important areas (BIAs) for protected species under the EPBC Act. BIAs
spatially and temporally define areas where protected species display biologically important
behaviours (including breeding, foraging, resting or migration), based on the best available
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scientific information. These areas are those parts of a marine region that are particularly
important for the conservation of protected species.

In addition, in 2017 the DEE released the Recovery Plan for Marine Turtles in Australia
which identified *habitat critical to the survival of a species’ (Habitat Critical). It is important
to note that the Recovery Plan did not identify “Critical Habitat” as defined under Section
207A of the EPBC Act). Habitat critical to the survival of a species is discussed in
conjunction with the BIAs each relevant turtle species.

This section provides an overview of the EPBC-listed species, identified by the EPBC Act
Protected Matters search, that are associated with a BIA or habitat critical to the survival
of a marine species occurring within either the Operational Area or EMBA (Table 4-6).
Further detail on the BIAs and/or Habitat Critical is described in the following sections.

Table 4-6: BIAs and habitat critical to the survival of a marine turtle species intersecting

the EMBA
Species Biologically Operational Area | EMBA
Important Area /
Habitat Critical
Humpback whale Migration BIA Yes Yes
Resting BIA Yes Yes
Calving BIA Yes Yes
Nursing BIA Yes Yes
Pygmy blue whale Migration BIA Yes Yes
Foraging BIA - Yes
Distribution BIA Yes Yes
Indo-Pacific Foraging BIA - Yes
humpback dolphin
Breeding BIA - Yes
Calving BIA - Yes
Indo-Pacific Foraging BIA - Yes
bottlenose dolphin
Calving BIA - Yes
Australian snubfin Breeding BIA - Yes
dolphin
Foraging BIA - Yes
Calving BIA - Yes
Dugong Migration BIA - Yes
Foraging BIA - Yes
Flatback Turtle Foraging BIA Yes Yes
Internesting BIA Yes Yes
Nesting BIA - Yes
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Species Biologically Operational Area | EMBA
Important Area /
Habitat Critical

Habitat critical to Yes Yes
the survival of a
marine turtle
species -
Internesting

Green turtle Foraging BIA Yes Yes
Internesting BIA - Yes
Habitat critical to Yes

the survival of a
marine turtle -
species -

Internesting

Hawksbill turtle Internesting BIA - Yes
Loggerhead turtle Foraging BIA Yes Yes
Olive Ridley Turtle Habitat critical to Yes

the survival of a
marine turtle -
species -

Internesting

Whale shark Foraging BIA Yes Yes
Green sawfish Nursing BIA - Yes
Pupping BIA - Yes
Dwarf Sawfish Pupping BIA - Yes
Nursing BIA - Yes
Foraging BIA - Yes
Freshwater sawfish | Foraging BIA - Yes
Pupping BIA - Yes
Avifauna Foraging BIA Yes Yes
Resting BIA Yes Yes
Breeding BIA - Yes

4.8.3 Marine mammals

Humpback whale

The humpback whale (Megaptera novaeangliae) is a moderately large baleen whale with a
fragmented global distribution and two Australian populations, known as the east
Australian and west Australian populations. The Kimberley region marks the northern
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terminus of the species’ migration. These waters are used by humpback whales as an
important area for resting calving and nursing before migrating south again towards the
Southern Ocean (Jenner et al. 2001).

Humpback whales typically occur in the Kimberley region between June and October, with
peak ingress during July. The population increases up to mid-August when whales begin
to depart on their southern migration. Peak egress occurs around September and the final
groups of whales tend to have departed by late October (Jenner et al. 2001; Thums et al.
2018).

The migratory habitat for the humpback whale around mainland Australia is primarily
coastal waters less than 200 m in depth and generally within 20 km of the coast (Jenner
et al. 2001). Camden Sound is considered the northern most limit and is considered an
important calving and breeding area (Jenner et al. 2001).

BIAs have been designated for humpback whales within 100 km of the Kimberley coastline,
including a migration BIA and BIAs for resting, calving and nursing which extend from the
Dampier Peninsula to Camden Sound (Figure 4-6). Well documented aggregation sites in
the BIAs are located at Camden Sound, Tasmanian Shoal and Pender Bay. A recent study
as part of the Kimberley Marine Research Project (Thums et al. 2018) analysed three
decades of satellite, aerial, boat-based sightings and determined that the greatest densities
of whales occur at Pender Bay. Abundance was greatest in nearshore waters in water
depths of approximately 35 m. Gourdon Bay to the south of Broome and to the south of
the designated for resting, calving and nursing BIAs has now also been identified as an
important area where whales occur in high density (Thums et al. 2018). However, whales
(including cows and calves) may also occur in lower abundance elsewhere within and
further offshore from the BIAs, with whales having been recorded in offshore locations
such as Browse Island and Scott Reef (e.g. McCauley 2009).
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Figure 4-6 Biologically important areas for humpback whales and pygmy blue whales
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Pygmy blue whale

The pygmy blue whale (Balaenoptera musculus brevicauda) is a subspecies of the blue
whale, of which there are four species. Pygmy blue whales migrate as solitary animals or
in small groups along the continental slope, typically at depths between 500 m and 1,000 m
on the way to grounds the Banda and Molucca Seas near Indonesia, where calving is
understood to occur (Double et al. 2014). The northern migration typically passes north-
western Australia between approximately April to June with the return southern migration
between September and November.

The BIAs have been identified for pygmy blue whales that overlap with the EMBA. A small
part of the migration BIA is overlapped by the western part of the Operational Area. A
wider ‘distribution’ BIA also overlaps the Operational Area and the EMBA, which indicates
where pygmy blue whales may occur, but in low abundance. Waters surrounding Scott
Reef and Seringapatam Reef have been identified as a BIA for pygmy blue whale foraging
(Figure 4-6).

Australian snubfin dolphin

All available data on the distribution and habitat preferences of Australian snubfin dolphins
indicate that they mainly occur in shallow coastal and estuarine waters in Northern
Australia between Broome and Brisbane (Beasley et al. 2005). They are primarily found
close to the coast in waters less than 20 metres deep, close to river mouths and in
proximity to seagrass beds. There are no data to estimate any past or potential future
declines in the area of occupancy for snubfin dolphins in Australia; however, incidental
catches in gillnets (albeit at unknown levels), plus habitat degradation, may lead to a
reduction of area of occupancy over the next three generations for Australian snubfin
dolphins (DEE 2019). No BIAs for Australian snubfin dolphin occur within the Operational
Area; however, several occur within the EMBA (Figure 4-7). This includes breeding, calving
and foraging in Roebuck Bay and King Sound, as well as foraging at Pender, Canton and
Beagle Bay.

A recent study of snubfin and humpback dolphins in the Kimberley region (Brown et al.
2017; Waples et al. 2019) confirmed that snubfin dolphins are relatively abundant in the
coastal waters of Roebuck Bay and also noted their presence along the north Kimberley
coast at Cygnet Bay (King Sound), Cone Bay and Yampi Sound (Buccaneer Archipelago),
the Prince Regent River area, and Cambridge Gulf.

Indo-pacific humpback dolphin

The Indo-pacific humpback dolphin has a distribution from north of Ningaloo in Western
Australia to as far south as Sydney, New South Wales. They are generally found in
association with river mouths, mangroves, tidal channels and inshore reefs in depths of
less than 20 metres, although some have been recorded in waters up to 40 metres deep
and 55 kilometres offshore. While no BIAs for the Indo-Pacific humpback dolphin occur
within the Operational Area, several occur within the EMBA (Figure 4-7). These include
breeding, calving and foraging in Roebuck Bay, Willie Creek and King Sound, as well as
foraging at Pender, Canton and Beagle Bay.

A recent study of snubfin and humpback dolphins in the Kimberley region (Brown et al.
2017; Waples et al. 2019) confirmed the presence of humpback dolphins in the coastal
waters of Roebuck Bay, Cygnet Bay (King Sound), Cone Bay and Yampi Sound (Buccaneer
Archipelago), the Prince Regent River area, and Cambridge Gulf.
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Indo-pacific/Spotted bottlenose dolphin

Indo-Pacific Bottlenose Dolphins are distributed continuously around the Australian
mainland and are found within inshore areas including bays and estuaries, nearshore
waters, open coast environments and around oceanic islands (DEE 2018b). No BIAs for the
Indo-Pacific humpback dolphin occur within the Operational Area; however, BIAs are
present within EMBA (Figure 4-7). This includes breeding, calving and foraging at Roebuck
Bay and King Sound, as well as foraging at Pender Bay.
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Figure 4-7 Biologically important areas for inshore dolphin species and dugongs
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4.8.4

Dugongs

Dugongs are listed as Specially Protected under the Biodiversity Conservation Act (WA)
and are listed as migratory species under the EPBC Act. A significant proportion of the
world’s dugong population occurs in the coastal waters of the west-Pilbara, as well as at
Ningaloo Reef and in the Exmouth Gulf (Marsh et al. 2011), which are outside of the EMBA.
Dugongs generally inhabit shallow waters and are commonly found in mangrove channels
of inshore islands and shallow areas near the seagrass habitats on which they feed (DEE
2018c). A number of BIAs have been designated along the coast in recognition of significant
dugong foraging habitat, including at Gourdon Bay, Roebuck Bay and the coast of Broome
and Cape Leveque (Figure 4-7).

A recent study of dugongs in the Kimberley (Bayliss and Hutton 2017; Waples et al. 2019)
found that the highest densities of dugongs in the Kimberley were found in areas with
extensive seagrass habitat in sheltered, shallow waters (<20 m). Roebuck Bay,
Montgomery Reef (near Camden Sound) and coastal waters between the Maret Islands and
Kalumburu were noted as supporting relatively high densities of dugongs.

Marine reptiles

The EPBC Act Protected Matters search identified five species of marine turtle which may
occur within the EMBA: the flatback turtle, green turtle, loggerhead turtle, hawksbill turtle
and olive ridley turtle.

Four of the turtle species (green, loggerhead, flatback and hawksbill) have nesting
rookeries on beaches along the mainland coast and internesting areas associated with
islands in the wider region. Key nesting beaches within the EMBA have been identified at
Eighty Mile Beach, the Lacepede Islands, Adele Island, Browse Island, Scott Reef, Ashmore
Reef, Cartier Island, and at beaches along the coastline and at various islands in the north
Kimberley (DEE 2017a). The internesting habitats of flatback and green turtles, as
described in DEE (2017a), overlap with the Operational Area. Flatback turtles in particular
may swim relatively large distances from nesting beaches during the internesting period
and, therefore, internesting BIAs and Habitat Critical areas are larger than for other turtle
species and are of most relevance to activities within the Operational Area (Figure 4-8 and
Figure 4-9). Details on each species with biologically important areas occurring within the
EMBA are discussed in detail below.

Species of sea snakes, including short-nosed sea snakes, may also be present in the EMBA.

Flatback turtle

The flatback turtle has a restricted distribution, occurring only in the tropical waters of
northern Australia, Papua New Guinea and Irian Jaya (Spring 1982; Zangerl et al. 1988).
Adult flatback turtles inhabit soft bottom habitat over the continental shelf of northern
Australia, extending into Papua New Guinea and Irian Jaya (Spring 1982; Zangerl et al.
1988). Three genetically distinct stocks occur within the Kimberley: Cape Domett stock
(outside of the EMBA), the south-west Kimberley stock and recently identified genetic
stocks in the northern Kimberley (DEE 2017a). The north Kimberley may also comprise
a number of other smaller, genetically distinct stocks (Whiting et al. 2018; Waples et al.
2019).

Key nesting beaches and surrounding internesting habitat occur in the following locations:

o Eighty Mile Beach and Eco Beach (nesting October to March, with peak nesting in
December and January)

o Lacepede Islands (nesting October to March, with peak nesting in December and
January)
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o the coast and islands of the north Kimberley (nesting May to July).

Internesting BIAs and Habitat Critical areas have been defined for Eighty Mile Beach, Eco
Beach and the Lacepede Islands. The internesting buffer assigned to these Habitat Critical
areas is define in DEE (2017) as 60 km from the nesting beaches, although the BIAs extend
to 90 km. The internesting habitat defined in DEE (2017) has not been formally spatially
defined as a BIA or Habitat Critical area, but is recognised in the Recovery Plan as important
internesting habitat with a buffer of 60 km. All of these internesting habitats overlap with
the nearshore boundaries of the Operational Area (Figure 4-8). A foraging BIA is also
defined in waters offshore from Broome and James Price Point, which extends to the edge
of the Operational Area (Figure 4-8).

Tagging studies by Whittock et al. (2016a, 2016b) and Thums et al. (2017) have also
identified waters utilised during post-nesting migration and foraging. Flatback turtles from
the Pilbara region migrated north-east along the inner continental shelf, foraging in waters
west of Broome and James Price Pint Quondong Point, the Lacepede Islands, Lynher Bank,
and at the Holothuria Banks in the Timor Sea (Whittock et al. 2016a, 2016b). Foraging
areas were typically located in 50 m water depth (36.5 m mean depth) and 66 km from
shore, but could occur in water depths up to 130 m. Heyward et al. (2019) studied the
foraging habitats identified in Whittock et al. (2016a). Turtles spent most of their time in
the inshore near Cape Leveque and the most individual turtles were recorded around the
Lacepede Islands. A survey of benthic habitats at the less utilised area of Lynher Bank
identified areas of hard substrate supporting soft corals and filter feeder invertebrate
communities at low to moderate levels, although in lower abundance than sites nearer
shore. Abiotic substrate was recorded over 94% of the survey area (Heyward et al. 2019).
However, areas of filter feeder communities at Lynher Bank may provide suitable foraging
habitat for flatback turtles.

Thums et al. (2017) studied flatback turtles during their post-nesting migration from the
Lacepede Islands and during foraging. The study found that flatback turtles migrated along
the coast in water depths of 63 £ 5 m to foraging grounds on the mid-Sahul Shelf in the
Timor Sea. A small number of turtles appeared to have a minor foraging area near Adele
Island and Mavis Bank. Therefore, migrating and foraging flatback turtles may occur in the
Operational Area, including at Lynher Bank and waters along the southern boundary of
WA-532-P, near Adele island.

Green turtle

Green turtles generally occur in tropical and subtropical waters between the 200C
isotherms; however, individuals have been found in more temperate waters (Marquez
1990; Cogger et al. 1993). The north-west region of Australia supports three distinct
genetic stocks: the North West Shelf stock, the Scott Reef stock and the Ashmore stock
(Dethmers et al. 2006). The North West Shelf stock shows some genetic differentiation
between the Pilbara region and the Kimberley region, with the stocks associated with
offshore reefs and islands (Ashmore Reef, Scott Reef, and Browse Island) being isolated
from the coastal population (Whiting et al. 2018; Waples et al. 2019). The Operational
Area overlaps with the western extent of a BIA for green turtle foraging near Broome.
A green turtle nesting and internesting BIA at the Lacepede Islands occurs within the EMBA
(Figure 4-9).

Green turtle nesting is known to occur at Browse Island, Adele Island, the Lacepede Islands
and Scott Reef (Sandy Islet). These nesting locations, inclusive of a 20 km interesting
buffer, have been listed as habitat critical to the survival of the species in the Recovery
Plan for Marine Turtles in Australia (DEE 2017a). Green turtle nesting occurs from
November to March and peaks from December - February for the NWS stock and in January
- February for the Scott Reef and Browse Island stock.
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The foraging BIA identified for flatback turtles also supports foraging by green turtles
(Figure 4-9).
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Figure 4-8 Flatback turtle BIAs and Habitat Critical
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Figure 4-9 BIAs and Habitat Critical for green, hawksbill, loggerhead and olive ridley turtles
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Hawksbill turtle

Hawksbill Turtles are found in tropical, subtropical and temperate waters in all the oceans
of the world (DEE 2017). Within Australian waters, hawksbill turtles can be found in
eastern, northern and north-western regions. Scott Reef (including a 20 km buffer) has
been identified as a BIA for hawksbill turtle internesting (Figure 4-9). Internesting occurs
in October - February each year, and peaks in December and January.

No habitat critical to the survival of hawksbill turtle occurs within the Operational Area or
EMBA. The closest habitat critical to the survival of the species is a nesting site located
along the Dampier Archipelago, approximately 410 km south west of the Operational Area.

Loggerhead turtle

The Loggerhead Turtle has a global distribution throughout tropical, sub-tropical and
temperate waters (Bolten & Witherington 2003; Marquez 1990). Within Australia the
species inhabits coral and rocky reefs, seagrass beds and muddy bays throughout eastern,
northern and western waters. The Operational Area partially overlaps with the north-
western extent of a foraging BIA for loggerhead turtle near Broome and James Price Point
(Figure 4-9). No habitat critical to the survival of loggerhead turtles has been identified in
the Recovery Plan for Marine Turtles Australia (DEE 2017a).

Olive Ridley turtle

The Olive Ridley turtle has a circumtropical distribution and is the most numerous of all
marine turtles (Pritchard 1997). Three genetic stocks have been identified within Australia:
the North-west Cape York stock, Northern Territory stock and an unknown genetic stock
in the Kimberley. The closest BIA for the species is a foraging area in the Joseph Bonaparte
Gulf, approximately 330 km north east of the Operational Area. While no BIAs for the Olive
Ridley turtle occur within the EMBA, low density nesting has been recorded at Cape
Leveque, Darcy Island, Vulcan Island, Prior Point and Llanggi. These nesting locations,
inclusive of a 20 km interesting buffer, have been listed as habitat critical to the survival
of the species in the Recovery Plan for Marine Turtles in Australia (DEE 2017a). The nesting
period for the unknown genetic stock in the Kimberley occurs from May to July each year.

Sea snakes

The EPBC search identified 21 sea snakes within the EMBA. There are no reported BIAs for
sea snakes. Most of the knowledge of sea snakes in Australian waters comes from trawler
bycatch (Milton et al. 2009; Ward 1996). These studies indicate that sea snakes in northern
regions of Australia tend to breed in shallow waters around reefs, embayments and
estuaries which are only represented in the EMBA. Therefore, these species may be seen
in the open waters of the Operational Area, but their presence is unlikely to be common.

Crocodiles

The salt-water crocodile has a tropical distribution that extends across the northern
coastline of Australia, where it can be found in coastal waters, estuaries, freshwater lakes,
inland swamps and marshes, as well as far out to sea (Webb et al. 1987). There are no
reported BIAs for crocodiles. Due to the species preference for estuaries and swamps and
coastal waters it is unlikely to occur in the open waters of the Operational Area and is more
likely to be observed in the EMBA where these preferred habitats occur.
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4.8.5

Fishes and sharks

Whale shark

The whale shark is a solitary planktivorous species that spends the greater part of its
foraging time at water depths above 100 m, often near the surface (Brunnschweiler and
Sims 2011; Nelson and Eckert 2007; Wilson et al. 2006). However, whale sharks are also
known to engage in mesopelagic and even bathypelagic diving when in bathymetrically
unconstrained habitats (Brunnschweiler et al. 2009; Wilson et al. 2006).

This species is widely distributed in tropical Australian waters. Within Western Australia,
whale sharks aggregate seasonally (March-June) to feed in coastal waters off Ningaloo
Reef (Wilson et al. 2006). Individuals tagged at Ningaloo Reef have been shown to migrate
north, north-east or north-west into Indonesian waters, using both inshore and offshore
habitats (Sleeman et al. 2010; Wilson et al. 2006). This foraging route has been identified
as a BIA which follows the 200 m isobath and extends from Ningaloo to waters in the north
Kimberley region. The Operational Area overlaps with this BIA for whale shark foraging
(Figure 4-10).

Other sharks and rays

Eight shark species (including whale shark described above) and two ray species were
identified as having the potential to occur within the EMBA. Species such as the great
white, grey nurse and mako sharks may transit through the Operational Area and EMBA.
However, the Operational Area is not considered to provide habitat that is of breeding or
feeding importance. The potential for great white sharks to occur in the tropical waters of
the Kimberley region is low.

Listed manta rays have been observed within the EMBA. For the reef manta ray, the species
or species habitat may occur throughout the Operational Area (DEE 2018i). Along the
ancient coastline at 125 m KEF, species habitat is likely to occur. Less is known about the
distribution of the giant manta ray within the North West Shelf; however, it is
acknowledged that this species may be present as transitory individuals, but are unlikely
to be resident within the Operational Area.

Sawfish

Four species of sawfish (largetooth/freshwater/northern, narrow, dwarf and green sawfish)
were identified in the EPBC search. While sawfish are identified as being found within the
EMBA due to their ecology (generally estuarine rather than open-ocean species) it is
expected that they will only be present on the periphery of the EMBA. As described in
Section 4.3, environments found in the EMBA such as Roebuck Marine Park provide
protection for shallow shelf habitats that are important foraging, nursing and pupping areas
for freshwater, green and dwarf sawfish (Parks Australia 2018) (Figure 4-10).

Sawfish are not expected to occur within the open ocean location of the Operational Area.
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Figure 4-10 Biologically important areas for whale sharks and sawfish
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4.8.6

Pipefish and seahorses

The EPBC search identified 56 species of the family Syngnathidae potentially present within
the EMBA. Syngnathidae is a group of bony fishes that includes seahorses, pipefishes,
pipehorses and sea dragons. Although none of the Syngnathidae species within the EMBA
are listed as threatened or migratory, they are listed as a protected marine species under
the EPBC Act. Seahorses and pipefishes are a diverse group and occupy a wide range of
habitats. However, the species identified in the EPBC search (Appendix B) generally display
a preference for shallow water habitats such as seagrass and macroalgal beds, coral reefs,
mangroves and sponge gardens (Foster & Vincent 2004; Lourie et al. 1999; Scales 2010).
These habitats can be found in the shallower areas of the EMBA.

Marine avifauna

The Operational Area is within what is known as the East Asian—Australasian Flyway (EEA
Flyway), an internationally recognised migratory bird pathway that covers the whole of
Australia and its surrounding waters. ‘Flyway’ is the term used to describe a geographic
region that supports a group of populations of migratory waterbirds throughout their
annual cycle. There are 54 species of migratory shorebirds that are known to specifically
follow migration paths within the EAA Flyway (Bamford et al. 2008).

For several marine avifauna species the Kimberley coast, islands and offshore reefs provide
biologically important areas for activities such as resting, breeding and foraging. Significant
locations include the Rowley Shoals, 80 Mile Beach, Roebuck Bay, the Lacepede Islands,
the Dampier Peninsula, Adele Island and Scott Reef.

Within the EMBA, BIAs occur for the following avifauna species (Figure 4-11):
o greater frigate bird breeding and foraging at Adele Island;

o brown booby breeding and foraging at Lacepede and Adele Islands, as well as the
Coronation and surrounding Islands;

o lesser crested tern breeding at Lacepede and Adele Islands;
. lesser frigate bird breeding and foraging around Lacepede and Adele Islands;

o little Tern resting at Rowley Shoals, Roebuck Bay, Scott Reef and Adele Island.
Breeding occurs at multiple locations along the Pilbara, Kimberley and Gascoyne
coast and islands;

. red-footed booby breeding and foraging at Adele Island;

. roseate tern breeding at Lacepede Islands and the Islands at Cape Leveque; and
o white-tailed tropicbird breeding at the Rowley Shoals.

Avifauna BIAs that overlap with the Operational Area (Figure 4-11) include:

. greater frigatebird foraging BIA at Adele Island;

o lesser frigatebird foraging BIAs at Adele Island and the Lacepede Islands;

o lesser crested tern foraging BIAs at Adele Island and the Lacepede Islands;

o little tern resting BIA at Adele Island, Beagle Reef and Mavis Reef; and

o roseate tern foraging BIA at the Lacepede Islands.

Other birds may forage elsewhere in the Operational Area, but likely in fewer numbers
than the waters surrounding these islands.
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Figure 4-11 Biologically important areas for marine avifauna
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4.9

4.9.1

4.9.2

4.9.3

Socio-economic and cultural environment
World heritage areas

World heritage areas are locations that represent the best examples of the world’s cultural
and natural heritage. The EPBC protected matters search identified no world heritage areas
occurring within the Operational Area. The closest marine world heritage area is the
Ningaloo Coast, approximately 734 km south west of the WA-533-P Operational Area. Since
this occurs well outside of the EMBA, world heritage areas will not be considered further in
this EP.

Commonwealth heritage places

The Commonwealth Heritage List contains places with Indigenous, historic and natural
value and are protected under provisions of the EPBC Act. No Commonwealth heritage
places occur within the Operational Area; however, three occur within the EMBA: Scott
Reef and Surrounds, Yampi Defence Area and Mermaid Reef.

Scott Reef and Surrounds is located approximately 7 km north-west of the Operational
Area and comprising the Commonwealth Marine Area wholly within the Western Australian
Coastal Waters surrounding North and South Scott Reef. It has been listed due to its high
representation of species not found in coastal waters of Western Australia and for fauna
which are representative of the Indo-West Pacific as well as the reefs of the Indonesian
Region (DEE 2018d).

The Yampi Defence Area is a large terrestrial Commonwealth heritage place covering
approximately 5,728 km? and located approximately 80 km south-east of the Operational
Area. The Defence Area is currently used as an Army training area/range adjacent to Yampi
Sound. The coastal boundary of the Yampi Defence Area adjoins the EMBA and is therefore
considered relevant to this EP.

Mermaid Reef is a Commonwealth heritage place located approximately 60 km south-west
of the Operational Area and is the northernmost of the trio of coral reefs atolls that make
up the Rowley Shoals. Mermaid Reef is thought to act as a stepping stone for genetic
material between the Indonesian archipelago and reefs to the south Reef (DEE 2018e).

National Heritage Places

The National Heritage List contains places of natural, historic and Indigenous significance
to the nation. While there are no national heritage places within the Operational Area, the
EMBA overlaps with the West Kimberley, a national heritage place. The West Kimberley is
predominantly a terrestrial area; however, it includes WA state waters from the Dampier
Peninsula to Scambridge Gulf in the Joseph Bonaparte Gulf, and includes the intertidal
areas between Roebuck Bay and the Dampier Peninsula. The protected area also includes
Lacepede Islands and a small area within Lagrange Bay.

The West Kimberley was included on the National Heritage List in 2011 and has numerous
values which contribute to the significance of the property, including indigenous, historic,
aesthetic, cultural and natural heritage values (DEE 2018f). The West Kimberley is
characterised by a diversity of landscapes and biological richness found in its cliffs,
headlands, sandy beaches, rivers, waterfalls and islands. Of these values, the most
relevant to the marine environment is Roebuck Bay, a migratory hub for shorebirds.

Document no.: 532-EXP-EP-001 Page 84
Security Classification: Public

Revision: 0

Date: 24 July 2019



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

4.9.4

Native Title Determinations and Indigenous Protected Areas

The Kimberley region is known for its rich and diverse Indigenous heritage. As an
acknowledgement of this heritage, several areas have been acknowledged under Australian
law through native title determinations and the establishment of Indigenous Protected
Areas (IPAs).

Native title is the recognition that Aboriginal and Torres Strait Islander peoples have rights
and interests to land and waters according to their traditional lore and customs as set out
in Australian Law. Native Title is governed by the Native Title Act 1993 (Cth). Native title
may include rights and interests to:

. maintain and protect sites;

o use the land for hunting or ceremony;

. camp and live on the land;

. share in money from any development of the land; and

. have a say in the management or development of the land.

The Native Title Act 1993, states that when a native title determination is made, native
title holders must establish a corporation called a Prescribed Bodies Corporate (PBC) to
manage and protect their native title rights and interests. All PBCs must be registered with
the National Native Title Tribunal (NNTT). When a PBC is officially registered, it becomes a
Registered Native Title Body Corporate (RNTBC). Along the Kimberley coastline native titles
often include fringing islands and surrounding sea country. While no recognised native title
claims overlap with the Operational Area, several overlap with EMBA. The following RNTBCs
have been identified as holding a title within the wider EMBA:

. Wanjina-Wunggurr (Native Title) Aboriginal Corporation (represents interests of
Dambimangari, Wilinggin and Uunguu people);

. Bardi and Jawi Niimidiman Aboriginal Corporation; and
. Yawuru Native Title Holders Aboriginal Corporation.

The following groups have been identified as holding a native title claim within the EMBA,
however are not registered on the National Native Title Register:

. the Mayala People (determined October 4, 2018. PBC expected to be established in
2019); and

. the Jabirr Jabirr/Ngumbarl, Nyul Nyul and Nimanburr people (Bindunbur and Jabirr
Jabirr/Ngumbarl claim determined May 2, 2018. PBCs expected to be established in
2019).

The Wunambal Gaambera (Uunguu) people, Wororra (Dambimangari) people, and
Ngarinyin (Willinggin) people share common Wanjina Wunggurr ancestors. Together they
make up the Wanjina Wunggurr Community, with each group managing its own Country.

Title extends into deeper waters with approximately 3,400 km? within the Kimberley Marine
Park. At its closest point, the title boundary is approximately 6 km from the Operational
Area.

Indigenous Protected Areas (IPAs) recognise Aboriginal people as land owners and
managers and supports them to look after biodiversity hotspots and highly sensitive areas
they want to see protected. Most IPAs are dedicated under International Union for
Conservation of Nature Categories 5 and 6 which promote a balance between conservation
and other sustainable uses to deliver social, cultural and economic benefits for local
Aboriginal communities. form. Several IPAs located along the Kimberley Coastline partially
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overlap or lie adjacent to the EMBA. These include the Uunguu, Dambimangari, Bardi and
Jawi, Yawuru and Karajarri IPAs.

4.9.5 Commercial fisheries
The licence areas of four Commonwealth-managed commercial fisheries, nineteen State-
managed commercial fisheries and one joint authority commercial fishery occur within
EMBA. Theses fisheries are:
o North West Slope Trawl Fishery (Cwlth)
. Western Tuna and Billfish Fishery (Cwlth)
. Western Skipjack Fishery (Cwlth)
. Southern Bluefin Tuna Fishery (Cwlth)
) Northern Demersal Scalefish Managed Fishery (WA)
o Mackerel Managed Fishery (WA)
. Pearl Oyster Managed Fishery (WA)
o Broome Prawn Managed Fishery (WA)
o Kimberley Prawn Managed Fishery (WA)
. Nickol Bay Prawn Managed Fishery (WA)
. Specimen Shell Managed Fishery (WA)
o West Coast Deep Sea Crustacean Managed Fishery (WA)
. Abalone Managed Fishery (WA)
. Beche-de-Mer Fishery (WA)
o Hermit Crab Fishery (WA)
. Kimberley Gillnet and Barramundi Managed Fishery (WA)
o Kimberley Mud Crab Managed Fishery (WA)
o Marine Aquarium Fish Managed Fishery (WA)
. Pilbara Fish Trawl Managed Fishery (WA)
o Pilbara Line (WA)
. Pilbara Trap Managed Fishery (WA)
o Pilbara Crab Managed Fishery (WA)
o Trochus Fishery (WA)
o North Coast Shark Fishery (WA)
. Joint Authority Northern Shark Fishery (Joint Authority)
. South West Coast Salmon Managed Fishery (WA).
However, not all of the above fisheries operate within or have target species which occur
within the Operational Area or EMBA. The commercial fisheries that are considered to be
relevant to the planned 2D seismic survey activities, due to operating in the area or having
their target fish resources overlap with the Operational Area, are summarised in Table 4-7
below.
Document no.: 532-EXP-EP-001 Page 86
Security Classification: Public
Revision: 0

Date: 24 July 2019



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

4.9.6 Pearling and aquaculture

The WA pearling industry is the world’s top producer of the highly-prized, silver-white
South Sea Pearls, which come from the silver-lipped pearl oyster, P. maxima. The pearls
produced in WA are well regarded in the industry worldwide, with the value of cultured
pearls and other related products considered to be tens of millions of dollars per year (Hart
et al. 2016).
The Kimberley region is of particular significance to the pearling industry, with wild oyster
collection, holding and farming activities occurring along the coast and concentrated in
nearshore waters around Eighty Mile Beach, Broome and Cape Leveque. The Pearl Oyster
Managed Fishery is summarised in Table 4-7 below.
Other licenced aquaculture activities in the EMBA include farmed barramundi at Cone Bay
Barramundi in the Buccaneer Archipelago and the Bardi Ardyaloon Trochus Hatchery and
Aquaculture Centre at One Arm Point.
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Table 4-7: Commonwealth, Joint and State managed commercial fisheries

Fishery

Licence Area Description

Gear Types and Usage Target Species Summary of Fishing Activities Potential Overlap with

the Survey

Northern Demersal
Scalefish Managed
Fishery

(Figure 4-12)

Mackerel Managed
Fishery

(Figure 4-13)

Pearl Oyster Fishery
(Figure 4-14)

State-Managed Fisheries

The Northern Demersal Scalefish

Managed Fishery licence area

includes waters off the northwest
coast of Western Australia (WA) in
the waters east of 120° E longitude,
extending from Eighty Mile Beach to
the WA-Northern Territory (NT)
border and out to the edge of the
Australian Fishing Zone (200 nautical

miles).

The fishery is divided into two fishing
areas; an inshore sector (Area 1)
and an offshore sector (Area 2).
Area 2 extends offshore from the

30 metres depth contour and is
further subdivided into Zones A, B

and C.

The survey Acquisition Area and
Operational Area overlap the offshore

sector.

The Mackerel Managed Fishery
licence area extends from Cape
Leeuwin in the south west of WA to

the WA/NT border.

Management Area 1 of the fishery
(Kimberley sector) extends from

1219 E to the WA/NT border.

Management Area 2 of the fishery
(Pilbara sector) extends from 114° E
near the North West Cape to 121° E.

Management Area 3 of the fishery

(Gascoyne/West Coast sector)

extends south from 114° E to Cape

Leeuwin.

The survey Acquisition Area and

Operational Area overlap the
Kimberley and Pilbara sectors.

The Pearl Oyster Fishery licence area

extends from 114° 10’ E near

Exmouth to the WA/NT border, and
out to the edge of the Australian

Primarily fish traps. Key target species: The fishery principally operates in depths of 60-150 The 2D seismic survey
metres water. The majority of catch occurs in Zone B of Acquisition Area and

the Offshore Sector. Operational Area overlaps
with the offshore sector

(Area 2) of the fishery.

Therefore, the seismic
survey vessel could
potentially encounter vessels
/ gear from this fishery.

Fish traps are deployed e goldband snapper
for 2-5 hours or e red emperor.
overnight and are pulled
daily.

Other demersal Fishing occurs year-round.

snapper, emperor,
cod and grouper
species are also
caught, including but
not limited to
bluespotted
emperor, spangled
emperor, saddletail
snapper, crimson
snapper and rankin
cod.

Vessels in the fishery operate out of Broome and
Darwin. The offshore fishing grounds occurring in the
vicinity of the proposed 2D seismic survey (between
Broome and Browse Island) are understood to accessed
primarily by vessels operating out of Broome, rather
than Darwin.

Handlines and droplines
also permitted in the
fishery.

Fishers travel long distances to fishing grounds and
typically fish at multiple sites over a period of 4-10
days. Including steaming time, vessels are typically
away from port for 1-2 weeks at a time.

Eight vessels operated in the fishery between 2013 and
2015, reducing to seven vessels 2015 and 2017.

Mackerel fishers troll for mackerel in coastal waters in
less than 100 metres of water and typically in depths
less than 70 metres (as advised by WAFIC and MMF
licence holders).

Primarily surface or mid- Key target species:
water trolling by line.

The 2D seismic survey
Acquisition Area and
Operational Area overlaps
the Kimberly sector of the
Mackerel Managed Fishery in
water depths less than

100 m.

Commercial fishers may be
active in the shallower,
nearer-shore parts of the
survey.

e Spanish mackerel.
Jigging methods are also Grey mackerel (also
used. called broad-barred
Spanish mackerel),
school mackerel,
spotted mackerel,
shark mackerel and
other pelagic species
are also caught as
bycatch species.

The fishery operates year-round, however, most fishing
effort occurs from April/May to November (as advised
by MMF licence holders), with peak fishing effort
between June and October when mackerel congregate
in coastal waters.

The commercial catch of Spanish mackerel from all
sectors of the fishery has been 270-330 tonnes per
year since 2006. The catch in the Kimberley sector There is limited overlap
catch makes up the largest portion of the catch making between the survey and the
up 191 tonnes of the 276 tonnes landed by the overall  Pilbara sector of the

fishery in 2016. Mackerel Managed Fishery in

In 2013 and 2014, three vessels operated in the water depths less than

Kimberly sector and four vessels operated in the 1.00 m gnd |_nteract|o_n with
. fishers in this sector is
Pilbara sector.

unlikely.

Drift diving, with divers
towed behind vessels,
allows collection of
legal-sized pearl oysters

Indo-Pacific, silver-lipped The principal fishing grounds for pearl oyster collection ' The 2D seismic survey

pearl oysters (Pinctada are located off Eighty Mile Beach and a channel Acquisition Area is located

maxima). between the mainland the Lacepede Islands within over 60 kilometres from the
water depths of approximately 20 metres. A deeper Lacepede Channel fishing
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Fishery

Licence Area Description

Gear Types and Usage Target Species

Summary of Fishing Activities

Potential Overlap with
the Survey

Broome Prawn
Managed Fishery

(Figure 4-15)

Kimberley Prawn
Managed Fishery

(Figure 4-15)

Fishing Zone (200 nautical miles).
The licence area is subdivided into
four zones.

Zone 1 extends from 114° 10’ E to
119° 30’ E. Zone 2 extends from
118° 10’ E and includes the Eighty
Mile Beach region out to 18° 14’'S.
Zone 3 include waters offshore from
Broome and the North Kimberley
coast, north of 18° 14’ S and
between 119° 00’ E and 125° 20" E.
Zone 4 extends from 125° 20’ E to
the WA/NT border.

The survey Acquisition Area and
Operational Area are located in
Zone 3.

The boundaries of the Broome Prawn
Managed Fishery licence area are ‘all
Western Australian waters of the
Indian Ocean lying east of 120° east
longitude and west of 123°45"' east
longitude on the landward side of the
200 m isobath’.

The Kimberley Prawn Managed
Fishery licence area includes waters
between Koolan Island and Cape
Londonderry covering all Western
Australian waters of the Indian
Ocean lying east of 123°45 " east
longitude and west of 126°58 " east
longitude.

State- / Joint Authority-Managed Fisheries

from the seabed by
hand.

Following collection,
pearl oysters are kept in
wire mesh panels on the
seabed at holding sites
near fishing grounds.

After 2-3 months,
oysters are transferred
from holding sites to
pearl farm leases for
cultivating pearls.

Otter trawl. Key target species:

Trawl shots average o
between approximately
50 and 100 minutes in
duration and can occur
over 24 hours. ®

banana prawns
western king prawns
e brown tiger prawns
endeavour prawns

water collection site called ‘*Compass Rose’ lies
approximately 40 kilometres offshore from Eighty Mile
Beach in water depths of approximately 35 metres.

Holding sites are located near the fishing grounds in
water depths up to 30 metres.

Fishing grounds for *‘mother of pearl’ shell are also
primarily located off Eighty Mile Beach, with smaller
catches being taken off the coast of Broome and near
the Lacepede Islands.

Fishing usually commences in March/April, and ceases
in June/July. Seeding of the pearl oysters is undertaken
during winter months (June - August). This may occur
at holding sites or at pearl farms.

The majority of farm leases occur in waters of less than
30 metres depth, and no farm leases are located in
waters deeper than 40 metres depth.

The number of vessels in the fishing fleet across the
entire fishery has ranged from 16 in 1997 to only two
vessels in 2009 as a result of the Global Financial Crisis
(GFC). Six vessels fished in 2016.

The majority of the Broome Prawn Managed Fishery is
permanently closed to trawling and is not fished.

The Broome Prawn Managed Fishery operates in a
small designated trawl zone off Broome. Only trial
fishing was undertaken by one boat during 2016 to
investigate whether commercial fishing was warranted.
This resulted in negligible landings.

Fishing occurs in coastal waters less than 50 metres
depth. Trawl depths are generally between 15 and 45
m.

There are two fishing periods (April and May, then
August to December).

The total landings in 2016 were 155 tonnes, similar to
the levels caught during the past 8 years.

grounds and approximately
100 kilometres from the
Compass Rose and Eighty
Mile Beach fishing grounds.
The Acquisition Area is also
located over 50 kilometres
from the nearest pearl farm
lease.

No interaction between the
2D seismic survey and
pearling activities is
expected.

The 2D seismic survey
Acquisition Area and
Operational Area overlap the
licence area for this fishery.

However, actual prawn
trawling activities are limited
and do not take place in the
proposed survey area. No
interaction between the
survey and fishing vessels is
expected.

The 2D seismic survey
Acquisition Area and
Operational Area overlap the
licence area for this fishery.

However, actual prawn
trawling activities do not
typically take place in the
proposed survey area and
no interaction between the
survey and fishing vessels is
expected.
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Fishery

Licence Area Description Gear Types and Usage

Target Species

Summary of Fishing Activities

Potential Overlap with
the Survey

WA North Coast Shark
Fishery / Joint
Authority Northern
Shark Fishery

(Figure 4-16)

Fishery
(Figure 4-17)

Western Tuna and
Billfish Fishery

North West Slope Trawl The North-West Slope Trawl Fishery

The ‘northern shark fisheries’
comprise the State-managed WA
North Coast Shark Fishery (WANCSF)
in the Pilbara and western Kimberley,
and the Joint Authority Northern
Shark Fishery (JANSF) in the eastern
Kimberley.

The WANCSF extends from longitude
114°06’ E (North West Cape) to
123°45’ E (Koolan Island), and the
JANSF from longitude 123°45’ E to
the WA/NT border.

Primarily demersal
longlining.

A relatively small
amount of pelagic
gillnetting was
previously used in the
JANSF.

Commonwealth-Managed Fisheries

Deep water demersal
is in deep water from the coast of the trawling

Prince Regent National Park to

Exmouth between the 200-metre

depth contour to the outer limit of

the Australian Fishing Zone.

The Western Tuna and Billfish
Fishery covers the sea area west
from the tip of Cape York in
Queensland, around Western
Australia, to the border between
Victoria and South Australia.

Primarily pelagic
longline.

Minor line (including
handline, troll, rod and
reel) and purse seine
are also used.

Key target species:

sandbar shark

Australian and
common blacktip
sharks

Spot-tail sharks

Tiger shark,
hammerhead shark
and lemon shark
have also been
caught in the past

Key target species:

Australian scampi

Smaller quantities of
velvet scampi and
Boschma’s scampi
are also harvested.

Mixed deep-water
snappers are also a
component of the
catch. Deep water
prawns have
historically been
caught, although
since the 1990s
deep water prawns
have no longer been
targeted

Key target species:

Bigeye tuna
Yellowfin tuna
Broadbill swordfish
Striped marlin

Some albacore tuna
are also taken.

No fishing effort has occurred in the fishery since
2008/09.

However, WAFIC and a JANSF licence holder advise
there is potential for this fishery to be active again in
the future.

Fishing occurs on the continental slope in water depths
greater than 200 metres. Fishing effort has typically
occurred along the slope offshore from the Pilbara
region, in the Rowley Shoals area and north-east
towards and around Scott Reef.

Fishing occurs year-round.

The number of vessels involved in the fishery has been
one or two vessels each year since 2008/2009. The
primary landing ports are Point Samson in WA and
Darwin in the NT.

Total effort in the 2015/2016 fishing season was 117
days resulting in a total catch of 54.8 tonnes. 33
tonnes of this catch was scampi.

Total effort in the 2016/2017 fishing season was 114
days resulting in a total catch of 57.8 tonnes. 37.6
tonnes of this catch was scampi.

Fishing occurs in both the Australian Fishing Zone and
adjacent high seas of the Indian Ocean. Fishing occurs
year-round.

In recent years, fishing effort has concentrated off
south-west Western Australia and South Australia.
Between 2014 and 2017, fishing effort has consistently
focussed on waters west of Carnarvon and to the south
off south-west WA. The main landing ports are
Geraldton and Fremantle.

Since 2005, fewer than five vessels have been active in
the fishery each year (3 vessels in 2016, 4 vessels in
2017).

The 2D seismic survey
Acquisition Area and
Operational Area overlap
continental shelf waters
within the licence area for
this fishery.

In the event that fishing
activities recommence in
these fisheries, there is

potential for interaction

between the survey and
fishing vessels.

The 2D seismic survey
Acquisition Area and
Operational Area overlap
some continental slope
waters >200 metres water
depth within the licence area
for this fishery.

Commercial fishing vessels
may be active in low
numbers along the
continental slope in these
areas.

The 2D seismic survey
Acquisition Area and
Operational Area overlap the
licence area of this fishery,
but fishing activity occurs
over 1,000 km away off the
west coast of WA.
Therefore, interaction
between the survey and
fishing vessels is not
expected.

Target species occur in the
Operational Area.

Document no.: 532-EXP-EP-001
Security Classification: Public
Revision: 0

Date: 24 July 2019

Page 90



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

118°0'E 120°0E 122°0'E 124°0E

14°0'S

16°0'S

18°0'S

20°0'S

118°0'E 120°0'E 122°0'E 124°0'E
0 125 250

kilometres

126°0'E

| Offshore Administration

| Northern D | Scalefish M d

Legend

Water depth contour

Boundaries

e e = Territorial sea (12nm limit)
—-—- Coastal waters (3nm limit)
2D Seismic Survey

——

1 _-l Operational Area
L _! Acquisition Area

Fishery (State)
~ Northern Demersal Scalefish

| (Area 2 - Zone A)
- Northemn Demersal Scalefish

I ~ (Area2-Zone B)
Northern Demersal Scalefish
(Area 2 - Zone C)

126°0'E

C090-DH-MAP-10674_2

18°0'S

20°0'S

Figure 4-12 Northern Demersal Scalefish Managed Fishery licence areas and zones

Document no.: 532-EXP-EP-001
Security Classification: Public
Revision: 0

Date: 24 July 2019

Page 91



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

118°0'E 120°0'E 122°0'E

14°0'S

16°0'S

18°0'S

20°0'S

118°0'E 120°0'E 122°0'E
0 126 250

kilometres

124°0'E

124°0E

126°0'E

Legend

~————— Water depth contour

Offshore Administration
Boundaries

e = Territorial sea (12nm limit) =

— - — - Coastal waters (3nm limit)

2D Seismic Survey
-

B ! Operational Area
===

| Acquisition Area

[ —

Mackerel Managed Fishery (State)

m %reas of the Fishery (Area
|:] Areas of the Fishery (Area
2)

126°0E

C090-DH-MAP-10675_2

18°0'S

Figure 4-13 Mackerel Managed Fishery licence areas 1 (Kimberley) and 2 (Pilbara)

Document no.: 532-EXP-EP-001
Security Classification: Public
Revision: 0

Date: 24 July 2019

Page 92



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

118°0E 120°0'E 122°0'E 124°0'E 126°0'E

Distances between Acquisition Area and closest pearl fishing, holding and
farming sites

Distance from Acquisition
AreaBoundary (km)

1. Darcy Idand Pear] Farm Lease 71.20

2 Powerful and Sir Frederick Islands Pearl Farm Lease 70.50

3. Beagle Bay Pearl Farm Lease 875

4. Lacepede Channel Fishing Area 6345

5. Ooulomb Point Pearl Farm Lease

6. Compass Rose Fishing Area 99.90

Location

14°0'S

Legend

—————— Water depth ontour

16°0'S

Distance from Aquisition area
boundary

Offshore Administration

Boundaries

e e = TerritOrI@l SEQ (12nM liMit)

— - — - Coastal waters (3nm limit)
2D Seismic Survey

Operational Area
Acquisition Area
Pearl Oyster Fishery (State)

Pearl Oyster Managed
Fishery Zone 1

Pearl Oyster Managed
Fishery Zone 2

Pearl Oyster Managed
Fishery Zone 3

Pearl Farm Lease
Pearl Holding Site

Principal Pearl Oyster Fishing
Grounds

Adquaculture Licence

o

18°0'S
18°0'S

1
L]
[
[
=1

» »
o - Licence boundary °
& &
118°0'E 120°0'E 122°0'E 124°0E 126°0'E
0 125 250
]
kilometres C090-DH-MAP-10673_2
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4.9.7

4.9.8

4.9.9

Traditional Fishing

Traditional fishing occurs along most of the Kimberley coastline. Traditional fishing includes
taking turtles, dugong, fish and other marine life (DEE 2018g) using methods such as line
fishing, spearing, cast net and hand collection. The EPBC protected matters search
identified the following Indigenous Protected Areas (IPAs) within the EMBA in which the
owners can practice traditional fishing:

. Uunguu

. Dambimangari
. Bardi and Jawi
. Yawuru

o Karajarri.

In 1974 the Australian and Indonesian Governments signed a memorandum of
understanding (MoU) which permits fishing by traditional Indonesian and Timorese
fisherman within an area of Australian waters. The area, known as the MoU Box, covers an
area of approximately 50,000 km? and includes Scott Reef and surrounds, Seringapatam
Reef, Browse Island, Ashmore Reef, Cartier Island and various banks and shoals.
Traditional fisherman target several species, including reef fish, sharks, beche-de-mer and
trochus. The MoU Box partially overlaps the Operational Area.

Recreational Fishing

Recreational fishing activities in the Kimberley region peak in the winter months (dry
season) and are mainly concentrated in coastal waters along the Kimberley coastlines,
generally around the populations of Broome and Wyndham. Offshore islands, coral reef
systems and continental shelf waters are increasingly targeted by fishing based charter
vessels (Gaughan & Santoro 2018). Extended fishing charters are known to operate during
certain times of the year to fishing spots off the WA coast. Common destinations for multi-
day charters include Scott Reef and the Rowley Shoals. Adele Island is occasionally visited
by amateur fisherman; however, appears to be less popular with charter operators than
other locations in the region.

The annual Broome Billfish Classic tournament occurs in waters off Quondong Point, north
of Broome, usually in July each year.

INPEX has consulted with recreational fishing stakeholders and confirmed that no
significant recreational fishing is expected to occur in the Operational Area, although
occasional charter vessels may fish opportunistically in the Operational Area on the way
from Broome to destinations such as the Rowley Shoals or Scott Reef.

Shipping and ports

There is significant commercial shipping activity within the NWMR, a large portion of which
is associated with resource industries. The Port of Broome provides supply facilities for the
petroleum industry operating in the Browse Basin and will be the primary port supporting
this seismic survey.

WA-532-P is bisected in a north-east direction by a shipping route of moderate intensity.
associated with the vessels travelling from Broome to service the Ichthys offshore facility
and other petroleum facilities and activities in the Browse and Bonaparte Basins and the
Timor Sea. The far north-western corner of WA-533-P is intersected by a charted shipping
fairway where vessel traffic travels to and from Port Hedland and the Port of Dampier
(Figure 4-18).
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4.9.10

4.9.11

4.9.12

4.9.13

Defence

The Operational Area overlaps with a section of the Australian Defence Force (ADF) Curtin
Air-to-Air Air Weapons Range (indicative area presented in Figure 4-19). The Curtin Air-
to-Air Air Weapons Range contains 63,200 km? of mostly ocean terrain and overlaps with
the Operational Area. The ADF Yampi Sound Training Area is a terrestrial area that lies
adjacent to the EMBA on the eastern side of King Sound.

Oil and gas industry

Petroleum permits, fields and infrastructure in the region are presented in Figure 4-20.
Infrastructure is largely absent within the Operational Area. The only commissioned surface
infrastructure within the Operational Area are the production facilities associated with
Shell’s Prelude floating LNG facility and INPEX'’s Ichthys project at the northern extent of
the Operational Area in WA-50-L. The Shell and INPEX floating facilities are associated with
Petroleum Safety Zones to restrict access.

PTTEP’s Montara project lies 138 km north-east of the Operational Area and is within the
wider EMBA.

Telecommunications

The North West Cable System (NWCS) is a 2,000 km fibre optic cable which connects Port
Hedland and Darwin, extending through the open ocean waters of the Kimberley to the
north of Adele Island. The NWCS cable traverses the Operational Area within the south
east flank at depths ranging from approximately 40 m to 170 m. The NWCS system is
managed by Vocus Communications and was built as a cooperation between the
Telecommunications industry and Oil and Gas industries to connect offshore facilities in the
Browse, Bonaparte and Carnarvon Basins to onshore datacentres (Vocus Communications
2019). The cable connects to numerous oil and gas facilities including the INPEX Ichthys
offshore facilities in WA-50-L and with the Shell Prelude floating LNG facility (Figure 4-20).

Consultation with Vocus determined that there were no concerns with the 2D seismic
survey as no subsea repeater equipment is located in WA-50-L.

Tourism

The tourism industry in the Kimberley region includes wildlife cruises and a focus on the
local pearling industry. Both typically operate in waters nearer to shore than the
Operational Area, such as near Broome, Cape Leveque, the Lacepede Islands, King Sound,
Montgomery Reef and Camden Sound. However, some birdwatching tours may occasionally
visit Adele Island and some other cruises may pass through Operational Area to offshore
locations such as such as the Rowley Shoals, Scott Reef or Ashmore Reef.
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Figure 4-20 Petroleum titles and facilities
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4.10 Timing of key ecological and socio-economic sensitivities

The timings of the key ecological and socio-economic sensitivities described in Section 4.1
to Section 4.9 are summarised in Table 4-8 below.
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Table 4-8 Timing of key ecological and socio-economic sensitivities

Proposed INPEX 2D seismic survey window of opportunity
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Red outline

indicate a peak period

[ ]

tivity or lifestage occurs

at this time

indicates the period the 2D seismic survey will avoid

Ecological Receptor

Plankton|Phytoplankton and zooplankton abundance (most abundant in nearsl hore waters| )

Pearl oyster (Pinctada maxima ): Spawning

7 ///// //

i

Scampi: Spawning (continental slope)

// // .
//////////

Benth
Invertebrates

Coral reefs: Spawning

_

Goldband snapper: Spawning (Pilbara: October-May; Kimberley: September-May)

///////////////////

Red emperor: Spawning

Rankin cod: Spawning

---

Blue spotted emperor: Spawning

Spangled emperor: Spawning

Giant ru by snapper: Spawning

Other demersal species: Spawning

Spanish mackerel: Congregate in shallow and coastal waters from approximately June;
Peak spawning: Pilbara: September-December;
Peak spawning: Kimberley: September-January)

_

///////////-
.

_
I

_

///////

Grey mackerel: Spawning

Common blacktip shark: Mating and pupping (October to March, peak pupping in November)

%

Autralian blacktip shark: Mating (February to March), pupping (December to January)

Spot-tail shark: Breeding (February to March/April), pupping (late November to early February)

Commercially Targeted Fish Stocks

Blacktip reef sharks: Mating (January-February), pupping (November to December)

//////5////

_
_

Sandbar shark: Breeding and pupping (pupping primarily south of North West Cape)

_

Bigeye tuna: Spawning

Yellowfin tuna: Spawning

Skipjack tuna: Spawning

Southern bluefin tuna: Spawning (primarily south of Java, Indonesia)

Broadbill swordfish: Spawning

Striped marlin: Spawning (summer)

Black marlin: Spawning

Humpback whale: Northern migration (ingress into Kimberley region)

Humpback whale: Resting and calving (Kimberley region)

Humpback whale: Southern migration (egress from Kimberley region)

Pygmy blue whale: Northern migration - migration north through NWMR

arine Mammals

S Pygmy blue whale: Southern migration - migration south through NWMR

Inshore dolphins: Breeding, calving and roraging (Kimberley coastal waters)

Dugong: Foraging (Kimberley coastal waters)

Flatback turtle: Internest
Eighty Mile Beach)

ing (south-west Kimberley stock, including Lacepede Is., Eco Beach and

Flatback turtle: Internesting (unknown genetic Kimberley stock, including Maret Islands,
Montilivet Islands, Cassini Island, Coronation Islands, Napier - Broome Bay, Camden Sound)

Green turtle: Internesting (NWS stock, incl. Adele, Maret, Cassini, and Lacepede Islands)

Green turtle: Internesting (Scott Reef and Browse Island stock)

ne Turtles

Green turtle: Internesting (mainland east
including all offshore islands)

of Mary Island to mainland adjacent to Murrara Island

]
= Hawksbill turtle: Internesting (Scott Reef)

Olive Ridley turtle: Internesting (unknown genet:
Island, Darcy Island, Llangi, Cape Leveque)

ic Kimberley stock, including Prior Point, Vulcan

Green, flatback, and loggerhead turtle: Foraging (Broome - James Price Point)

Green turtle: Foraging (Montgomery Reef, Camden Sound)

Sharks |Whale shark: migration and foraging BIA
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Proposed INPEX 2D seismic survey window of opportunity

Socio-economic Receptors

Northern Demersal Scalefish Managed Fishery

Mackrel Managed Fahery (Are.. imbeie secor)- Mkl Apl Myt Noverbr, pkig %%%%%

Northern Shark Fisheries (Western Australia North Coast Shark Fishery and Joint Authority
Northern Shark Fishery) - No fishing has occurred since 2008/09

North West Slope Trawl Fishery

.

Pearl Oyster Managed Fishery: Collection of wildstock

Pear| Oyster Managed Fishery: Seeding

Commercial Fishing

Pearl Oyster Managed Fishery: Farming, grow-out and pearl production

Pearl Oyster Managed Fishery: Pearl harvesting

Kimberley Prawn Managed Fishery

Broome Prawn Managed Fishery

H — _
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5 Stakeholder consultation

INPEX has been a member of the Australian business community since 1986 and, during
this time, has engaged on a regular basis with stakeholders in WA and in federal
jurisdictions on a broad range of activities. INPEX maintains a corporate webpage
(http://www.inpex.com.au) to provide company and project-related information to the
public. INPEX also participates in industry forums, conferences and community meetings
to facilitate opportunities for meaningful engagement about current and future activities.

INPEX acknowledges the importance of consultation to ensure that persons who may be
affected by a proposed petroleum activity (‘relevant persons’) are informed about the
proposed activity and have the opportunity to inform INPEX of any functions, interests or
activities that could be impacted by the proposed activity.

INPEX’s awareness of the functions, interests or activities of relevant persons supports the
development of management plans that consider and address any objections or claims
about the proposed activity of an environmental, social or economic nature.

INPEX’'s process for stakeholder engagement (consultation) in the development and
implementation of an EP and relevant management plans, shown in Figure 5-1Figure 5-1
is further described in this chapter.

Develop Implement
EP EP

Stakeholder
identification and
classification

Stakeholder Stakeholder
monitoring and grievance
reporting management

Stakeholder
engagement

Review regulations
and guidance

Figure 5-1 Process for stakeholder engagement (consultation) for development and
implementation of an EP

5.1 Regulatory requirements and guidelines
As a first step in EP development, INPEX reviewed the following documents to prepare for
stakeholder consultation on the proposed offshore petroleum activity:
. Offshore Petroleum Greenhouse Gas Storage (Environment) Regulations

o NOPSEMA policies, guidance and information papers related to environment plan
development, including:

- GL1721 - Environment plan decision making - Rev 5 - June 2018
- GN1344 - Environment plan content requirements - Rev 4 - April 2019
- GN1488 - Qil pollution risk management - Rev 2 - February 2018

- IP1411 - Consultation requirements under the OPGGS Environment Regulations
2009 - Rev 2

. guidance issued by relevant stakeholders (as known or provided to INPEX), including:

- Australian Government Guidance: Offshore Petroleum and Greenhouse Gas
Activities:  Consultation with Australian Government agencies with
responsibilities in the Commonwealth Marine Area
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5.2

5.2.1

- Australian Fisheries Management Authority: Petroleum industry consultation
with the commercial fishing industry

- WA Department of Primary Industry and Regional Development (DPIRD):
Guidance statement for oil and gas industry consultation with the Department
of Fisheries

- WA Department of Transport (WA DoT): Offshore Petroleum Industry Guidance
Note - Marine Oil Pollution: Response and Consultation Arrangements

INPEX acknowledges its responsibility under the various legislative instruments and other
guidance to ensure that relevant persons are appropriately identified and consulted in the
development of its environment plans and in the conduct of its offshore activities.

Stakeholder identification and classification

With an understanding of the general requirements and expectations for consultation,
INPEX conducted stakeholder identification and classification activities.

As an initial exercise, ‘relevant persons’ were identified, then classified, to determine a
suitable engagement priority and method. Key INPEX personnel met in a workshop to
outline the requirement for engagement, established the context of the proposed activities,
and identified relevant persons in accordance with Regulation 11A(1) of the OPPGS (E)
Regulations 2009 and NOPSEMA's additional clarifications of Regulation 11A(1) as provided
in Issues Paper IP1411 (NOPSEMA 2014).

INPEX treats stakeholder identification (and subsequent activities) as an iterative process
whereby the company may become aware of relevant persons both during the process of
consultation on, and also after the development and submission of, an EP. INPEX
acknowledges that relevant persons may be identified during the public comment and
assessment periods associated with this EP, and also in the lead up to and conduct of an
accepted petroleum activity.

Definition of ‘relevant persons’/relevant stakeholders

In identifying relevant persons to be consulted on the proposed petroleum activity, INPEX
prescribes to the definition provided under Subregulation 11A(1) of the Environment
Regulations, being:

(a) each Department or agency of the Commonwealth to which the activities to be
carried out under the environment plan, or the revision of the environment plan, may
be relevant;

(b) each Department or agency of a State or the Northern Territory to which the
activities to be carried out under the environment plan, or the revision of the
environment plan, may be relevant;

(c) the Department of the responsible State Minister, or the responsible Northern
Territory Minister;

(d) a person or organisation whose functions, interests or activities may be affected
by the activities to be carried out under the environment plan, or the revision of the
environment plan;

(e) any other person or organisation that the titleholder considers relevant.
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5.2.2

Relevant activity

In determining who is a relevant stakeholder, it was necessary for INPEX to determine
what constitutes a relevant activity, and for which activities a stakeholder should be
engaged.

Petroleum activity (planned activity)

The Environment Regulations require that consultation be undertaken to ensure that
persons who may be affected by a petroleum activity are given the opportunity to inform
the titleholder how they may be affected and to allow the titleholder to assess and address
any objections or claims about that activity in the preparation of environment submissions.

Regulation 4 of the Environmental Regulations defines a petroleum activity as “any
operations or works in an offshore area carried out for the purpose of:

(a) exercising a right conferred on a petroleum titleholder under the Act by a
petroleum title; or

(b) discharging an obligation imposed on a petroleum titleholder by the Act or a
legislative instrument under the Act.”

When identifying relevant persons, INPEX considers which stakeholders perform a function
in the relation to — or have a function, activity or interest that may be impacted by - the
planned, physical petroleum activity.

The planned activity for this EP is the 2D seismic survey activity to be undertaken in
Commonwealth waters. Therefore, in determining who was a relevant person for
engagement on the petroleum activity, INPEX sought to identify and engage with
stakeholders whose functions, interests or activities could be affected by the seismic survey
activity.

Unplanned event/activity (emergency conditions)

INPEX undertakes a more targeted approach to consultation with stakeholders in relation
to unplanned - and highly improbable - emergency conditions, e.g. loss of diesel from a
vessel collision.

Stakeholders who may perform a function in INPEX’s planning for, or management of an
unplanned activity, and whose information is integral to the development of those
management plans, are engaged during the development of the EP and OPEP.

Stakeholders whose functions, interests or activities otherwise fall within the EMBA for the
unplanned activity are not engaged during the development of those plans, but may be
engaged in the event of an unplanned emergency condition.

This approach has been adopted to reduce consultation fatigue for stakeholders who will
not be impacted by the (physical) petroleum activity.

INPEX will engage contrary to this approach where a stakeholder has expressed a
significant (high to very high) level of concern about loss of containment events and wishes
to understand more about the potential impact and planned response activities.

INPEX maintains an extended stakeholder list which includes stakeholders who may have
a function, activity or interest that falls within for the EMBA, but for the purpose of the
development of these plans, engages with stakeholders as outlined in Table 5-1.

Document no.: 532-EXP-EP-001 Page 107
Security Classification: Public

Revision: 0

Date: 24 July 2019



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

Table 5-1 Classification and method of engagement with stakeholders in relation to an

unplanned oil pollution emergency event

Stakeholder category

Method of engagement

Government departments,
agencies or organisations
with functions or roles
directly relevant to
emergency and oil spill
preparedness and
response

Involve / consult regarding
the proposed activity and
potential unplanned
emergency conditions
during the preparation of
the EP and OPEP.

Stakeholders

e Australian Maritime
Safety Authority
(AMSA)

e WA Department of
Transport (DoT)

e WA Department of
Primary Industries and
Regional Development
(DPIRD)

e WA Department of
Biodiversity,
Conservation
Attractions (DBCA)

e Australian Marine OQil
Spill Centre (AMOSC)

and

Stakeholders where land
access is required to be
agreed prior to the
activity commencing

Involve / consult regarding
the proposed activity and
potential unplanned
emergency conditions
during the preparation of
the EP and OPEP.

e Landowners
e Native Title holders

e Aboriginal and Torres
Strait Islander
communities

Stakeholders whose level
of interest (or
expectation) in relation to
a potential oil spills and oil
spill response for the
planned activity is high or
very high.

Inform regarding the
proposed activity and
potential unplanned
emergency conditions
during the preparation of
the EP and OPEP.

As determined during
stakeholder identification
workshop.

Stakeholders whose level
of interest (or
expectation) in relation to
a potential oil spills and oil
spill response for the
planned activity is low or
medium.

To be informed only in the
event of an unplanned
emergency condition (i.e.
oil spill) that has the
potential to affect their
functions, activities or
interests.

As determined during
stakeholder identification
workshop.

Stakeholders were then classified based on their level of interest in/potential impact by,
and influence over, the proposed petroleum activity. The purpose of this activity was to
determine a ‘priority’ for consultation that was appropriate to the classification. Priority
levels are shown in Table 5-2.
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5.2.3

Table 5-2 Engagement classification

Priority  Interest/potential impact Stakeholder classification (engagement priority)
and/or Influence level

[ |
Level 1  (Both) High to very high Collaborate/empower: partner with
stakeholder on each aspect of the decision; allow
stakeholder (regulatory or approvals bodies) to
make the final decision

Level 2 | (Either) High to very high ' Consult/involve: ensure stakeholder concerns
and expectations are consistently understood and
considered, and obtain feedback from
stakeholders on analysis, alternatives and/or
decisions

Level 3  (Both) Low to medium Inform: provide balanced, objective, timely and
consistent information to stakeholder

Commercial fishery stakeholder classification

In addition to the stakeholder identification and classification process outlined above for
planned activities and unplanned events, identification of relevant commercial fishing
stakeholders distinguishes between:

e fisheries that overlap the planned petroleum activity; and
e fisheries that overlap the EMBA but not the location of the planned petroleum activity.

INPEX used a variety of resources (e.g. data files and fishery reports) to identify and
classify stakeholders according to these criteria. These lists were then confirmed with the
Western Australian Fishing Industry Council (WAFIC), whose consultation services INPEX
contracted to engage with relevant fishing industry stakeholders.

With the view to minimise stakeholder fatigue, WAFIC restricted engagement activities to
licence holders in fisheries with activities or resources that overlap the area of the planned
petroleum activity (location of the physical activity). INPEX and WAFIC considered if and
where licence holders are active (or potentially active) within a fishery to assess whether
that licence holder should be engaged.

In addition, INPEX worked with WAFIC to provide tailored information for each fishery.

INPEX informed the Western Australian Department of Primary Industries and Regional
Development (WA DPIRD), Australian Fisheries Management Authority (AFMA), the
Commonwealth Department of Agriculture and Water Resources (DAWR) of the proposed
approach to engage with all commercial fishing stakeholders using WAFIC’s proposed
consultation service. No objections were received.

In summary, identification of and engagement with commercial fishing stakeholders was
conducted as follows:

e Government authorities (AFMA, DAWR and WA DPIRD) were engaged regarding the
proposed activity and engagement with commercial and recreational fishing
stakeholders. Materials made available by government authorities, e.g. data files and
fishing reports, were used in fisheries determinations.
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e WAFIC was contracted to provide a consultation service to INPEX, to review and confirm
relevant fisheries and provide information on the proposed petroleum activity to
relevant stakeholders.

e Fishing industry associations that represent fisheries with licence areas that overlap the
proposed activity (e.g. WAFIC and Australian Southern Bluefin Tuna Industry
Association) were consulted regarding the proposed activity and engagement with their
members. Much of this consultation was conducted through WAFIC.

e Licence holders in commercial fisheries were engaged/not engaged according to the
following criteria:

Active or potentially active licence holders in commercial fisheries that overlap
or are very close to the proposed petroleum activity were considered to be
relevant stakeholders, and were accordingly engaged by WAFIC during the
development of the EP. Where required, WAFIC followed up with each
stakeholder to close out the engagement loop.

Licence holders in commercial fisheries with target fish resources (i.e. key
target species) that overlap the planned petroleum activity were also
considered to be relevant stakeholders, even if their fishing activities did not
overlap with the planned petroleum activity. Licence holders were accordingly
engaged by WAFIC during the development of the EP. Where required, WAFIC
followed up with each stakeholder to close out the engagement loop.

Licence holders in commercial fisheries that overlap or are close to the planned
petroleum activity but whose activities or interests are not expected to be
affected by the planned petroleum activity are not considered to be relevant
stakeholders. Such licence holders were not engaged during the development
of the EP, but the industry associations representing these fisheries were
informed. An example would be where the licence holder fishes in a distant part
of that fishery, e.g. off the southern coast of Australia.

Licence holders in commercial fisheries that overlap the broader EMBA but not
the area of the proposed petroleum activity are not considered affected
parties/relevant stakeholders and were therefore not informed during the
development of the EP.

Licence holders that are not considered to be relevant to the planned petroleum activity
are included in the expanded list of stakeholders who would be informed in the event of an
unplanned emergency condition.

Table 5-3 presents the commercial fisheries classified according to their relevance to the
planned petroleum activity or an unplanned emergency condition.

Details on the location and activities of each fishery and rationale for engagement are
outlined in WAFIC's Stakeholder Engagement Report (Appendix C).

Table 5-3: Classification of commercial fishery licence holders

Fishery

Relevance and process of
engagement

Commercial fisheries overlapping or close to the planned petroleum activity area and with
licence holder activities or interests/fish resource that may be affected by the planned
petroleum activity.

Northern Demersal Scalefish Fishery (WA)
Relevant.
Mackerel Managed Fishery — Area 1 and 2 (WA)
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Fishery

Relevance and process of
engagement

Pearl Oyster Managed Fishery - Zone 2 and 3 (WA)

North Coast Shark Fishery (Northern and Southern
Zones) (WA)

Joint Authority Northern Shark Fishery

North West Slope Trawl Fishery (Cwth)

Western Tuna and Billfish Fishery (Cwth) *

Australian Southern Bluefin Tuna Fishery (Cwth) *

Licence holders directly
consulted.

* Fisheries are not active in or close to the planned petroleum activity, but their target
fish species overlap or are close to the planned petroleum activity.

Commercial fisheries overlapping the planned petroleum activity area, but licence holder
activities or interests are not expected to be affected by the planned petroleum activity.

Broome Prawn Managed Fishery (WA)

Kimberley Prawn Managed Fishery (WA)

Specimen Shell Managed Fishery (WA)

West Coast Deep Sea Crustacean Managed Fishery
(WA)

Western Skipjack Fishery (Cwth)

Not affected.

Licence holders not consulted
during the development of the
EP; however, representative
industry associations were
informed, and each fishery’s
interests considered in the
development of the EP.

Licence holders to be informed in
the event of an unplanned
emergency condition.

Commercial fisheries overlapping the EMBA but not the proposed petroleum activity area.

Abalone Managed Fishery — Area 8 (WA)

Beche-de-Mer Fishery (WA)

Hermit Crab Fishery (WA)

Kimberley Gillnet and Barramundi Managed Fishery
(WA)

Kimberley Mud Crab Managed Fishery (WA)

Mackerel Managed Fishery — Area 3 (WA)

Marine Aquarium Fish Managed Fishery (WA)

Nickol Bay Prawn Managed Fishery (WA)

Pearl Oyster Managed Fishery — Zones 1 and 4 (WA)

Pilbara Fish Trawl Managed Fishery (WA)

Pilbara Line (WA)

Not affected.

Licence holders not consulted
during the development of the
EP, but each fishery’s interests
considered in the development of
the EP.

Licence holders to be informed in
the event of an unplanned
emergency condition.
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Fishery Relevance and process of
engagement

Pilbara Trap Managed Fishery (WA)

South West Coast Salmon Managed Fishery (WA)

Trochus Fishery (WA)

5.3 Stakeholder engagement

Following the stakeholder identification and classification exercise, an engagement plan
was developed to register identified stakeholders and the following information:

o the activity/ies (planned and unplanned) for which they have been identified as
relevant;

. the activities on which they should be engaged;

o the function, activity or interest that may be affected by the relevant activity;

o their assigned classification (priority for engagement); and

. the proposed manner of engagement (i.e. modes, timing, and by whom).

Those responsible for engagement were provided with a copy of the plan and instructions
on how to carry out the necessary engagement.

INPEX prepared a consultation information sheet to provide relevant stakeholders with
important details of the proposed petroleum activity. The document (Appendix C) includes
the following information:

o description of the activity, including location and map;

. schedule;

. methodology (i.e. how the activity will be undertaken, as well as general logistics and
safety information);

o environmental management approach; and

o enquiries and feedback information.

The accompanying email (or cover letter) may provide more information relevant to the
functions, activities or interests of the stakeholder receiving the information sheet.
Additional information was also sent to stakeholders in subsequent communications, as
requested by the stakeholder and/or as the information became available.

A stakeholder briefing was offered to several key stakeholders to discuss the proposed
activity and any questions or concerns the stakeholder may have. Briefings were
subsequently provided to the following stakeholder groups:

. Aboriginal and Torres Strait Islander Native Title and community representatives in
Broome and on the Dampier Peninsula;

o Broome Fishing Club and Broome North Fishing Club;

o Broome-based pearl producers;

. Recfishwest; and

. the Western Australian Fishing Industry Council Inc (WAFIC).
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5.4

5.5

Stakeholder monitoring and reporting

Using the stakeholder engagement plan as a guide, INPEX retains a record of all
communications sent and received as part of the stakeholder engagement activity. This
includes email correspondence, telephone call logs, letters and minutes of meetings.

All queries and feedback from stakeholders were logged, and where applicable, forwarded
for follow up, where applicable. All responses provided to stakeholders were appropriate
to the nature of their communication, e.g. technical queries were investigated by area
experts and responses provided.

Relevant matters, objections and claims

During stakeholder consultation, each meeting, phone call or piece of correspondence
received from a stakeholder was assessed by INPEX for relevant information or for
objections, claims or concerns raised regarding the activity. The INPEX assessment of
relevance and assessment of merit considered four broad categories:

o Objection, claim or concern has merit — The objection, claim or concern raised is
relevant to both the planned petroleum activity and the stakeholder’s functions,
activities or interests. The matter has merit if there is a reasonable / scientific basis
for related effects or impacts to occur and/or there is reasonable basis for the matter
to be addressed in the EP.

. Objection, claim, or concern does not have merit - The objection, claim or concern
raised may be relevant to the planned petroleum activity or the stakeholder’s
functions, activities or interests, however, the matter raised has no credible or
scientific basis.

o Relevant matter — The matter raised does not fit the criteria descriptions for
objections, claims or concerns with/without merit. However, the matter raised is
relevant to the planned petroleum activity, comprises a request to INPEX for further
relevant information, or provides information to INPEX that is relevant to the
petroleum activity or the EP.

o Not a relevant matter — Correspondence does not relate to the planned petroleum
activity or the stakeholder’s functions, interests or activities being affected by the
petroleum activity. Non-relevant matters may also be generic in nature with no
specific issues raised (e.g. salutations, acknowledgements, meeting arrangements,
etc.).

INPEX noted that matters were often raised by stakeholders that were relevant to seismic
surveys generally and not necessarily specific to the proposed INPEX 2D seismic survey.
However, where these matters were relevant, they were considered by INPEX.

Relevant matters, objections, claims and concerns with merit were addressed by INPEX in
this EP. Stakeholders were provided with a response to each matter raised, including an
explanation of how the matter has been addressed.

A summary of all stakeholder consultation undertaken, and the full assessment relevance
and merit are provided in Appendix C. The actual records of correspondence, are provided
in a ‘Sensitive Matters Report’ that is submitted to the Regulator separately to this EP.

An overview of feedback received from stakeholders that resulted in material inputs to the
EP is provided in Table 5-4.
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Table 5-4: Summary of stakeholder consultation and INPEX response

Stakeholder

Summary of material stakeholder feedback

Summary of INPEX action and response

Australian
Maritime Safety
Authority (AMSA)

AMSA provided information related to:

Vessel traffic in the Operational Area.

The need for vessels to maintain communications with other
vessels and a visual and radar watch at all times.

The need for the seismic vessel to display appropriate day
shapes, lights and signals, and for streamers to have
reflective tail buoys to indicate the vessel is towing and is
therefore restricted in her ability to manoeuvre.

Requested the AMSA Joint Rescue Coordination Centre
(JRCC) be notified 24-48 hours before operations
commence, and the Australian Hydrographic Office (AHO) be
notified at least 4 weeks prior to the commencement of
activities for the promulgation of Notices to Mariners.

INPEX incorporated the information provided in
to the existing environment and risk assessment
sections of the EP.

Navigational safety and communication protocols
have been captured as control measures and/or
required notifications.

Australian
Fisheries
Management
Authority (AFMA)

AFMA provided information related to:

Identification of Commonwealth managed fisheries relevant
to the activity.

Contact details for Indonesia's Ministry for Marine Affairs and
Fisheries (MMAF) for notification of activities potentially
occurring in the Australia-Indonesia Fisheries MOU Box.

INPEX incorporated the information provided in
to the Existing environment and risk assessment
sections of the EP, as well as notifications in
ongoing consultation.

Department of
Defence
(Directorate of
Property
Acquisition,
Mining and
Native Title)

Defence provided the following information/requests:

INPEX advise Defence within 90 days of the seismic activity
to deconflict activities.

Advised there may be unexploded ordinance (UXO) within
the survey area.

Requested the AHO be notified at least 3 weeks prior to the
commencement of activities for the promulgation of Notices
to Mariners.

INPEX confirmed that the seismic array is not
expected to interact with the seabed during the
proposed 2D seismic survey activity.

INPEX advised it will aim to provide sufficient
notice to Defence, however providing 90 days
advance notice may be challenging due to
operational and logistical factors.

INPEX confirmed information about the
commencement of the activity will be provided to
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Stakeholder

Summary of material stakeholder feedback

Summary of INPEX action and response

the AHO no fewer than four working weeks
before operations commence for the
promulgation of related Notices to Mariners.

Office of the
Director of
National Parks
(DNP)

The DNP noted the proposed survey overlaps with Kimberley
Marine Park, which forms part of the North-west Network of
Marine Parks. The DNP also noted the activity is located within
100 kilometres of Roebuck Bay, Eighty Mile Beach, Mermaid Reef
and Argo-Rowley Terrace marine parks.

The DNP acknowledged that the North-west Marine Parks
Network Management Plan 2018 allows for mining authorisation
to be given through a class approval for the Multiple Use Zone of
the Kimberley Marine Park. The DNP noted class approval
requires an accepted EP. The DNP advised that INPEX need to be
aware of obligations under the class approval (including
conditions) and referred to the Petroleum Activities and
Australian Marine Parks Guidance Note.

The DNP identified the specific natural values for the Kimberley

Marine Park, as defined in the North-west Marine Parks Network
Management Plan 2018. The DNP identified the need for INPEX

to notify the DNP of any oil/gas pollution incidences which occur
within a marine park or are likely to impact on a marine park as
soon as possible.

The DNP requested notification if the EP is approved, when the
activity commences and the date that the survey begins and
ends within the Kimberley Marine Park.

INPEX incorporated the provided information

within the existing environment section and risk

assessments.

INPEX has acknowledged the request for
notifications and included these in the EP.

WA Department
of Transport
(DoT) - Marine
Safety Branch

INPEX engaged with WA DoT in relation to potential spill
response matters in State waters and the content of the OPEP.

INPEX has incorporated WA DOT's feedback in
the OPEP provided in Appendix E.
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Stakeholder

Summary of material stakeholder feedback

Summary of INPEX action and response

Department of
Primary
Industries and
Regional
Development
(WA DPIRD) -
Fisheries branch,
Aquatic
Environment unit

DPIRD:

e Advised on the method for determining relevant fisheries
and understanding the fish stock in the proposed area,
including the availability and use of FishCube catch and effort
data, highlighting concerns and limitations with the data and
how it may be interpreted and presented in the EP.

e Noted Fisheries Research Report No. 288 (Risk Assessment
of the potential impacts of seismic air gun surveys on marine
finfish and invertebrates in Western Australia) and
highlighted particular concerns regarding the potential risk
to immobile and mobile invertebrates and demersal finfish.

e Identified spawning grounds as particularly sensitive and
requested no seismic acquisition occurs during spawning
periods for key species, requesting INPEX review the survey
timing to consider their latest spawning information.

e Advised that they do not consider the risk to goldband

snapper or the Northern Demersal Scalefish managed
Fishery to be acceptable.

e Requested that INPEX consults with WAFIC, PPA,
Recfishwest, and relevant Traditional Owner groups and
relevant fishers.

INPEX:

e Noted DPIRD advice regarding the
interpretation of FishCube data and
subsequently amended content in the EP to
better describe the data and highlight the
limitations and assumptions made.

e Acknowledged the outcomes of Fisheries
Research Report No. 288 (Risk Assessment
of the potential impacts of seismic air gun
surveys on marine finfish and invertebrates
in Western Australia) in the EP, noting that it
considers the risk to individual fish and
invertebrates and assuming the organism
remains stationary relative to the seismic
source. INPEX has applied additional activity-
specific and situation-specific context and
scientific research to assess potential risks at
a population level.

e Incorporated the DPIRD’s latest advice
regarding key indicator species and
spawning into the existing environment and
risk assessment in the EP. However, no
further control measures were identified, and
the risk is considered to be reduced to an
acceptable level.

e Consulted with relevant fisheries
stakeholders and traditional owner groups
during the development of the EP.

e Incorporated claims and feedback within the
EP prior to submission.
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Stakeholder

Summary of material stakeholder feedback

Summary of INPEX action and response

Western
Australian
Fishing Industry
Council (WAFIC)

* Note WAFIC is
both a relevant
stakeholder
(commercial
fishing industry
representative)
for the proposed
offshore activity,
but also provided
consultation

services to | t and timely k ledae f ial fisheries i o _
INPEX to relevant and timely knowledge for commercial fisheries in « Proposed timing and method of a series of
coordinate Western Australia. communication initiatives in order to avoid

engagement with
the commercial
fishing industry

(relevant the Northern Demersal Scalefish Goldband snapper have to access resources in the Australian
individual licence been reduced to as low as reasonably practicable from a Exclusive Economic Zone.
holders and commercial fishing perspective. o Acknowledged fishers’ anecdotal knowledge

other industry
associations).

WAFIC’s response to INPEX’s in the capacity of an industry
representative/authority is provided here.

WAFIC:

Noted that the commercial fishing sector will experience the
largest impacts of any stakeholder.

Requested specific engagement
assessments to be provided)

Concerned about the potential impact on the key indicator
species for each fishery, including spawning and the
sustainability of the stocks.

Appreciate INPEX is avoiding peak spawning for some key
indicator species but is not in position to avoid all.

WAFIC defers to DPIRD as the absolute key source of

material (i.e. risk

Dispute that the INPEX interpretation of FishCube Data is
appropriate to inform the risk assessment.

Dispute that potential impacts to fish spawning, especially in

Noted extensive observations / anecdotal knowledge of
fishers regarding the negative impacts of seismic on fish
resources.

Noted limited and conflicting research on seismic impacts on
fish resources.

Requested no recreational
vessels.

Requested that cumulative impacts be assessed

fishing occurs from project

INPEX:

e Provided draft impact assessment to fish
stocks and fisheries including a thorough
review of available scientific information.

e Provided an overview of the potential effects
to spawning aggregations, fish resources and
commercial fisheries, specific to each fishery.

e Acknowledged that relocating fishing
activities in response to seismic surveys is a
difficult issue for fishers and proposed to
‘break’ the seismic acquisition in to two
separate areas thus providing an option to
limit the potential for interactions between
fishers and the seismic activity.

potential conflict on water.

e Acknowledged that both the petroleum
industry and the fishing industry have rights

of negative impacts of seismic surveys on
fish resources in the risk assessments in the
EP.

e Acknowledged and presented the findings of
a range of available scientific research,
including research provided to INPEX by
WAFIC.
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Stakeholder

Summary of material stakeholder feedback

Summary of INPEX action and response

¢ Requested INPEX’s communication strategy is implemented
by all subcontractors and project vessels.

e Requests that INPEX acknowledge the right of access for
commercial fishers.
e Acknowledge that it is not possible to exclude every single

impact into a survey timeframe (and hence request the need
for an equitable ‘compensation’ process).

e Incorporated claims and feedback within the
EP prior to submission.

e Assessed cumulative impacts from potential
consecutive and concurrent seismic surveys
in the region.

e Committed to development of a claim
process.

Australian
Southern Bluefin
Tuna Industry

Confirmed the 2D seismic survey is outside of the known
activities and sensitivities for the Southern Bluefin Tuna fishery.

Advised the ASBTIA does not need to receive updates on the

INPEX incorporated the provided information
within the existing environment section and risk
assessments.

Association

(ASBTIA) Survey.

Northern A NDSMF licence holder objected to the proposed survey, INPEX explained that the timeframe is

Demersal claiming the schedule of the activity is too broad and INPEX had | intentionally broad in the early planning stages
Scalefish not confirmed whether the activity will avoid spawning as it is difficult to anticipate when acceptance of
Managed Fishery | aggregations and timing. the EP may be achieved by, or when a seismic
(NDSMF) survey vessel may be in Australian waters. INPEX

Licence holder A

The licence holder challenged information provided in the INPEX
factsheet, which stated that “red emperor spawn multiple times
between August and May, with peaks in October and March.”
The licence holder cited Western Australia Fisheries Publication
No. 112 of 2013, which identifies peak spawning for red emperor
as occurring in January, March and October. The licence holder
noted that the paper also acknowledges the possible effects of
seismic activity on all life stages of fish, as well as the avoidance
of areas by, or dispersal of, spawning aggregations as a
consequence of seismic.

advised that the window of opportunity was
primarily chosen to avoid the period from June to
October, when humpback whales are present in
the Kimberley region for calving, nursing and
resting. INPEX noted this period also happens
avoid the peak spawning periods of some (but
not all) demersal fish species targeted by the
NDSMF.

INPEX amended spawning information within the
risk assessments in line with feedback provided
by DPIRD in 2019 to ensure it reflects DPIRD’s
current position.
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Stakeholder

Summary of material stakeholder feedback

Summary of INPEX action and response

Northern
Demersal
Scalefish Fishery

Licence holder B

A NDSMF licence holder provided the following information,
comments, and/or concerns/objections:

e Concerned that the impact assessment focuses too heavily
on the spawning period, and not the juvenile stages.

e Concerned about the lack of available science and application
of the precautionary principle.

¢ Notes anecdotal evidence that fishing is less productive after
a seismic survey (particularly gold band snapper).

¢ Notes the need for a mitigation and “make good” policy.

INPEX responded, providing:

e The draft impact assessment to fish stocks
and fisheries.

e Clarification on where the information is
sourced for the impact assessment, and how
spawning events and juvenile stages are
considered during the assessment.

e Acknowledgement that there is scope for
further research. Noted a significant amount
of research has occurred on the impacts of
fish behaviours and life cycle.

e INPEX confirmed precautionary principle is a
key consideration throughout the
development of the EP.

e Confirmation that the licence holder’s
observation of seismic impacts on goldband
snapper after a seismic pass in the vicinity of
fishing activities has been noted in the risk
assessment in the EP.

e Confirmation that INPEX will consider - on a
case-by-case basis - claims received from
stakeholders in accordance with a claim
process.

Mackerel
Managed Fishery
(MMF; Area 1)

Licence holder A

On 8 April 2019 the MMF licence holder provided the following
information, comments, and/or concerns/objections:

e Provided anecdotal evidence of the negative impacts that
seismic surveys have on the fishing resource and actual
commercial fishing activity.

INPEX provided:

e The draft impact assessment to fish stocks
and fisheries.

e An overview of the overlap with mackerel
fishing activities in Mackerel Area 1
(Kimberley sector).
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Stakeholder

Summary of material stakeholder feedback

Summary of INPEX action and response

¢ Questioned the legitimacy of industry-funded research on

the impacts of seismic on marine life. Requested
consideration of research which states there are negative
impacts.

e Urged seismic operators to consider the knowledge of
commercial fishers, including fishing activities, where to fish
and when to fish.

e Provided information on their fishing patterns and activity.

e Notes mackerel fishing occurs near shallow inshore reef
fishing in water less than 70 metres depth.

e Noted the importance of the Lynher Bank is a popular
commercial mackerel fishing area.

The licence holder requested:

e No interactions with commercial fishing during peak fishing
periods; and

¢ No seismic activity during peak mackerel spawning periods.

e Acknowledgement of the licence holder’s
personal experience and observations of the
negative impacts of seismic surveys on fish.

e Further information on the proposed survey
timing.
e Further information on the proposed

management measures and proposed
development of a claim process.

Mackerel
Managed Fishery
(Area 1)

Licence holder B

The MMF licence holder provided the following information,
comments, and/or concerns/objections:

¢ Noted appreciation of the engagement and desire to achieve
an agreed outcome for the EP.

¢ Notes confusion around fisheries’ understanding of
environment plans while they are in development.

e Provided information on their fishing patterns and activity.

e Notes mackerel fishing occurs near shallow inshore reef
fishing in water less than 70 metres depth.

e Noted the importance of the Lynher Bank is a popular
commercial mackerel fishing area.

The licence holder requested:

INPEX, provided:

e The draft impact assessment to fish stocks
and fisheries.

e An overview of the overlap with mackerel
fishing activities in Mackerel Area 1
(Kimberley sector).

e Further information on the proposed survey
timing.
e Further information on the proposed

management measures and proposed
development of a claim process.
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Stakeholder Summary of material stakeholder feedback

¢ No interactions with commercial fishing during peak fishing

Summary of INPEX action and response

periods; and
no seismic activity during peak mackerel spawning periods.

Mackerel
Managed Fishery
(Area 1)

Licence holder C

The MMF licence holder provided the following information,
comments, and/or concerns/objections:

Confirmed the survey is located outside of their fishing area
and will not impact their actual fishing activities.

Raised concerns on the impact seismic has on the mackerel
resource (i.e. on breeding / spawning). Noted that that as a
migratory species, spawning activities (and impacts to
spawning in Area 1), could potentially impact the resource
sustainability in Area 2.

On 7 May 2019 INPEX responded, providing:

The draft impact assessment to fish stocks
and fisheries.

Clarification of the overlap with mackerel
fishing activities in Mackerel Area 2 (Pilbara
sector)

An overview of the potential effects to
spawning aggregations and the mackerel
resource.

Further information on the proposed survey
timing.

Further information on the
management measures and
development of a claim process.

proposed
proposed

Mackerel
Managed Fishery
(Area 2)

Licence holder D

The MMF licence holder provided the following information,
comments, and/or concerns/objections:

Advised the licence is not currently in use and at this point
in time, this seismic survey will not impact actual fishing
activities (licence holder retains the option to lease their
licence to a third-party).

Raised concerns on the impact seismic has on the mackerel
resource (i.e. on breeding / spawning). Also concerned about
impacts to the Pilbara Line target species.

INPEX provided:

The draft impact assessment to fish stocks
and fisheries.

An overview of the potential effects to
spawning aggregations and the mackerel
resource.

Further information on the proposed survey
timing.

) e Further information on the proposed
The licence holder requested: management measures and proposed
e the seismic survey avoids peak mackerel spawning periods. development of a claim process.
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Licence holder E

Stakeholder Summary of material stakeholder feedback Summary of INPEX action and response
Mackerel The MMF licence holder provided the following information, INPEX responded, providing:
E’I:rrézgze)d Fishery | comments, and/or concerns/objections: « The draft impact assessment to fish stocks

e Confirmed the survey is located outside of their fishing area
and will not impact their actual fishing activities.

e Raised concerns on the impact seismic has on the mackerel
resource (i.e. on breeding / spawning).

¢ Notes mackerel in the Kimberley stock may make extensive
southern migrations during the summer months. Notes this
would make any disruption to the Kimberley stock of
mackerel of significant interest to Area 3 fishers, and also to
recreational fishers who target mackerel off Perth during the
summer months.

The licence holder requested:

¢ the seismic survey avoids peak mackerel spawning periods.

and fisheries.

e An overview of the potential effects to
spawning aggregations and the mackerel
resource, with particular attention given to
mackerel in the Kimberley.

e Further information on the proposed survey
timing.
e Further information on the proposed

management measures and proposed
development of a claim process.

Mackerel
Managed Fishery
(Area 2)

Licence holder F

The MMF licence holder provided the following information,
comments, and/or concerns/objections:

e Confirmed the survey is located outside of their fishing area
and will not impact their actual fishing activities.

¢ Raised concerns on the impact seismic has on the mackerel
resource (i.e. on breeding / spawning).

¢ Notes extensive anecdotal knowledge regarding the negative
impacts of seismic on fish resources.

The licence holder requested:

e INPEX and other oil, gas and seismic companies invest in
comprehensive and legitimate research assessing the
impacts of seismic activities on the environment and on the
commercial fishing resource with specific focus on WA
fisheries.

INPEX provided:

e The draft impact assessment to fish stocks
and fisheries.

e Clarification of the overlap with mackerel
fishing activities in Mackerel Area 2 (Pilbara
sector).

e An overview of the potential effects to
spawning aggregations and the mackerel
resource.

e Acknowledgement of the licence holder’s
personal experience and observations of the
negative impacts of seismic surveys on fish.

e Further information on the proposed survey
timing.
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Stakeholder

Summary of material stakeholder feedback

Summary of INPEX action and response

e Further information on the
management measures and
development of a claim process.

proposed
proposed

Pearl Oyster
Managed Fishery
licence holders

Pearling operators met with INPEX in Broome to review details of

the proposed 2D seismic survey activity.

One pearl producer raised concerns regarding the risk of seismic

surveys on pearl oyster larvae/juvenile spat growth and the
impacts to the food.

One pearling operator asked if pearl divers may be affected.

INPEX provided:

e The draft impact assessment to plankton
communities, benthic communities, pearl
oyster and pearling operations.

e An overview of the potential effects to pearl
oysters, pearl quality, recruitment of larvae
and spat settlement, the food chain, and
pearl divers.

Joint Authority
Northern Shark
Fishery

Licence holder

The JANSF licence holder provided the following information,
comments, and/or concerns/objections:

Acknowledged low catch effort within the fishery, but noted
the fishery was not closed.

Advised that fishing activity is low due to the fishery not
having a Wildlife Trade Operation (WTO) accreditation that
allows export of product. The licence holder advised they are
in the process of applying for a WTO, but were unable to
provide insight on the timing of the survey with actual fishing
activities.

Raised concern on the protection of their main target
species.

The licence holder requested to know whether INPEX has
identified pupping areas of the two Blacktip shark species
and Spot tail shark, and mackerel spawning areas. The
licence holder requested to know what measures INPEX have
taken to mitigate any potential impacts on the reproduction
of these species.

INPEX incorporated the provided information
within the existing environment section and risk
assessments.

INPEX responded, providing:

e The draft impact assessment to fish stocks
and fisheries.

e An overview of the potential effects to
spawning aggregations and the shark and
mackerel resource.

e Confirmation that, should activities
recommence in the near future, the potential
for the survey to overlap with JANSF fishing
activities is limited, as the proposed seismic
acquisition that overlaps the JANSF is likely
to comprise a single acquisition line and
some vessel line turns at the western
boundary of the fishery.
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Stakeholder

Summary of material stakeholder feedback

Summary of INPEX action and response

e Further information on the proposed survey
timing.

e Further information on the proposed
management measures and proposed
development of a claim process.

North West Slope
Trawl Fishery
licence holders

Two of three licence holders in the fishery acknowledged that
they do not fish in the proposed Operational Area, but noted a
third licence holder may be active in the area.

INPEX:

e Incorporated the provided information within
the existing environment section and risk
assessments.

e Provided the draft impact assessment
relevant to fish stocks and fisheries, as well
as an overview of the potential effects to the
scampi resource and catch.

e Further information on the proposed

management measures and proposed
development of a claim process.

Recreational
fishing
stakeholders:

e Recfishwest

e Western
Australian
Game
Fishing
Association

e Broome
Fishing Club

Recreational fishing stakeholders:
e Provided information on the location of recreational fishing
activities in the region.

e Provided information about the Broome Billfish Classic
tournament, held in July each year.

e Noted limited concerns for impacts to recreational fishing
activities in the region.

INPEX incorporated the provided information
within the existing environment section and risk
assessments.
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Stakeholder Summary of material stakeholder feedback Summary of INPEX action and response
e Broome
North
Fishing Club
Vocus Vocus advised that there is no risk from this seismic activity and | INPEX incorporated the provided information
Communications | the survey will not have any effect on the North West Cable within the existing environment section and risk
System. assessments.
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5.6 Stakeholder grievance management
For the development of an EP or OPEP and subsequent performance of the activities
described therein, a grievance is a complex stakeholder objection or claim (‘relevant
matter’) which has progressed beyond management through the Stakeholder Monitoring
and Reporting process.
In line with grievance management as described in the INPEX Community Grievance
Management Procedure, a relevant matter that cannot be resolved with the concerned
stakeholder (grievant) by the applicable contact person (supported by area experts where
required) will be referred to the INPEX Community Relations Working Group (CRWG) for
advice and resolution before a response is made to the grievant.
If the resolution proposed by the INPEX CRWG is unacceptable to the grievant, a third-
party mediator may become involved to facilitate a resolution between the parties.
In relation to engagement activities for this EP, all stakeholder enquiries were either dealt
with as outlined under Section 5.4, or are ongoing due to the iterative process of
engagement being applied.
5.7 Ongoing consultation

Ongoing consultation activities ensure that INPEX develops and maintains a current and
comprehensive view of stakeholder functions, interests and activities, and provide a forum
for enquiries, objections or claims by relevant persons in the lead up to and during the
conduct of a petroleum activity.
Ongoing consultation for the proposed activity is outlined in the implementation strategy
(Section 9.8.3).
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6 Environmental impact and risk assessment methodology
In accordance with Division 2.3, Regulation 13(5) of the OPGGS (E) Regulations 2009, an
environmental risk assessment was undertaken to evaluate impacts and risks arising from
the activities described in Section 3. This section describes the process in which impacts
and risks were identified. A summary of the outcomes from this process are included in
Section 7 and Section 8.
An environmental hazard identification (HAZID) workshop was undertaken for the
petroleum activity. The workshop involved numerous environmental advisors and
geophysical exploration personnel.
The workshop was undertaken in accordance with INPEX health, safety and environment
(HSE) Risk Management processes. The approach generally aligned to the processes
outlined in ISO 31000:2009 Risk Management - Principles and guidelines (Standards
Australia/ Standards New Zealand, 2009) and Handbook 203:2012 Managing environment-
related risk (Standards Australia/Standards New Zealand 2012).
The environmental impact and risk evaluation process has been undertaken in nine distinct
stages:
1. the establishment of context
2. the identification of aspects, hazards and threats
3. the identification of potential consequences (severity)
4, the identification of existing design safeguards and control measures
5. proposal of additional safeguards (ALARP evaluation)
6. an assessment of the likelihood
7. an assessment of the residual risk
8. an assessment of the acceptability of the residual risk
9. the definition of environmental performance outcomes, standards and
measurement criteria.
6.1 Establishment of context
The first stage in the process involved defining the activity, characterising the environment
and identifying the particular values and sensitivities of that environment. The outcomes
of these are presented in Section 3 Description of Activity and Section 4 Existing
Environment, of this EP.
6.2 Identification of aspects, hazards and threats
An assessment was undertaken to identify the aspects associated with the petroleum
activity. An aspect is defined by ISO 14001: 2015 Environmental Management Systems
(EMS) as:
“An element or characteristic of an activity, product, or service that interacts or can interact
with the environment”.
The aspects were grouped to align with the INPEX HSEQ-MS environment standards. A
summary of the aspects identified for the petroleum activity were as follows:
e emissions and discharges;
e waste management;
e noise and vibration;
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loss of containment;
biodiversity and conservation protection;
land disturbance (or seabed disturbance); and

social and cultural heritage protection.

Hazards are defined by the INPEX HSE Hazard and Risk Management Standard as:

“A physical situation with the potential to cause harm to people, damage to property,
damage to the environment”.

As the definition suggests, for an environmental risk or impact to be realised, there needs
to be a chance of exposing an environmental value or sensitivity to a hazard.

Given the various receptors present in the environment, they have been refined to
environmentally sensitive or biologically important receptors (values and sensitivities).
They have been selected using regulations, government guidance and stakeholder
feedback.

For the purposes of the evaluation, environmental values and sensitivities to be considered
include the following:

receptors that are considered socially important as identified during stakeholder
engagement (including social and cultural heritage);

benthic primary producer habitat, defined by the Western Australian Environmental
Protection Authority (WA EPA) Environmental Assessment Guideline No. 3
Environmental Assessment Guidelines for Protection of Benthic Primary Producer
Habitat in Western Australia’s Marine Environment as functional ecological communities
that inhabit the seabed within which algae (e.g. macroalgae, turf and benthic
microalgae), seagrass, mangroves, corals, or mixtures of these groups, are prominent
components;

regionally important areas of high diversity (such as shoals and banks);

particular values and sensitivities as defined by Regulation 13(3) of the OPGGS(E)
Regulations 2009:

- the world heritage values of a declared World Heritage property within the
meaning of the EPBC Act

- the national heritage values of a National Heritage place within the meaning of
the EPBC Act

- the ecological character of a declared Ramsar wetland within the meaning of
the EPBC Act

- the presence of a listed threatened species or listed threatened ecological
community within the meaning of the EPBC Act

- the presence of a listed migratory species within the meaning of the EPBC Act
- any values and sensitivities that exist in, or in relation to, part or all of:

" a Commonwealth marine area within the meaning of the EPBC Act - Note that
this value and sensitivity includes receptors (e.g. planktonic and benthic
communities) that, when exposed, have the potential to affect regionally
significant ecological diversity and productivity from benthic and planktonic
communities

. Commonwealth land within the meaning of the EPBC Act; and

biologically important areas associated with EPBC-listed species.
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6.3

6.4

6.5

6.6

6.7

Identify potential consequence

In sections 7 and 8, for each aspect, the greatest consequence (or potential impact) of an
activity, is evaluated with no additional safeguards or control measures in place. This allows
the assessment to be made on the maximum foreseeable exposure of identified values and
sensitivities to the hazard taking into account the extent and duration of potential
exposure. The consequence is defined using the INPEX Risk Matrix (Figure 6-1).

Given that the receptors, identified as particular values and sensitivities are the most
regionally significant or sensitive to exposure, these are considered to present a credible
worst-case level of consequence to assess against.

Identify existing design safeguards/controls

Control measures associated with existing design are then identified to prevent or mitigate
the threat and/or its consequence(s).

Propose additional safeguards (ALARP evaluation)

Where existing safeguards or controls have been judged as inadequate to manage the
identified hazards (on the basis that the criteria for acceptability is not met as defined in
Section 6.8), additional safeguards or controls are proposed.

The INPEX HSE Hazard and Risk Management Standard describes the process in which
additional engineering and management control measures are identified, taking account of
the principle of preferences illustrated in Figure 6-2. The options were then systematically
evaluated in terms of risk reduction. Where the level of risk reduction achieved by their
selection was determined to be grossly disproportionate to the “cost” of implementing the
identified control measures, the control measure will not be implemented, and the risk is
considered ALARP. Cost includes financial cost, time or duration, effort, occupational health
and safety risks, or environmental impacts associated with implementing the control.

Assess the likelihood

The likelihood (or probability) of a consequence occurring was determined, taking into
account the control measures in place. The likelihood of a particular consequence occurring
was identified using one of the six likelihood categories shown in Figure 6-1.

Assess residual risk

Where additional controls/safeguards are identified, the residual risk is then evaluated and
ranked.
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Risk Matrix
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6.8

Most Preferred L "
Elimination Removal of the hazard or sensitive receptor

Replacement of highly hazardous materials /
Substitution approaches with less hazardous materials /
approaches

Design measures that reduce the likelihood of a

Prevention -
hazardous event occuring

Design measures that facilitate early detection of a

Detection
hazardous event

Design measures that limit the extent/escalation

Engineering Contich potential of a hazardous event
R Design measures that protect the environment should
Mitigation
a hazardous event occur
Design measures or safeguards that enable clean-
Response . L
. up / response following the realisation of a hazardous
Equipment

event

Management systems and work instructions used to
prevent or mitigate environmental exposure to
hazards

Procedures &
Administration

. The lowest level in the hazard management hierarchy
Sensitive Receptor which should only be considered when all higher
Least Preferred Protection controls in the hierarchy have been exhausted e.g.
physical barriers located at the sensitive receptor

Figure 6-2: ALARP options preferences
Assess residual risk acceptability

Potential environmental impacts and risks are only deemed acceptable once all reasonably
practicable alternatives and additional measures have been taken to reduce the potential
impacts and risks to ALARP.

INPEX has determined that risks rated as “Critical” are considered too significant to proceed
and are therefore, in general, unacceptable. In alignment with NOPSEMA’s Environment
Plan Decision Making Guideline (GL1721 Rev5 June 2018), INPEX considers that when a
risk rating of “Low"” or “Moderate” applies, where the consequence does not exceed “C”
(Significant) and where it can be demonstrated that the risk has been reduced to ALARP,
that this defines an acceptable level of impact.

Through implementation of this EP, impacts to the environment will be managed to ALARP
and acceptable levels and will meet the requirements of Section 3A of the EPBC Act
(Principles of ecologically sustainable development (ESD)) as shown in Table 6-1.

Table 6-1: Principles of ecological sustainable development

Principles of ESD Demonstration

a) decision-making processes should The INPEX environmental policy (Figure
effectively integrate both long-term and 9-2), INPEX HSE Hazard and Risk
short-term economic, environmental, Management Standard and the INPEX
social and equitable considerations; HSEQ-MS (Section 9.1) consider both
long-term and short-term economic,
environmental, social and equitable
considerations.
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6.9

Principles of ESD

Demonstration

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;

No threat of serious or irreversible
environmental damage is expected from
the activity. Scientific knowledge is
available to support this, and processes
are in place to ensure that INPEX remains
up-to-date with scientific publications
(Section 9.13).

¢) 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;

The health, diversity and productivity of
the environment shall be maintained and
not impacted by the activity.

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

Biological diversity and ecological integrity
will not be compromised by the proposed
activity.

e) improved valuation, pricing and
incentive mechanisms should be

promoted.

N/A

Consequently, the potential environmental impacts and risks associated with implementing
the activity were determined to be acceptable if the activity:

e complies with relevant environmental legislation and corporate policies, standards, and
procedures specific to the operational environment;

e takes into consideration stakeholder feedback;

e takes into consideration conservation management documents;

e does not compromise the relevant principles of ESD; and

e does not exceed the defined acceptable level, in that the environmental risk has been
assessed as “Low” or “Moderate”, the consequence does not exceed “C - Significant”

and the risk has been reduced to ALARP.

Definition of performance outcomes, standards and measurement criteria

As defined in Regulation 4 of the OPGGS (E) Regulations 2009, INPEX has used
environmental performance outcomes and performance standards to address potential
environmental impacts and risks identified during the risk assessment.

Environmental performance outcomes, standards, and measurement criteria that relate to
the management of the identified environmental impacts and risks are defined as follows:

Environmental performance outcome means 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.

Environmental performance standard means a statement of the performance required
of a control measure.

Measurement criteria are used to determine whether each environmental performance
outcome and environmental performance standard has been met.
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7.1

7.1.1

Impact and risk assessment

Following the environmental impact and risk assessment methodology described in Section
6, the aspects, hazards and threats have been systematically identified. The aspects (and
associated hazards) with the potential for impact or risk in relation to relevant identified
values and sensitivities are discussed in this section and in Section 8.

Noise and vibration

The seismic source will emit short-duration, high-amplitude pulses of sound. The peak
sound energy is typically at frequencies below 200 Hz, although higher frequency and
broadband components of the sound are also produced. The sound produced by the seismic
source is directed downwards, towards the seabed, to obtain information about the geology
underlying the seabed. However, some horizontal sound propagation will also occur, which
has the potential to affect environmental and socio-economic receptors.

To assess all potential environmental impacts and risks of the activity and demonstrate
that they will be reduced to an acceptable level and ALARP, INPEX has assessed ecological
receptors at different trophic levels. The assessments consider the direct impacts to these
receptors, and also secondary impacts, by assessing impacts to the food chain and key life
stages such as reproduction (e.g. whale calving, turtle internesting, fish spawning and
larval stages).

The assessment of underwater noise impacts is divided into the following sections:
. Planktonic communities - Section 4.7.1

. Benthic communities - Section 7.1.5

. Fishes — Section 7.1.6

. Marine mammals — Section 7.1.7

o Marine reptiles — Section 7.1.8

o Marine avifauna - Section 7.1.9.

Potential impacts to fisheries, pearling and aquaculture, and Australian Marine Park values
from underwater noise and physical interactions with the survey vessel are assessed in
Section 7.2.

Of relevance to all receptors is that the seismic source is transient (i.e. moving) throughout
the survey, meaning that environmental receptors at any given location are typically only
exposed to significant sound levels produced by the seismic source for a short period of
time as the survey vessel passes nearby before moving away again. The survey vessel
may return after many hours or days to a parallel acquisition line within a few kilometres
of the same location, or along a perpendicular line that crosses nearby, but generally the
seismic source will move steadily across the Acquisition Area only resulting in temporary
sound exposures at any one location.

The following subsections present the assessment of impacts and risks from seismic sound
exposure.

Fundamentals of underwater noise

Sound levels and the decibel scale

The decibel (dB) scale is used to measure the amplitude or ‘loudness’ of a sound wave. For
underwater sounds, the dB scale is denoted relative to the reference pressure of 1
micropascal (uPa) e.g. dB re 1 pPa, whereas the reference pressure level used in air is
20 pPa, which was selected to match human hearing sensitivity. Because of these
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differences in reference standards, dB sound levels in air are not comparable to underwater
sound levels i.e. dB sound levels underwater are much quieter than the same dB sound
levels in air (Carroll et al. 2017).

Sound metric terminology

Marine seismic surveys emit pulses of underwater sound. These sounds are termed
‘impulsive’ sounds as they are brief and intermittent with rapid rise times and decay back
to ambient levels (within a few seconds).

There are four main metrics used to measure and describe underwater sound pressure and
energy that are applied to the assessment of these types of sound, all of which use the
decibel scale (adapted from ISO/DIS 18405.2:2017):

Zero-to-peak sound pressure (PK), the greatest magnitude of the sound pressure
during a specified time interval (Figure 7-1); unit: dB re 1 pPa; PK levels are relevant
to the assessment of potential physical injury and impairment impacts to marine
fauna and biota resulting from a single seismic pulse.

Peak-to-peak sound pressure (PK-PK), sum of the peak compressional pressure
and the peak rarefactional pressure during a specified time interval (approximately
double the zero-to-peak pressure) (Figure 7-1); unit: dB re 1 pPa; PK-PK levels, like
PK levels, are relevant to the assessment of potential physical injury and impairment
impacts to marine fauna and biota resulting from a single seismic pulse.

Root-mean-square sound pressure level (SPL), the time-mean-square sound
pressure, in a stated frequency band, to the square of the reference sound pressure
over the duration of an acoustic event (i.e. the duration of a single seismic pulse)
(Figure 7-1); unit: dB re 1 pPa; because the SPL represents the effective sound
pressure over the full duration of the acoustic event rather than the maximum
instantaneous peak pressure, it is regularly used to represent the effective loudness
of a sound and to assess the potential for a behavioural response from marine fauna.

Sound exposure level (SEL), a measure related to the sound energy (instead of
the sound pressure) in one or more pulses, or the ratio of the time-integrated squared
sound pressure to the specified reference value; unit: dB re 1 pPa?-s; SEL is specified
in terms of either a per-pulse SEL or an accumulated SEL (SELwm) from multiple
pulses over a given period. SEL recognises that the effects of sound can be a function
of exposure duration as well as maximum instantaneous peak pressure. SEL can
therefore be considered a dose-type measurement with SEL«.m being used to assess
dose-type impacts such as the potential for the gradual onset of temporary threshold
shift (TTS) in marine fauna hearing because of prolonged exposure to high sound
levels.
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Figure 7-1 Simplified sound wave and sound pressure metrics (University of Rhode Island
and Inner Space Center 2017)

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 & Hawkins
2018). Particle motion can be described in terms of particle displacement (m), velocity
(m/s), or acceleration (m/s?) (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/s?) (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 & 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 particle 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 & Hawkins 2018). Therefore, while the assessment of
underwater 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 & 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 & Hawkins 2018).
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7.1.2

Sound frequency and hearing sensitivity

Different animals are sensitive to different sound frequencies, which are measured in Hertz
(Hz) and kilohertz (kHz). Therefore, if an animal is sensitive to a particular frequency
range, a sound in that frequency range will seem louder to that animal than to a different
animal which is less sensitive to those frequencies. For example, some large baleen whales
are sensitive to very low frequency sounds (7 Hz to 35 kHz), while other toothed whales
and dolphin species are considered more sensitive to mid-high frequency sounds (150 Hz
to 160 kHz) with their peak hearing frequency somewhere between these frequency ranges
(National Marine Fisheries Service 2018). Therefore, how loud a sound will be perceived
will differ between species.

In some cases, a sound level is specified relative to a given frequency range or is weighted
according to the auditory sensitivity of an animal. This has the advantage of placing the
sound into a more biologically relevant context for that animal. If a frequency range or
weighting is not specified, the frequency of the sound is generally referred to as
“broadband” sound i.e. the sound level accounts for sound across all frequencies, noting
again that a particular animal may not be able to detect all of the sound frequencies and
associated energy that are emitted.

Therefore, the frequency of a sound and how sensitive different animals are to sound can
make a considerable difference to how loud the sound is perceived to be and any resultant
impact.

Acoustic modelling

To assess the potential magnitude and extent of impacts from underwater noise produced
during the 2D seismic survey, INPEX commissioned JASCO Applied Sciences (JASCO) to
model the source levels and sound propagation at several locations that were
representative of the different water depths, bathymetry and seabed properties within the
Acquisition Area (McPherson et al. 2019; Appendix D).

The modelling study first undertook a comparison of the acoustic source levels and
directivity of three potential seismic sources. The seismic source with the greatest source
levels was then selected to provide the most conservative estimates for modelling sound
propagation. This included modelling both single-pulse sound metrics and cumulative
sound exposures in order to assess potential behavioural and physical impacts against
various threshold criteria for different marine fauna.

Acoustic source level comparison

Source modelling considered three different seismic sources provided by three 2D seismic
contractors. The sources were all selected as being approximately 3,000 cubic inches and
the minimum required to ensure adequate seismic imaging of the predicted exploration
targets.

A source model was used to predict the horizontal and vertical overpressure signatures
and corresponding power spectrum levels for the three different seismic sources. Table 7-1
presents the PK source levels corresponding with each seismic source in the broadside
(perpendicular to the tow direction), endfire (along the tow direction), and vertical
directions. Horizontal directivity plots were also reviewed to assess which source had the
potential for the greatest horizontal sound propagation.

The three seismic sources produced similar source levels (£2.5dB) but the source with the
loudest far-field source level specifications was the 3,080 cubic inch source. This source
also resulted in the greatest directivity in sound levels in the broadside direction, indicating
that greater horizontal sound propagation would likely occur from the source compared
with the other two seismic sources. Therefore, the 3,080 cubic inch source was selected to
provide conservative predictions of sound propagation.
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Table 7-1 Per-pulse peak source level comparison for three seismic source options
(McPherson et al. 2019)

Peak source pressure level

(Ls, px) (dB re 1 pPa’m?)

3,080 cubic 3,000 cubic 2,970 cubic

inches inches inches
Broadside 249.6 249.3 247.1
Endfire 246.4 245.8 246.5
Vertical 255.9 255.2 255.8
Vertical (surface
affected source 255.9 255.2 255.8
level)

Single pulse modelling locations

The acoustic modelling study comprised modelling of twelve single pulse modelling sites at
different locations and water depths within the Acquisition Area (Figure 7-2). The different
sites account for variations in sound propagation as a result of pulses emitted in different
water depths and in areas of different bathymetry and geoacoustic (seabed sediment)
characteristics.

The locations of the single pulse modelling sites were selected to represent shallow,
intermediate and deep waters in the proposed Acquisition Area, and also considered their
proximity to biologically relevant and socio-economically important values and sensitivities
of the Kimberley region, including:

o zones of the Kimberley Australian Marine Park;

o humpback whale migration corridors and aggregation sites for resting, calving and
nursing;

o turtle internesting habitat surrounding important nesting beaches and islands;

. continental shelf waters relevant to a range of different fish species and benthic

communities, including commercially targeted demersal and pelagic fish species;

o continental slope waters relevant to pygmy blue whale migration and foraging, as
well as commercially targeted scampi; and

o a number of other sensitivities located outside of the 2D seismic survey Operational
Area in Kimberley coastal waters, including inshore dolphin and dugong habitat, pearl
oyster fishing grounds and farming leases, and aquaculture sites.

The orientation of the seismic source at the single pulse sites was purposefully chosen to
represent a range of potential acquisition line orientations, but mainly to account for the
maximum horizontal sound propagation towards environmental sensitivities. Given the
seismic source selected for modelling resulted in the greatest source levels and
demonstrated significant broadside directionality, the source was orientated so that the
source tow direction was parallel with the bathymetric contours of the continental shelf and
slope in order to yield the maximum potential sound propagation across the shelf towards
shallow water sensitivities, as well as down the slope towards deep water sensitivities.

The directionality of the seismic source, coupled with the bathymetry, had a considerable
effect on propagation at longer distances. Therefore, the sound propagation modelling
results are expected to be conservative in comparison with the other seismic source options

Document no.: 532-EXP-EP-001 Page 137
Security Classification: Public

Revision: 0

Date: 24 July 2019



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

that have been evaluated, as well as many other seismic sources of equivalent volume and
source output.

Accumulated (multiple pulse) sound exposure scenarios

The three SEL24nr scenarios (Figure 7-2) were selected to provide representative and
conservative cumulative sound exposures for acquisition lines in WA-532-P and WA-533-
P. The scenarios include:

. Scenario 1: South-eastern part of WA-533-P — The scenario was selected to represent
sound accumulation in the shallow waters of WA-533-P, adjacent to areas that
support humpback whales, marine turtles and nearshore receptors.

. Scenario 2: Western boundary of WA-533-P - The scenario was selected to represent
sound accumulation in deep waters on the continental slope, with particular relevance
to migrating pygmy blue whales.

. Scenario 3: Southern boundary of WA-532-P - The scenario was selected to represent
sound accumulation in the shallow waters of WA-532-P, including Lynher Bank,
waters adjacent to the Kimberley AMP National Park and Habitat Protection zones,
and areas that support humpback whales and marine turtles.

Similar to the single pulse modelling, all scenarios were designed so that the acquisition
lines were parallel to the bathymetric contours and environmentally sensitive locations to
account for the maximum-possible broadside sound propagation and sound energy
accumulation. Noting that the final acquisition line plan is not yet finalised, it was important
to orientate the modelling scenarios in this way to account for the worst-case sound
propagation and accumulation. Acquisition lines that are aligned more orthogonally with
the bathymetric contours and environmental receptor locations (i.e. they approach from
head on or move away) will result in lesser accumulated sound exposures because
horizontal sound propagation from seismic sources is typically less in the endfire direction
than in the broadside direction.

Each scenario incorporated at least one line turn to account for sound energy accumulated
from multiple parallel lines. Accumulated SEL is measured at a fixed location and reflects
a dosimetric effect based on the assumption that a receptor is consistently exposed to
sound levels at a fixed position relative to the survey lines; therefore, inclusion of multiple
lines in the models results in a greater accumulation of sound energy than from a single
acquisition line. Considering multiple parallel lines in this way has, therefore, provided
more conservative results than from a single line.

The spacing of lines in the SEL4n scenarios was also representative of the intended
acquisition line plan (approximately 3 - 6 km line spacing). The line spacing of the two
SEL24nr scenarios in shallow waters used a line spacing of approximately 3 km. The SEL24nr
scenario located in the deeper continental shelf waters, which includes three parallel lines,
used line spacings of 4.5 km and 5 km.

In addition, the order in which line acquisition occurs during 2D seismic surveys does not
always result in adjacent parallel lines being acquired consecutively; a dip line may often
be followed by a perpendicular strike line which would result in the seismic source moving
away to a different part of the Acquisition Area and, therefore, accumulated sound energy
at a fixed location would often be less than for the parallel line scenarios that were selected
for modelling.
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Figure 7-2 Locations of single pulse acoustic modelling sites and 24-hour accumulated sound exposure scenarios
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Acoustic Modelling Results

Figure 7-3 presents unweighted SPL isopleths (contours of equal sound level) for six
representative single pulse modelling locations. The SPLs represent the maximum levels
at any depth within the water column (maximum-over-depth SPL isopleths). The
corresponding horizontal distances (Rmax and Rose) associated with these SPL isopleths are
presented in Table 7-2.

Rmax refers to the maximum range to the given sound level in all directions. Ros is the
range to the given sound level in 95% of all directions, after the 5% farthest points have
been excluded. For example, in some cases, a sound level contour might have small or
anomalous protrusions in some directions. In cases such as this, Rmax can over-represent
the area exposed to such sound levels, and Res, may be more representative. Rmax better
represents the sound levels received in the specific directions that the maximum sound
levels extend towards.

The strong directionality and asymmetry of the seismic source is clearly apparent from the
modelling results (Figure 7-3). The influence of the bathymetry and downslope sound
propagation is also evident, with sound extending to greater distances in areas where the
bathymetry slopes downward, such as subsea valleys, basins and the continental slope.
Conversely, sound propagation towards shallow water results in more rapid attenuation of
sound as well as the reflection and shielding effects caused by bathymetric features and
islands in coastal waters (e.g. site 10 in Figure 7-3).

The single pulse and cumulative sound exposure modelling results are discussed in more
detail in the context of different receptors in the relevant risk assessment sections below.
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Table 7-2 Maximum (Rmax) and 95% (Ros%) horizontal distances (in km) from the
3,080 cubic inch array to modelled maximum-over-depth SPL isopleths from

the modelled single impulse sites shown in Figure 7-3

ol Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
(Lp; (67 m (98 m (89 m (37 m (451 m (360 m
14
dB re 1 pyPa depth) depth) depth) depth) depth) depth)
) Rmax R95% Rmax R95% Rmax R95% Rmax R95% Rmax R95% Rmax R95%
200 0.04 |0.04 |0.04 |0.04 |0.04 |0.04 |0.05 |0.05 |0.05 |0.05 |0.04 |0.04
190 0.23 |0.20 |0.18 |0.15 |0.21 |0.18 |0.22 |0.20 |0.15 |0.13 |(0.15 |0.13
180 0.73 |0.62 |0.67 |0.57 |0.68 |0.58 |0.80 |0.70 |0.48 |0.40 |0.88 |0.79
170 2.60 |2.13 |(2.36 |2.08 |2.79 (2.19 |2.59 |(2.10 |2.82 |2.31 |(3.06 |2.59
160 6.73 |5.57 |7.22 |5.96 |6.73 |5.81 |6.55 |5.41 |7.74 |6.51 |8.04 |6.69
150 17.96 (14.88 (17.64 [14.67 |17.06 |{14.52 |18.85|15.29 |24.32 (19.46 |23.90 [18.83
140 49.41 |40.75 |44.19 |37.79 |44.96 |38.80 |69.50 |60.78 (1)12'8 66.18 (1)20'3 65.62
101.4 139.3(112.6 {141.3 {109.9|139.6 |112.5
130 5 76.56 |79.64 |66.57 |93.77 |72.85 6% 1% 9% 6% 1* 1%
Site 7 Site 8 Site 9 Site 10 Site 11 Site 12
SPL (59 m (45 m (84 m (34 m (70 m (103 m
(Lp; depth) depth) depth) depth) depth) depth)
dB re 1 pPa
) R95 R95 R95 R95 R95 R95
Rmax % Rmax % Rmax % Rmax % Rmax % Rmax %
200 0.05 (0.05 |0.05 (0.05 |0.05 [0.05 |0.05 [(0.05 (0.05 |0.05 (0.05 |0.05
190 0.31 |0.27 |0.24 |0.21 |(0.19 |0.15 |0.23 |[0.21 |0.30 |0.26 |0.31 |0.28
180 1.35 (1.17 |0.81 [0.70 |0.68 |0.58 |0.91 |0.74 (1.35 |1.15 (1.24 |1.09
170 3.77 |(3.15 |2.19 |1.91 (2.35 |2.06 (2.50 (1.99 |4.01 (3.29 |4.09 |3.56
160 10.84 (8.62 |5.52 (4.35 |6.80 |5.16 |7.11 |5.70 (10.32(8.19 (11.19 |9.14
150 33.85 (27.13 |14.58 ({11.51 |14.77 {11.80 |20.37 |{16.23 (27.45 |22.64 [28.25 |24.19
140 90.49 (75.93 |29.85 (23.96 |40.71 [32.01 |55.04 |[42.43 |75.51 |57.72 |78.18 |62.97
130 é12.2 94.57 |61.14 |45.10 |87.13 |69.86 |93.07 |75.72 ;,14'9 96.09 ;i” ;22-6
* Radii extend beyond modelling boundary.
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7.1.3

Acoustic sound source verification and assurance

At the time of preparing this EP, the seismic contractor and the specific seismic source are
not confirmed, but are intended to be approximately 3,000 cubic inches with a 2,000 psi
firing pressure.

INPEX has evaluated three likely seismic source options and modelled the sound
propagation from the worst-case seismic source option. INPEX will also implement a control
measure to verify that the seismic source selected for the 2D seismic survey will have an
acoustic output that is comparable to or less than the source levels assessed and deemed
to be acceptable in this EP.

This is considered to be an appropriate and practicable control measure to implement to
manage the potential impact and risk to all receptors exposed to the effects of underwater
noise. An ALARP assessment has been undertaken of the available sound source
verification options and an environmental performance standard is provided in Table 7-3.
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Table 7-3: ALARP evaluation - sound source verification

Proposed sound source verification control measures (ALARP Evaluation)

Control measure Used? Justification

Undertake acoustic source modelling to confirm Yes In the event that seismic source options considered for the 2D seismic
that the far-field source level specifications of the survey have not already been evaluated in Table 7-1, INPEX will
seismic source selected for the 2D seismic survey undertake source modelling using the same JASCO Airgun Array

are consistent with those assessed in this EP. Source Model (AASM) to confirm if the source specifications are

appropriate.

The three sources evaluated in Table 7-1 have peak far-field source
levels ranging from 247.1 to 249.6 dB re 1 yPa’m?in the horizontal
plane. Sound propagation modelling was based upon a 3,080 cubic
inch source with a far-field source specification of 249.6 dB re

1 yPa?m?in the broadside direction. The modelled seismic source was
also highly directional, resulting in strong horizontal sound
propagation in the broadside direction and is, therefore, likely to
conservatively estimate horizontal sound propagation.

Predictions from JASCO’s AASM and propagation models have been
extensively validated against experimental data from a number of
underwater acoustic measurement programs conducted by JASCO
globally, including Australia, the United States, Canada, Greenland
and Russia (e.g. Hannay & Racca 2005; Aerts et al. 2008; Funk et al.
2008; Ireland et al. 2009; O'Neill et al. 2010; Warner et al. 2010;
Racca et al. 2012a, 2012b; Matthews & MacGillivray 2013; Martin et
al. 2015; Racca et al. 2015; Martin et al. 2017a, 2017b; Warner et al.
2017; MacGillivray 2018; McPherson et al. 2018). The large number of
measurement programs conducted by JASCO across a range of
environments has allowed for a rigorous assessment of the
performance of acoustic source and propagation models, and a
process of continuous improvement to be in place. The models are
consistently found to provide reliable predictions. A recent verification
study was also undertaken by JASCO for four different seismic sources

Document no.: 532-EXP-EP-001 Page 144
Security Classification: Public

Revision: 0

Date: 24 July 2019



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

Proposed sound source verification control measures (ALARP Evaluation)

Control measure Used? Justification

ranging up to 3,090 cubic inches in north-western Australian waters
and the measured data showed good agreement with the modelling in
all cases (McPherson et al. 2018). With regards to the airgun array
sound source specifications, there is little to no uncertainty in the
source model when the airgun array is a standard type (MacGillivray
2018; McPherson et al. 2018), as is the case for the 2D seismic
survey.

Therefore, if modelling of the selected seismic source confirms that it
does not exceed peak source pressure levels of 250 dB re 1 yPa?m? in
the horizontal plane, it can be concluded that the acoustic output is
consistent with the three sources already evaluated (within less than
0.5 dB) and provides reasonable confidence that propagated sound
levels will be comparable to those assessed and found to be
acceptable in this EP.

In-situ sound source verification / ground-truthing | No In-situ measurement campaigns may involve either verification of
measurements source levels or ground truthing of received (i.e. propagated) levels.
Sound source verification involves conducting a field measurement
program which concentrates on understanding the sound source levels
in order to compare and verify them against the far-field source
specifications predicted by the source model. As indicated above, the
JASCO AASM has already been extensively verified globally and has
recently been verified in waters off north-western Australia for four
different seismic sources ranging up to 3,090 cubic inches, all showing
good agreement with the modelling (McPherson et al. 2018). There is
little to no uncertainty when the airgun array is a standard type
(MacGillivray 2018; McPherson et al. 2018), as is the case for the 2D
seismic survey.

Ground-truthing of received levels is highly complex and sensitive to
differences in the regional environment, including sound speed profile,
seabed geology and bathymetry and so requires measurements to be
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Proposed sound source verification control measures (ALARP Evaluation)

Control measure Used? Justification

undertaken in the same location as the modelling or at a location with
similar characteristics in order to be relevant. A reliable and
meaningful comparison is also difficult without interrogation of the
measured data to validate and re-run the model; inevitably, there
may be circumstances where variations in environmental parameters
(e.g. localised bathymetric features) may result in occasional
exceedances of predicted received levels along some azimuths but
may be within predicted levels at other times. However, relatively
small disparities between in-situ measurements and model predictions
do not necessarily equate to an increased magnitude of impact and
the process of establishing meaningful acceptance criteria for any
differences is a complex one. While it is possible to conduct ground-
truthing of received levels (e.g. Racca et al. 2015; Broker et al. 2015;
Nowacek & Southall 2016), it is not possible to conduct ground-
truthing methods in short timeframes to inform adaptive mitigation
during a seismic survey.

The merits and limitations of different in-situ sound measurement
methods are addressed in further detail in the Report of the Acoustic
Ground-Truthing Technical Working Group as part of New Zealand’s
2015-2016 Seismic Code of Conduct Review process (Department of
Conservation 2016). The overall consensus of the technical working
group was that in-situ measurements should not be required for
adaptive management during all surveys, but may be applied in
unique or specific circumstances.

In-situ measurements can be implemented, if appropriate, to verify
modelling and implement adaptive management if the model
predictions, or the effectiveness of a particular control measure, or the
acceptable level of impact is heavily dependent upon a high level of
model precision and accuracy. Otherwise, the cost and time spent
conducting the measurements is not commensurate with the level of
risk. In the case of the INPEX 2D seismic survey, the proposed control
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Proposed sound source verification control measures (ALARP Evaluation)

Control measure

Used?

Justification

measures outlined in the following sections of this EP do not rely on
very high levels of model precision (e.g. tens or hundreds of metres),
nor are adaptive management measures deemed necessary given the
other control measures proposed.

An in-situ sound source verification or received level measurement
campaign would require days-to-weeks to complete in advance of the
survey commencing and could potentially cost in the order of many
hundreds of thousands of dollars, depending on the methods to be
implemented and the vessels and time required. The potential cost
and delay to the survey is disproportionate to the level of risk given
the minimal environmental benefit that would be gained in the case of
the 2D seismic survey. Therefore, in-situ measurements are not
considered necessary or practicable.

Environmental
performance outcomes

Environmental
performance standards

Measurement criteria Responsibility

Operate the minimum seismic
source required to meet the
geophysical objectives of the
survey but prevent excess
sound propagation.

Prior to commencement of
the INPEX 2D seismic survey,
acoustic source modelling will
confirm that the far-field
source level specifications of
the selected seismic source,
as determined using JASCO’s
Airgun Array Source Model,
do not exceed peak source
pressure levels of 250 dB re
1 gPa?m?2in the horizontal
plane.

Seismic source characteristics
(source element types, volumes
and x, y, z positions) to be
provided by prospective seismic
contractors during the contract
tender and evaluation stage.

INPEX Exploration Project
Manager

Documentation demonstrates that
acoustic source modelling confirms
that the far-field source levels for
the selected seismic source do not
exceed peak source pressure levels
of 250 dB re 1 pyPa’m?in the
horizontal plane.
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7.1.4

Underwater noise and vibration - Planktonic communities

Receptor sensitivity to sound and sound exposure thresholds

Planktonic organisms have limited or no swimming ability and are transported by currents
and winds. They therefore have limited or no ability to avoid seismic sound sources.

Similar to invertebrates and a humber of types of fishes; plankton, eggs and larvae will be
sensitive to particle motion effects associated with rapid pressure changes at close range
to the seismic source (Larson 1985; Wardle et al. 2011; Popper et al. 2014). Phytoplankton
are mostly single-celled plant organisms that do not have hearing structures and are
generally considered to have the same density as the surrounding water; so sudden
pressure changes associated with seismic activity are not known to cause significant
physical damage. Some zooplankton are able to sense pressure changes to some degree.
Swim bladders may also develop during the larval stages of some fish species, rendering
larvae susceptible to pressure-related injuries such as barotrauma (Popper et al. 2014).
Data on the effects of sound upon eggs and larvae containing gas bubbles is, therefore,
largely focused on barotrauma rather than actual hearing. Very few publications have
considered the effects of particle motion or vibration on plankton (Popper et al. 2014).

Few studies have found significant 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 & Knutsen 1987; Holliday et al. 1987; Kosheleva
1992 cited in Parry et al. 2002; Pearson et al. 1994; Turnpenny & 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 pyPa, comparable to those considered for the
INPEX 2D seismic survey. Larval stages of fish are often perceived to be more sensitive to
stressors than adult stages, but exposure to seismic sound does not appear to result in
any differences in larval mortality or abundance for fishes, crabs or scallops (Carroll et al.
2017).

Kostyuchenko (1973) found up to a 17% increase in mortality of fish eggs of various
species exposed to a seismic source, but no effect beyond 10 m. Kosheleva (1992, cited in
Turnpenny & Nedwell 1994) also reported that eggs and larvae died within 1 m of a seismic
source producing sound pressures of 220-240 dB re 1 pPa, but no injuries were reported
at greater distances. Dalen and Knutsen (1987) exposed eggs, larvae and post-larval
stages of cod exposed to seismic source elements with source levels of 222 - 231 dBre 1
pMPa at 1 m. At ranges of 1 - 10 m from the source, some specimens indicated temporarily
impaired balance following exposure but with rapid recovery. Mortality was only observed
in just one of the three exposure experiments, with 90% mortality when exposed at a
distance of 2 m from the seismic source, but no significant impacts at a distance of 6 m.
Overall, there was no significant change in the survival of eggs.

Holliday et al. (1987) obtained mixed results during studies undertaken over a two-year
period, with eggs and larvae exposed to sound pressures of 221 - 235dBre 1 pPaat 1.5 m
from a seismic source. Either no significant impact was observed or a 9% reduction in the
survival of eggs. Pearson et al. (1994) reported no effects to crab larvae exposed to sound
pressures up to 231 dB re 1 pPa at 1 m from a seismic source. Booman et al. (1996)
exposed fish eggs and larvae to sound pressures of 220 - 242 dB re 1 yPa. High rates of
mortality were observed at distances of 1.4 m from the seismic source, but low or now
mortality rates at distances of 5 m.

In a review of the above studies, Payne et al. (2004) noted that injury and mortality to
eggs and larvae is likely to be limited to within 5 m of the seismic source. Payne et al.
(2009) found no statistical differences between controls and exposed larvae following
exposure to mean sound pressure levels of 205 dB re 1 pPa PK-PK, positioned 0.5 m from
the seismic source element.
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The effects of an operating 3D seismic array on plankton were investigated by Parry et al.
(2002). Vertical plankton tows (0 - 20 m depth) were taken along transects running
parallel and adjacent to seismic survey lines. Plankton tows along the impact transect were
made within 30-60 minutes of the seismic pass. Parry et al. (2002) found no detectable
impacts on plankton based on their species composition and live/dead state but did
concede that their statistical power to detect any impacts was low, requiring decreases in
abundance of >30-40% for copepods and >80-90% for most other taxa.

Day et al. (2016a) found no effects on the mortality, abnormality, competency, or energy
content of lobster larvae after exposure of early embryonic stages to 209-212 dB re 1pPa
PK-PK. Pearson et al. (1994) exposed crab larvae to single pulses from a seismic source
array. For immediate and long-term survival and time to moult, this study did not reveal
any statistically significant differences between the exposed and unexposed larvae, even
those exposed within 1 m of the seismic source.

Impacts to larvae have been identified following intense and lengthy periods of exposure
to low-frequency sound. Tank experiments by Aguilar de Soto et al. (2013) showed
evidence of morphological abnormalities in early stage scallop larvae from simulated
seismic signals. However, the lengthy exposure period of 3 second pulse intervals for an
exposure duration of 90 hours and at 1 m distance from sound source is not realistic of an
actual survey. Christian et al. (2003) found major developmental differences between
control and treatment groups of snow crab eggs exposed to a peak pressure level of 216 dB
re 1 yPa every 10 seconds for 33 minutes. Again, the exposure to a constant peak pressure
level for a prolonged period is not realistic of an actual survey where the source is moving
and so does not remain in one place.

Hawkins (2014) used continuous sonar to record zooplankton layers, comprising copepods,
cladocerans, decapod larvae, gastropod larvae and bivalve larvae, exposed to playback of
pile driving sound (pile driving sound typically has a more rapid rise time, more frequent
strike rates and therefore a greater sound exposure regime than a seismic survey).
Zooplankton layers responded to sound by showing a ‘dent’ in the top of the layer at the
onset of the sound sequence, although the change in depth often did not persist for the
whole duration of the sound exposure and zooplankton distribution quickly returned to
normal.

Therefore, physical impacts to planktonic organisms have typically been found to be limited
to within approximately 10 m of the seismic source. Using this 10 m impact range, a study
by McCauley (1994) calculated the impact in a seismic survey area, assuming plankton
mortality of 100% within 10 m of a seismic source. This suggested that the total mortality
due to seismic testing would impact less than 1% of plankton in the survey area. DNV
Energy (2007) and Hawkins & Popper (2012) conducted comprehensive reviews of a
number of scientific studies, including those by Kostyuchenko (1973), Dalen & Knutsen
(1987), Booman et al. (1996) and Saetre & Ona (1996); the effects of seismic activities
on eggs and larvae were predicted to result in average and worst-case mortality rates of
0.0012% and 0.45% per day respectively, which were not deemed significant when
compared to a natural mortality rate of 5-15% per day, as applicable to most species
during early life stages.

Based on the available data, Popper et al. (2014) proposed a precautionary threshold for
mortality of fish eggs and larvae of >207 dB re 1 pPa PK, which the authors note is likely
to be conservative.

However, a study by McCauley et al. (2017) received notable media attention for
suggesting the potential for zooplankton mortality to increase two- to three-fold out to a
distance of 1.2 km from a single seismic source element, with an estimated decline in
zooplankton abundance of up to 64% and a “hole” in the zooplankton backscatter observed
via acoustic detection methods. The 1.2 km range corresponded with pressure levels of
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178 dB re 1 pPa PK-PK (McCauley et al. 2017). However, the extent of such impacts are
inconsistent with previously documented effects to plankton.

The authors highlight some limitations to the findings of this research that have raised
further questions from industry and the scientific community (e.g. Richardson et al. 2017;
IAGC 2017) and a need for the study to be replicated before conclusions regarding effects
to zooplankton can be made, particularly in relation to the following:

. There was no evidence of attenuation of impacts with distance from the source with
no consistent decline in the proportion of zooplankton that were killed with increasing
distance from the source.

. Sonar backscatter data indicated an immediate decline in zooplankton abundance
(the “hole” in the data). However, if the zooplankton had been killed, they would not
have sunk from the surface layers of the water column immediately, suggesting that
some zooplankton may have moved, or they may have simply reorientated
themselves to the sonar in response to the seismic pulses, which raises questions
over the occurrence, magnitude and extent of mortal impacts.

. The study was based on a relatively small number of tow samples on two separate
days. On the second day, even before the use of the seismic source element, the
zooplankton net tow abundance counts were significantly lower than the first day
and, therefore, it is difficult to draw reliable conclusions from this data. On the second
day almost all values at 80 metres range presented greater plankton abundance from
exposed samples and lower abundance of control samples, indicative of a potential
flaw in the sampling scheme and analysis protocol.

Further research, including duplication of the McCauley et al. (2017) experiments, is
therefore proposed by industry to explore these matters further, but is yet to be completed.

While previous research suggests limited impact to plankton beyond approximately 10 m
distance from seismic sources, the precautionary Popper et al. (2014) threshold for larval
mortality of >207 dB PK has been selected to indicate the magnitude and extent of
potential impacts from the INPEX 2D seismic survey. The recent research by McCauley et
al. (2017) is also discussed in the assessment of impacts and risks in this EP, in order to
address any scientific uncertainty and provide another level of conservatism.

Document no.: 532-EXP-EP-001 Page 150
Security Classification: Public

Revision: 0

Date: 24 July 2019



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

Table 7-4: Impact and risk evaluation — underwater noise and vibration - planktonic communities

Identify hazards and threats

Impulsive sound emitted from the seismic source has the potential to result in the mortality or physical impairment of plankton,
including eggs and larvae. If changes to planktonic communities are extensive, they may indirectly affect higher trophic level
species such as invertebrates, fishes and marine mammals that target plankton as a food source or result in potential impacts to
the eggs and larvae of various organisms, which could in turn impact recruitment.

Potential consequence Severity

Summary of receptors Insignificant (F)

Planktonic communities comprise phytoplankton and zooplankton, including fish eggs and larvae.
Phytoplankton and zooplankton are a source of primary and secondary productivity, and key food sources for
other organisms in the oceans. Phytoplankton and zooplankton abundance in the continental shelf waters of
the NWMR is highly variable. Higher phytoplankton concentrations generally occur in the Kimberley region
during the winter months (June to August) and in water depths less than 100 m. Between spring and autumn
(September to May), phytoplankton concentrations are reduced and more variable, with the areas of greatest
productivity associated with nearshore continental shelf waters of approximately 50 - 70 m depth or less,
where there is the greatest mixing of waters (Hayes et al. 2005; Brewer et al. 2007; Thompson & Bonham
2011; Parks Australia 2018h). Localised upwelling and mixing also occur around reefs and islands in the
region, including Browse Island and Scott Reef (DEWHA 2008b). Zooplankton abundance in the Kimberley
region has also been found to be highest in coastal waters and within the 50 m depth contour, associated with
the areas of greater phytoplankton biomass, and decreases offshore (Gibbons & Hutchings 1996; Holliday et al.
2011).

The spawning of fishes and invertebrates throughout the region also contributes to the biomass of planktonic
communities in the waters of the NWMR. Eggs and larvae may be dispersed in their millions throughout the
water column and throughout the region, playing an important role in species recruitment. Fish larvae
concentrations are greatest in inner shelf waters less than 50 m water depth, although the larvae of
commercially significant fishes may occur within the water column across the continental shelf and beyond the
continental shelf break (Section 4.7.4).

Evaluation of potential consequence

Potential impacts and risks to plankton are generally understood to be limited and highly localised (see above).
Applying the likely-precautionary impact thresholds proposed by Popper et al. (2014), the acoustic modelling
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undertaken by JASCO (McPherson et al. 2019; Appendix D) for the 2D seismic survey indicates that potential
for mortality to eggs and larvae could occur within approximately 160 — 230 m from the seismic source,
depending on location and water depth.

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 & Hutchings 1996; Holliday et al. 2011;
McKinnon et al. 2008; Pearce et al. 2000; Sutton & Beckley 2017).

The natural life span, growth, reproduction and mortality rates are important factors that influence this natural
variability. Copepods have been found to comprise up to 75 - 85 % of zooplankton communities in the
continental shelf waters of the Kimberley region, with chaetognaths, euphausiids and cladocerans also common
in tropical Australian waters (Timms 1988; Holliday et al. 2011; McKinnon et al. 2015, Richardson et al. 2017).
Information on life spans in the open ocean is limited, but under favourable conditions in tropical and sub-
tropical environments these common zooplankton taxa have lifespans in the order of a few weeks and
sometimes to several months, during which reproduction occurs frequently (Hawkins 1962; Gémez-Gutierrez
et al. 1995; Delbare et al. 1996; Yamaguchi & Ikeda 2000; Pietrzak et al. 2013; Terazaki et al. 2013;
Escribano et al. 2013; Tang et al. 2014). The embryonic and pelagic larval durations of numerous broadcast
spawning fish species typical of the Kimberley region is in the order of days to weeks, for example tropical
snappers and emperors such as red emperor, goldband snapper and stripey snapper have a planktonic phase
of approximately 30-40 days prior to settlement on suitable habitat, with regular replenishment from multiple
spawning events in a season (Stobutzki & Bellwood 1997; Zapata & Herrén 2002; DiBattista et al. 2017).
However, due to environmental factors such as predation, food availability, and water temperature, the life
spans of zooplankton are often significantly shorter and natural mortality rates can be high.

In a review of natural mortality estimates by Houde & Zastrow (1993), the mean mortality rate for marine fish
larvae was estimated to be 21.3% per day. Saetre & Ona (1996) estimated 5-15% zooplankton mortality per
day based on available research. Richardson et al. (2017) determined a natural mortality rate of 19% per day,
derived from data in McCauley et al. (2017). Tang et al. (2014) reported mortality rates of 11.6% (average
minimum) to 59.8% (average maximum) in marine environments based on a review of available research, and
in some instances 100% of samples were found to die within a day. These mortalities are only partly the result
of predation; non-predatory factors have been estimated to account for 25% to 33% of the total mortality
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among marine copepods on average (and higher in some instances) (Hirst & Kigrboe 2002; Tang et al. 2014;
Dubovskaya et al. 2015).

Given the level of natural variability in planktonic communities, the effect of the seismic source is expected to
be negligible. The seismic source will be transient (i.e. continually moving across the Acquisition Area) and, if
operation of the seismic source coincides with areas of increased plankton or larvae biomass, the extent of
potential mortality (up to 160 - 230 m) is minimal.

However, the study by McCauley et al. (2017) implies that the extent of impacts to plankton, eggs and larvae
could be significantly greater than the 160 - 230 m ranges indicated by the application of the Popper et al.
(2014) threshold. Impacts to zooplankton in the McCauley et al. (2017) study corresponded with a sound
pressure of just 178 dB re 1 yPa PK-PK. Using this value, the modelling indicates that mortality could occur
within approximately 8 — 12 km (Rmax) from the seismic source, which is highly unrealistic given the physiology
and limited sensitivity of plankton, eggs and larvae. Even so, to apply a precautionary approach to this
assessment, the McCauley et al. (2017) results are discussed, but it is important to put these distances and
impacts into a real-world context.

A study by the Commonwealth Scientific and Industrial Research Organisation (CSIRO; Richardson et al. 2017)
estimated the spatial and temporal impact of seismic activity on zooplankton biomass on the Northwest Shelf
from a large-scale 3D seismic survey, considering the mortality estimates in McCauley et al. (2017) study while
also accounting for typical growth rates, natural mortality rates, and the ocean circulation in the region.

Richardson et al. (2017) took into account that the seismic source and associated impact radii for zooplankton
would be constantly moving across the survey area, and would not return along a parallel line for several
hours, during which time the movement of zooplankton with currents would have introduced new zooplankton
to the survey area, while any “holes” would move down current and also gradually become re-populated by
zooplankton from non-impacted areas. The results of the simulations showed that the impact of the seismic
survey on zooplankton biomass was greatest in the immediate vicinity of the survey area where 22% of the
zooplankton biomass was removed. Further, it was predicted that a reduction of 14% and 2% in zooplankton
biomass would occur at distances of 15 km and 150 km from the survey area, respectively. Relative to the
natural mortality rates described above, impacts do occur but the reduction in plankton biomass is limited and
is likely to be within natural variation. For example, the natural mortality rate of 19% plus the 22% reduction
observed to occur in the immediate vicinity of the survey area (41%) is still within the 5 - 60% range of
natural mortality rates observed in other studies.

Taking into account natural recovery and recruitment rates, the time to recovery within 15 km of the survey
area was predicted to be approximately three days after the end of the survey (Richardson et al. 2017). This
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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). Richardson et al.
(2017) also observed that zooplankton biomass generally showed a decline within the survey area until Day 22
of the simulations, and then increased relatively until the end of the simulated survey on Day 36; this reflects
the movement of water through the survey area and the recovery of the zooplankton biomass as it moves into
non-impacted areas, which indicates that beyond ~22 days, the duration of a seismic survey may not
contribute any additional change in overall biomass in the region relative to natural mortality rates and rates of
recovery.

The main finding of the CSIRO study (Richardson et al. 2017) was there was a significant impact from seismic
activity to zooplankton populations on a local scale only, but on a regional scale the impacts were minimal and
were not discernible over the NWMR. This is important given that the distribution of planktonic communities
and the spawning of fish stocks in these continental shelf waters typically occurs on a regional scale.

It is also important to note that the example modelled by Richardson et al. (2017) was a 3D seismic survey
covering an area of 80 km x 36 km with adjacent acquisition lines spaced 600 m apart, therefore resulting in
the seismic source remaining in the same area and passing along a parallel line approximately every 8 - 10
hours. The repeated exposures to zooplankton populations within the survey area gradually resulted in the
reduced biomass observed around the survey area. By comparison, the INPEX 2D seismic survey will comprise
orthogonal lines over a significantly larger area than the 3D seismic survey scenario considered by Richardson
et al. (2017), spaced a much greater distance apart (approximately 3-6 km line spacing) and in some cases
extending greater than 100 km in length. Given this, the seismic source may not operate within the same area
again for one or two days, and in some instances, potentially many days after. Therefore, zooplankton
populations generally won't experience repeated exposures to the seismic source, with impacted areas
becoming repopulated with plankton brought by currents from non-impacted areas, and from the reproduction
of zooplankton and larvae. Any reduction in plankton biomass as a result of the 2D seismic survey is likely to
be incidental and at lower levels than the reductions predicted for 3D seismic survey scenario modelled by
Richardson et al. (2017). Therefore, even adopting a highly precautionary sound exposure threshold and the
impact ranges inferred by the McCauley et al. (2017) study, impacts on plankton biomass will be only be
discernible locally. Impacts are expected to be insignificant at a regional scale relative to the natural spatial
and temporal variability in plankton abundance, and the very high rates of natural mortality.

Impacts to zooplankton as a food resource for other species is also expected to be localised and short-term.
Even after plankton die, their carcasses remain in the water column for several days where they are scavenged
before any remaining carcasses sink to the seafloor to be consumed by opportunistic benthic organisms (Kirillin
et al. 2012; Tang et al. 2014; Dubovskaya et al. 2015). Therefore, zooplankton are still available as a food
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source for other organisms after they die. Notably, the areas of greatest primary and secondary productivity in
the region are located nearshore in water depths less than approximately 50 - 70 m as well as around oceanic
reefs and islands, which the survey Acquisition Area mostly avoids. Productivity is greater in the winter months
(June to August), evident on the continental shelf in water depths up to approximately 100 m; however, as
described in Section 7.1.7, the 2D seismic survey will not occur during the months of June to October to avoid
impacts to humpback whale calving aggregations. Therefore, with regards to planktonic communities the
survey will completely avoid the most productive areas and months of the year.

In terms of the potential indirect impacts to the recruitment of fishes and invertebrates, various species spawn
and release eggs on the continental shelf at various times throughout the year. These life stage events
typically occur at a regional or sub-regional scale and over many months, with individuals spawning regularly
throughout their respective spawning seasons and releasing millions of eggs each season (Section 4.7.4). The
most abundant fish larvae concentrations occur in inner-shelf waters up to approximately 50 m water depth,
with concentrations decreasing with distance offshore (Holliday et al. 2011). Connectivity between some
nearshore fish species in the Kimberley can be limited to closed demographic units on small spatial scales
(within a few kilometres), whereas others may remain connected over hundreds of kilometres (DiBattista et al.
2017). The Acquisition Area avoids these nearshore areas and mostly avoids areas shallower than 50 m,
although there is some overlap in the shallowest parts of the Acquisition Area (e.g. Lynher Bank and parts of
the Leveque Rise to the west of Cape Leveque).

Commercially significant fish larvae occur across the continental shelf and in the deeper waters beyond the
continental shelf break (Holliday et al. 2011). Many of these species (i.e. demersal snapper, emperor, rock
cods and groupers, and pelagic tuna, billfish and mackerel) show evidence of biological connectivity and stock
recruitment over hundreds and even thousands of kilometres, and in some cases across northern Australia
(Section 4.7.4). It is acknowledged that some commercially important fish stocks are understood to be more
constrained geographically, but they are not expected to be significantly impacted either. For example,
goldband snapper is a key demersal species targeted in the region that may have geographically distinct
genetic stocks in different parts of the NWMR. The Kimberley stock of goldband snapper is potentially a distinct
genetic stock extending from the Timor Sea to at least 122°E (Lynher Bank). There is evidence that there is
only limited genetic connectivity between goldband snapper in the Kimberley and goldband snapper in other
locations (e.g. Timor Sea and the Pilbara) (Lloyd et al. 2000; Newman et al. 2000; Ovenden et al. 2002).
However, goldband snapper spawns throughout its range along the outer continental shelf (principally 80-
150 m), releasing numerous batches of pelagic eggs into the water column over several months (Lloyd 2006;
Newman et al. 2008). Spawning of the Kimberley stock occurs across several hundred kilometres of
continental shelf, therefore, fish stock recruitment is not expected to be significantly impacted as a result of
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localised mortalities associated with the transient seismic source; especially when compared with mortalities
from other natural causes that will occur ubiquitously across the entire region.

As with impacts to other zooplankton, impacts to the eggs and larvae of the various fish stocks over the
distances and timeframes associated with spawning events are not expected to be significant at a regional
level. Some localised mortality to eggs and larvae may occur as the seismic source transits across the
Acquisition Area, but this is unlikely to be discernible from the natural variability in mortality rates, such as
from predation and other environmental factors. Therefore, no discernible impacts on larval populations and
fish stock recruitment are expected. Impacts to key commercial fish species, including impacts to spawning
fishes, are assessed in more detail in Section 7.1.6.

Commercially targeted prawns spawn in nursery grounds located in shallow embayments along the Kimberley
coast, including in and around Roebuck Bay, Collier Bay, York Sound and Admiralty Gulf. Given these locations
are many tens of kilometres from the Acquisition Area, no impacts to larvae and recruitment are expected.
Other commercially significant invertebrate species in the region include pearl oysters and trochus in nearshore
waters. Due to limited connectivity between stocks in nearshore waters and the offshore waters overlapped by
the Acquisition Area, no significant impacts are expected. Impacts to pearl oysters and trochus are assessed
further in Section 7.2.3.

Coral larval dispersal and recruitment occurs locally and is generally limited to within less than a few
kilometres to a few tens of kilometres from natal reef patches (Gilmour et al. 2011; Underwood et al. 2009;
Underwood et al. 2017; Cook et al. 2017). Therefore, the offshore reefs in the region are generally sustained
through self-recruitment. At the closest point, the Acquisition Area is located several kilometres from the
nearest coral reefs at Browse Island, Adele Island and Beagle Reef and so no impact to larval dispersal,
connectivity and recruitment is expected.

Overall, potential impacts to planktonic communities are expected to be localised and temporary. Most
scientific studies indicate that plankton will only be impacted within tens of metres of the seismic source;
however, the assessment of impacts and risks has also considered highly conservative estimates of potential
impacts over several kilometres from the seismic source. Even at these ranges, impacts are expected to be
insignificant at a regional scale relative to the natural spatial and temporal variability in plankton abundance
and the very high rates of natural mortality. The short life cycle and rapid turnover of many zooplankton also
means there is potential for subsequent recruitment and rapid recovery. No long-term population or
community level impacts are expected. As such, the consequence of seismic source exposure to planktonic
communities is considered to be Insignificant (F).
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Identify existing design and safeguards/controls measures

The seismic source levels will be limited to the minimum required to achieve the objectives of the survey. The seismic source
specification will be verified prior to commencement of the 2D seismic survey (Section 7.1.3).

Propose additional safeguards/control measures (ALARP Evaluation)

lines are only acquired perpendicular
to the prevailing current direction

Hierarchy of control | Control measure Used? | Justification
Elimination None identified No The 2D seismic survey cannot be achieved without using a
seismic source. Elimination of the seismic source is not
possible.
Substitution Apply to NOPTA to vary the work Yes INPEX has identified an opportunity to substitute parts of
commitment of the 2D seismic the Acquisition Area with existing 3D seismic data.
survey and reduce the number of Licensing and reprocessing of existing seismic data that has
line kilometres, thereby reducing the previously been acquired in the area may allow INPEX to
spatial and temporal footprint of the reduce the extent and duration of the survey.
survey.
Engineering Design the 2D seismic survey so that | No As identified by Richardson et al. (2017), surveys

conducted into or across the prevailing current direction are
theoretically less likely to impact the same zooplankton
populations multiple times. Impacts to zooplankton are
greater when ocean circulation carries zooplankton in the
same direction that a seismic survey is acquired, as the
zooplankton will be exposed multiple times to the seismic
source.

The prevailing currents relevant to the Operational Area
show seasonal variation, with the Holloway current
interacting with the Indonesian Throughflow Current,
resulting in north-easterly flow during the summer
monsoon season and south-westerly flow during the winter
dry season. However, wind shear also influences the
direction of currents in the upper water column. Therefore,
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the current direction is likely to vary considerably during
the survey.

Attempting to design and acquire the survey into or across
the prevailing current direction is not possible. In particular,
the 2D seismic survey will be acquired along a grid of
orthogonal lines and it is therefore inevitable that some
lines will be broadly aligned with the currents in at least one
direction. The costs and complexity of attempting to
implement this option are grossly disproportionate and
highly impracticable when compared to the low level of risk
posed by the survey to planktonic communities.

Procedures &
administration

Limit seismic acquisition to daylight
hours only

No

As identified by Richardson et al. (2017), conducting survey
activities during the day rather than the night may
minimise impacts on zooplankton. This is because
zooplankton migrate vertically in the water column to
balance food intake and predation risks, and are generally
found at greater depths during the day. Therefore, fewer
zooplankton may occur near the surface during the day
than at night.

Although some vertical attenuation of sound with depth
beneath seismic sources does occur, sound pressure levels
near the seismic source will only be slightly reduced over
the depth ranges that zooplankton migrate in the vertical
plane (in the order of 10-100 m) and so limited differences
in received sound pressure levels and ranges to impact are
expected.

Such a control would also add major scheduling constraints,
potentially doubling the overall survey duration. The costs
of implementing this, as well as the increased potential for
other impacts and risks as a result of the extended survey
duration, is grossly disproportionate when compared to the
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already low level of risk to planktonic communities. This
option is not practicable.

Identify the likelihood

Research into the effects of seismic on planktonic communities generally indicates impact may occur within a few metres or a few
tens of metres from the seismic source. The assessment of consequence to planktonic communities assumes more conservative
ranges to impact over hundreds of metres to several kilometres from the seismic source. Impacts to planktonic communities over
these ranges is unlikely, but the likelihood of the Insignificant consequences occurring is conservatively ranked as Possible (3).

Residual risk summary

Based on a consequence of Insignificant (F) and a worst-case likelihood of Possible (3) the residual risk is Low (8).

Consequence Likelihood Residual risk
Insignificant (F) Possible (3) Low (8)

Assess residual risk acceptability

Legislative requirements

N/A - There are no specific legislative requirements applicable to managing the effects of seismic surveys in relation to planktonic
communities.

Stakeholder consultation

Feedback was received by the WA DPIRD, WAFIC and fisheries licence holders (Table 5-4) highlighting the concerns of the fishing
industry about the potential impacts of seismic to plankton and secondary impacts to the food chain for commercially targeted
fishes and invertebrate species. These concerns have been considered in this EP through the demonstration that impacts will be
managed to ALARP and acceptable levels.

Australian marine park values, objectives and zone rules
Consistent with the requirements of the North-west Marine Parks Network Management Plan 2018:

The proposed activity will be managed in a manner that is consistent with the zone rules applicable to the Kimberly AMP. No
operation of the seismic source will occur in the Habitat Protection Zone or the National Park Zone.
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No significant or long-term impacts are expected to occur to the planktonic communities that forms part of the ecosystem value of
the Kimberley AMP.

The proposed activity will be managed in a manner that is consistent with the Multiple Use Zone objective to provide for
ecologically sustainable use and the conservation of ecosystems, habitats and native species.

e The proposed activity will be managed in a manner that is consistent with the Habitat Protection Zone objective to provide for
the conservation of ecosystems, habitats and native species in as natural a state as possible, while allowing activities that do
not harm or cause destruction to seafloor habitats. No operation of the seismic source will occur in the Habitat Protection Zone,
and the ecosystems, habitats and native species within the Habitat Protection Zone will also be conserved in a natural state.

e The proposed activity will be managed in a manner that is consistent with the National Park Zone objective to provide for the
protection and conservation of ecosystems, habitats and native species in as natural a state as possible. No operation of the
seismic source will occur in the National Park Zone, and the ecosystems, habitats and native species within the National Park
Zone will also be conserved in a natural state.

e The proposed activity will be managed in a manner that is consistent with the overarching objectives of the North-west Marine
Parks Network Management Plan 2018, which provide for the ecologically sustainable use of the natural resources within marine
parks in the Northwest Network, where the biodiversity and other natural, cultural and heritage values are protected and
conserved.

Further detail is provided in Section 7.2.5.
Conservation management plans / threat abatement plans

Several conservation management plans have been consulted in the development of this EP. However, none of the recovery plans
or conservation advice documents are specifically relevant to the effects of seismic or other anthropogenic noise on planktonic
communities. Instead, INPEX has considered Department of Fisheries (2013) guidance and WA DPIRD’s recently published
ecological risk assessment of seismic impacts to marine finfish and invertebrates (Webster et al. 2018) during this assessment.

ALARP summary

Although the level of environmental risk is assessed as Low, a detailed ALARP evaluation was undertaken to determine what
additional control measures could be implemented to reduce the level of impacts and risks. No additional controls, beyond the
existing design can reasonably be implemented to further reduce the risk of impact.

Acceptability summary

Based on the above assessment, the proposed controls are expected to effectively reduce the risk of impacts to acceptable levels
because:
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e the activity demonstrates compliance with legislative requirements/industry standards;
e the activity takes into account stakeholder feedback;
o the activity is managed in a manner that is consistent with Australian Marine Park management objectives for ecologically

sustainable use and the protection of marine park values;
e the activity is managed in a manner that is consistent with the intent of conservation management documents;
e the activity does not compromise the relevant principles of ESD; and

e the predicted level of impact does not exceed the defined acceptable level in that the environmental risk has been assessed as
“Low”, the consequence does not exceed “C - Significant” and the risk has been reduced to ALARP.

Environmental performance
outcomes

Environmental performance

standards

Measurement criteria

Responsibility

Reduce the effects of seismic
data acquisition by substituting
planned acquisition lines with
existing seismic data, where
practicable.

Prior to commencement of the 2D

seismic survey, INPEX will submit an
application to NOPTA to vary the work
commitment of the 2D seismic survey

and, if approved by NOPTA, will

reduce the number of line kilometres

to be acquired.

Record of correspondence
demonstrates request for
variation to title submitted to
NOPTA.

If variation to title is granted by
NOPTA, documentation
demonstrates that the 2D
seismic survey acquisition line
kilometres have been reduced.

INPEX Exploration
Project Manager
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7.1.5

Underwater noise and vibration - Benthic communities

Receptor sensitivity to sound and sound exposure thresholds

Marine invertebrates, and particularly fixed or sessile organisms, generally have far lower
mobility than pelagic vertebrates, and are often limited to particular habitats. As such, they
generally have less ability to avoid an approaching seismic sound source. However, marine
invertebrates are generally considered to have limited sensitivity to sound. Marine
invertebrates lack a gas-filled bladder and are unable to detect the pressure component of
sound waves (Parry & 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 & Gason 2006; André et al. 2016; Roberts et al. 2016;
Edmonds et al. 2016; Carroll et al. 2017; Popper & 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.

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).

Published exposure criteria do not currently exist for acoustic impacts to invertebrates but
the available literature provides an indication of the sound levels and distances within which
impacts may occur.

Crustaceans

Crustaceans (including crabs, shrimps, prawns and scampi) detect sound vibrations at
close range through their statocysts. Research on the effects of seismic sound has been
undertaken on a number of different crab and lobster species, both in Australia and
internationally, and outcomes of key studies are summarised below.

A pilot study on snow crabs (Christian et al. 2003) exposed captive adult male crabs and
egg-bearing female crabs to approximately 197-237 dB re 1 pPa PK-PK and SELs of <130-
187 dB re 1 yPa?.s. The crabs were exposed to 200 pulses over a 33-minute period. No
acute or chronic (12 weeks post-exposure) mortality impacts were observed in the adult
crabs. Stress indicators in the snow crabs also showed no evidence of significant acute or
chronic impacts. The crabs also did not exhibit any overt startle response during the
exposure period or avoidance of the area following exposure.

DFO (2004) also exposed caged egg-bearing crabs to 132 hours of impulses from a seismic
survey with maximum received sound levels of approximately 190 dB re 1 uPa PK. Neither
acute nor chronic lethal or sub-lethal injury to the female crabs or crab embryos were
observed up to five months following exposure.

Payne et al. (2007) conducted a pilot study of the effects of exposure to seismic sound on
various health indicators of American lobster. Adult lobsters were exposed at
approximately 2 m range from a seismic source for either 20 or 200 times to average
pressures of 202 dB re 1uPa PK-PK or 50 times to 227 dB re 1uPa PK-PK, and then
monitored over several months for changes to survival, food consumption, turnover rate,
and serum biochemistry. No immediate or delayed mortality was observed, nor damage to
mechano-sensory systems and the ability of lobsters to right themselves when turned over.
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There was evidence of 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. The results therefore indicate the potential for sub-lethal effects
but there were no obvious impacts to long-term survival and, therefore, limited ecological
implications. Payne et al. (2008) did not observe any startle responses in aquarium
experiments with lobsters and shrimp exposed to approximately 200 dB re 1pPa PK-PK.

Robert & Elliot (2017) reviewed research on particle motion effects to invertebrates,
specifically vibration in the seabed, noting studies on particle motion reception in
crustaceans, including Goodall et al. (1990) who studied the response threshold of
Norwegian scampi Nephrops norvegicus to acoustic stimuli. It was found that the source
of the vibration had to be <1 m away (in the acoustic near field) to initiate a response,
confirming that the subjects were detecting particle motion, greater in the near field, rather
than pressure. Distinct and reliable responses were exhibited in both the laboratory and
the field in response to certain stimuli at low frequencies of 20-200 Hz and ground
accelerations of 0.01 - 1.4 m/s?. The sensitivity of the receptor systems in crustaceans
has been noted to be much less compared to fish (up to 10° times lower in terms of particle
velocity) (Goodall et al. 1990; Fay & Simmons 1998).

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 PK-PK, 186 to 190 dB re 1 yPa2?.s per-pulse SEL, and SELcum of 192 to 199
dB re 1pPa’.s. Exposed lobsters and control lobsters were sampled up to a year post-
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 (Green & Gardner 2009; Kordjazi et al. 2015). Therefore, the
levels of statocyst impairment reported in the Day et al. (2016a, 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.
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The implications of the reduced haemocyte counts reported by Day et al. (2016a, 2016b)
as an indicator for immune function are difficult to predict. It is noted that haemocyte
counts in some lobsters in the experiment recovered to double the number of haemocytes
observed in control lobsters at 365 days post-exposure, which may indicate possible
recovery of immune function in response to pathogens. Other research has shown
considerable variation in crustacean haemocyte counts in response to changes in
environmental parameters such as salinity, temperature, dissolved oxygen, water quality
and bacteria (Verghese et al. 2007; Phillips 2008; Leema et al. 2010), nutritional status
(Pascuel et al. 2006), sickness (Fotedar & Evans 2011; Sequeira et al. 1996), and other
anthropogenic sound such as vessel noise (Celi et al. 2014; Filiciotto et al. 2014).
Chandrapavan et al. (2011) observed decreases in haemocyte levels in lobsters of between
approximately 57% to 72% during their natural moult cycle, which are proportionally
comparable or higher than the 23% to 60% decreases reported by Day et al. (2016a).
Jussila et al. (1997) found that the stress of fishing, capture, handling and transporting
live lobsters increased haemocyte counts by 200% in the short-term and then led to a
decline of up to 55%. Therefore, while the physiological changes observed by Day et al.
(2016a, 2016b) as a result of seismic exposures are linked to immune function and stress
response, the changes are likely within the range of variation that can occur from a range
of other common natural and anthropogenic stressors, which generally do not affect
survival.

Molluscs and echinoderms

Molluscs include benthic invertebrates such as marine bivalves (e.g. scallops, oysters,
mussels and clams) and gastropods (e.g. sea snails/trochus, sea slugs and nudibranchs).
Echinoderms include feather stars, sea stars, brittle stars, sea urchins and sea cucumbers.
Like crustaceans, the mechanism of impacts for molluscs and echinoderms are unlikely to
be from sound pressure, but rather from particle motion. The physiology and sensory
structures of different marine bivalves and echinoderms is similar and so results of studies
on the effects of seismic are considered to be broadly representative for species other than
those studied.

Wardle et al. (2001) monitored molluscs and echinoderms on a shallow water reef exposed
to seismic sound with peak sound pressure levels of 218, 210 and 195 dB re 1 pPa at
distances of 5 m, 16 m and 109 m respectively. Video observations made over two weeks
indicated that the sound did not result in invertebrates moving away from the reef and
there was little effect on their day-to-day behaviour.

Kosheleva (1992; cited in Parry & 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 1uyPa at a distance of 0.5 m or greater from the
source. Conversely, Matishov (1992; cited in Parry & 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 INPEX 2D 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 1pPa PK-PK, 181 to 188 dB re 1 yPa?.s per-pulse SEL, and SELcum of 188 to 198
dB re 1pPa2.s. The study also predicted ground acceleration of up to 37.57 m/s?. Day et
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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 6-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) timescales post exposure. Exposures did not
elicit energetically expensive behaviours (i.e. extensive swimming or long periods of valve
closure), but scallops showed significant changes in behavioural patterns during exposure,
through a reduction in classic behaviours and demonstration of a non-classic “flinch”
response to seismic signals. Furthermore, following exposure scallops showed an increase
in recessing into sediment following exposure (Day et al. 2017).

Corals, sponges and soft filter feeders

The primary mechanisms for injury of corals from exposure to high amplitude sound are
understood to be: (1) breaking of the external coral skeleton that could also damage the
polyp tissue, and (2) rupture or tearing of polyp tissues (Hastings 2008). The forces
required to cause such injuries were predicted by Hastings (2008) to be in excess of 260
dB re 1 pPa PK-PK. Sponges and soft filter feeder invertebrates are a similar density as
water and do not contain air cavities that might respond to rapid pressure changes.

Hastings et al. (2008), Battershill et al. (2008) and Heyward et al. (2018) investigated the
effects of the Woodside Maxima 3D MSS on hard corals in water depths of approximately
40-60 m within south Scott Reef lagoon. Corals received maximum sound pressure levels
of 226-232 dB re 1uyPa PK-PK. No mortality, damage to soft tissue or skeletal integrity,
change in abundance or community structure was detected. Soft corals were also
examined, with particular notice taken of soft coral morphology and polyp extension
immediately after seismic passes. No change on soft coral abundance was detected and
there was no evidence of a behavioural response, such as polyp withdrawal or flaccidity
(Battershill et al. 2008; Heyward et al. 2018).

The Gigas 2D Pilot OBC MSS coral monitoring study (SKM 2008) examined the potential
for physical damage to a range of shallow water corals in north Scott Reef lagoon from
seismic source emissions. This survey had a measured at source SEL of 206 dB re 1 pPa?.s
(McCauley 2008). The study concluded that sound emissions did not cause significant
injury, tissue damage, sub-lethal stress or mortality to coral colonies, even when colonies
are within a few metres of the seismic source (SKM 2008).

Similarly, a survey of coral reefs in Brunei that were subjected to seismic noise did not
detect any damage to hard or soft corals, sponges or other sessile benthic organisms (IEC
2003).
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Table 7-5: Impact and risk evaluation — underwater noise and vibration - benthic communities

Identify hazards and threats

Impulsive sound emitted from the seismic source has the potential to result in physical injury or physiological changes to marine
invertebrates in close proximity to the seismic source. If changes to invertebrate communities are extensive, they may indirectly
affect higher trophic level species such as fish and marine turtles that target invertebrates as a food source.

The following assessment considers the potential risk to benthic invertebrate communities. The risk to individual commercially
targeted invertebrate species in the Kimberley region, including pearl oysters, prawns, scampi, trochus and their respective
commercial operations, are assessed separately. Please refer to Section 7.2.1 Commercial fisheries and Section 7.2.3 Pearling and

aquaculture.
Potential consequence Severity
Summary of receptors Insignificant (F)

Benthic communities known to occur within the Operational Area are predominantly abiotic soft sediments,
with infauna and sparse epifauna on unconsolidated sand, gravel and mud. Rocky escarpment associated with
the submerged ancient coastline of the outer continental shelf and other rock outcrops and localised areas of
varied topographic relief support denser and more diverse sponge and filter-feeder communities. Biota
associated with these areas of relief includes sponges, soft corals, bryozoans and other invertebrates, which
occur widely throughout the Kimberley region.

Sponge-dominated communities are also present in localised patches in the vicinity of Lynher Bank and the
Leveque Rise, in the shallowest parts of the Acquisition Area; although even in these shallow areas, occurrence
is patchy and lower than in shallower coastal areas outside of the Operational Area (Heyward et al 2019;
Nicholas et al. 2016). Crustaceans and echinoderms such as crabs, brittle stars and feather stars are also
present in association with sponge communities.

Given the relatively high turbidity in shallow waters, hard coral reef communities are understood to be absent
from the Operational Area, with the closest coral reefs being located several kilometres or tens of kilometres
away at Scott Reef, Beagle Reef, Mavis Reef and the fringing reefs around Browse Island, Adele Island and the
Lacepede Islands.

In deeper waters on the continental slope, benthic communities are dominated by bacteria and detritus-based
systems comprised of infauna and epifauna in muddy sediments and calcareous ooze, which in turn support
molluscs and crustaceans.
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Evaluation of potential consequence

Although formal ‘no impact’ threshold criteria do not currently exist for benthic invertebrates exposed to
seismic sound emissions, the research detailed above provides an indication of the types of impacts that may
occur and the associated sound pressures. Table 7-6 provides PK-PK levels relevant to invertebrates and the
horizontal distances over which these sound levels are predicted to be exceeded at the seabed, based on the
modelling completed for INPEX by JASCO (McPherson et al. 2019; Appendix D). The majority of research
indicates that impacts to marine invertebrates (if any) are limited to within a few metres or a few tens of
metres of the seismic source, at most. However, the levels reported by Day et al. (2016a, 2016b, 2017) and
Payne et al. (2007) are presented to provide the most conservative estimates for potential impacts to
invertebrates, noting that research by other authors (e.g. Kosheleva 1992; Christian et al. 2003; Wardle et al.
2001; Przeslawski et al. 2016, 2018) found no evidence of impacts to invertebrates following exposure to
higher sound levels than those presented in Table 7-6.

Impacts to sponges and soft filter feeders are not expected as the physical structure of sponges and soft filter
feeders are not sensitive to rapid sound pressure changes. The sound levels reported by Heyward et al. (2018)
as having no impact on hard and soft corals are only predicted to be exceeded at the seabed directly beneath
the seismic source (within approximately 10 m) and only in water depths shallower than approximately 45 m
(McPherson et al. 2019). The source levels of the seismic array do not exceed the levels predicted by Hastings
(2008) as necessary to impact corals. Therefore, the health and structural integrity of the sponges, filter
feeders and soft corals found in association with the rock escarpment of the Ancient coastline at 125 m depth
contour KEF and occasional outcrops in shallow shelf waters (e.g. Lynher Bank) will not be impacted. These
types of epibenthos provide habitat for a range of other benthic invertebrates and so the habitat structures
underpinning these communities will not be affected.

No impacts will occur to coral reefs in the region such as Scott Reef, Beagle Reef, Mavis Reef or fringing reefs
surrounding Browse Island, Adele Island or other islands, all of which are located many kilometres from the
Acquisition Area and waters where the seismic source may be operated during run-ins and run-outs (i.e. in the
Operational Area).

Benthic invertebrates associated with the hard rock substrate and sponge communities of the Ancient coastline
at 125 m depth contour KEF, as well as other shallow sponge communities in the vicinity of Lynher Bank and
shallow areas of the Leveque Rise, include crustaceans (e.g. crabs), molluscs, echinoderms (sea stars and
brittle stars) and other invertebrates. The abiotic soft sediment communities that cover much of the
Acquisition Area support lower diversity and species richness than these hard substrates, but typically include
infauna such as bivalves, polychaete worms and nematodes.

Document no.: 532-EXP-EP-001 Page 167
Security Classification: Public

Revision: 0
Date: 24 July 2019



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

Table 7-6 Maximum (Rmax) horizontal distances (in m) from the 3080 cubic inch array to modelled seafloor PK-
PK relevant to benthic invertebrates in continental shelf waters (McPherson et al. 2019)

PK-PK Distance Rmax (m)
(Lpk-pk) Relevance Site 1 Site 4 Site 7 Site 11 | Site 12
(dB re (67 m (37 m (59 m (70 m (103 m
1 pyPa) depth) depth) depth) depth) depth)
232 Corals (hard and soft) - No ) . _ _ _
impact (Heyward et al. 2018)
Mollusc bivalves - Sublethal
213 effects and chronic mortality (Day | 190 161 181 177 212
et al. 2016b, 2017)
Crustaceans — No mortality; sub-
209 lethal effects (Day et al. 201643, 257 195 304 231 310
2016b)
Crustaceans - No mortality; sub-
202 lethal effects (Payne et al. 2007) 559 461 536 536 666
A dash indicates that the sound pressure level is not reached.

Based on the above body of research, some benthic invertebrate species may experience sub-lethal effects or
a small increase in mortality rates following seismic exposure at close range. Sessile (immobile) invertebrates
may be most vulnerable as they cannot avoid the approaching seismic source. Based on the modelling results
presented in Table 7-6, such effects may occur at distances in the order of approximately 161 m to 666 m

from the seismic source, depending on water depth and bathymetry. Given the wide acquisition line spacing
(~3-6 km) that is planned for the INPEX 2D seismic survey, approximately 5-15% of the overall area covered
by the 2D seismic survey may be exposed to such effects at some point in time during the survey. Noting also
that even shallow areas such as Lynher Bank and adjacent terrace and shelf features of the Leveque Rise are

comprised of approximately 94-98% abiotic substrate (Heyward et al. 2019; Nicholas et al. 2016), the
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proportion of seabed overlapped by seismic survey acquisition lines and supporting more diverse invertebrate
communities is likely to be very small.

Should lethal and chronic sub-lethal impacts occur in the weeks and months following exposure, 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 composition 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. Consequently, indirect impacts on higher trophic level species that target benthic invertebrates
as a food source are also not expected. For example, benthic organisms are a key food source for demersal
fish species such as snappers, emperors and groupers; following the passing of the seismic source, benthic
invertebrates are still available to be foraged and any chronic mortality that occurs over the weeks or months
following exposure is expected to be negligible in the context or natural mortality and recruitment.

The habitat structure and condition of the Ancient coastline at the 125 m depth contour KEF and the
Continental slope demersal fish communities KEF will not be affected. Impacts to benthic invertebrate biota
such as sponges are not expected and impacts to other invertebrates that inhabit these areas, such as crabs,
molluscs and echinoderms, are predicted to be localised. Changes to these communities are unlikely to be
discernible from natural variation. Therefore, the ecological function and values of these KEFs will not be
impacted.

Given the localised extent and temporary nature of potential impacts to benthic invertebrate communities, and
the potential for subsequent recruitment and recovery (over weeks or months), no long-term population or
community level impacts are expected. As such, the consequence of seismic exposures to benthic invertebrate
communities is considered to be Insignificant (F).

Identify existing design and safeguards/controls measures

The seismic source levels will be limited to the minimum required to achieve the objectives of the survey. The seismic source
specification will be verified prior to commencement of the 2D seismic survey (Section 7.1.3).

Propose additional safeguards/control measures (ALARP Evaluation)
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exclude KEFs and shallow areas (e.g.

wider line spacing or complete
exclusion) where relatively diverse
sponge communities may occur.

Hierarchy of control | Control measure Used? | Justification
Elimination None identified No The 2D seismic survey cannot be achieved without using a
seismic source. Elimination of the seismic source is not
possible.
Substitution Apply to NOPTA to vary the work Yes INPEX has identified an opportunity to substitute parts of
commitment of the 2D seismic the Acquisition Area with existing 3D seismic data.
survey and reduce the number of Licensing and reprocessing of existing seismic data that has
line kilometres, thereby reducing the previously been acquired in the area may allow INPEX to
spatial and temporal footprint of the reduce the extent and duration of the survey.
survey.
Engineering Design the acquisition line plan to No INPEX has given consideration to the exclusion or reduction

of acquisition lines in order to minimise impacts to benthic
invertebrate communities. This included considering if
existing legacy data is available that can be used instead of
undertaking new seismic data acquisition. Unfortunately,
any legacy data that is available that INPEX has not already
accounted for is old and of too poor a quality to be able to
evaluate the subsurface geology at the required depths.

Excluding survey lines or increasing line spacing would also
result in significant loss of data quality in areas that are
important for evaluating the potential of hydrocarbon
targets.

It is impossible to identify the exact locations of rock
outcrops and sponge communities and differentiate them
from abiotic substrates without undertaking comprehensive
surveys (e.g. using multibeam echosounder and side scan
sonar equipment). This would involve extensive and costly
survey or scouting work over many months. This option is
impracticable and achieves a very limited environmental
benefit. The costs are grossly disproportionate to the
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Insignificant consequence and low level of risk posed to
benthic invertebrate communities.

Reduce seismic source volume and
acoustic output

No

The proposed ~3,000 cubic inch seismic source volume has
been determined based on a detailed feasibility study as the
volume necessary to achieve the objectives of the 2D
seismic survey, taking into account the depth of the seismic
targets and the characteristics of the underlying geology.

Reduction of the seismic source would need to be significant
for it to make a material difference to the horizontal sound
propagation footprint, for example, halving the source
volume does not equate to halving the impact footprint.

Therefore, reducing the source output would result in
significant loss of seismic data. Using a reduced source only
in particular areas also creates complications switching to
lower volume/turning off some elements mid-acquisition.
This would require these areas to be acquired separately,
therefore increasing the duration and cost of survey, as well
as introduce post-processing complexities when combining
the data from different sources.

This option is, therefore, impracticable and achieves a very
limited environmental benefit. The costs to INPEX in terms
of data loss would be grossly disproportionate to the
Insignificant consequence and low level of risk posed to
invertebrate communities.

Increased source point interval

No

The proposed source point interval is 18.75 m. Increasing
the shot point interval to 25 m, for example, would result a
noticeable loss in data quality and complexities during post-
processing. Increasing the interval by this amount (by less
than 10 m) is also unlikely to achieve much additional
environmental benefit in terms of the footprint of seismic
impacts to benthic invertebrate communities, as sub-lethal
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impacts may occur to some species up to tens or hundreds
of metres from each pulse. Increasing the interval to more
than 25 m would result in the quality of the seismic data
being too poor to use.

Therefore, this option is considered disproportionate to the
already low level of risk to invertebrate communities and is
not practicable.

Undershooting / placement of nodes
in sensitive areas

No

Undershooting involves a seismic source vessel sailing
parallel a second seismic vessel towing the streamer. The
seismic source would be discharged at a distance offset
from any areas of sensitive habit or benthic communities,
with the reflected signal collected by the streamer towed
behind the second vessel.

The use of nodes requires the placement of hydrophone
recorders (nodes) on the seabed to record the signal from
the seismic source, which would again pass at an offset
distance in order to avoid operation of the seismic source
over any areas of sensitive habit or benthic communities.
An additional vessel would need to be engaged to deploy
and retrieve the nodes.

Both options are not relevant to 2D seismic acquisition:
they are sometimes used for 3D seismic surveys. Both
would result in a significant increase in the duration of the
survey and are cost prohibitive (potentially AU$ millions).
The options are also impracticable given the challenges of
identifying the locations of more sensitive benthic
communities, as outlined above.

Given the already Insignificant consequence and low level
of risk to benthic invertebrate communities, these options
are not practicable.
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Procedures &
administration

Prior to commencement of the 2D
seismic survey, acoustic source
modelling will confirm that the far-
field source level specifications of the
seismic source do not exceed peak
source pressure levels of 250 dB re
1 yPa?m?in the horizontal plane or
256 dB re 1 pyPa?m?in the vertical
plane, consistent with the maximum
levels predicted and assessed in this
EP.

Yes

To ensure that source levels emitted by the seismic source
during the INPEX 2D seismic survey are consistent with
those assessed and deemed acceptable in this EP, the
source that is selected / sources that are considered for the
survey during contracting will be modelled prior to
commencement of acquisition.

This is considered a reasonable means of confirming that
sound levels will not be louder than necessary and the
potential for environmental impacts is reduced to ALARP.

Identify the likelihood

Research into the effects of seismic on benthic invertebrates indicates different results, with a range of impacts occurring at
distances of a few metres or potentially up to hundreds of metres. Impacts may be limited to just a few metres from the survey
acquisition lines in some cases, but the assessment of consequence assumes the more conservative ranges to impact over
hundreds of metres.

With the above described controls in place, the likelihood of temporary and localised (hundreds of metres) impacts benthic
invertebrate communities at close range from the seismic source, with Insignificant consequence is considered Possible (3).

Residual risk summary

Based on a consequence of Insignificant (F) and a worst-case likelihood of Possible (3) the residual risk is Low (8).

Consequence

Likelihood

Residual risk

Insignificant (F)

Possible (3)

Low (8)

Assess residual risk acceptability

Legislative requirements

N/A - There are no legislative requirements applicable to managing the effects of seismic surveys in relation to benthic
invertebrate communities.
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Stakeholder consultation

Feedback was received by the WA DPIRD, WAFIC and fisheries licence holders (Table 5-4) highlighting the concerns of the fishing
industry about the potential impacts of seismic to invertebrates and impacts to the food chain for commercially targeted fishes and
invertebrate species. These concerns have been considered in this EP through the implementation of a series of controls and
demonstration that impacts will be managed to ALARP and acceptable levels.

Australian marine park values, objectives and zone rules
Consistent with the requirements of the North-west Marine Parks Network Management Plan 2018:

e The proposed activity will be managed in a manner that is consistent with the zone rules applicable to the Kimberly AMP. No
operation of the seismic source will occur in the Habitat Protection Zone or the National Park Zone.

¢ No significant or long-term impacts are expected to occur to the benthic communities that form part of the ecosystem and KEF
values of the Kimberley AMP.

e The proposed activity will be managed in a manner that is consistent with the Multiple Use Zone objective to provide for
ecologically sustainable use and the conservation of ecosystems, habitats and native species.

e The proposed activity will be managed in a manner that is consistent with the Habitat Protection Zone objective to provide for
the conservation of ecosystems, habitats and native species in as natural a state as possible, while allowing activities that do
not harm or cause destruction to seafloor habitats. No operation of the seismic source will occur in the Habitat Protection Zone,
and the ecosystems, habitats and native species within the Habitat Protection Zone will also be conserved in a natural state.

e The proposed activity will be managed in a manner that is consistent with the National Park Zone objective to provide for the
protection and conservation of ecosystems, habitats and native species in as natural a state as possible. No operation of the
seismic source will occur in the National Park Zone, and the ecosystems, habitats and native species within the National Park
Zone will also be conserved in a natural state.

e The proposed activity will be managed in a manner that is consistent with the overarching objectives of the North-west Marine
Parks Network Management Plan 2018, which provide for the ecologically sustainable use of the natural resources within marine
parks in the Northwest Network, where the biodiversity and other natural, cultural and heritage values are protected and
conserved.

Further detail is provided in Section 7.2.5.
Conservation management plans / threat abatement plans

Several conservation management plans have been consulted in the development of this EP. However, none of the recovery plans
or conservation advice documents are specifically relevant to the effects of seismic or other anthropogenic noise on benthic
invertebrate communities. Instead, INPEX has considered Department of Fisheries (2013) guidance and WA DPIRD’s recently
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assessment.

ALARP summary

Acceptability summary

because:

e the activity demonstrates compliance with legislative requirements/industry standards;
e the activity takes into account stakeholder feedback;

e the activity is managed in a manner that is consistent with Australian Marine Park management objectives for ecologically
sustainable use and the protection of marine park values;

e the activity is managed in a manner that is consistent with Australian Marine Park management objectives for ecologically
sustainable use and the protection of marine park values;

e the activity is managed in a manner that is consistent with the intent of conservation management documents;
e the activity does not compromise the relevant principles of ESD; and

e the predicted level of impact does not exceed the defined acceptable level in that the environmental risk has been assessed as
“Low”, the consequence does not exceed “C - Significant” and the risk has been reduced to ALARP.

published ecological risk assessment of seismic impacts to marine finfish and invertebrates (Webster et al. 2018) during this

Although the level of environmental risk is assessed as Low, a detailed ALARP evaluation was undertaken to determine what
additional control measures could be implemented to reduce the level of impacts and risks. No additional controls, beyond those
identified during the detailed ALARP assessment can reasonably be implemented to further reduce the risk of impact.

Based on the above assessment, the proposed controls are expected to effectively reduce the risk of impacts to acceptable levels

Environmental
outcomes

performance

Environmental
standards

performance

Measurement criteria

Responsibility

Reduce the effects of seismic

planned acquisition lines with
existing seismic data, where
practicable.

data acquisition by substituting

Prior to commencement of the 2D
seismic survey, INPEX will submit
an application to NOPTA to vary
the work commitment of the 2D
seismic survey and, if approved by
NOPTA, will reduce the number of
line kilometres to be acquired.

Record of correspondence
demonstrates request for variation to
title submitted to NOPTA.

If variation to title is granted by
NOPTA, documentation demonstrates
that the 2D seismic survey acquisition
line kilometres have been reduced.

INPEX Exploration
Project Manager
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7.1.6

Underwater noise and vibration - Fishes

Receptor sensitivity to sound and sound exposure thresholds

Fishes may use sound to communicate, locate prey, detect predators, and as a cue for
orientation (McCauley & Cato 2000). Fishes vary in their vocalisations and hearing abilities
even within families, but generally hear best at low frequencies below 1 kHz (Ladich 2000).
The structure and function of the auditory system in fishes has been extensively reviewed,
and different fishes may detect the pressure and particle acceleration components of sound
to varying degrees (Fay & Popper 2000; Popper et al. 2003; Nedwell et al. 2004; Popper
& Fay 2011; Popper et al. 2014; Nedelec et al. 2016; Salgado Kent et al. 2016; Carroll et
al. 2017; Popper & Hawkins 2018).

The hearing sensitivity of bony fishes varies between families and species. Hearing
sensitivity is a function of specialised auditory structures in the inner ear (otoliths
surrounded by an epithelium of hair cells) and, if present, the swim bladder (Finneran &
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 water displacements (particle motion) produced
in the near-field of a sound source, as well as to tiny water currents set up by the fish's
own motions (Nedwell et al. 2004). Therefore, all fish are sensitive to the particle motion
component of sound at close range from a seismic source or other 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 &
Popper 2016; Carroll et al. 2017).

Three categories of fishes have been defined by Popper et al. (2014) based on their hearing
sensitivity:

1. Fishes with no swim bladder or other gas chamber - These fishes are less
susceptible to barotrauma than fishes with a gas-filled space as they can only
detect particle motion at close range, not sound pressure changes. However,
some tissue barotrauma is possible from exposure to extreme sound pressure
changes.

2. Fishes with swim bladders, but without a direct connection between the swim
bladder and the inner ear - These fishes’ hearing does not involve the swim
bladder or other gas volume. Hearing primarily involves particle motion at close
range, not sound pressure. However, the presence of a gas-filled swim bladder
means that some limited indirect detection of sound pressure may be possible,
and the swim bladder is susceptible to barotrauma if exposed to rapid and
intense pressure changes.

3. Fishes with a swim bladder or other gas volume connected directly to the inner
ear — These fishes are able to detect both sound pressure as well as particle
motion, and are susceptible to barotrauma.

The third, most sensitive group of fishes relates predominantly to freshwater Otophysi
fishes such as carp, minnows, catfish and piranhas, as well as freshwater Cichlids (Popper
& Fay 1993; Nedwell et al. 2004; Schulz-Mirbach et al. 2012; Popper et al. 2014). 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 such as Pomacentridae
(e.g. damsel fishes and clown fishes), Holocentridae (soldierfishes and squirrelfishes) and
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Haemulidae (e.g. grunters and sweetlips) (Nedwell et al. 2004; Braun & Grande 2008;
Popper et al. 2014). 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 demersal snapper, emperor, cod and
grouper species that occur in the Operational Area, as well as some tuna and billfish
species.

Fish species that lack a gas-filled cavity altogether, include elasmobranchs (e.g. sharks
and rays), some flat fishes, some gobies, some tunas, mackerels and other pelagic and
deep-sea species (Casper et al. 2012; Popper et al. 2014). This is true of the sharks,
mackerel species and some tuna species that occur in the Operational Area.

Popper et al. (2014), a working group of leading experts in underwater acoustics,
developed sound exposure guidelines for fishes and sea turtles that are approved by the
Accredited Standards Committee S3/SC 1 Animal Bioacoustics and registered with the
American National Standards Institute (ANSI). The technical report proposes sound
exposure guidelines for potential noise impacts on fish, including impacts resulting from
seismic surveys and other comparable high-amplitude, low frequency impulsive sound
signals such as pile driving. Popper et al. (2014) proposed sound exposure criteria for the
following effects:

. mortality, including injury leading to death;

. recoverable injury, including injuries unlikely to result in mortality, such as hair cell
damage and minor haematoma;

o temporary threshold shift (TTS) in hearing ability; and
. behavioural and masking effects.

The sound exposure criteria proposed by Popper et al. (2014) for fishes are presented in
Table 7-7. Many of the criteria are dual metrics, requiring consideration of both the peak
pressure (PK), and the accumulated sound exposure level (SELwm) resulting from exposure
to multiple pulses of sound from the seismic source.

Table 7-7 Sound exposure criteria for fishes (Popper et al. 2014)

Fish Mortality and Impairment
Hearing Potential Recoverable ) Behaviour *
Category | Mortal Injury | 1piyry TTS Masking *
Fish: no >219 dB >216 dB .
swim SELcum SELcum (N) Low (N) High
bladder >>186 dB (I) Low (I) Moderate
or or SELcum
>213dBPK | >213 dB PK (F) Low (F) Low
Fish:
swim 210 dB 203 dB SELcum N) Low (N) High
SELcum
bladder or >>186 dB (I) Low (I) Moderate
not or SELcum
!nvolve_cl >207 dB PK >207 dB PK (F) Low (F) Low
in hearing
Fish: 203 dB SELcum (N) Low (N) High
it égzci?n 186 dB SELcum | D Hiah
bladder or (I) Low (I) Hig
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Impairment

in hearing | 547 dB PK

Fish Mortality and

Hearing Potential Recoverable . Behaviour *
Category | Mortal Injury Injury TTS Masking *

involved or >207 dB PK (F) Moderate | (F) Moderate

* Relative risk (high, moderate, low) is given for masking and behavioural impacts to fish at three general distances
from a seismic source, defined in relative terms as near (N; tens of metres), intermediate (I; hundreds of meters), and

far (F; thousands of metres).

>> indicates levels ‘much greater than’.

Potential injury and mortality

At the time of developing the guidelines, no quantified data on injury and mortality from
seismic sources on fishes had been reviewed by the Working Group. Therefore, the Popper
et al. (2014) exposure guidelines for mortality/potential mortal injury and recoverable
injury for fishes exposed to seismic source emissions are based solely on data from pile
driving conducted on predominantly temperate, freshwater fish species. Although seismic
surveys and pile driving both produce impulsive sound, their sound characteristics are
markedly different; pile driving impulses result in a more rapid rise time in sound pressure
than seismic pulses and it is this rapid rise time that has the greatest potential for trauma
(Caltrans 2001, 2004; Hastings & Popper 2005; Popper et al. 2006).

Environmental Resources Management Australia (ERM) undertook a detailed literature
review of potential fish mortality and physical injury as a result of exposure to seismic
sources (ERM 2017). A total of twenty-eight papers or reports relating to the findings of
experimental and opportunistic laboratory and in situ studies on mortality, potential mortal
injury and physical damage effects of seismic source exposure on fishes, conducted
worldwide between 1972 and 2014, were reviewed. Of the studies covered in the literature
review only three observed direct mortality of exposed fish (Weinhold & Weaver 1972;
Matishov 1992; Booman et al. 1996). In each case, mortalities occurred to caged fish at
very close proximity to the seismic source (<2 m), which is not representative of real-life
exposures from seismic surveys because fish are free-swimming and are not typically
exposed at such close range. Nine studies covered in the literature review found some
evidence of damage to one or more organs in exposed fish, including damage to swim
bladders, ablated ear cells, internal bleeding, or blindness. Most damage occurred upon
exposure at distances up to 3 - 4 m from the source. The literature review found a further
sixteen studies that reported no mortality or physical damage in any fishes exposed to
seismic pulses, including to fishes exposed in cages.

Of the studies reviewed by ERM (2017) that resulted in mortality, received sound levels
ranged from 220 to 241 dB re 1 yPa PK. It is also important to note that other studies
reported no mortality, and in some cases no physical injury at levels as high as 246 dB re
1 yPa PK. For example, Fanta (2004) found no mortality or physical damage in 15 different
coral reef fish species exposed in cages to 215-235 dB re 1 yPa PK from a 3,090 cubic inch
commercial seismic array at a minimum distance of 45 m. Given that the reviewed
literature reported that mortality and physical injury has only ever occurred within a few
metres of the seismic source, the sound exposure criteria proposed by Popper et al. (2014)
for mortality and injury are considered to be highly conservative and provide a
precautionary approach in the assessment of potential injury and mortality effects to fishes
from exposure to underwater noise from marine seismic surveys.

In many cases, the potential for physical injury and impairment impacts to occur may be
dependent on fishes’ abilities to move and avoid very high sound levels, and so the
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potential for physical trauma to occur is typically limited to situations where fish do not or
cannot avoid such exposures (e.g. experiments involving captive fish that may not be
representative of free-swimming fish). For example, Wardle et al. (2001) exposed free-
swimming marine fish (juvenile saithe [Pollachius virens] and Atlantic cod [Gadus morhua],
adult pollock [Pollachius pollachius] and adult mackerel [Scomber scombrus]) inhabiting a
small reef system, to seismic airguns with a sound peak pressure of 195 - 218 dB PK. No
mortality was observed at these levels, even though some of these species are members
of the Gadidae family and have a connection between the swim bladder and inner ear.

Of particular relevance to demersal snapper species in the Operational Area, McCauley and
Salgado Kent (2007, cited in Santos Ltd 2018) undertook a study in collaboration with the
Northern Territory Department of Fisheries to observe the potential impacts of seismic
sound exposure to goldband snapper. The study used a series of commercial fish traps set
at increasing ranges adjacent to three seismic survey line in 90 - 110 m water depth in
the Timor Sea. The 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 pyPa PK-PK (equivalent to approximately 194, 196 and 206 dB re 1 pPa PK). No mortality
or mortal injury was identified at these levels.

Despite mortality being a possibility for fish exposed to seismic sound, Popper et al. (2014)
and Carroll et al. (2017) note that physical injury leading to death from seismic sound
exposure is likely to be limited to extreme cases.

Juveniles and small fry may have similar hearing sensitivity as adults but are potentially
more at risk of tissue damage than adult fishes as their smaller size means they have less
inertial resistance to the particle motion effects of a passing sound wave in the water
column (Popper & Hastings 2009; Popper et al. 2016). However, to date, research into the
effects of sound on fishes has been conducted on both juvenile and adult fish and, overall,
the exposure thresholds and available research is considered broadly representative of
both juvenile and adult stages.

Temporary hearing impairment

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).

The nature and magnitude of TTS in fishes is described in Popper et al. (2014), as follows:

“TTS has been demonstrated in some fishes, and its extent is of variable duration and
magnitude. However, sensory hair cells are constantly added in fishes (e.g., Corwin
1981; 1983; Popper and Hoxter 1984; Lombarte and Popper 1994) and also replaced
when damaged (Lombarte et al. 1993; Smith et al. 2006; Schuck and Smith 2009),
unlike in the auditory receptors of mammals. When sound-induced hair cell damage
occurs in fishes, its effects may be mitigated over time by the addition of new hair cells
(Smith et al. 2006; 2011; Smith 2012; 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; 2002a; 2002b;
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 yPa?-s proposed by Popper et al. (2014) is based on
data from Popper et al. (2005) where exposure of a freshwater fish species with a
connection between the swim bladder and inner ear to an SELcum of 186 dB re 1 pPa2:s
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resulted in approximately 20 dB difference in hearing threshold. Fish that showed TTS
recovered to normal hearing levels within 18-24 hours.

McCauley et al. (2003) demonstrated that exposure to repeated emissions with a maximum
received level of 212 dB re 1pPa PK-PK during trials with a closest point of approach of 5
to 15 m caused extensive damage to the sensory hair cells in the inner ear of caged pink
snapper with no evidence of repair or replacement of damaged hair cells up to 58 days
post-exposure. The SELcum level is not given in the study. The study did not examine if
the hair cell damage had any effects on fishes’ hearing. The study acknowledged that the
fish were caged and therefore not able to swim away from sound source, and that the
monitoring video suggested the fish would have fled the sound source if possible.

Hair cell damage and hearing impairment in a number of reef species, including the
bluestripe snapper, were examined following exposure from a 2,055 cubic inch seismic
source during Woodside’s Maxima 3D MSS in Scott Reef lagoon. There was statistically
more ear damage in exposed fishes compared to control fishes, but the damage was
marginal, and it was suggested that <1% of the exposed fishes’ hearing capability was
impaired (McCauley 2008). A study of auditory brainstem response (ABR) in four species
of tropical reef fishes, including the pinecone soldierfish (a species which has a swim
bladder connection with the inner ear), showed that none of the four species experienced
any TTS following exposure to 190 dB re 1 yPa2-s SELcum (Hastings et al. 2008; Hastings
& Miksis-Olds 2012).

McCauley & Salgado Kent (2007, cited in Santos Ltd 2018) found an apparent increasing
trend in hair cell damage in goldband snapper from received sound exposure levels greater
than ~190 dB re 1 pyPa2:s, although the authors state that the results of this study should
be treated with caution due to the limited number of samples. Other studies (e.g. Popper
& Hastings 2009; Song et al. 2008) indicate that TTS may occur at single pulse levels as
high as 205-210 dB re 1pPa (PK).

Therefore, the 186 dB re 1 pPa2:s threshold for TTS proposed by Popper et al. (2014) is
considered appropriate and is potentially conservative for many types of 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 intense sound pressures
at ranges where TTS may occur. If TTS does occur, the effects are temporary and will
recover.

Behavioural effects

Behavioural effects of noise on fish will vary depending on the particular 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 & Popper 2016). 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), seeking refuge in reefs, and temporary avoidance of an area (Simmonds
& MaclLennan 2005; McCauley et al. 2000; Fewtrell & 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 & Popper 2016). The
potential extent and duration of behavioural effects based on studies of seismic exposure
are summarised below.

Pearson et al. (1992) exposed captive 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. 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 1yPa 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 1uPa SPL, although it was suggested
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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.
Increased biochemical stress levels were measured in some fish following exposure,
returning to normal levels within 72 hours of exposure. It is noted that exposures of fish
in the wild would likely result in avoidance of high sound levels prior to the seismic source
approaching to as close a range and to as high sound levels as the captive fish in the
experiment were exposed to.

The studies associated with Woodside's Maxima 3D survey at Scott Reef included a
component that examined how the behaviour of fish exposed to seismic signals changed.
A summary of results relevant to how the behaviour of fish exposed to seismic signals
changed is as follows (Woodside 2011; Miller & Cripps 2013):

e Behavioural observations of free-swimming fish:

- At close range, airgun noise emissions appeared to have caused prominent,
short term, effects on fish behaviour. As the vessel approached, fish ceased
normal behaviours and moved downward from the water column towards the
seabed.

- Fish began to feed and behave normally again within 20 minutes after the
passage of the survey vessel. Once the vessel had travelled beyond a distance
of ~1.5 km fish numbers and behaviour had returned to normal, baseline levels.

. Behavioural observations of caged fish:
- Alarm responses were too infrequent to analyse.

- Agitation levels increased with increasing received sound exposure level for
squirrelfish and soldierfish species, but were not detectable for the bluestripe
sea perch.

. Sonar observations of free-swimming fish:

- Individual fish tended to move lower in the water column towards the seabed
on approach of the operating airgun array, consistently out to 400 m either side
of the survey test line.

- Within 200 m of the survey test line, fish schools moved to the seabed after
passage of the operating seismic source and stayed significantly closer to the
seabed out to 63 minutes post-exposure.

. Fish choruses:

- For the period overlapping the survey, fish choruses followed normal predictable
and relatively smooth trends with regards to timing and chorus level (at daily,
lunar and seasonal scales), suggesting that in the long term the survey had
little effect on the fish which produced the choruses.

. Fish diversity and abundance:
- Shallow reef-slope fish surveys using underwater visual census:

. No significant decreases were detected in the diversity and abundance of
both sound pressure-sensitive Pomacentridae (damsel fishes and clown
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fishes) and non-Pomacentridae fish species after the seismic survey
compared to the long-term temporal trend before the survey.

- Analysis of baited remote underwater video stations:

. There were no detectable effects of the seismic survey on the diversity
and abundance of deeper water fish communities at the spatial and
temporal scales examined.

. There were no signs of loss of individuals or of systematic re-distribution
of individuals and species at any of the time scales examined.

Wardle et al. (2001) exposed tagged, free-swimming marine fish (i.e. juvenile cod and
saithe, and adult pollock from the sound pressure-sensitive family Gadidae, and adult
mackerel from the relatively insensitive family Scombridae) inhabiting an inshore reef to
sounds from a seismic source (195-218 dB re 1 pyPa PK). The study used underwater video
techniques and found:

o Fish exhibited a startle response (momentarily performed “C-turns”) to all received
levels, but no avoidance behaviour or any other longer lasting effects were observed.

o Fish showed no signs of moving away from the reef.

. Slight changes were recorded to the long-term day-to-night movements of two

tagged pollack, particularly when located within 10 m of their normal living positions.

. Exposure to the seismic noise did not interrupt a diurnal rhythm of fish gathering at
dusk and had little effect on the day-to-day behaviour of the resident fish.

Sivle et al. (2016) undertook a pilot study to explore different sound source characteristics
and experimental design options for evaluating behavioural reactions in mackerel. The
authors exposed caged mackerel to a range of playback sounds at close range (2-7 m),
including filtered playback of seismic pulses recorded at a distance of 8 km with an SEL of
144 dB re 1 pPa2:s. In the majority of tests undertaken, mackerels did not react to the
seismic sound stimulus. Minor startle responses were observed from a small nhumber of
individuals in schools in 20% of the tests conducted; a weak or moderate increase in
swimming speed was observed in some individuals in schools in 45% of tests conducted;
and a weak change in schooling behaviour was observed in a small number of individuals
in schools in 10% of tests conducted. In all cases, reactions only lasted for the duration of
the exposure and returned to normal as soon as the exposure ceased. The experiment,
therefore, indicates that some mackerels may show an awareness of seismic sound at
these levels. However, Sivle et al. (2016) note that mackerel are not sensitive to sound
pressure, but to particle acceleration, which is likely a key stimulus in their close-range
experiments. Sivle et al. (2016) also note that the sound playback technique that they
used had limitations and was not representative of a real seismic signal, suggesting that
future experiments should instead use a real seismic source in order to obtain more
conclusive results. Therefore, the observations made by Sivle et al. (2016) should be
interpreted with caution and may not be representative of mackerels’ ability to detect
propagating sound pressure signals at long distances (i.e. kilometres) from a real seismic
survey.

McCauley et al. (2000, 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 seabed were suggested to commence when
sound levels exceeded approximately 151 dB re 1 pPa2.s SEL (approximately 160 dB re 1
pPa SPL). Similar behaviours in pink snapper and trevally were noted by Fewtrell &
McCauley (2012) in response to comparable sound levels. These are minimal reactions that
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are likely to be an indication of awareness and perception of the sound rather than a
response that could result in potential impacts. More obvious startle and alarm responses
were apparent in trials when received sound levels were in the order of 159 - 172 dBre 1
pPa2.s SEL (approximately 168 — 181 dB re 1 pyPa SPL). 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 & 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 PK-PK
(equivalent to approximately 194, 196 and 206 dB re 1 pyPa PK). 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.

At the time of writing, the Australian Institute of Marine Science (AIMS), as part of the
North West Shoals to Shore Research Program, had 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. However, the results
of this research were not available at the time of preparing this EP.

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 were video recordings took place but maximum
sound levels were estimated to be in excess of 170 dB re 1 pPa. 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.
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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 & Hawkins 1969).

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 weren’t
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 Engds & Lgkkeborg (2002) reported on the effects of seismic surveys on
Atlantic cod and haddock (Gadidae) and found that the abundance of fish were 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 5 days after the survey was completed (Engas
et al. 1996; Engds & Lokkeborg 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 6-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.

o 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 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;
Slotte et al. 2004; Fewtrell & McCauley 2012; Miller & Cripps 2013).

. 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
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observed within hundreds of metres of the seismic source or in response to sound
levels of approximately 168 - 190 dB re 1 yPa SPL and varying depending on hearing
sensitivity and context) (e.g. Simmonds & MacLennan 2005; McCauley et al. 2000,
2003; Fewtrell & McCauley 2012; Popper et al. 2014; Carroll et al. 2017).

. 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 & McCauley 2012; Miller & Cripps 2013; Sivle
et al. 2016).

. 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 & McCauley 2012; Pefia et al. 2013).

. In other studies, there is some evidence that avoidance behaviours may temporarily
alter the local abundance and distribution of fishes for up to 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) where 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 &
Lakkeborg 2002).

Masking of an animal’s ability to hear normal and relevant biological sounds only occurs
while the interfering sound is present, and, therefore, masking resulting from widely
separated pulses of sound from a seismic source would be infrequent. The short,
intermittent pulse duration (tens of milliseconds) relative to the 8-second source point
interval proposed for the 2D seismic survey means that the potential for masking is limited.
Popper et al. (2014) highlights that masking as a result of sound from a seismic survey is
unlikely, although there may be some potential for masking to occur in fish with good
hearing (swim bladder-ear connection) when they are sufficiently far from the source for
the impulsive sounds to merge and become more continuous (Nieukirk et al. 2004).
However, at such distances, the sound levels will have significantly reduced, and masking
effects would be limited and unlikely affect an individual’s overall fitness and survival.

Given the limited convergence in results from the available studies, the subjective nature
of many assessments and the context under which fish receive sound, Popper et al. (2014)
do not define exact sound level thresholds or ranges at which masking and behavioural
responses may occur. Instead, Popper et al. (2014) uses relative risk criteria (Table 7-7)
that range from high to low. For these criteria the ranges, relative to the source, were
quantified as near (within tens of metres), intermediate (within hundreds of metres) and
far (within thousands of metres). These criteria do not use specific acoustic thresholds, but
instead gauge impacts based on general distances from the noise source. It is difficult to
predict the population impacts due to behavioural response because behaviour is context
dependent. Behavioural responses of wild animals to sound are likely to vary by species,
size, and age class, with animal motivation, and in different contexts. Behaviour may be
more strongly related to the particular circumstances of the animal, the activities in which
it is engaged, and the context in which it is exposed to sounds (Ellison et al. 2012; Pefia
et al. 2013).

Therefore, no specific impact thresholds have been selected for the assessment in this EP
for masking and behavioural effects; instead these are assessed more qualitatively, by
assessing relative risk rather than by specific sound level thresholds, as proposed by
Popper et al. (2014; Table 7-7), but also taking into account the results of the various
studies above for context where relevant.
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Table 7-8: Impact and risk evaluation — underwater noise and vibration - fishes

Identify hazards and threats

Impulsive sound emitted from the seismic source may have the potential to impact fishes in the following ways:

e mortal injury or recoverable injury to fish at very close range to the seismic source

e temporary hearing impairment (temporary threshold shift; TTS) experienced by fish exposed to high sound levels for prolonged
periods

e behavioural impacts resulting from disturbance, or masking or interfering with biologically important sounds.

The following assessment considers the potential impacts to fish behaviour and spawning fishes; however, the potential impacts to
fish eggs and larvae are addressed separately in Section 7.1.4 Planktonic communities.

Potential consequence Severity

Summary of receptors Minor (E)

A large range of demersal and pelagic fish species are likely to be present within and adjacent to the
Operational Area. The main fish assemblages and key sensitive receptors are:

¢ demersal fish species on the continental shelf, including snappers, emperors, rock cods and groupers, which
are particularly common over hard substrate where ridges, rises, reefs and large epibenthos occur, including
the Ancient coastline at the 125 m depth contour KEF

e deep-water benthic and demersal fishes, sharks and rays associated with the Continental slope demersal
fish communities KEF

e large pelagic fish species, including mackerels, tunas and billfish, which occur widely throughout the region

e small pelagic fishes, which form a significant proportion of the total fish biomass in the region; including
pilchard, sardine and herring species that are targeted as baitfish by larger predatory fish in nearshore
waters located outside of the Operational Area

e shark and ray species, including foraging whale sharks on the continental shelf (and sawfish and river
sharks in coastal and estuarine waters located outside of the Operational Area)

e reef-associated and site-attached fish assemblages at coral reefs such as Scott Reef, Beagle Reef and
fringing coastal reefs at Browse Island, Adele Island and the Lacepede Islands (all located outside of the
Operational Area).
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Spawning and recruitment of fishes

The demersal and pelagic fish assemblages that are typical on the continental shelf in the Operational Area
spawn throughout their ranges. Many are broadcast spawners that release millions of eggs over multiple
spawning events and over many months. Recruitment (the process of juvenile fish moving into adult
populations) and population connectivity varies; some demersal and pelagic fishes within the Kimberley region
show genetic connectivity within hundreds of kilometres (Underwood et al. 2012; DiBattista et al. 2017;
Depczynski et al. 2017), while other species are known to comprise populations with genetic connectivity
throughout waters of northern Australia and the Indian Ocean. The larvae of many continental shelf species
(e.g. snappers, emperors, mackerels) settle in shallow coastal nursery habitats such as mangroves, estuaries,
seagrasses, intertidal pools and coral reefs (inshore of the Acquisition Area), and juvenile fishes gradually
move offshore again as they mature (Jenkins et al. 1984; Leis & Carson-Ewart 2000; Begg et al. 2006;
Newman et al. 2008). The larvae of some other species that occur in more intermediate and deeper waters
(e.g. goldband snapper) may spend their entire life, from larval settlement, through juvenile stages to
adulthood, in the same depth ranges, although some adult and juvenile habitat separation may still occur
(Lloyd et al. 2000; Lloyd 2006). The spawning periods of many key indicator fish species for the commercial
fisheries in the region varies significantly between species. Spawning and recruitment can occur nearly year-
round for some species peaking over specific months, as considered in the assessment below.

Evaluation of potential consequence

The maximum horizontal distances (Rmax) at which sound levels predicted by modelling (McPherson et al.
2019; Appendix D) to exceed the Popper et al. (2014) thresholds for mortality, injury and TTS are presented in
Table 7-9. The table presents the maximum horizontal distance over all modelled depths above the sea floor
(‘maximum-over-depth’) and the maximum horizontal distance at the seabed. Maximum-over-depth values are
relevant to pelagic fish species in the water column, while the seabed values are relevant to benthic and
demersal species.

The SEL«m threshold criteria, modelled for a 24-hour period, was also examined in relation to the potential for
mortality and injury, but either the thresholds were not exceeded, or the horizontal ranges associated with
these thresholds were less than those produced by the peak sound pressure produced by a single seismic
pulse. Therefore, the peak sound pressures from a single pulse are the most relevant metric to assessing the
potential for mortality and injury.
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Table 7-9 Maximum (Rmax) horizontal distances predicted by acoustic modelling to exceed the Popper et al.
(2014) thresholds for mortality, injury and hearing impairment

Distance Rmax

Fish Hearing | Threshold
Category Criteria Continental shelf modelling | Continental slope

sites modelling sites

Mortality, potential mortal injury and recoverable injury

Fish: no swim 54 - 114 m (maximum-over- 60 m (maximum-over-depth)
bladder depth)
>213 dB re 1 pPa P
PK Not exceeded at seabed at
71 - 114 m (at seabed) water depths greater than
~250 m
Fish: swim bladder 120 m (maximum-over-
not involved in 120 - 230 m (maximum-over- depth)
hearing; >207 dB re 1 ypa | 9€Pth)
::r:f/rc])lvzvél?; bladder | PK Not exceeded at seabed at
. 154 - 205 m (at seabed) water depths greater than
hearing
~250 m
TTS
All hear_lng 1.6 - 3.5 km (maximum-over- 4.94 km (maximum-over-
categories depth) depth)
186 dB re 1 yPa2.s P
SELo4hr
1.6 - 2.9 km (at seabed) Distance will be less at
seabed
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Potential injury and mortality

The acoustic modelling results for the 2D seismic survey (McPherson et al. 2019; Appendix D) indicate that the
potential for recoverable injury or mortality in fishes on the continental shelf is limited to within 54 - 230 m of
the seismic source, depending on the hearing sensitivity of different types of fish and accounting for some
variability between modelling sites as a result of bathymetry and the geoacoustic properties of the seabed. At
the seabed, where sound levels will be most relevant to benthic and demersal fishes, the range to potential
mortality or injury is 71 - 205 m. Acoustic modelling at deeper water sites on the continental slope indicates
that mortality and injury is limited to 60 - 120 m within the water column, but due to the vertical attenuation
of sound the threshold is not expected to be exceeded at the seabed at water depths greater than
approximately 250 m and so the fishes associated with the Continental slope demersal fish communities KEF
are not expected to be injured. It is again highlighted that the Popper et al. (2014) thresholds for injury and
mortality are likely to be highly conservative, and studies have indicated that much higher received sound
levels up to 246 dB re 1 pPa PK have not resulted in injury or mortality. The potential for mortality and injury
is therefore likely to be limited to within very close proximity of the seismic source (ERM 2017).

The potential for mortality and injury to occur is also dependent on fishes’ abilities to move and avoid very high
sound levels. The potential for such impacts to occur at such short ranges is typically limited to site-attached
fish species, which are either unlikely or unable to flee the approaching seismic sound source and are instead
likely to remain and/or seek refuge within habitat structures. Such site-attached fishes are expected to be
limited to reef-associated fish assemblages at coral reefs such as Scott Reef, Beagle Reef and fringing coastal
reefs at Browse Island, Adele Island and the Lacepede Islands, all of which are located outside of the
Operational Area. In contrast, despite the presence of some hard rocky substrate, filter feeder communities
and other patchy epibenthos that provide habitat structures for fish, the turbid waters and predominantly
abiotic substrates present in even the shallowest parts of the Operational Area (Section 4.7.2) do not provide
significant areas of suitable habitat for site-attached fish assemblages. Instead, 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
(predominantly snappers, emperors and groupers), despite exhibiting particular habitat preferences and some
fidelity to an area, can be found across a variety of habitats and are typically more mobile and have larger
home ranges (kilometres) than smaller site-attached fishes (Ovenden et al. 2004; Moran et al. 2004; Newman
et al. 2008; Parsons et al. 2011; Harasti et al. 2015). Pelagic fishes such as mackerel travel distances up to
100 km or more, while tunas and billfish may travel in the order of thousands of kilometers (Section 4.7.4).
Shark and rays are also highly vagrant. Therefore, fishes in the Acquisition Area can reasonably be expected to
exhibit an avoidance response and swim away from the approaching seismic source before sound levels

Document no.: 532-EXP-EP-001 Page 189
Security Classification: Public

Revision: 0
Date: 24 July 2019



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

approach levels that may result in injury or mortality. Therefore, without appropriate management measures in
place, the only situation where mortality or injury may occur is if fish are located in immediate proximity to the
seismic source and it commences operation at full power (i.e. no soft-start to ramp up the source level).

Temporary hearing impairment

The potential for TTS effects to occur as a result of cumulative sound exposures from the 2D seismic survey
has been evaluated based on the accumulated sound energy over a 24-hour period for different locations
within the Acquisition Area and using the 186 dB re 1 pyPa?:s threshold proposed by Popper et al. (2014). The
acoustic modelling (McPherson et al. 2019; Appendix D) predicts that TTS in the most sound-sensitive fishes
may occur up to 3.5 km from acquisition lines on the continental shelf, and up to nearly 5 km from acquisition
lines in deeper continental slope waters. The distance to impact will be less for the majority of fishes without
specialized hearing. The maximum modelled distance is measured broadside of the acquisition lines, and the
distance to impact for fishes located fore and aft of the approaching seismic vessel will be limited to shorter
distances. The SEL24nr cumulative metric reflects the dosimetric impact of noise levels based on the assumption
that an animal is consistently exposed to such noise levels at a fixed position during that 24-hour period. 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 SELzanr criteria does not mean that any
animal travelling within this radius of the source will suffer hearing impairment.

An expert peer review undertaken by Popper (2018) in relation to the potential for TTS impacts to demersal
fishes from a 3D seismic survey in north-western Australia highlighted the reasons why the 24-hour period is
conservative. Considering that most (if not all) fish species in the region have relatively poor hearing
(compared to fishes with hearing specialisations), each individual fish is exposed to relatively “loud” sounds for
only a short period of time and the exposure is only at levels that might lead to potential effects if the fish is
relatively close to the sound source for an extended period of time. Instead, the modelled SEL24nr scenarios are
not weighted to the auditory thresholds of fishes and so account for a great many seismic pulses over the 24-
hour period that are likely too low and distant for fishes to be able to hear (Popper 2018). Popper (2018)
concludes:

“..TTS is not likely to occur since the signal will not be very much above threshold for the bulk of fishes since
they have no hearing specialisations. And, even if there is TTS, the amount of TTS is likely to be limited...

.If TTS does take place, the duration of exposure to the most intense sounds that could result in TTS will be
over just a few hours...
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..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.”

Therefore, similar to the mortality and injury impact predictions, the modelled extent over which TTS has the
potential to occur in fishes is likely to be highly conservative and the mobile demersal and pelagic fishes that
are typical in the Operational Area are likely to move away from the approaching seismic source before sound
levels reach those that may result in TTS. It is possible that some fishes may not avoid the approaching
seismic source completely and some level of TTS is possible, but as Popper (2018) summarises, recovery is
likely to occur within 24 hours and the potential for such effects to have significant implications on the fishes’
fitness and survival is low.

The diverse site-attached, reef-associated fish assemblages at the various coral reefs located outside of the
Operational Area are located beyond the range at which TTS impacts have the potential to occur (i.e. greater
than 5 km from where the seismic source may be operated).

Behavioural impacts

The potential impacts of the 2D seismic survey to fishes are expected to be primarily behavioural impacts. The

following paragraphs describe the expected magnitude and extent of behavioural impacts in the context of the

main fish assemblages and key indicator species present in the Operational Area, including potential impacts to
key life stages such as spawning and recruitment.

Demersal fish assemblages

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 & Wodinsky 1963;
Higgs et al. 2006; Braun & 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 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 limited sensitivity to sound pressure.
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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. 2000; 2003; McCauley & 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 resultant changes in behaviour are likely to be limited to durations of
minutes or hours and occur within hundreds of metres to a few kilometres of the seismic source as it passes. A
study specifically looking at behavioural responses in captive goldband snapper, one of the key indicator
species in the NWMR, found that goldband snapper increased swimming speed as the seismic source
approached and then became relatively subdued as the source passed at the closest point (within hundreds of
metres) (McCauley & Salgado Kent 2007, cited in Santos Ltd 2018). Received sound levels in this study were
estimated to be approximately 194, 196 and 206 dB re 1 pPa PK. These observations are consistent with
anecdotal information provided by a NDSMF stakeholder during consultation, who reported that goldband
snapper “turn off” after a seismic survey passes in the vicinity of where they are fishing.

Popper et al. (2014) indicate that the potential for behavioural impacts in this 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). Based on the results of various studies that have investigated behavioural responses in
fishes exposed to seismic surveys, some fishes may potentially be able to detect sound levels greater than

160 dB re 1 pPa SPL when fish may begin to exhibit subtle responses such as moving closer to the seabed. The
acoustic modelling (McPherson et al. 2019; Appendix D) indicates that received SPLs of 160 dB re 1 yPa may
occur up to 5 - 11 km from the seismic source depending on the bathymetry and seabed characteristics. This
distance is measured in the broadside direction from the seismic source, whereas the distance measured in the
endfire direction of any seismic source (as would be more representative of levels received by fishes as the
seismic vessel approached), would likely be less for any seismic source. Therefore, it is reasonable to expect
that some demersal fishes may be able to detect sound from the seismic source over several kilometres to
vary degrees. Given that the majority of demersal species will be more sensitive to the particle motion
component of sound at close range than sound pressure waves, these distances may be conservative. More
apparent behavioural responses, such as startle reactions, increased swimming speed, changes to school
structures and avoidance behaviours have been noted in studies to occur at SPLs of approximately 170-190 dB
re 1 yPa depending on fish sensitivity, which the modelling of sound propagation at various different locations
in the Acquisition Area indicates may occur between 150 m and 4 km from the seismic source.

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
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normal within less than an hour (sometimes just minutes) of the survey vessel passing. Limited data on
biochemical stress indicators in fishes exposed to seismic sound indicates there may not be any discernible
change (e.g. McCauley et al. 2000, 2003) and free-swimming fishes with the ability to avoid the approaching
seismic source are less likely to experience stress than the captive fishes used in experiments. However, if
fishes were to experience stress as a result of sound exposure, levels may return to normal within 72 hours
(Santulli et al. 1999).

As the seismic source will be transient (i.e. continuously moving) during seismic data acquisition, demersal
fishes will only be exposed to significant sound levels for a relatively short period of time as the survey vessel
passes nearby before sailing away again. The survey vessel may return along a parallel acquisition line within a
few kilometres of the same location or along a perpendicular line that crosses nearby after many hours or
days, so some areas and individual groups of fishes may be exposed again at a later point in time, but
generally the seismic source will move across the Acquisition Area with limited potential for repeated sound
exposures. Given the transient nature of the 2D seismic survey and the fact that behavioural impacts are likely
to be localised and short-term, the implications of these short-term disturbances on an individual’s overall
fitness and survival are expected to be limited.

Further, the implications for demersal fishes exposed to the transient sound of the 2D seismic survey 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 & Popper
(2016) highlight that some responses to man-made 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 & Popper
2016).

During the relatively short periods of behavioural disturbance, fishes may be temporarily diverted away from
activities such as egg production and spawning (Hawkins & Popper 2016; Carroll et al. 2017). As outlined in
Section 4.7.4, some demersal fishes move into nearshore coastal waters to spawn, which will be outside of the
Operational Area and away from any potential source of disturbance. However, a number of large demersal
species spawn in offshore waters, including some lutjanids, lethrinids and serranids. Many species in these
families of fishes spawn throughout their range at locations where water depths, habitat and a range of other
environmental conditions are suitable (Domeier & Colin 1997; Claro & Lindeman 2003; Claydon 2004). These
types of demersal fishes are highly fecund, multiple broadcast spawners, releasing large numbers of eggs on
multiple occasions over an extended spawning season (typically millions of eggs per year) (Claydon 2004;
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Newman et al. 2008). For example, the key demersal species that are representative of demersal fishes in the
region have the following spawning characteristics:

e Goldband snapper - spawn consistently throughout their range (typically residing in 50 - 200 m water
depths, and often concentrated in depths from 80 — 150 m) between October/November and May.

e Red emperor - spawn in pairs throughout their range (residing in 10 - 180 m water depths, and often
concentrated in depths from 60 - 120 m) between September and June, with bimodal peaks in spawning
from September - November and January — March.

e Blue spotted emperor - spawn throughout their range (typically residing in 5 - 110 m water depths)
between July and March.

¢ Rankin cod - spawn throughout their range (typically residing in 10 — 150 m water depths) from June to
December and again in March, with peak spawning from August to October.

e Ruby snapper - spawn throughout their range (typically residing in 150 - 480 m water depths) from
December to April, with peak spawning from January to March.

e Other demersal species — most likely to exhibit a peak spawning period from October - May.

Some of these species show genetic connectivity across northern Australia (e.g. red emperor) indicating that
spawning throughout this range contributes to species recruitment and so the regional stocks are not
vulnerable to local disturbances. Other species such as goldband snapper and rankin cod show some evidence
that there is potential genetic differentiation of populations between areas in the NWMR due to limited
movement of adults and settlement of larvae in the same region as spawning (Lloyd et al. 2000; Newman et
al. 2008). For example, the Kimberley stock of goldband snapper has been identified as potentially being a
distinct genetic stock extending from the Northern Territory and Timor Sea to at least 122°E (Lynher Bank)
(Lloyd et al. 2000; Newman et al. 2000; Ovenden et al. 2002). However, the spawning of such species still
occurs over thousands of square kilometres and along several hundred kilometres of continental shelf, with
stock connectivity and recruitment occurring within these areas. Therefore, localized disturbances have limited
influence on the overall stocks.

The beginning and end of the spawning seasons are largely determined by seasonal water temperatures with
triggers for spawning events including the lunar cycle, which affects tidal currents, particularly around new
moons and full moons, as well as availability of food, rainfall, time of day, presence of predators, etc. (Claydon
2004; Lloyd 2006). For example, coral trout, another serranid species in the NWMR, is known to spawn when
the water temperature is suitable, with spawning fishes releasing eggs over periods of approximately 5 days
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around the time of new moons in the lunar cycle (Samoilys 1997). However, the triggers and frequency of
spawning differs between, and within, species (Claydon 2004).

Spawning can vary, both spatially and temporally, during the spawning season and also inter-annually
(Claydon 2004; Lloyd 2006). For example, an assessment undertaken by the former WA Department of
Fisheries (2015b) of the status of red emperor and goldband snapper in the region indicated that the red
emperor spawning population decreased to approximately 35% of unfished levels between 1980 and 2013
while annual recruitment success fluctuated between approximately 150 million fish and 400 million fish per
year over the same period with no apparent trend or reduction in recruitment associated with the reduced
spawning biomass. Similarly, goldband snapper spawning biomass also declined steadily to less than 40% of
unfished levels while annual recruitment success fluctuated between a minimum of approximately 250,000 and
900,000 fish. This provides an indication of the normal inter-annual variability in spawning and recruitment of
demersal fish species in the Kimberley region.

Therefore, localised and short-term 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 several months, involves the production of millions of eggs over
multiple spawning events, and shows high natural variation.

During stakeholder consultation, both WA DPIRD and WAFIC highlighted to INPEX that while demersal fish
stocks in the region are assessed as being sustainable, the stocks are fully allocated from a sustainability
perspective and any additional risk could potentially impact their long-term sustainability. Noting this advice,
no adult fishes will be removed from the spawning biomass / allocated stock (no fish are predicted to be killed
as a result of the 2D seismic survey, as noted above). 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 natural variability.

During the 2D seismic survey, localised and temporary disturbances from the transient seismic source are
likely to affect groups of fishes as the seismic vessel moves across areas of suitable habitat and water depths
where groups of demersal fishes are present. On some occasions, these disturbances may also coincide with
suitable timing and conditions when the group would normally spawn. It is recognised that the disturbance
may temporarily divert effort away from egg production and spawning at that particular location and point in
time. Spawning at that particular site may simply be delayed for a short period (minutes or hours) with fishes’
motivation to spawn resuming once normal behaviours resume, although this may result in spawning during
less favourable conditions (e.g. stage of tide). Alternatively, fishes may delay spawning further until conditions
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are favourable again. This strategy of reallocating energy and adapting is common in demersal fishes where
there may be a predation risk or environmental conditions naturally fluctuate (e.g. Sancho et al. 2000; Claydon
2004; Pavlov et al. 2009), so this is not necessarily unusual or indicative of a reduction in reproductive
success, simply an adjustment in spawning behaviour. However, for the purpose of this assessment, if it is
conservatively assumed that an entire spawning event is compromised for those effected groups of fishes by
disturbance from the passing seismic source. Such localised disruptions may effect different groups of fishes at
different locations within the Acquisition Area at different times during the survey. Disturbances to individual
groups of spawning fishes represent a very small proportion of the spawning biomass available in each stock.
Impacts are unlikely to be discernible from natural variation given that only those particular groups of fishes at
particular sites would be affected at that point in time; 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. Given the transient nature
of the survey and broad acquisition line spacing (3 - 6 km apart) there is limited potential for significant
exposure and disturbance to be repeated at the same site. While there may be multiple occasions during the
2D seismic survey when the activity coincides with and disturbs individual groups of spawning fishes
somewhere within the Acquisition Area, the acute nature of these disturbances is not expected to have a
detrimental population level impact.

The multiple broadcast spawning behaviours of demersal fishes on the continental shelf, by their very nature,
offsets 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 Fisheries
Research & Development Corporation has previously noted that 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, transient and localised disturbances to groups of fish as a result of the seismic
survey would have impacts many orders of magnitude smaller than regional scale environmental/climatic
events that would affect entire stocks, and the survey is unlikely to result in a discernible impact on the stocks.

No significant or long-term changes to the spatial distribution or numbers of demersal fishes are expected and
so the potential long-term implications to populations are expected to be negligible. For the reasons detailed
above, overlap between the 2D seismic survey and the Ancient coastline at the 125 m depth contour KEF and
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the Continental slope demersal fish communities KEF are not expected to compromise the ecological function
or value of these KEFs.

Pelagic fish assemblages

Pelagic fishes that occur in the Operational Area include large predatory species such as tuna and mackerel and
billfish species (Section 4.7.4). Key species that may occur in the NWMR and are of value to commercial and
recreational fisheries include Spanish mackerel and various other mackerels (e.g. grey mackerel), bigeye tuna,
yellowfin tuna, skipjack tuna, southern bluefin tuna, broadbill swordfish, striped marlin, black marlin and Indo-
Pacific sailfish, which are all fishes of the suborder Scombroidei (that includes all of the large, pelagic, fast-
swimming fish species). Many of these species (e.g. mackerels and some tuna species such as skipjack tuna)
do not possess a swim bladder or it is poorly developed (Popper et al. 2014; Bray & Schultz 2019a, 2019b),
indicating they are sensitive only to the particle motion component of sound at close range to a sound source.

Southern bluefin tuna, yellowfin tuna, bigeye tuna and billfish have swim bladders but have no apparent
specialist connection with the inner ear (Bertrand & Josse 2000; Song et al. 2006). The lateral line system
appears to feature in Scombroidei fishes, again indicating fishes are mainly sensitive to particle motion, but
some pressure detection is possible.

Song et al. (2006) discovered that the inner ears of bluefin tuna appear to be held rigidly in place by an
extensive network of connective tissue and the otoliths are enclosed in a thick cartilaginous wall. These
structural features of the ears are believed to be evolutionary adaptations to the heavy body mass of bluefin
tuna in order to protect its ear during rapid acceleration, high-speed changes in direction and during dives to
great depths (Song et al. 2006). It is possible that this adaptation may also be present in other large pelagic
species for the same reasons.

The relatively poor hearing abilities of tunas are also reflected in their relatively narrow bandwidth of hearing,
which detects only low frequencies (< 1 kHz) with greatest sensitivity at approximately 400 - 500 Hz and a
sharp drop off in sensitivity below approximately 200 - 400 Hz (depending upon the species), which are the
frequencies that most energy is produced by a seismic source (Iversen 1967; Finneran et al. 2000; Moein
Bartol & Ketten 2006; Song et al. 2006; Popper 1981; Popper et al. 2013; Dale et al. 2015).

Significantly, in relation to bluefin tuna, Song et al. (2006) concluded that:

“It is impossible to predict the effects of such sounds on tuna without direct experimentation. Based on the
likelihood that bluefin tuna do not have particularly good hearing, however, it is reasonable to suggest that for
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any sound to be detected by tuna, it would have to be very loud. Thus, fish would have to be close to even the
loudest anthropogenic sources (e.g. seismic air guns and sonar) in order for detection to take place.”

There is no definition given as to what range the authors consider to be “close”. However, the authors
conclude:

“Overall, it is reasonable to suggest that unless bluefin tuna are exposed to very high intensity sounds from
which they cannot swim away, short- and long-term effects may be minimal or non-existent. And, considering
that bluefin tuna are powerful swimmers and divers, it is possible that if they encounter a sound that is very
loud to them, they will move away from the sound rapidly enough to result in minimal exposure.”

Several papers provide details of the otoliths of swordfish (Beckett 1974), sailfish (Radtke 1981) and the blue
marlin (Radtke et al. 1982; Prince et al. 1991). These papers make the point that billfish otoliths are extremely
small and difficult to locate. A possible conclusion that can be drawn from this is that billfish, like bluefin tuna,
do not have particularly good hearing.

Popper et al. (2014) indicate that the potential for behavioural impacts in fishes that do not possess a swim
bladder or where the swim bladder is not directly linked to hearing 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). Based
on the available evidence, yellowfin tuna may have one of the most sensitive hearing capabilities of the
scombroid fish species, in that they can possibly detect pulsed sound with source levels of around 165 dB re 1
MPa at a maximum range of approximately 1 km (Finneran et al. 2000). On this basis, this species and other
species of tuna and billfish with swim bladders may be able to detect sound emissions from the seismic source
during the 2D seismic survey (source level of approximately 250 dB re 1 pyPa) at distances greater than 1 km
(e.g. a few kilometres). However, other tuna species and mackerels are likely to have poorer hearing
capabilities, hence they would potentially have to be closer than 1 km range to detect the particle motions of
seismic sound pulses and for a significant behavioural response to occur.

Therefore, the extent and duration of behavioural impacts to large pelagic fishes in the Operational Area is
likely to be similar or less than those predicted for demersal fishes. In addition, large pelagic mackerels, tuna
and billfish are highly transitory with mackerel undertaking longshore movements of tens to hundreds of
kilometres (Mackie et al. 2010; Bray & Schultz 2019a, 2019b), while tuna and billfish travel distances of
hundreds and sometimes thousands of kilometres on the continental shelf and in open ocean waters beyond
the continental shelf (AFMA 2018; Williams et al. 2018). Therefore, the transient nature of the seismic source
and the equally transient nature of scombroid fish species means that behavioural avoidance responses and
effects on distribution will be incidental, localised and of short duration by comparison.
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Evans et al. (2018) examined the distribution of seismic surveys and the distribution of juvenile southern
bluefin tuna in the Great Australian Bight based on an extensive multi-year dataset. Varying degrees of overlap
were noted, but it was not possible to distinguish if any changes in tuna behavior or distribution occurred that
were attributable to the seismic survey, given the broad scale of the data and the complexity and degree of
natural variability in fishes’ behavior. The study did note, however, that the broadscale annual migration and
aggregation of tuna into the Great Australian Bight continued despite the occurrence of seismic surveys.

In terms of spawning, the key pelagic species have the following spawning characteristics:

Spanish mackerel - Spanish mackerel congregate in coastal waters around reefs, shoals and headlands to
feed and spawn. Congregation in shallow waters may occur from approximately June onwards. The peak
spawning period is from September to December/January, with females producing a batch of eggs every
1-3 days throughout the spawning season. Batch fecundity is approximately 750,000 eggs per batch for a
10 kg female.

Grey mackerel - spawn in nearshore waters from approximately August to February, with a peak between
August and December. Females produce approximately 250,000 eggs per spawning event and will spawn
multiple times during the season.

Southern bluefin tuna - a single spawning ground is known for this species, located mainly in waters south
of Java, and hundreds of kilometres west of the Operational Area. Spawning mainly occurs from September
to April, with females spawning daily and producing 14-15 million eggs per spawning season.

Bigeye tuna - spawning occurs throughout the year in tropical waters and throughout their range, with
females producing 1.2-2.5 million eggs per spawning event every 2-3 days.

Yellowfin tuna - spawning occurs throughout the year in tropical waters, with peak spawning in summer.
Females spawn almost daily producing 0.2-8 million eggs per spawning event.

Skipjack tuna - spawning occurs throughout the year in tropical waters, with females spawning almost daily
to produce 0.8-2 million eggs per spawning season.

Broadbill swordfish - spawning occurs throughout the year in tropical waters, with females produce 1.2-2.5
million eggs every 2-3 days.

Striped marlin — spawning occurs in summer with females releasing eggs every few days, producing up to
120 million eggs per spawning season.

Black marlin — spawns from August to November, with females capable of producing 40 million eggs.
Indo-Pacific sailfish — spawning occurs throughout the year, peaking in summer.
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Given the high fecundity of these species, the high frequency of spawning events and the large areas over
which they occur, no discernible impacts are expected to occur to these stocks as a result of short-term,
localised and transient disturbances from the seismic source. Brief exposures of Spanish mackerel to the
seismic sound are not expected to hinder the movement of mackerels from mid continental shelf waters into
coastal waters in winter and spring, prior to spawning. As described in Section 7.1.7, the 2D seismic survey will
not occur during the months of June to October to avoid impacts to humpback whale calving aggregations.
Therefore, the 2D seismic survey will avoid the key months when mackerel begin to congregate in coastal
waters as well as the early months of the peak spawning period. It is possible that groups of spawning
mackerel could occur in the shallower parts of the Acquisition Area (e.g. Lynher Bank and parts of the Leveque
Rise) at the same time that the 2D seismic survey is undertaken (from November onwards), but occasional,
short-term and transient disturbances to groups of spawning fishes in these areas are not expected to have a
discernible impact, given the high frequency of spawning, the biological connectivity of the stocks across the
region and other natural variables.

It is acknowledged that scombroid and billfish species (and other predatory fishes) target smaller pelagic fishes
as prey and these small pelagic fishes form a significant portion of the fish biomass in the Kimberley region.
Some of these small pelagic fishes may be more sensitive to sound from the 2D seismic survey than the
scombroid fish species themselves and may exhibit a behavioural response and some level of avoidance over
several kilometres from the seismic source. Again, given the highly transient nature of the survey and pelagic
fishes, the impacts will be short-term and relatively insignificant. However, the behaviour of prey fish species
may be affected over greater distances than the larger predatory scombroid and billfish species, which may
indirectly result in the abundance and distribution of the larger species being affected over greater distances
than from direct disturbance alone.

Of the small pelagic fish species that are abundant in the Kimberley region, a number of baitfish are common
in shallow nearshore waters, including members of the family Clupeidae, such as pilchards, sardines and
herrings. Movements of these baitfish along the coast near Eighty Mile Beach, Roebuck Bay, Broome and the
Dampier Peninsula are thought to attract large predatory pelagic fish, such as mackerel, marlin and sailfish,
which are present throughout the year, but peak from June to September when productivity and baitfish
activity in the region are highest (Wright & Pyke 2010; Pepperell et al. 2011). Wright & Pyke (2010) indicate
that the key movements of these baitfish occurs within approximately 25 km of the coast, which is
approximately 35 - 40 km from the Acquisition Area at the closest point of approach. The key baitfish species
belong to the Clupeidae family, which has specialised hearing sensitivity. Given clupeid fishes’ high sensitivity
to sound pressure, they may be capable of detecting seismic pulses over long distances. For example, Slotte et
al. (2004) observed changes in the vertical position in the water column and potential changes in the migration

Document no.: 532-EXP-EP-001 Page 200
Security Classification: Public

Revision: 0
Date: 24 July 2019



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

and abundance of herring up to a maximum of 37 km from seismic survey lines. Conversely, Pefia et al. (2013)
did not observe any changes in the behaviour of herring schools even at 2 km from a seismic survey. However,
sound levels received in these coastal waters from the closest point of approach are predicted by the acoustic
modelling (McPherson et al. 2019; Appendix D) to be in the order of 120 - 130 dB re 1 pPa SPL and therefore
approaching ambient levels in coastal waters. Based on this, no significant behavioural response is expected.
As a worst-case, some baitfish schools may be aware of some distant seismic pulses for a brief period (i.e.
minutes) when the source is operating at the closest point of approach to their location and may momentarily
adjust their position in the water column, but the impact will be negligible. In addition, these baitfish and the
billfish that prey on them are most abundant in these waters between June and September, which is within the
June to October period that the 2D seismic survey is proposed to avoid, to prevent impacts to humpback whale
calving aggregations (Section 7.1.7). Therefore, exposure of key baitfish schools to seismic sound will be
largely avoided.

Sharks and rays

Shark and ray species are widely occurring in the NWMR. Species of conservation significance include whale
sharks, manta rays and mako sharks. Whale sharks migrate and forage along the continental shelf in this
region from September to November. A BIA is designated for these reasons, although whale sharks are
transient and there are no aggregation sites. The northern river shark and species of sawfish also occur in the
region, these are generally estuarine, with foraging nursing and pupping areas located nearshore, so sawfish
are unlikely to be present in the Operational Area.

Other key indicator shark species for fisheries in the region include sandbar shark, common blacktip shark,
Australian blacktip shark, and spot-tail shark. Other species, including but not limited tiger sharks and
hammerhead sharks, will also be present.

Sharks and rays (elasmobranchs) are considered to be less sensitive to sound pressure than bony finfish
(McCauley 1994). Studies show that elasmobranchs may detect low frequency sound from 50 Hz to 500 Hz
(Myberg 2001; Hawkins & Popper 2012). The inner ears of sharks and rays possess some similar but more
primitive auditory structures to finfish, with the addition of the macula neglecta, which is a non-otolithic
detector composed of two large patches of sensory epithelium and covered in a gelatinous cupula that is
similar to the cupula found in the lateral line hearing organs in bony fish (Myrberg 2001; Casper 2011; Carroll
et al. 2017). Such structures provide the ability to sense acoustic particle motion via direct inertial stimulation
(Carroll et al. 2017). As elasmobranchs lack a swim bladder it is thought that they have a relatively poor
sensitivity to sound pressure and are mainly capable of detecting the particle motion component of sound
(Myrberg 2001; Casper et al. 2012).
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As such, sharks and rays fall within the category of fishes that Popper et al. (2014) indicate have a high
likelihood of behavioural disturbance in the near-field (tens of metres), moderate at intermediate distances
(hundreds of metres) and low in the far field (thousands of metres).

Shark species are highly vagrant and naturally cover large distances. As such, short-term exposures from the
transient seismic source is expected to result in only localised behavioural responses and movements of
sharks. The research by Bruce et al. (2018), which tagged two shark species and monitored their movements
in response to a seismic survey in Australian waters noted that both control sharks and exposed sharks moved
freely in and out of the study area which did not indicate any changes in behaviour or distribution as a result of
seismic sound exposure.

Whale sharks may be momentarily disturbed during foraging but will not be displaced from their foraging
habitat.

Potential for disturbance to reproduction and pupping is also expected to be limited given the localised and
short-term disturbances. The pupping and nursery grounds for many species, including blacktip sharks and
spot-tail sharks, are located in shallow nearshore waters (Compagno 2001; Knip et al. 2010; Harry et al. 2013;
Welch et al. 2014) where they will not be disturbed by the 2D seismic survey. Sandbar shark pupping and
juveniles primarily occur in cooler temperate waters on the west coast of WA, rather than in the tropical waters
of the Kimberley. Therefore, impacts to shark species are expected to be insignificant.

Coral reef fish assemblages

As described previously, the high diversity of fish species (many of them site-attached) that inhabit coral reefs
in the region are located at coral reefs outside of the Operational Area at distances where fish will not
experience any injury or hearing impairment impacts. The acoustic modelling of the sound source in locations
relevant to the various coral reefs (McPherson et al. 2019; Appendix D) indicates that the following sound
pressure levels may be received at the coral reefs for a short period during the closest point of approach of the
operating seismic source, including during run-ins and run-outs when the source may be operated beyond the
Acquisition Area boundary:

e Scott Reef — 150-160 dB re 1 pyPa SPL at a distance of approximately 15 km

e Browse Island fringing reef - 150-160 dB re 1 yPa SPL at a distance of approximately 10 km

e Beagle Reef - 150-160 dB re 1 pPa SPL at a distance of approximately 10 km (the seismic source will not
be operated closer to Beagle Reef than the boundary of the Acquisition Area, due to the presence of the
Kimberley Marine Park National Park Zone)
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e Adele Island fringing reef — 140-150 dB re 1 yPa SPL at a distance of approximately 17 km (the seismic
source will not be operated closer to Adele Island than the boundary of the Acquisition Area, due to the
presence of the Kimberley Marine Park Habitat Protection Zone)

e Lacepede Islands fringing reef - 110-120 dB re 1 yPa SPL at a distance of approximately 60 km.

Even if the source were to be operated at full volume at the boundary of the Operational Area, these coral
reefs are located over 5 km from this boundary as a minimum and so the received sound levels would be below
approximately 166 dB re 1 yPa SPL in any case.

At these distances and sound levels, it is likely that many fishes will not be able to detect the seismic pulses.
Some more sensitive species of fishes, particularly pomacentrid and holocentrid fishes (such as damsel fishes,
clown fishes, soldierfishes and squirrelfishes), which have a specialised connection between their swim
bladders and their inner ears, may be able to detect the sound pressures for a short period (i.e. less than an
hour) while the vessel passes at the closest point of approach and moves away again, but worst-case
behavioural responses will be minor at these sound levels, potentially resulting in a short-term change in
vertical position in the water column or retreating into the structure of the reef. In comparison, the Woodside
Maxima 3D MSS, which was undertaken within Scott Reef lagoon, resulted in such behaviours when operating
at distances as little as a few hundred metres from reef fishes and no significant decreases were detected in
the diversity and abundance of both the sound pressure-sensitive pomacentrids and non-pomacentrid fishes
following the survey (Woodside 2011; Miller & Cripps 2013). Therefore, even given the conservatism applied in
the above assessment of the 2D seismic survey, the impacts of such minor levels of behavioural response in
reef fishes over the distances identified will be insignificant and the abundance and diversity of these coral
reef-associated fish assemblages will be protected.

Overall, the predicted worst-case impacts to fishes resulting from the 2D seismic survey are:

e potential injury to a small number of fishes in the immediate vicinity of the seismic source, but only in the
unlikely event that the seismic source commences operation suddenly at full power without opportunity for
fishes to avoid increasing sound levels (i.e. no soft-start management measures);

e a low level of TTS in some fishes if they do not actively avoid the approaching seismic source, although
recovery is likely to occur quickly (within 24 hours or less) and the potential for such effects to have
significant implications on the fishes’ fitness and survival is low;

e temporary changes in behaviour ranging from changes in vertical position in the water column to startle
responses and avoidance, although behaviours may return to normal within minutes or hours in most cases;
and
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e localised disruption to individual groups of spawning fishes within a few kilometres of the operating seismic
source, but this is not expected to have a detrimental population level impact given that spawning and
stock connectivity occurs over large geographic areas, over several months, involves the production of
millions of eggs over multiple spawning events, and shows extremely high natural variation.

The consequence of these local scale and short-term impacts, which will affect a small proportion of fish
populations at a time, is considered to be Minor (E).

Identify existing design and safeguards/controls measures

The seismic source levels will be limited to the minimum required to achieve the objectives of the survey. The seismic source
specification will be verified prior to commencement of the 2D seismic survey (Section 7.1.3).

Propose additional safeguards/control measures (ALARP Evaluation)

to reduce potential impacts to fishes

Hierarchy of control | Control measure Used? | Justification
Elimination None identified No The 2D seismic survey cannot be achieved without using a
seismic source. Elimination of the seismic source is not
possible.
Substitution Apply to NOPTA to vary the work Yes INPEX has identified an opportunity to substitute parts of
commitment of the 2D seismic the Acquisition Area with existing 3D seismic data.
survey and reduce the number of Licensing and reprocessing of existing seismic data that has
line kilometres, thereby reducing the previously been acquired in the area may allow INPEX to
spatial and temporal footprint of the reduce the extent and duration of the survey.
survey.
Use alternative seismic technologies | No Alternative technologies such as ‘eSource’ and ‘e-seismic’

have been considered. These technologies are relatively
new technologies which are designed to limit the
component of sound levels at frequencies higher than the
frequencies essential for seismic exploration. The higher
frequency components of the sound can be harmful to
fishes at very high intensities (i.e. close to the source).
Presently, however, there is only one vessel globally with
the eSource capability and it is currently impossible to

Document no.: 532-EXP-EP-001
Security Classification: Public

Revision: 0
Date: 24 July 2019

Page 204



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

commit to a single seismic operator at this stage. To
replace or update the seismic array on another vessel would
cost in the order of US$2 million for the new hardware.

Marine vibroseis is another emerging technology that may
reduce sound output but currently, this technology is not
widely or commercially available.

Given the free-swimming nature of fishes typical of the
Operational Area (i.e. no significant site-attached
assemblages are expected), the potential for injury or
impairment to fishes is already very low. Therefore, the
identified alternative technologies may have limited
environmental benefit and would attract a commercial and
financial cost that is not justified.

Engineering

Design the acquisition line plan to
exclude the Ancient coastline at the
125 m depth contour and the
Continental slope demersal fish
communities KEFs where relatively
diverse fish assemblages are
expected to occur and may spawn at
certain times of year.

No

INPEX has given consideration to the exclusion or reduction
of acquisition lines in order to minimise impacts to demersal
fish assemblages. This included considering if existing
legacy data can be used instead of undertaking new seismic
data acquisition. Unfortunately, any legacy data that is
available that INPEX has not already accounted for, is old
and of too poor a quality to be able to evaluate the
subsurface geology at the required depths.

Excluding survey lines or increasing line spacing would also
result in significant loss of data quality in areas that are
important for evaluating the potential of hydrocarbon
targets.

It is impracticable to identify the exact locations of rock
outcrops or other habitat where demersal fish may spawn
(e.g. using multibeam echosounder and side-scan sonar
equipment). This would involve extensive and costly survey
or scouting work over many months. Even then, the
locations of spawning events are impossible to predict. This

Document no.: 532-EXP-EP-001
Security Classification: Public

Revision: 0
Date: 24 July 2019

Page 205



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

option is impracticable and, given the already low level of
risk to populations as a result of short-term disturbances,
this achieves a very limited environmental benefit. The
costs are grossly disproportionate to the relatively limited
risk posed to fishes.

Reduce seismic source volume and
acoustic output

No

The proposed ~3,000 cubic inch seismic source volume has
been determined based on a detailed feasibility study as the
volume necessary to achieve the objectives of the 2D
seismic survey, considering the depth of the seismic targets
and the characteristics of the underlying geology.

Reduction of the seismic source would need to be significant
for it to make a material difference to the horizontal sound
propagation footprint, for example, halving the source
volume does not equate to halving the impact footprint.

Therefore, reducing the source output would result in
significant loss of seismic data. Using a reduced source only
in particular areas also creates complications switching to
lower volume/ turning off some elements mid-acquisition.
This would require these areas to be acquired separately,
therefore increasing the duration and cost of survey, as well
as introduce post-processing complexities when combining
the data from different sources.

This option is, therefore, impracticable and achieves a very
limited environmental benefit. The costs to INPEX in terms
of data loss would be grossly disproportionate to the
relatively limited risk posed to fishes.
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Procedures &
administration

Soft-start procedures to provide Yes Soft-start procedures, involving the gradual ramp up of the
receptors with advanced opportunity seismic source to full power over a period of 30 minutes,
to move away from the seismic will provide fish with the opportunity to move away from
source. the seismic source and avoid injury, which could otherwise
occur if the seismic source was started at full volume.
Soft-start procedures will already be implemented in
accordance with EPBC Policy Statement 2.1 for cetaceans.
Schedule seismic acquisition to avoid | No The proposed schedule and temporal window for the 2D

key fish spawning periods

seismic survey has been determined taking into account:

the timing of key environmental and socio-economic
receptors

the hearing ability and sensitivity of those receptors to
sound from the seismic survey

the proximity of sensitive habitat areas to seismic survey
areas

the species distribution and range

the level of overlap (in space and time) by the 2D seismic
survey with important habitats and life stages of sensitive
species

species vulnerability / conservation status

the 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 November to May (inclusive) in any year covered
under this EP, to avoid the period when humpback whales
are present in the Kimberley region for calving, nursing and
resting. This was based on the species’ high sensitivity to
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low frequency sound and the potential for significant risks if
this key life stage were to be disturbed over weeks or
months. Seasonal avoidance of key turtle internesting
habitats will also be implemented at other times of the
year.

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. Groups of
spawning fishes may be disturbed for short periods when
the seismic source is passing within hundreds of metres or
several kilometres of their location, depending on the
species (compared with resting adult and calf humpback
whales, which may be aware of the sound for more
extended periods or recurringly from seismic survey
operations up to many tens of kilometres away).

The spawning periods of the many different key indicator
fish species for the commercial fisheries in the region
extend throughout the entire year but can vary significantly
between species. Some species spawn for most of the year.

Some fish species reproductive behaviours are less likely to
be disturbed by the 2D seismic survey than others. For
example, Spanish mackerel congregate to spawn in
nearshore waters and the Acquisition Area largely avoids
these areas. Shark pupping and nursery habitat in
nearshore waters is also avoided. Many tuna and billfish
species spawn throughout the year, over thousands of
kilometres, and these species have limited sensitivity to
sound so these stocks are not expected to be impacted.

The peak spawning periods of some demersal fish species
will be partly or fully avoided, including blue spotted
emperor (peaking July to March), Rankin cod (peaking
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August to October), and one of two peak spawning periods
of red emperor (September to November). However, it is
not possible to avoid the peak spawning periods of all
demersal fish species, many of which spawn from
September/October through to May, including goldband
snapper.

Goldband snapper, a key species targeted by the NDSMF,
spawn consistently between September/October and May.
The early peak spawning months of September and October
will be avoided. However, the peak spawning period is
approximately the opposite time of year as the period to be
avoided for humpback whales.

As noted in the above consequence assessment, occasional
localised disturbances of groups of spawning demersal and
pelagic fishes may occur, but this is not expected to have a
significant impact on the stocks, due to their high fecundity
(each female producing millions of eggs per season or per
spawning event); the occurrence of multiple spawning
events over extended spawning seasons (many months);
and the stocks’ biological connectivity through recruitment
from across the region. Multiple and broadcast spawning
strategies, by their very nature, are carried out by fishes to
spread the naturally high risk of mortality and maximise the
potential opportunity for egg and larval survival over large
areas and long timeframes. The predicted minor
consequence and low risk of the 2D seismic survey to fish
stocks means that avoidance of fish spawning periods
would provide negligible environmental benefit at a
disproportionate cost. Therefore, this option is not
considered practicable.

Document no.: 532-EXP-EP-001
Security Classification: Public

Revision: 0
Date: 24 July 2019

Page 209



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

Identify the likelihood

With the above described soft-start control in place, the potential for injury and hearing impairment in fishes is substantially
reduced. Injury and mortality in particular are expected to be prevented. Behavioural impacts are still expected to occur. The
likelihood of localised and short-term impacts to fish behaviours and spawning, with Minor consequences, is considered Likely (2).

Residual risk summary

Based on a consequence of Minor (E) and a worst-case likelihood of Likely (2) the residual risk is Moderate (6).

Consequence Likelihood Residual risk

Minor (E) Likely (2) Moderate (6)

Assess residual risk acceptability

Legislative requirements

N/A - There are no legislative requirements applicable to managing the effects of seismic surveys in relation to fishes.
Stakeholder consultation

Feedback was received by the WA DPIRD, WAFIC and commercial fisheries licence holders (Table 5-4) highlighting the concerns
the fishing industry has about the potential impacts of seismic to commercial fish stocks, including impacts to spawning,

recruitment and to the food chain. These concerns have been considered in this EP through the implementation of a series of
controls and demonstration that impacts will be managed to ALARP and acceptable levels.

Australian marine park values, objectives and zone rules
Consistent with the requirements of the North-west Marine Parks Network Management Plan 2018:

e The proposed activity will be managed in a manner that is consistent with the zone rules applicable to the Kimberly AMP. No
operation of the seismic source will occur in the Habitat Protection Zone or the National Park Zone.

¢ No significant or long-term impacts are expected to occur to the demersal and pelagic fish communities that form part of the
ecosystem and KEF values of the Kimberley AMP.

e No significant or long-term impacts are expected to occur to key habitats of EPBC Act listed species included as values of the
Kimberley AMP, including foraging habitat for whale sharks.
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e The proposed activity will be managed in a manner that is consistent with the Multiple Use Zone objective to provide for
ecologically sustainable use and the conservation of ecosystems, habitats and native species.

e The proposed activity will be managed in a manner that is consistent with the Habitat Protection Zone objective to provide for
the conservation of ecosystems, habitats and native species in as natural a state as possible, while allowing activities that do
not harm or cause destruction to seafloor habitats. No operation of the seismic source will occur in the Habitat Protection Zone,
and the ecosystems, habitats and native species within the Habitat Protection Zone will also be conserved in a natural state.

e The proposed activity will be managed in a manner that is consistent with the National Park Zone objective to provide for the
protection and conservation of ecosystems, habitats and native species in as natural a state as possible. No operation of the
seismic source will occur in the National Park Zone, and the ecosystems, habitats and native species within the National Park
Zone will also be conserved in a natural state.

e The proposed activity will be managed in a manner that is consistent with the overarching objectives of the North-west Marine
Parks Network Management Plan 2018, which provide for the ecologically sustainable use of the natural resources within marine
parks in the Northwest Network, where the biodiversity and other natural, cultural and heritage values are protected and
conserved.

Further detail is provided in Section 7.2.5.

Conservation management plans / threat abatement plans

Several conservation management plans have been consulted in the development of this EP. However, none of the recovery plans
or conservation advice documents are relevant to the effects of seismic or other anthropogenic noise on fish assemblages. In
recognition of the Conservation Advice for Whale Sharks, the proposed soft-start control minimises the potential for impacts to
whale sharks and this species is not expected to be prevented from foraging within the BIA or displaced along their migration
route.

INPEX has also considered Department of Fisheries (2013) guidance and WA DPIRD’s recently published ecological risk assessment
of seismic impacts to marine finfish and invertebrates (Webster et al. 2018) during this assessment.

ALARP summary

Given the level of environmental risk is assessed as Moderate, a detailed ALARP evaluation was undertaken to determine what
additional control measures could be implemented to reduce the level of impacts and risks. No additional controls, beyond those
identified during the detailed ALARP assessment can reasonably be implemented to further reduce the risk of impact.
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Acceptability summary

because:

e the activity demonstrates compliance with legislative requirements/industry standards;
e the activity takes into account stakeholder feedback;

e the activity is managed in a manner that is consistent with Australian Marine Park management objectives for ecologically
sustainable use and the protection of marine park values;

e the activity is managed in a manner that is consistent with the intent of conservation management documents;
e the activity does not compromise the relevant principles of ESD; and

e the predicted level of impact does not exceed the defined acceptable level in that the environmental risk has been assessed as
“Moderate”, the consequence does not exceed “C - Significant” and the risk has been reduced to ALARP.

Based on the above assessment, the proposed controls are expected to effectively reduce the risk of impacts to acceptable levels

Environmental
outcomes

performance

Environmental
standards

performance

Measurement criteria

Responsibility

Reduce the effects of seismic
data acquisition by substituting
planned acquisition lines with
existing seismic data, where
practicable.

Prior to commencement of the 2D
seismic survey, INPEX will submit an
application to NOPTA to vary the work
commitment of the 2D seismic survey
and, if approved by NOPTA, will
reduce the number of line kilometres
to be acquired.

Record of correspondence
demonstrates request for
variation to title submitted to
NOPTA.

If variation to title is granted by
NOPTA, documentation
demonstrates that the 2D
seismic survey acquisition line
kilometres have been reduced.

INPEX Exploration
Project Manager

Undertake seismic acquisition
in @ manner that prevents
injury and population/stock
level impacts to fishes resulting
from seismic sound emissions.

Soft start procedures will be
conducted in accordance with Part A
of EPBC Policy Statement 2.1,
specifically, the seismic source will
commence operating at low power
and will increase to full power over a
period of 30 minutes.

Marine Fauna Observer (MFO)
report confirms that soft start
procedures were conducted.

MFO
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7.1.7

Underwater noise and vibration - Marine mammals

Receptor sensitivity to sound and sound exposure thresholds

Cetaceans are considered to include some of the most sensitive species to underwater
sound. Cetaceans utilise their highly sensitive acoustic senses to monitor their environment
and for communication, socialising, breeding and foraging. Dugongs are also able to hear
low frequency sound but are generally considered to be less sensitive to sound than
cetaceans.

Potential hearing impairment

The hearing sensitivity and acoustic thresholds for potential hearing impairment in marine
mammals have been the subject of various comprehensive reviews of the available
scientific literature by groups of internationally-recognised experts in the subject (e.g.
Southall et al. 2007, 2019; Finneran 2015, 2016; U.S. NMFS 2016, 2018).

Southall et al. (2007) was the first of these studies to categorise three functional hearing
groups based on the frequency hearing ranges of cetaceans (low, mid and high-frequency).
Low-frequency cetaceans (LFC), generally comprising mysticetes (baleen whales), such as
humpback whales and blue whales, are able to hear sound within a frequency range of a
few Hz to a few tens of kHz, which coincides with the frequency range of impulsive seismic
signals. Mid-frequency cetaceans (MFC), including odontocetes (toothed whales) such as
dolphins and sperm whales, and high-frequency cetaceans (HFC) such as porpoises and
some specialised dolphin and whale species, are considered to have their peak hearing
sensitivity at frequencies greater than several kHz. Therefore, MFC and HFC are less
sensitive to low frequency seismic signals, although some sound is still audible to them.

Southall et al. (2007) developed sound exposure thresholds for permanent threshold shift
(PTS) and temporary threshold shift (TTS) in marine mammals exposed to seismic sources.
PTS and TTS are shifts in an animal’s hearing threshold as a result of prolonged and/or
intense sound. It should be noted that PTS effects in marine mammals are theoretical and
have never been known to occur in either captive or wild animals. The thresholds proposed
by Southall et al. (2007) comprised dual metric criteria, requiring consideration of both the
instantaneous peak pressure (PK) and the sound exposure level accumulated over a 24-
hour period (SEL24hr). The SEL24hr thresholds proposed by Southall et al. (2007) were
frequency weighted according to the three functional hearing groups (LFC, MFC and HFC)
(m-weighting).

The TTS sound exposure threshold developed by Southall et al. (2007) (183 dBre 1 pPa2.s)
was subsequently used by the Australian government to derive a single-pulse SEL exposure
threshold of 160 dB re 1 pPa2.s for 95% of seismic pulses at a 1 km range, as specified in
EPBC Policy Statement 2.1 - Interaction between offshore seismic exploration and whales
(EPBC Policy Statement 2.1) (DEWHA 2008a). The Commonwealth (DEWHA 2008a)
threshold is used by industry and regulators in Australia for the assessment of impacts
from seismic activities and to determine appropriate mitigation zones to minimise the
likelihood of TTS in mysticetes and large odontocetes.

More recently, U.S. Navy technical reports by Finneran (2015, 2016) proposed new
auditory weighting functions and the U.S. NMFS (2016, 2018) undertook a comprehensive
review of PTS and TTS dual metric criteria for marine mammals and revised the threshold
criteria for each frequency-weighted functional hearing category of cetacean. M-weighting
curves, as per Southall et al. (2007), are no longer used but replaced by more accurate
auditory weighting functions reflecting the increased knowledge about hearing-related
parameters for various species of the different functional hearing groups. The revised
criteria for cetaceans and sirenians (dugongs and manatees) now recommended by U.S
NMFS (2018) are presented in Table 7-12. The criteria represent the levels at which a 6
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dB threshold shift in hearing will begin to occur either permanently (PTS) or temporarily
(TTS).

Southall et al. (2019) also revised the Southall et al. (2007) marine mammal sound
exposure criteria. The PTS and TTS exposure criteria in U.S. NMFS (2018) and Southall
(2019) are identical. The auditory weighting functions for the different functional hearing
categories are also identicall supporting the most recent (U.S. NMFS 2018) criteria.

Although outside of the scope and jurisdiction of the U.S. NMFS (2018) report, auditory
weightings and PTS/TTS threshold criteria are also defined by U.S. NMFS (2018) and
Southall et al. (2019) for sirenians (dugongs and manatees). The auditory hearing range
of sirenians is sensitive to a slightly lower and narrower range of frequencies than mid-
frequency cetaceans (U.S. NMFS 2018; Southall et al. 2019).

The EPBC Policy Statement 2.1 (DEWHA 2008a) criteria has been evaluated in this EP when
considering potential control measures to mitigate TTS, with consideration also given to
the more recently proposed U.S. NMFS (2018) threshold criteria for PTS and TTS in
cetaceans and dugongs (Table 7-12).

Table 7-10 TTS and PTS dual metric criteria for cetaceans and dugongs exposed to
impulsive sound (U.S. NMFS 2018; Southall et al. 2019)

Functional hearing category | PTS TTS

Low-frequency cetaceans

(Generalized hearing range PK: 219 dB re 1 pPa PK: 213 dB re 1 pPa

from 7 Hz to 35 kHz, but Frequency-weighted Frequency-weighted SEL24hr:
mainly sensitive between SEL24nr: 183 dB re 1 yPa%.s|168 dB re 1 pPa?.s

200 Hz and 19 kHz)

Mid-frequency cetaceans

(Generalized hearing range PK: 230 dB re 1 pPa PK: 224 dB re 1 pPa

from 150 Hz to 160 kHz, but Frequency-weighted Frequency-weighted SEL24nr:

mainly sensitive between 8.8 SEL24nr: 185 dB re 1 pPa2.s|170 dB re 1 pyPa?.s
kHz and 110 kHz)

High-frequency cetaceans
. . PK: 202 dB re 1 pPa PK: 196 dB re 1 pPa
(Generalized hearing range

from 275 Hz to 160 kHz, but Frequency-weighted Frequency-weighted SEL24nr:
mainly sensitive between 12 SEL24nr: 155 dB re 1 pPa%.s|140 dB re 1 pPa?.s
kHz and 140 kHz)

Sirenians (dugongs)

(Hearing range potentially from [PK: 226 dB re 1 pPa PK: 220 dB re 1 pPa
~250 Hz to >60 kHz, but
mainly sensitive between 4.3
kHz and 25 kHz, with peak
sensitivity around 8 kHz)

Frequency-weighted Frequency-weighted SEL2a4nr:
SEL24nr: 190 dB re 1 pPa?.s|175 dB re 1 pPa?.s

! The auditory weighting functions and the different functional hearing categories of cetaceans are identical in
both U.S. NMFS (2018) and Southall et al. (2019). However, each uses slightly different terminology. The LFC,
MFC and HFC categories described in U.S. NMFS (2018) are termed LFC, HFC and very high frequency
cetaceans (VHFC), respectively in Southall et al. (2019). Southall et al. (2019) explain that, pending further
knowledge and future studies, it may be possible to reassign some species to new functional hearing groups,
MFC and very low frequency cetaceans (VLFC). However, based on the current latest knowledge, the three
existing hearing categories reflect the most up to date knowledge. To avoid confusion, the U.S. NMFS (2018)
hearing categories (LFC, MFC and HFC) continue to be used throughout the assessment in this EP.
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Behavioural response

The context of sound exposure plays a critical and complex role in behavioural responses
in marine mammals (Gomez et al. 2016). For example, different species (and different
individuals or groups within a species) may respond differently to varying levels of sound
depending on their behaviours and motivation at the time (e.g. foraging, socialising,
resting and reproduction) and other factors such as the type of sound, duration of
exposure, and the suddenness of the onset of the received sound (Gomez et al. 2016).
Currently, there are no specific received level thresholds for reliably assessing or regulating
stress responses. Impact assessment is primarily focussed on responses that may impact
survival, lead to significant life stage impacts or displacement from biologically important
areas, so a threshold for behavioural disturbance based on cetacean avoidance reactions
to seismic is more commonly adopted as a proxy for such effects (Gomez et al. 2016).

Cetaceans have been observed to exhibit varying behavioural responses (ranging from, for
example, momentary pauses in vocalisations and changes in body orientation, to changes
in travel direction and behavioural avoidance) to received SPLs of 140 and 180 dB re 1 pPa
and as low as 110 dB re 1 yPa in some instances (Southall et al. 2007; Gomez et al. 2016).
Higher received levels are not always associated with stronger behavioural responses and
vice versa, and a clear dose-response relationship has not been identified (Southall et al.
2007; Gomez et al. 2016). In addition, a behavioural response does not necessarily equate
to a significant avoidance or deviation in cetacean movements that would actually displace
individuals or the population from the wider area.

Humpback whales have been demonstrated to have variable responses to seismic noise.
Malme et al. (1985) reported feeding humpback whales responded to levels of 150-169
dB re. 1 yPa. McCauley et al. (1998) observed that migrating and feeding humpback whales
showed behavioural responses at received SPLs of 150 - 170 dB re 1pyPa. McCauley et al.
(2000, 2003) note that some resting female humpback whales with calves display
avoidance reactions at approximately 140 dB re 1 pyPa SPL, though other cohorts reacted
at higher levels (157-164 dB re 1 yPa SPL) and some males were even attracted towards
the seismic source at received levels up to 179 dB re 1 pPa SPL.

Malme et al. (1984, cited in Southall et al. 2007) observed behavioural responses in groups
of migrating gray whales in response to 140 - 180 dB re 1 yPa SPL during three decades
of seismic survey activity off the coast of California. Gisiner (2017) notes that during the
same period of the Malme et al. (1984) study, the same gray whale population increased
dramatically in number from 2,000 to 26,000 animals, and whatever response there was
by the gray whales to that seismic survey activity, it apparently had little to no discernible
impact on gray whale survival or reproduction.

Malme et al. (1988) found that feeding gray whales in the Bering Sea exhibited onset of
feeding interruption around received levels of 163 dB re 1 yPa SPL and that about half of
the whales stopped feeding and moved away at received levels averaging 173 dB re 1 pPa
SPL.

Richardson et al. (1999) observed migrating bowhead whales show a strong avoidance
reaction to lower SPLs of 120 - 130 dB re 1 yPa. However, bowhead whales were found to
be more tolerant of seismic noise while they were feeding and remained in the area until
levels exceeded 160 dB re 1uPa (Richardson et al. 1986; Miller et al. 2005).

Dunlop et al. (2017) reported that migrating humpback whales were likely to deviate from
their course within 3 km of a small volume seismic source, in response to a received SEL
of 140 dB re 1 yPa2.s (approximately 156 dB re 1 pPa SPL). However, the relationship
observed between dose and response was not a simple one. The reported deviations were
typically short term and localised. The average deviation from the operating sound source
was approximately 500 m, only 100 m (£75 m) further from the sound source than when
whales were observed avoiding the vessel without the seismic source operating (Dunlop et
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al. 2017; Gisiner 2017). Maximum deviations were 1,500 m to 1,800 m; however, this
larger deviation involved the group of whales approaching the source (potentially out of
curiosity), not avoiding it, and therefore, a reported change in movement behaviour did
not necessarily result in avoidance of the source (Dunlop et al. 2017; Gisiner 2017). Such
small and inconsistent deviations are generally insignificant within the larger context of a
migration that occurs over months and thousands of kilometres (Gisiner 2017).

U.S. NMFS and NOAA have recommended behavioural response criteria of 160 dB re 1 pPa
(unweighted) SPL for a likely significant behavioural response from cetaceans (U.S NMFS
& NOAA 1995; U.S. NMFS 2014).

Wood et al. (2012) proposed alternative SPL behavioural response thresholds, based partly
on the U.S. NMFS and NOAA 160 dB re 1 pPa (unweighted) SPL, but with a key difference
being that a frequency weighting was applied to the proposed threshold estimates. The
thresholds proposed for most cetaceans were based on a graded probability of response
for most cetaceans, as follows:

o low response potential (10% of individuals in a group) at an SPL of 140 dB re 1 pPa

. medium response potential (50% of individuals in a group) at an SPL of 160 dBre 1
uPa

o high response potential (90% of individuals in a group) at an SPL of 180 dB re 1 pPa.

For more sensitive life stages/behaviour modes, Wood et al. (2012) adopted a protective
and precautionary approach, whereby SPLs of 120, 140 and 160 dB re 1 pPa represented
the 10%, 50% and 90% response levels in a group. The adopted levels were based on
studies were cetaceans were observed to change behaviour in response to a number of
different sound sources, including continuous vessel noise and naval sonar, rather than
impulsive seismic sound. Therefore, the graded thresholds proposed by Wood et al. (2012)
may be conservative and the lower referenced sound levels may not actually elicit any
notable or discernible response to impulsive seismic sound.

The behavioural response thresholds applied in the assessment of sound effects to marine
mammals are presented in Table 7-11. The U.S. NMFS (2014) 160 dB re 1 pyPa SPL
threshold is selected as the level at which some significant behavioural responses may
occur, such as avoidance by migrating and transient animals. This is broadly representative
of the majority of observations reported in the literature cited above. In the risk
assessment, the threshold has been applied to unweighted sound levels, as per U.S. NMFS
(2014), but the acoustic modelling commissioned by INPEX has also looked at response
levels weighted according to the functional hearing of LFCs, which is more biologically
relevant to these species. It is stressed that while these levels are considered in the
assessments to provide an indication of behavioural response, such behaviours do not
necessarily equate to a material impact in the context of broader distributions, migration
routes, feeding areas or other life stage behaviours.

Recognising the potential for humpback whale calving, resting and nursing to occur
seasonally in the Kimberley region, INPEX has also identified more precautionary impact
thresholds for these key life stages. Noting that pods with cows and calves in north-western
Australia were observed by McCauley et al. (2000, 2003) to swim strongly and avoid
seismic noise at received SPLs of 140 dB re 1 uPa, this is considered representative of
potential avoidance response by these animals. However, it is acknowledged that lower
sound levels may also result in some level of disturbance. Therefore, as a precaution, the
potential for behavioural impacts during resting, calving and nursing in response to lower
levels of 120 - 140 dB re 1 yPa are also discussed in the assessments, noting that 120 dB
re 1 yPa SPL may be at or approaching ambient background noise levels in coastal
environments (see below).

Sirenians are generally considered to be less sensitive to sound than cetaceans, including
lower frequency sound (Gerstein et al. 1999), although behavioural response thresholds
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for cetaceans and other marine mammals have previously been applied to assess the
potential behavioural effects to sirenians (e.g. Finneran & Jenkins 2012). Therefore, for
the purposes of his assessment, the same 160 dB re 1 yPa SPL behavioural response
criteria proposed by U.S. NMFS (2014) for cetaceans is also applied for dugongs.

Table 7-11 Marine mammal behavioural response thresholds

Marine mammal category Behavioural response thresholds

Potentially significant behavioural response /

Migrating and feeding cetaceans avoidance: 160 dB re 1 pPa SPL

Potential avoidance: 140 dB re 1 pPa SPL
Resting, calving and nursing

cetaceans Low-level disturbance: 120 - 140 dB re 1 pPa
SPL
Dugongs 160 dB re 1 pyPa SPL
Masking

Acoustic masking may occur when a noise impedes the ability of an animal to perceive a
signal (Wood et al. 2012; Erbe et al. 2016). For this to occur the noise must be loud
enough, have similar frequency content to the signal, and must happen at the same time
(Wood et al. 2012). The sound generated by seismic surveys comprises brief, low
frequency pulses (in the order of tens of milliseconds), occurring several seconds apart. At
great distances from the seismic source, sound levels will be quieter, but transmission of
the sound via multiple pathways (water, seabed) and reverberation mean that the pulse
duration increases and can be greater than 1 second in length. However, given the short
pulse duration relative to the duration of marine mammal vocalisations (several seconds
to several minutes or longer), marine mammals are likely to be able to detect calls in
between seismic pulses, despite some acoustic features of these vocalisations potentially
being obscured (Wood et al. 2012). The short, intermittent pulse duration relative to the
8-second source point interval proposed for the 2D seismic survey means that the potential
for masking is limited.

In addition, Wood et al. (2012) and Erbe et al. (2016) highlight studies that have
documented masking compensation strategies (responses the animals use to overcome
the masking effects of anthropogenic or natural noise disturbances). For example, in
response to anthropogenic noise, humpback whales have increased the duration of their
calls (Miller et al. 2000), right whales have altered the pitch of their calls (Parks et al.
2007), and blue whales have called more or less often (Di lorio & Clark 2009).

Currently, there are no specific received level thresholds for reliably assessing or regulating
masking responses to seismic noise (Gomez et al. 2016). However, the potential impacts
of masking and changes in vocalisations in relation to key life stages are considered in the
risk assessment.
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Table 7-12: Impact and risk evaluation - underwater noise and vibration — marine mammals

Identify hazards and threats

Without adequate control measures in place, high intensity impulsive sound emitted from the seismic source has the potential to
impact marine mammals in the following ways:

hearing impairment, including permanent threshold shift (PTS) or temporary threshold shift (TTS)

behavioural disturbance and masking impacts.

Potential consequence Severity

Summary of receptors Significant (C)

As described in Section 4.8, a number of different marine mammal species may occur in the region, including:

e humpback whales, which migrate to the Kimberley region for resting, calving and nursing between June
and October;

e pygmy blue whales, which migrate north along the continental slope between approximately April and June,
with the return southern migration between September and November;

e inshore dolphin species, which breed and forage in the coastal waters of the Kimberley year-round; and

e dugongs, which forage in the coastal waters of the Kimberley year-round.

A number of other cetacean species, such as sei, fin, Bryde's and sperm whales and orcas may also occur in

the region from time to time, but the Operational Area and surrounding waters are not identified as significant
habitat for these species.

Evaluation of potential consequence

The maximum horizontal distances (Rmax) at which sound levels predicted by modelling (McPherson et al.
2019; Appendix D) may exceed the U.S. NMFS (2018) thresholds for PTS and TTS are presented in Table 7-13.
No HFC species are known to occur in the region, hence results are shown only for LFC and MFC. The predicted
distances to impact vary depending upon location due to variation in the bathymetry and seabed sediments.

Ranges to PTS and TTS, as well as potential behavioural impacts, are discussed in more detail in the context of
specific receptors and life stages below.
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effects thresholds for PTS and TTS

Table 7-13 Maximum (Rmax) horizontal distances predicted by acoustic modelling to exceed the U.S. NMFS (2018)

Distance Rmax

Functional Threshold
Hearing Criteria Continental shelf | Continental slope
Category modelling sites | modelling sites
PTS
LFC (baleen PK: 219 dB re 1 pPa 30 m 30 m
whales)

Frequency-weighted SEL24nr: 183 dB re 1 yPa?.s | 0.7 - 2.1 km 1.35 km
MFC (toothed | PK: 230 dB re 1 pPa <20m <20m
whales and
dolphins) Frequency-weighted SEL24nr: 185 dB re 1 pPa?.s | Not exceeded Not exceeded
Sirenians PK: 226 dB re 1 pPa 20 m N/A
(dugongs)

Frequency-weighted SEL24nr: 190 dB re 1 pPa?.s | Not exceeded N/A
TTS
LFC (baleen PK: 213 dBre 1 pPa 60 m 60 m
whales)

Frequency-weighted SEL24nr: 168 dB re 1 yPa%.s | 17.9 - 37.2 km 60.2 km
MFC (toothed | PK: 224 dB re 1 pPa 20 m 20 m
whales and
dolphins) Frequency-weighted SEL24nr: 170 dB re 1 pPa?.s | Not exceeded Not exceeded
Sirenians PK: 220 dB re 1 pPa 30 m N/A
(dugongs)

Frequency-weighted SEL24nr: 175 dB re 1 pPa?.s | Not exceeded N/A
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Humpback whales

Humpback whales occur in the Kimberley region between June and October, with peak ingress during July and
peak egress in September. BIAs have been designated for humpback whales within 100 km of the coastline,
including a migration BIA and BIAs for resting, calving and nursing which extend from the Dampier Peninsula
to Camden Sound. Key aggregation sites in the BIAs are Camden Sound, Tasmanian Shoal and Pender Bay.
The resting, calving and nursing BIAs overlap the Acquisition Area by up to 25 km in some southern parts of
WA-532-P. The migration BIA overlaps with the Acquisition Area by approximately 30 km near the eastern part
of WA-533-P.

A recent study as part of the Kimberley Marine Research Project (Thums et al. 2018) analysed three decades
of satellite, aerial, boat-based sightings and determined that the greatest densities of whales occur at Pender
Bay. Abundance was greatest in nearshore waters in water depths of approximately 35 m. Gourdon Bay to the
south of Broome and to the south of the designated for resting, calving and nursing BIAs has now also been
identified as an important area where whales occur in high density (Thums et al. 2018). However, whales
(including cows and calves) may also occur in lower abundance elsewhere within and further offshore from the
BIAs, with whales having been recorded in offshore locations such as Browse Island and Scott Reef (e.g.
McCauley 2009).

Humpback whales are LFCs. The acoustic modelling results (McPherson et al. 2019; Appendix D) indicate that,
based on the U.S. NMFS (2018) criteria, PTS and TTS resulting from a single seismic pulse would only occur if
a whale was within approximately 30 m and 60 m from the source respectively. This is highly unlikely and
would only occur without control measures in place and if the seismic source was discharged suddenly at full
volume next to a whale.

Based on the 24-hour SEL results relevant to continental shelf waters, PTS has the potential to occur within
approximately 700 m - 2.1 km from the source and TTS has the potential to occur if a whale remains within
approximately 17 — 37 km of the seismic source. The SEL24nr modelling results are calculated assuming that
the receiver is stationary, therefore, PTS and TTS would only occur within the distances stated for accumulated
SEL effects, if the exposed individual remains within this range for several hours, if not the full 24-hour
duration. Analysis of the accumulated SEL during the 2D seismic survey in McPherson et al. (2019) indicates
that even if a whale remained stationary less than 5 km from a survey line while the seismic source
approached, it would still take 2 — 3 hours before the onset of TTS could occur and even longer for PTS to
occur. Given that both the seismic survey vessel and whales will be mobile, such a scenario is highly
unrealistic. Whales are likely to swim away and avoid the approaching source before PTS or significant TTS
impacts could occur. However, given that whales may remain relatively stationary during activities such as
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resting, calving and nursing, TTS impacts are possible if the 2D seismic survey operates in waters close to
where whales have congregated i.e. within or near the resting, calving or nursing BIA. No PTS or TTS impacts
are predicted to occur at the key humpback aggregation sites at Camden Sound, Tasmanian Shoal, Pender Bay
or Gourdon Bay.

Behavioural disturbance impacts have been considered in detail given the significance of the Kimberley for
calving and nursing. Acoustic modelling predicts that the U.S. NMFS (2014) 160 dB re 1 uPa threshold for
behavioural responses may be exceeded between approximately 6 km and 11 km from the seismic source
when operating on the continental shelf. This may include responses such as increased swimming and
avoidance. Taking into account the more precautionary 140 dB re 1 pPa response threshold applied for resting,
calving and nursing, some avoidance and other responses in cows and calves may occur up to 30 - 90 km
from the seismic source, depending on location, bathymetry, etc. Some lesser responses may also occur in
response to lower levels at greater distances.

INPEX has analysed the potential received levels at the key aggregation sites at Camden Sound, Tasmanian
Shoal, Pender Bay and Gourdon Bay from seismic pulses at locations on the nearshore boundary of the
Acquisition Area. Maximum SPLs received from pulses 75 - 143 km away are predicted at most of these
locations to be between approximately 107 dB and 123 dB re 1 pyPa, which is at or approaching ambient
background noise levels in these nearshore waters where SPLs are consistently between 85 - 110 dB re 1 uPa,
increasing at times to in excess of 130 dB re 1 pPa as a result of biological noise tidal currents and movement
of sediment, and occasionally other anthropogenic noise sources (URS 2009b; McCauley 2011, 2012;
McPherson et al. 2016b). Received SPLs at Tasmanian Shoal are higher than at the other aggregation sites,
predicted to reach approximately 135 dB re 1 pPa and potentially higher when the seismic survey vessel
operates in water close to the west side of Adele Island. Therefore, some disturbance to whales is possible at
this location during an important and sensitive life stage. Such sound levels will only occur at these
aggregation sites for a brief period (e.g. hours) when the seismic survey vessel and operating seismic source
approach at the closest point before moving away again.

Although there will be limited sound exposure at the key aggregation sites, other locations where humpback
whales are present further offshore may be exposed to seismic sound more regularly and for more prolonged
durations. Acquisition within or up to 11 km from the BIA boundary or other waters where humpback whales
are present is likely to cause a significant disturbance. There may also be times when whales in deeper waters
than the main nearshore aggregation sites are regularly exposed to sound in the range of 120 - 140 dBre 1
pPa for a number of hours when seismic pulses are many tens of kilometres away. For example, sound emitted
near Browse Island, approximately 90 km offshore from the humpback whale BIA, is predicted by the
modelling to propagate reasonably efficiently across the continental shelf with SPLs of 120 - 140 dB re 1 pPa at
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the boundary of the BIA. Therefore, with the exception of seismic acquisition in the most offshore parts of the
Acquisition Area, such as in WA-50-L and over the continental slope in WA-533-P, seismic acquisition on the
continental shelf (the majority of the Acquisition Area) may result in some low-level audible sound in the
humpback whale BIAs.

Although the sound levels received by humpback whales in the BIA may be relatively low (<140 dB re 1 pPa)
much of the time while the survey vessel is operating on the middle and outer continental shelf, the potential
significance of prolonged disturbances is difficult to predict with any certainty. The WA humpback whale
population is understood to be very healthy, comprising more than 30,000 individuals (Salgado Kent et al.
2012; Thums et al. 2018). It may be that behavioural impacts to some groups of whales do not have any wider
significant or long-term impacts at the population level. Conversely, however, regular and prolonged
disturbances, even at relatively low sound levels could result in cows and calves at various locations becoming
stressed, disturb social interactions or cause increased energy expenditure. A recent study of the fine-scale
behaviours and energy expenditures of humpback whale mothers and calves in Exmouth Gulf has highlighted
that lactating females keep their energy expenditure low by devoting a significant amount of time to rest while
nursing. The study also suggested that increased and prolonged noise disturbance could compromise the
whales’ energy reserves, which are needed to ensure a successful migration and survival of calves (Bejder et
al. 2019). Given that the 2D seismic survey overlaps the resting, calving and nursing BIA, and could overlap
with a significant proportion of the humpback whale season, the extent and duration of disturbance could be
significant to both individuals and the population during this important life stage.

In terms of potential masking, the intermittent nature and relatively short duration of individual seismic pulses
is unlikely to result in any significant masking of whale calls, although may cause whales to cease or alter their
vocalisations at times, as outlined in Wood et al. (2012) and Erbe at al. (2016). Given the scientific uncertainty
associated with how behavioural changes may impact calving and nursing whales, INPEX has adopted a
precautionary approach and assumed that the implications could be significant and at a population level.

Without management measures in place, there is the potential for PTS or TTS to occur in some individual
humpback whales exposed to the seismic source at close range, and the potential for a range of behavioural
impacts from lower sound levels received over greater distances. The potential consequence to the humpback
whale population during a period of resting, calving and nursing has been conservatively assessed as
Significant.

Pygmy blue whales

Pygmy blue whales migrate as solitary animals or in small groups along the continental slope, typically at
depths between 500 m and 1,000 m on the way to the Banda and Molucca seas near Indonesia, where calving

Document no.: 532-EXP-EP-001 Page 222

Security Classification: Public

Revision: 0
Date: 24 July 2019



2D Seismic Survey (WA-532-P, WA-533-P and WA-50-L) Environment Plan

is understood to occur (Double et al. 2014). The northern migration typically passes north-western Australia
between approximately April to June with the return southern migration between September and November.
There is a BIA designated for the migration route. A small part of the migration BIA is overlapped by the
western part of the Acquisition Area and WA-533-P. Waters surrounding and west of Scott Reef and
Seringapatam Reef have been identified as a BIA for pygmy blue whale foraging.

Pygmy blue whales are LFCs. The acoustic modelling results (McPherson et al. 2019; Appendix D) indicate that
PTS and TTS impacts have the potential to occur as a result of a single pulse within a maximum range of
approximately 30 m and 60 m from the seismic source respectively. Based on the modelled SEL2anr results
relevant to the continental slope, PTS and TTS have the potential to occur if whales remain within
approximately 1.35 km and 60 km from the seismic source respectively. These are the maximum distances
corresponding with the downslope refraction and propagation of sound into deep waters, broadside to the
seismic source, and the distance to impacts is less in other directions.

As explained in the assessment of impacts to humpback whales above, these distances are based on the
accumulation of sound energy over a 24-hour period, and even at closer ranges, whales would need to be
exposed to sound for several hours before PTS and TTS impacts could occur. PTS is unlikely to occur as whales
are not expected to remain within close range of the seismic source for long. They would most likely swim
away from the source before received sound l