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ABBREVIATIONS and ACRONYMS

3D 3 Dimensional

ALARP As Low As Reasonably Practicable

AMBA Area that May be Affected

AMSA Australian Maritime Safety Authority

APASA Asia Pacific - Applied Science Associates

APPEA Australian Petroleum Production and Exploration Association

AQIS Australian Quarantine and Inspection Service

BIA Biologically Important Area

BoM Bureau of Meteorology

CAMBA China Australia Migratory Birds Agreement

DOEE Department of Environment and Energy

DoF Department of Fisheries (WA)

DSEWPaC Department of Sustainability, Environment, Water, Population and
Communities former

EMBA Environment the May Be Affected

EHS Environment, Health and Safety

EHSMS Environment, Health and Safety Management System

EMS Environmental Management System

EP Environment Plan

EPA Environment Protection Authority

EPBC Act Environment Protection and Biodiversity Conservation Act 1999

ERP Emergency Response Plan

FPz Full Power Zone

GHG Greenhouse Gas

IAPP International Air Pollution Prevention

IMS Incident Management System

JAMBA Japan Australia Migratory Birds Agreement

KEFs Key Ecological Features

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

MDO Marine Diesel Oil

MNES Matter of National Environment Significance

MoU Memorandum of Understanding

MP Marine Park

NOPSEMA National Offshore Petroleum Safety and Environmental Management
Authority

NST Northwest Shelf Transition

NT DPIR Northern Territory Department of Primary Industry and Resources

OCNS Offshore Chemical Notification Scheme

OPEP Oil Pollution Emergency Plan

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

OPGGS Act Offshore Petroleum and Greenhouse Gas Storage Act 2006
OSMP Oceanic Shoals Marine Park
PMS Planned Maintenance System
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ROKAMBA Republic of Korea Australia Migratory Birds Agreement
Santos Santos Pty Ltd

SOPEP Shipboard Oil Pollution Emergency Plan

SMS Santos Management System

STCW Standards of Training, Certification and Watch keeping
WA Western Australia
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1 INTRODUCTION
1.1 Scope of this EP

Santos Offshore Pty Ltd (Santos) is planning to undertake the Bethany 3 dimensional (3D) Seismic Survey over
the NT/P85 and NT/P82 exploration permits. Both permits are within Commonwealth waters within the Joseph
Bonaparte Gulf off Northern Territory waters.

Santos will undertake the Bethany survey for and on behalf of the:

o titleholders of NT/P85 - being Santos and Origin Energy Resources Limited (Origin); and
o titleholder of NT/P82 - being Magellan Petroleum (Offshore) Pty Ltd (Magellan).

The above titleholders’ details are listed in Table 1-1 below.

This environment plan has been prepared in accordance with the requirements of the Offshore Petroleum and
Greenhouse Gas Storage Act 2006 (OPGGS Act) and associated Offshore Petroleum and Greenhouse Gas
Storage (Environment) Regulations 2009 (OPGGS (E) Regs). It has also been prepared with reference to the
Environment Plan Content Requirements Guidance Note (Rev 3, April 2016) produced by the National Offshore
Petroleum Safety and Environmental Management Authority (NOPSEMA).

1.2 Titleholder
Table 1-1 provides details of the Bethany survey titieholders and the titleholders’ nominated liaison person.

Santos has entered into an Operations Services Agreement with Magellan (the titleholder of NT/P82) under which
Magellan authorises the carrying out of the Bethany survey over NT/P82 on Magellan’s behalf, and access to
NT/P82 for that purpose.

Santos will undertake the Bethany survey on behalf of the titleholders of NT/P85 and NT/P82, it will be Santos’
management systems and processes that will apply during the course of the Bethany survey. These systems and
processes are detailed in Section 8 Implementation Strategy.

As per Section 8.4, in the event that there is a change in the titleholders, the titleholder’s nominated liaison person
or a change in the contact details for the titleholder or liaison person, Santos will notify NOPSEMA and provide
the updated details.

Table 1-1: Titleholder and Nominated Liaison Person

Titleholder Details Liaison Person Details

NT/P85 Michael Giles

Name: Santos Offshore Pty Ltd Manager, Operations Geophysics
60 Flinders Street, Adelaide, SA 5000 Santos Offshore Pty Ltd
Telephone number: 08 8116 5000 60 Flinders St, Adelaide, SA, 5000
ACN: 005 475 589 08 9363 9113

Name: Origin Energy Resources Limited Email: michael.giles@santos.com

Level 3, 135 Coronation Drive, Milton
Queensland 4064

Telephone number:07 3858 0202
ACN: 007 845 338
NT/P82

Name: Magellan Petroleum (Offshore) Pty
Ltd

Level 5, 9 Sherwood Road, Toowong,
Queensland 4066

Telephone number: 0458 333 307
ACN: 105 292 644
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2 ENVIRONMENT REQUIREMENTS

This section provides information on the requirements that apply to the activity and how they apply to the activity.
Requirements include relevant laws, codes, other approvals and conditions, standards, agreements, treaties,
conventions or practices (in whole or part) that apply to jurisdiction that the activity takes place in.

The Bethany Seismic Survey will take place within Commonwealth waters. The impact assessment undertaken
and documented in Section 7 did not identify any impacts or risks to State or Territory waters.

There are no other approvals and conditions that apply to the survey.

Relevant requirements associated with the Environment Protection and Biodiversity Conservation Act 1999
(EPBC Act), related policies, guidelines, plans of management, recovery plans, threat abatement plans and other
relevant advice issued by the Department of Environment and Energy (DoEE) are detailed in the applicable
sections within Section 5 as part of the description of the existing environment.

Table 2-1 provides a summary of requirements that apply to the activity and are relevant to the activity’s
environmental management.
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Table 2-1: Summary of Requirements Relevant to the Activity and its Environmental Management

Requirements

Scope

How it Applies to the Activity or Activity’s Environmental Management

Administering
Authority

Australian Maritime
Safety Authority Act
1990

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

In Commonwealth waters AMSA is the Statutory Agencies for vessels and
must be notified of all incidents involving a vessel.

Section 8.7 details this requirement.

In Commonwealth waters AMSA is the Control Agency for all ship-sourced
marine pollution incidents and will respond in accordance with its Marine
Pollution Response Plan.

Santos has a MoU with AMSA on Support for Oil Spill Preparedness and
Response.

These arrangements are detailed in Section 7.3 of the OPEP.

Australian Maritime
Safety Authority
(AMSA)

Biosecurity Act
2015

Biosecurity
Regulations 2016

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

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

(iii) the risk of listed human diseases
entering Australian territory or a part of
Australian territory, or emerging,
establishing themselves or spreading in
Australian territory or a part of Australian
territory;

(iv) risks related to ballast water;

(v) biosecurity emergencies and human
biosecurity emergencies;

(b) to give effect to Australia's international

rights and obligations, including under the
International Health Regulations, the SPS

Agreement and the Biodiversity Convention.

The Biosecurity Act and regulations apply to ‘Australian territory’ which is the
airspace over and the coastal seas out to 12 nm from the coast line.

Biosecurity risks associated with the survey are detailed in Section 7.10

Department of
Agriculture and Water
Resources

(DAWR)

Biosecurity Act
2015, as amended
by the Biosecurity
Amendment
(Ballast Water and

Australian Ballast Water Management
Requirements (DAWR 2016)

The Australian Ballast Water Management Requirements set out the
obligations on vessel operators with regards to the management of ballast
water and ballast tank sediment when operating within Australian seas. These
requirements include legislative obligations under the:

e Biosecurity Act 2015 (Biosecurity Act), and

DAWR
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Administering

Conservation Act
1999 (EPBC Act)

ecologically sustainable development :

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

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

(c) the principle of inter-generational equity-
-that the present generation should ensure
that the health, diversity and productivity of

Section 6.10 Determination of Impact and Risk Acceptability details that
residual risks between 2 and 4 need to show that ALARP is demonstrated and
the principles of ecologically sustainable development have been met.

Requirements Scope How it Applies to the Activity or Activity’s Environmental Management Authority
Other Measures) e International Convention for the Control and Management of Ships’
Act 2017. Ballast Water and Sediments (Ballast Water Convention).
The Australian Ballast Water Management Requirements also provide
guidance for vessel operators on best practice policies while in Australia. The
requirements apply to all vessels operating internationally and domestically in
Australia.
Section 7.10 details these requirements.
Environment The EPBC Act aims to protect the Petroleum activities are excluded from within the boundaries of a World Department
Protection and environment, particularly matters of national | Heritage Area (Sub regulation 10A(f). Environment and
Biodiversity environmental significance for which Section 5.2 details that the survey is not within the boundaries of a World Energy (DoEE)
Conservation Act Australia has made international Heritage Area.
1999 (EPBC Act) agreements. The Act streamlines national .
environmental assessment and approval The EP must desctrlbe gwegttlizrst pi?]tected under Part 3 of the EPBC Act and
processes, and promotes ecologically assess any Impacts and risks to these.
sustainable development and conservation Section 5 describes matters protected under Part 3 of the EPBC Act.
of biodiversity. It also provides for a Section 7 provide an assessment of any impacts and risks to matters
cooperative approach to the management protected under Part 3 of the EPBC Act.
of natural, cultural, social and economic
aspects of ecosystems, communities and
resources.
Environment Section 3A of the Act defines the principles | Petroleum activities must be carried out in a manner consistent with the Department
Protection and of ecological sustainable development. principles of ecological sustainable development set out in Section 3A of the Environment and
Biodiversity The following principles are principles of EPBC Act. Energy (DoEE)
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Administering

Protection and
Biodiversity
Conservation
Regulations 2000

Matters of National Environmental
Significance.

aircraft in relation to cetaceans.

The requirements are detailed in the Australian National Guidelines for Whale
and Dolphin Watching (DEWHA, 2005)

Section 7.2 and 7.8 detail these requirements.

Requirements Scope How it Applies to the Activity or Activity’s Environmental Management Authority
the environment is maintained or enhanced
for the benefit of future generations;
(d) the conservation of biological diversity
and ecological integrity should be a
fundamental consideration in decision-
making;
(e) improved valuation, pricing and
incentive mechanisms should be promoted.
Environment The aim of this Policy Statement is to: The policy statement provides guidance on undertaking seismic activities in Department
Protection and 1. provide practical standards to minimise Australian waters to limit potential impacts to whales. Environment and
Biodiversity the risk of acoustic injury to whales in the Section 7.1 details how the policy statement has been applied to this survey. Energy (DoEE)
Conservation Act vicinity of seismic survey operations;
1999 (EPBC Act) . _
} 2. provide a framework that minimises the
Policy Statement risk of biological consequences from
2.1 Interaction acoustic disturbance from seismic survey
between offshore sources to whales in biologically important
seismic exploration | papitat areas or during critical behaviours;
and whales and
3. provide guidance to both proponents of
seismic surveys and operators conducting
seismic surveys about their legal
responsibilities under the Environment
Protection and Biodiversity Conservation
Act 1999 (EPBC Act)1.
Environment Provides additional regulations in regards to | Part 8 of the Regulations details requirements for operating vessels and Department

Environment and
Energy (DoEE)

Historic Shipwrecks
Act 1976

Protects the heritage values of shipwrecks
and relics (older than 75 years) below the
low water mark.

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

Section 5.8 details that there are no historic shipwrecks near or within the
permit areas.

Department
Environment and
Energy (DoEE)
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Administering

Guidance Note:
Activities within
Commonwealth
Marine Reserves
(2015)

Australian Marine Parks (AMP) and the
implications of this for the management of
petroleum activities in and around AMPS.

MP where general approvals have been issued by the DNP allowing mining
activities in these reserves until management plans come into effect.
Titleholders preparing EPs that involve planned or emergency response
activities within, or with potential to impact on, this MP type should have
regard to the Australian IUCN reserve management principles relevant to each
zone within the MP.

Requirements Scope How it Applies to the Activity or Activity’s Environmental Management Authority
Navigation Act Regulates international ship and seafarer COLREGS - International Regulations for Preventing Collisions at Sea - Rule AMSA
2012 safety, shipping aspects of protecting the 27 covers light requirements for vessels not under command or restricted in

marine environment and the actions of their ability to manoeuvre.
seafarers in Australian waters. Several Marine Orders (MO) are enacted under this Act relating to offshore
It gives effect to the relevant international petroleum activities, including:
conventions (MARPOL 73/78, COLREGS MO Part 21: Safety of navigation and emergency procedures
1972) relating to maritime issues to which MO Part 27: Radi . i
Australia is a signatory. art 2. Radio egunpmen o
The Act also has subordinate legislation MO Part 30: Prevention of collisions
contained in Regulations and Marine MO Part 31: Vessel; Surveys and Certification
Orders. MO Part 32: Cargo handling equipment
MO Part 59: Offshore Support Vessel Operations
Section 7 detail were the applicable requirements apply to the survey.

Offshore Petroleum | Addresses all licensing, health, safety, A titleholder must have an in force EP prior to the commencement of any NOPSEMA

and Greenhouse environmental and royalty issues for petroleum activity.

Gas Storage Act offshore petroleum exploration and This requirement is met by submission and acceptance of this EP.

2006 development operations extending beyond . e - . .

the three nautical mile limit. A S|gn|f|cant _modlfl_catlon, change or new stage of an existing activity that is

Offshore Petroleum o not included in an in force EP requires a revision of the EP to be submitted to

and Greenhouse Ensures that petroleum activities are NOPSEMA for acceptance.

Gas Storage undertaken in an ecologically sustainable Section 8.4 details thi . i

(Environment) manner and in accordance with an ection 6.4 details this requirement.

Regulations 2009 approved EP. Titleholders are required to maintain financial assurance sufficient to give the
titteholder carrying out the petroleum activity, the capacity to meet the costs,
expenses and liabilities that may result in connection with carrying out the
petroleum activity; doing any other thing for the purpose of the petroleum
activity; or complying (or failing to comply) with a requirement under the
OPGGS Act in relation to the petroleum activity.

This requirement is required to be met by the titleholder before NOPSEMA can
accept the EP.

NOPSEMA Outlines the management status of The activity is within the Oceanic Shoals MP which is classed as a “Type B” NOPSEMA
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Administering

Sea (Prevention of
Pollution from
Ships) Act 1983

and invokes certain requirements of the
MARPOL Convention relating to discharge
of noxious liquid substances, sewage,
garbage, air pollution etc.

pollution incidents.

Requires ships greater than 400 gross tonnes to have pollution emergency
plans.

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

MO Part 91: Marine Pollution Prevention - Oil
MO Part 93: Marine Pollution Prevention — Noxious Liquid Substances

MO Part 94: Marine Pollution Prevention — Harmful Substances in Packaged
Forms

Requirements Scope How it Applies to the Activity or Activity’s Environmental Management Authority
Section 5.9 describes the Oceanic Shoals Marine Park, the zoning and given
the absence of a management plan, includes an evaluation against the ICUN
reserve management principles.
Offshore Petroleum | An Act to impose levies relating to the Requires that EP levies are imposed on EP submissions, including revisions, NOPSEMA
and Greenhouse regulation of offshore petroleum activities where the activities to which the EP relates are authorised by one or more
Gas Storage and greenhouse gas storage activities. Commonwealth titles.
(Regulatory Levies) This requirements applies once the EP is accepted.
Act 2003
Offshore Petroleum
and Greenhouse
Gas Storage
(Regulatory Levies)
Regulations 2004
Offshore Petroleum | Under the OPGGS (Environment) Provides guidance as to which Commonwealth Departments or agencies are DIIS
and Greenhouse Regulations, a titleholder is required to potentially relevant stakeholders and how to consult with.
Gas Activities: consult with each Department or agency of | The guidance document also details reporting requirements to Commonwealth
Consultation with the Commonwealth to which the activities to | pepartments or agencies.
Australian be carried out under the environment plan . . . o
Section 4 describes the Commonwealth Departments or agencies identified as
Government may be relevant. . . . .
: ith i potential relevant stakeholders using this guidance.
agencies with The Australian Government has developed . . . . L
responsibilities in guidance for titleholders to assist in Section 8 details any reporting requirements identified.
the Commonwealth | determining which agencies may be
Marine Area relevant for consultation purposes in
developing or revising environment
submissions.
Protection of the Regulates ship-related operational activities | Provides exemptions for the discharge of materials in response to marine AMSA
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Administering

Contractors (IAGC)
Environment
Manual for
Worldwide
Geophysical
Operations (2013)

manner.

Requirements Scope How it Applies to the Activity or Activity’s Environmental Management Authority
MO Part 95: Marine Pollution Prevention - Garbage
MO Part 96: Marine Pollution Prevention — Sewage (MARPOL Annex IV)
MO Part 97: Marine Pollution Prevention — Air Pollution
MO Part 98: Marine Pollution Prevention — Anti-fouling Systems.
Section 7 detail were the applicable requirements apply to the survey.
Protection of the Is an offence to engage in negligent If required a ship must have a current anti-fouling certificate and must not use | AMSA
Sea (Harmful conduct that results in a harmful anti-fouling | harmful antifouling compounds.
Antifouling compound being applied to a ship. The Marine Order MO Part 98: Marine Pollution Prevention — Anti-fouling
Systems) Act 2006 | Australian ships must hold ‘anti-fouling Systems is enacted under this Act.
certificates’, provided they meet certain . . .
criteri Section 7.10 detail these requirements.
riteria.
International Provides the industry with useful Provide guidelines for best practice operations of seismic surveys to minimise IAGC
Association of information for conducting geophysical field | environment impacts.
Geophysical operations in an environmentally sensitive Section 7 details applicable guidance.

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

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

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

Section 7.10 detail these requirements.

International Maritime
Organisation (IMO)

Draft National
Strategy for
Mitigating Vessel

The overarching goal of the Strategy is to
provide guidance on understanding and
reducing the risk of vessel collisions and the

Though in draft the strategy provides information and guidance on reducing
vessel collisions with marine mega-fauna.

Section 7.8 detail applicable information and requirements.

DoEE
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Requirements Scope How it Applies to the Activity or Activity’s Environmental Management Ad';nultruztreirtr)llng
Strike of Marine impacts they may have on marine mega-
Mega-fauna fauna.
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3 DESCRIPTION OF THE ACTIVITY
3.1 Activity Overview

Santos Offshore Pty Ltd (Santos) proposes to undertake the Bethany 3 dimensional (3D) seismic survey
over the NT/P85 and NT/P82 permits in Commonwealth waters off Northern Territory.

The Bethany survey is a typical 3D survey using methods and procedures similar to others conducted
in Australian waters. No unique or unusual equipment or operations are proposed.

The full power zone (FPZ), where the survey acquisition will take place, is approximately 4,565 km?with
a larger operational area (12,610 km?) around it to allow for vessel turn-arounds and testing of
equipment.

Water depths in the operational area range from 20 to 202 m.

The survey will take a maximum of 75 days and will be undertaken within the period of 1 May to 30
September 2018 or 2019.

3.2 Location

The Bethany survey will take place within Commonwealth waters off the Northern Territory coast within
the Joseph Bonaparte Gulf (Figure 3-1). The survey area is located approximately 250 km north-west
from Darwin, and approximately 70 km from Melville Island (closest emergent feature).

3.3 Survey Area
The the following areas have been defined for the survey:

e NT/P82 and NT/P85 permit areas - which are approximately 13,287 km2,

e Full power zone (FPZ) — this is the area in which the survey vessel will travel along pre-
determined lines, towing the streamers and releasing sound waves with the seismic source at
full power. Outside this area the seismic source will be either powering down to one source
(from ~ 2,380 in3 to ~ 40 in%) as it leaves the full power zone or powering up as it prepares to
re-enter the full power zone. This area is approximately 4,565 km2.

e Survey operational area — this is outside the full power zone and is where activities like set-up,
testing of equipment and vessel turn-arounds (to undertake the next line) take place. This area
is approximately 12,610 km?2.

Coordinates for the full power zone and operational area are in Figure 3-2.

3.4 Timing

The Bethany survey will take a maximum of 75 days and be undertaken within the period of 1 May to
30 September 2018 or 2019.

3.5 Seismic Activity

The Bethany survey is a typical 3D survey using methods and procedures similar to others conducted
in Australian waters. No unique or unusual equipment or operations are proposed. Figure 3-3 and
Figure 3-4 detail the Bethany survey equipment and process as described below and a summary of the
survey and equipment parameters is provided in Table 3-1. The survey will be conducted 24 hours a
day.

The survey vessel will travel along a series of pre-determined lines within the survey area (Figure 3-1)
at a speed of approximately 4.5 - 5 knots (8-9 km/hour). The vessel will tow two or three sound wave
source units, and cables (known as streamers) containing microphones (known as hydrophones). The
sound source units operate alternately, with one discharging compressed air as the other
recompresses. As the vessel travels along the lines, sound waves will be directed down through the
water and into the geology below the seabed at 12.5 m intervals (approximately every 5.4 seconds).
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The sound that reflects back is measured by the hydrophones and is later processed to provide
information about the structure and composition of geological formations below the seabed.

There will be up to 12 streamers ~ 6 km long with a tail buoy at the end. The streamers will be towed at
a depth of between 15 and 20 m. The distance between each streamer is ~ 100 m. From the bow of
the vessel to the tail buoy is ~ 6.5 km long and ~ 1.1 km wide.

Each sail line is approximately 200 km long and will take approximately 27 hours to acquire and turn
around. The time required to complete each sail line is dependent on vessel speed and currents. The
sail lines are proposed to be in an east-west direction starting from the northern lines moving south.

3.5.1 Infill

When acquiring 3D marine seismic data, surface currents may shift the streamers away from their
nominal positions. This shift, called feathering, can lead to holes in the data coverage. Holes in data
coverage can also occur when the airgun array is turned off due to technical or logistical reasons (e.qg.
technical problems or marine fauna interactions). These holes are typically filled in by steering the
vessel closer to the previous sail-line or by acquiring additional sail-lines along the coverage holes.
These extra sail-lines are commonly known as infill. Infill can be a large part of the time and cost for a
marine seismic survey—infill acquisition on a typical 3D survey can account for up to 25% or more of
the total time on prospect. Without infill activity, seismic surveys would be incomplete, the data
compromised and client contract requirements not fulfilled.

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

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

3.6 Seismic Source Justification

The seismic source is comprised of a number of airguns of varying volumes, distributed in an array
such that the primary energy is directed downwards into the subsurface (not horizontally away from the
source). The total volume size of the airgun array has been chosen based on the range of water depths
within the survey area, and depth of the target within the subsurface to ensure adequate seismic
imaging.

The initial design for the survey was to use a 3,480 in® with an operating pressure of 2000 psi.
Discussions with seismic operators identified that a smaller source array of ~ 2,380 in® was available
that would still achieve the technical objectives for the desired range of target depths. Thus, the smaller
~ 2,380 in® will be used for the Bethany survey.

3.7 Survey Vessels
3.7.1 Seismic Vessel

A purpose-built survey vessel will be used and will carry up to 70 people. While the specific vessel for
the survey has yet to be determined, the vessel in Figure 3-5 is representative of the type of vessel that
will be used.

3.7.2 Support Vessels

There will be up to two support vessels that will undertake activities such as visit Darwin Port for supplies
and crew change. Figure 3-6 and Figure 3-7 show representative support vessels.
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Figure 3-1: Location of Bethany Seismic Survey Areas
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Table 3-1: Bethany Seismic Survey Parameters

Parameter Bethany Seismic Survey
NT/P85 and NT/P82 area 13,287 km?
Full power zone 4565 km?
Operational area 12,610 km?

Survey earliest commencement date

1 May 2018 or 2019

Survey latest completion date

30 September 2018 or 2019

Duration of survey 75 days
Length of sail lines 200 km
Time to traverse a sail line ~ 27 hours
Distance between acquisition lines 600 m

Seismic vessel sail line speed

4.5 - 5 knots (8-9 km/hour)

No. streamers Upto 12
Distance between streamers ~100 m
Streamer length ~6 km

Streamer tow depth

Between 15 —-20 m

Distance from seismic vessel bow to tail buoy ~ 6.5 km
Sound source size ~ 2,380 in3
Sound source tow depth ~6m
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Figure 3-4: Bethany Survey Equipment and Process Horizontal View
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4 CONSULTATION

The principal objectives of consultation undertaken for the Bethany survey is:
e |dentify relevant stakeholders.
¢ Initiate and maintain open communications between relevant stakeholders and Santos.

o Identify, establish and implement stakeholder engagement tools for initial and on-going
communications.

e Establish an open and transparent process for input.

e Proactively seek agreement with relevant stakeholders on recommended strategies to minimise
negative impacts and maximise positive impacts of the activity.

e Provide a means for recording initiatives in which communication and/or consultation is
undertaken, issues raised and responses recorded.

Stakeholder consultation has been guided by the following:
¢ NOPSEMA Decision-Making Guideline — Criterion-10A(g) Consultation Requirements
e APPEA Stakeholder Consultation and Engagement Principles and Methodology - Draft

The consultation process undertaken by Santos for the Bethany survey is detailed in Table 4-1 with a
summary of the consultation in Table 4-2. The Stakeholder Consultation Records (Appendix 2) contain
the detailed records of correspondence. Section 4.1 details the ongoing consultation required.

For the consultation process Santos has used the requirements in the OPGGS (Env) Regulations in
regards to a relevant person:

e 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;

¢ 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;

e The Department of the responsible State Minister, or the responsible Northern Territory
Minister;

e 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;

¢ Any other person or organisation that the titleholder considers relevant.

4.1 Ongoing Consultation
4.1.1 Notifications

From the stakeholder consultation undertaken, and documented in Table 4-2 and Appendix 2
Stakeholder Consultation Records, the following notifications and ongoing consultation is required.

¢ Notify Australian Hydrographic Service (datacentre@hydro.gov.au), AMSA
(rccaus@amsa.gov.au) and ADF Airspace (ADF.Airspace@defence.gov.au) a minimum of 3
weeks prior to commencement of activities.

o Notify Department of Defence (offshore.petroleum@defence.gov.au) of any updates and
commencement of the survey.

o Notify Defence upon cessation of acquisition and completion of survey.

o Notify NT Department of Primary Industry and Resources of start and cessation of activity.
Prestart notification to be undertaken at least 10 days prior to the activity commencing as per
regulation 30 of the OPGGS(E)R.

e Send AMOSC a copy of the Bethany OPEP once accepted and notify of when survey starts
and finishes.
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e Provide the following stakeholders with ongoing information regarding the Bethany survey such
as when/if EP accepted, start date (2 weeks in advance of starting), cessation date and when
operating, provision of a daily report unless advised they have no need for this information.

o Amateur Fishermen’s Association of the NT Executive Officer
o Agquarium Fishery Chair of the Licensee Committee
o ConocoPhillips
o Director of National Parks
o Northern Prawn Fishery
o Northern Territory Seafood Council
o PGS
o Pearl Producers Association
o Spanish Mackerel Licensee Committee Chair
o Spanish Mackerel Licensee (one licensee asked to be kept informed)
o TGS
o Timor Reef and Demersal Fishery Licensees — relevant to area
o Tiwi Land Council
At a minimum the daily report will include:

e Current survey vessel position

e 72 hour look ahead for survey activities and location

e Support vessel activities and location

e Contact details for the survey and support vessel

When stakeholders are notified of the survey start date (2 weeks before starting) they will be asked if
they require a daily report (or another time period), how they want to receive the report and what
information they require.

Note: the 2 weeks’ notice is a pre-start notification, not a consultation period for provision of information
to new relevant persons.

4.1.2 Ongoing ldentification of Relevant Persons

Santos will continue to identify new relevant persons, prior to the Bethany survey commencing and
during the life of the EP.

Should new relevant persons be identified prior to, or during the survey, these stakeholders will be
contacted, provided information about the survey and invited to make comment.

New relevant persons may be identified during the course of ongoing consultation with existing relevant
persons, or if new relevant persons makes themselves known to Santos and express an interest in the
survey.

In addition, Santos will:

o Review relevant stakeholders during the EP review and verification process outlined in Section
8.4.2 (4 weeks prior to commencement of the survey and annually from the date of acceptance
of the EP), including contacting the NT Department of Primary Industry and Resources to
confirm if there are any new fishery licence holders; and

o Ask stakeholders to advise Santos of any changes in their contact person or contact details or
any known new relevant persons when providing the 2 weeks’ pre-start notification identified in
Section 4.1.1 above.

If new relevant persons are identified, Table 4-2 will be updated to include any new relevant persons
and the revised table will be incorporated into the latest revision of the EP.
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If any new relevant persons are identified Santos will provide them with:

e the EP Public Summary;
o the latest revision of the complete EP, if requested;
e any additional information required by the stakeholder.

This information is considered sufficient for any new relevant persons to allow them to make an informed
assessment of the possible consequences of the activity on their functions, interests or activities.

If any new objections or claims are raised following provision of this information, Santos will consider
the merits of these objections and claims and provide a response to the stakeholder. All
objections/claims received from stakeholders, and the assessments of the merits of these
objections/claims, will be recorded in the Stakeholder Consultation Records (Appendix 2).

In accordance with the Santos Offshore Environment Management of Change (MoC) Process
described in Section 8.4, if any new objection or claim is deemed to be valid it will be identified as an
environmentally relevant change (see Section 8.4.2). If this new environmentally relevant change
introduces a significant new environmental impact or risk, results in a significant increase to an existing
environmental impact or risk, or, as a cumulative effect results in an increase in environmental impact
or risk, this EP will be revised and submitted for re-assessment and acceptance by NOPSEMA, in
accordance with the MoC Process described in Section 8.4.

4.1.3 Ongoing Provisions of Additional Information

Section 8.4.1 describes the process that Santos will implement for periodic evaluation of this EP. If this
review process identifies an environmentally relevant change that may have an influence on a relevant
person’s assessment of the possible consequences of the activity on their functions, interests or
activities, then Santos will inform them of the change as soon as is practicable. In accordance with the
process described in Section 4.1.2 above, if any new objections or claims are raised following provision
of this information, Santos will consider the merits of these objections and claims and provide a
response to the stakeholder.
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Table 4-1: Bethany Survey Consultation Process

Stage

Timing

Santos

Information

Stakeholder

Details

Early
Notification

2015/
2016

Identified potentially

affected stakeholders

via:

¢ Existing relationship

¢ Peak bodies

e Govt departments

e NOPSEMA EP
Summary website

Information provided to

potentially affected

stakeholders via email and

meetings, such as:

e Map and coordinates of
survey area

¢ Area of survey

e Timing

o Water depth

Advised Santos if operate
in area and whether any
issues

Stakeholders were identified by

¢ Engagement with other oil and gas operators as
part of the Bonaparte Operators Group whose
participants include Santos, Origin,
ConocoPhillips, Melbana and Magellan.

e Review of petroleum activity Environment Plan
Summaries available on the NOPSEMA website.

e Participation in the Bonaparte Fishing Group
Roundtable whose participants include Shell,
ENI, Origin, ConocoPhillips, NT Seafood
Council, Charles Darwin University, Australian
Institute of Marine Science, CSIRO, AFMA, NT
Department of Primary Industry and Fisheries
(now Primary Industry and Resources).

e Participation in the APPEA Oil & Gas —
Commercial Fishing Industries’ Associations
Cross Industry Roundtable whose participants
include APPEA, Inpex, Exxon, ConocoPhillips,
Seafood Industry Vic, Commonwealth Fishing
Association, WA Fishing Industry Council, Pearl
Producers Association, International Association
of Geophysical Contractors and Wildcatch SA.

o Engagement with government departments and
fishing associations.

During this phase stakeholders were given general
information about the survey such as location map
and coordinates to determine if they operated in the
area, had any issues or if they wanted further
information when available.

From this identification process a list of potential
relevant stakeholders was developed (Table 4-2).

At this stage, based on the information provided
from stakeholders, some stakeholders were
assessed as not being relevant and no further
consultation with those stakeholders was required.

Commencement
of Environment

Oct 2016

Notification of
commencement of EP

Sent Information Sheet #1 to
stakeholders detailing:

Advise Santos:

Information Sheet #1 sent to potential relevant
stakeholders identified during the early notification
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stakeholders that have
not provided feedback
in regards to sending
Information Sheet #2.

Santos as per above.

Stage Timing Santos Information Stakeholder Details
Plan (EP) preparation and o Activity description o If further consultation is phase, excluding those stakeholders that had
Preparation and consultation e Timing required already been identified as not relevant.
Related « Location « Areas of concern
Consultation  Contact person ¢ Preferred method of

consultation going

forward

¢ Type of information

desired

Nov 2016 | Follow-up with Provide feedback to Santos | Information Sheet #1 was resent to potential relevant
stakeholders that have as per above. stakeholders who had not already replied. Where
not provided feedback available an alternative method of contact was used.
in regards to sending
Information Sheet #1.

Dec 2016 | Follow-up with Provide feedback to Santos | Information Sheet #1 was resent to potential relevant
stakeholders that have as per above stakeholders who had not already replied. Where
not provided feedback available an alternative method of contact was used.
in regards to sending
Information Sheet #1.

Provide relevant | Jan 2017 | Provide information to Information Sheet #2 was 5?"“ Advise Santos of impacts Due to a change to the Bethany survey area
information due relevant person so they | {0 all stakeholders detailing: on functions/interest/ Information Sheet #2 was sent to all stakeholders
to change can determine how » Change to Bethany survey activities, and any claims who received Information Sheet #1. This reinitiated
their functions, interests |  as will cover NT/P85 and or objections. the process to identify any relevant stakeholders
and activities may be NT/P82 N Request further information | @nd if the new survey area had an impact on their
affected. » Description of activity as required functions/interest/ activities, and if they had any
Timing claims or objections.
Due to achangetothe | ° |
Bethany surve%/ area * Location )
Information Sheet #2 . Descrlptlo_n of environment
was sent to all ¢ Potential risks and impacts
stakeholders who Proposed controls ar)d
received Information management strategies
Sheet #1. ¢ Stakeholder engagement
process
Mar 17 Follow-up with Provide feedback to Information Sheet #2 was resent to potential

relevant stakeholders who had not already replied.
Where available an alternative method of contact
was used.
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acceptance

NOPSEMA provides feedback,
and if accepted, EP Summary

Stage Timing Santos Information Stakeholder Details
Identification of | Nov 16 — | Identify relevant Stakeholder Engagement Plan Based on the information provided from stakeholders
relevant persons | Mar 17 persons based on the detailing for each relevant or if there had been no reply to the three attempts to
feedback from person: elicit a response, some stakeholders were assessed
stakeholders during ¢ Relevant functions, interest as not being relevant and no further consultation with
early, commencement or activities those stakeholders was required.
of EP and provide e Area of interest or concern Other stakeholders were identified as relevant and
relevant information « Ongoing form of more detailed information was made available. As
due to change engagement there was only a small number of relevant
notifications phases. stakeholders requiring different information, tailored
information for each stakeholder was provided rather
than a generic information sheet as provided in
Information Sheet #2.
Provide relevant | Nov 16 — | Provide information to Tailored to each stakeholder. Advise Santos of impacts Tailored information provided to each relevant
information Janl8 relevant person so they on functions/interest/ stakeholder
can determine how activities, and any claims
their functions, interests or objections.
and activities may be Request further information
affected. as required
Collate, assess Nov 16 — | Assess stakeholder’'s Provide information as to how | Advise Santos if claims or Engagement with some relevant stakeholders was
and address Mar 18 claims or objections stakeholder’s claims or objections adequately ongoing to further understand any objections or
issues raised objections addressed and addressed or further claims. The EP was updated where relevant and
and provide documented in the EP engagement required consultation records collated.
response to
Stakeholders
Submission of Jan 18 Submission of EP to Email notification from Santos For information Consultation with those relevant stakeholders who
EP NOPSEMA to relevant persons. want to be informed of when the EP submitted.
Email notification from
NOPSEMA portal if registered.
Provide relevant | Sept 17 - | Provide information to Email notification from Santos | Advise Santos of impacts Email notification from Santos to AMSA and AHS
information due Mar 18 relevant person so they | to relevant persons. on informing them of a change to the proposed timing
to change can determine how functions/interest/activities, | of acquisition of the survey.
their functions, interests and any claims or
and activities may be objections.
affected. Request further information
as required.
EP Acceptance | 2018 NOPSEMA review and | Email notifications when For information Consultation and notifications to relevant

stakeholders prior, during and at the cessation of
the survey.
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Stage Timing Santos

Information

Stakeholder

Details

once published on NOPSEMA
website.

Table 4-2: Bethany Survey Assessment of Stakeholders

The Stakeholder Consultation Records (Appendix 2) contains the detailed records of correspondence.

Stakeholder

Relevant to
Bethany
Survey

Reasoning

relevant

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

Stakeholders in this section were identified using the Australian Government Guidance Offshore Petroleum and Greenhouse Gas Activities: Consultation with Australian
Government agencies with responsibilities in the Commonwealth Marine Area.

Australian Fishing Management Authority v Manage Commonwealth fisheries.

(AFMA)

Australian Maritime Safety Authority v AMSA is the statutory and control agency for vessels emergencies in Commonwealth waters. Santos has a

(AMSA) signed MoU with AMSA regarding response arrangements. Arrangements are detailed in OPEP Section 7.3.

Australian Hydrographic Service (AHS) v Responsible for Notice to Mariners. Required to notify AHS a minimum of 3 weeks prior to commencement of
activities. Detailed in Section 4.1 Ongoing Consultation.

Marine Border Control (MBC) X Responsible for coordinating offshore maritime security. MBC confirm they do not need to be notified of survey
as receive notifications via AHS Notice to Mariners. Based on this information no further consultation required as
not a relevant stakeholder.

Department of Defence (DoD) v AMBA is adjacent to two Military Prohibited, Restricted and Danger (PRD) Areas.

Department of Environment and Energy X As the DoEE's functions, interests and activities have been incorporated in the requirements of the Program, the

(DoEE) DoEE is not considered a relevant agency for consultation purposes under the OPGGS(E) Regulations.

This does not negate the fact that it may be beneficial for titleholders to contact the DoEE in regard to its other
functions, interests and activities that fall outside the Program (as described above).

The Bethany survey does not trigger any of the DoEE’s other functions, interests and activities hence, they were
assessed as not being a relevant stakeholder.

Director of National Parks (DNP) v The DNP is a relevant person as the activity is within the boundaries of a proclaimed marine park.
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Environment Management Authority
(NOPSEMA)

Stakeholder Relevant to Reasoning
Bethany
Survey

National Offshore Petroleum Safety v

Statutory authority for offshore petroleum activities. Consultation prior to EP submission is not required.

Department or agency of the State or the Territory to which the activities to be carried out under the environment plan, or the revision of the environment plan,
may be relevant and the Department of the responsible State Minister

NT Department of Aboriginal Affairs

v

Consultation undertaken to determine if any customary fishing or heritage area.

NT Department of Primary Industry and
Resources - Fisheries

v

Manage NT fisheries.

Department of the responsible State Minister, or the resp

onsible Northern Territory Minister

NT Department of Primary Industry and
Resources

v

Under the OPGGS Env Regulations the Department of the relevant Minister is a relevant person

environment plan

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

Amateur Fishermen’s Association of the v Represent recreational and charter fishing off NT. Due to distances from Darwin and Melville Island recreational

NT (AFANT) activities limited.

Aquarium Fishery v Chair of Aquarium Fishery confirmed that Monsoon Aquatics only Aquarium Fishery licence holder to operate in
or near survey area.

Arafura Bluewater Charters v Charters to Tassie, Evans or Flinders shoals. Tassie Shoal is within the AMBA.

Charter fishing v One charter fishery may operate in area (Arafura Bluewater Charters)..

Customary fishing X Confirmed with NTPIR-Fisheries and NT Department of Aboriginal Affairs no customary fishing due to distance
from shore.

Demersal Fishery - NT Fishery Joint v Operational and survey area overlaps fishery. From consultation one licence holder was identified as potentially

Authority operating in the area.

Monsoon Aquatics v Aquarium Fishery licence holder that ppotentially operate in or near survey area.

Northern Prawn Fishery v Operational area overlaps fishery area.

Northern Territory Seafood Council v Represent Demersal, Timor Reef, Spanish Mackerel, Offshore Net and Line and Aquarium Fisheries. Ongoing

consultation.
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Authority

Stakeholder Relevant to Reasoning
Bethany
Survey
NT Guided Fishing Association v Potentially operate in or near survey area. Asked that engagement be via AFANT.
(NTGFA).
Offshore Net and Line Fishery - NT X Operational and survey area overlaps fishery area. NT DPIR data shows no activity for this fishery in the
Fishery Joint Authority operational area. Contact with licence holders elicited one response who confirmed he does not fish in area.
Pearl Producers Association v Operational and survey area overlaps Pearl Oyster Shell fishery.
Spanish Mackerel Fishery v Operational and survey area overlaps fishery. From consultation two licence holders asked to be kept up to date
on the survey.
Timor Reef Fishery - NT Fishery Joint v Operational and survey area overlaps fishery. From consultation two licence holders were identified as operating

in the area. One licence holder sold their licence in November 2017 and consultation has been undertaken with
new licence holder.

Any other person or organisation that the fi

tleholder considers

relevant.

Australian Marine Oil Spill Centre v Santos is a participating member of AMOSC. In an oil spill AMOSC would provide equipment and support.
(AMOSC) Section 4.1 Ongoing Consultation includes requirement to submit accepted OPEP to AMOSC.
Commonwealth Fishing Association v Peak body for Commonwealth fisheries.
E:c(;nocoPhiIIips Australia Exploration Pty v Hold permit NT/RL6 (intersects survey area) and NT/RL5 (~1km from survey area).
t
Eni Australia Limited v Hold permit NT/RL8 ~ 20 km from survey area.
Inpex v Hold Masela permit ~ 60 km from survey area.
Shell Australia Pty Ltd v Hold permit NT/RL7 ~ 13 km from survey area.
PGS v Rollo Multi Client Seismic Survey ~ 35 km from survey area.
Tiwi Island Council v Tiwi Island 120 km SW of survey area. Santos has ongoing engagement.
TGS v North West Shelf Renaissance North Multi Client Marine Seismic Surveys intersect survey area.
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5 DESCRIPTION OF EXISTING ENVIRONMENT

This section describes the physical, biological, cultural and socio-economic environment and identifies
any relevant values and sensitivities of the environment that may be affected by the activity (EMBA).
The EMBA is within the area that may be affected (AMBA). The AMBA for the survey has been
developed by combining of two different aspect exposures; noise emissions from the seismic array and
a diesel spill resulting from a vessel collision. The reason for using two different aspects is that
exposures from a hydrocarbon spill are limited to the north-west of the operational area due to oceanic
currents in the region, whilst modelled noise emissions were identified to exceed hydrocarbon impact
exposures to the south-east. Figure 5-1 shows the AMBA for the survey. For more information on the
aspect exposures for noise and spills, see Section 7.1 and 7.12 respectively.

Using Santos’ and publicly available information and the results from the Protected Matters Search a
review of biological, cultural and socio-economic environment was undertaken to identify the
environmental values and / or sensitivities that can reasonably be expected to occur within the AMBA.
Table 5-1 provides a summary of these values and sensitivities.
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Figure 5-1: Bethany Survey Areathat May Be Affected (AMBA)
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Table 5-1: Environmental Values and/or Sensitivities with the Potential to Occur within the

AMBA

Environment
Receptor

Summary

Benthic

Benthic habitat is mainly comprised of abiotic substrate, such as sand interspersed with
rocky subtances, supporting communities of invertebrate filter feeders, such as
hydroids, soft corals, gorgonians, and sponges. These benthic communities are likely to
support epibenthic faunal communities that may include molluscs, crustaceans,
echinoderms and fishes. Water depths within the AMBA restricts the ability for
photosynthetic reliant biotic communities, such as hard corals and macro algae, if
present they are at the limits of their preferred habitat (water depths <35m) and
subsequently are not expected to be abundant.

Filter feeding organisms found on sandy substrates, supports patches of low abundance
epifauna such as feather stars, sea pens, sea fans, sea whips, soft corals, bryozoans,
hydroids and sponges are expected to be present in deeper waters.

The geomorphology of the survey area is complex covering an area consisting of banks,
terraces, valleys, plains and pinnacles. However, the complexity of the benthic habitats
overlaying these features is limited by the depth of the water and the associated lack of
benthic light availability, as well as the dominance of sandy substrates restricting the
establishment of more complex reef ecosystems.

The survey area can be described as a deep-water environment consisting mainly of
sand with rocky outcrops supporting small discreet communities of predominantly filter
feeding benthic communities. The lack of habitat complexity within the survey area is
likely to restrict the diversity of fish communities in this area.

Tassie Shoal is identified within the AMBA but not the operational or survey area.

Plankton

Phytoplankton (alga) and zooplankton (fauna including larvae) likely to be present.
However, given the oligotrophic nature of the North Marine Region waters, production
in the AMBA is expected to be sparse and patchy.

Fish

Protected fish species such as pipefish, seahorse and pipehorse species are likely to
occur in the AMBA.

The main commercial species expected to be found in the AMBA are goldband snapper
(Pristipomoides spp.), saddletail shapper (Lutjanus malabaricus), crimson snapper (L.
erythropterus) and Spanish mackerel (Scomberomorus commerson).

Given the potential for habitat supporting hard corals (within the AMBA) and pinnacles
(within the AMBA and operational area), reef fish may be present.

However, due to the absence of more structurally complex habitats such as banks and
absence of pinnacles the diversity of fish families present within the survey area is likely
to be low due to the low complexity of the benthic habitat in this area. Therefore, fish
species richness in the survey area is predicted to be relatively low due (water depths
over 85% of the survey area >40 m) and unlikely to include a high number of dense
aggregations of site attached fish, or reef-associated demersal fish assemblages.
Additionally, substrate type (over 65% of abiotic benthic habitat) is unlikely to include a
high number of dense aggregations of site attached fish, or reef-associated demersal
fish assemblages.

Sharks

No feeding, breeding or aggregation areas for sharks near the AMBA and consequently
if present would only be transient. Those species identified as having the potential to
transit through the AMBA include:

Speartooth shark and northern river sharks
Largetooth sawfish and the green sawfish
Whale shark

Shortfin and longfin mako
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Environment Summar
Receptor y
No feeding, breeding or aggregation areas for rays near the AMBA and consequently if
present would only be transient. Those species identified as having the potential to
Rays transit through the AMBA include:
e Reef manta ray and giant manta ray
All six species of marine turtles have the potential to transit through the AMBA. In
addition to this, olive ridley and flatback turtles are likely to be present as the AMBA and
| the operational area overlaps an olive ridley foraging biologically important area (BIA)
Turtles and the AMBA overlaps a habitat critical to the survival of the species for flatback turtles.
The AMBA overlaps three KEFs that are known to provide habitat for the green, flatback,
loggerhead and olive ridley turtles.
. . No marine birds are expected to be present in significant numbers given the AMBA does
Marine Birds
not overlap any known BIAs.
No migratory, resting, feeding or calving BlIAs for cetaceans within or near the AMBA
and consequently if present would only be transient. Five species of cetaceans may
transit through the AMBA.:
e Seiwhale
Cetaceans e Blue whale
e Bryde’s whale
e Killer whale
e Spotted bottlenose dolphin
Omura’s whales may also be present in the AMBA.
Commonwealth Fishery:
¢ Northern Prawn Fishery - Bethany AMBA and operational area overlap.
Commercial NT Fishery:
fishing e Agquarium Fishery — Bethany AMBA, no overlap with operational or survey area
e Timor Reef Fishery - Bethany AMBA, operational area and survey area overlap.
o Demersal Fishery - Bethany AMBA, operational area and survey area overlap.
o Pearl Oyster Fishery — Bethany AMBA operational area and survey area overlap.
Recreational Recreational game-fishing concentrated around the oceanic shoals. Only a single shoal
activities is located within the AMBA.
Two activities were identified:
Petroleum e« TGS North West Shelf Renaissance North Multi Client Marine Seismic Survey.
Activities Survey restricted to WA waters ~ 55 km from survey area.
e PGS Rollo Multi Client 3D Seismic Survey. Survey restricted to WA waters ~ 55
km from survey area.
Shipping Low levels of vessel activity.
Defence Defence areas adjacent to the AMBA.
Commonwealth
Protected Within the Oceanic Shoals Marine Park Multiple Use Zone IUCN VI
Areas
_ Carbonate bank and terrace system of the Van Diemen Rise
Key Ecological . .
Pinnacles of the Bonaparte Basin
Features
Shelf Break of the Arafura Shelf
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5.1 Regional Environment

The Bethany Survey AMBA is within the North Marine Region (NMR) and the Oceanic Shoals
Mesoscale Bioregion (Figure 5-2). The Marine Bioregional Plan for the North Marine Region
(DSEWPaC 2012c) has been used in conjunction with other relevant management plans and studies
to inform this description of the environment.

The NMR comprises Commonwealth waters from west Cape York Peninsula to the Western Australian-
Northern Territory (WA-NT) border. The marine environment of the NMR is known for its high diversity
of tropical species but relatively low endemism, in contrast to other bioregions. This region is highly
influenced by tidal flows and less by ocean currents (DSEWPaC 2012c).
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Figure 5-2: Mesoscale Bioregions
5.1.1 IMCRA Regions

The physical, biological and social environments within the AMBA is discussed (where relevant), with
reference to the Integrated Marine and Coastal Regionalisation of Australia Version 4.0 (IMCRA v. 4.0)
Mesoscale and Provincial Bioregions. Based on IMCRA, which is based on fish, benthic habitat and
oceanographic data, the Bethany AMBA, Operational Area and FPZ are within the Northwest Shelf
Transition bioregion, and the AMBA and Operational also have a small area within the Timor Transition
bioregion (Commonwealth of Australia [CoA] 2006) (Figure 5-3, Table 5-2).
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Figure 5-3: Provincial Bioregions IMCRA V4

Table 5-2: IMCRA Regions within the AMBA, Operational Area and FPZ

Occurrence ~% FPZ Distance
IMCRA overlap with | from FPZ to
Region AMBA Operational | Full Power IMCRA IMCRA
Area Zone Region Region

Northwest

Shelf v v v 1.48% -
Transition

Timor
Transition v v - - 26 km

51.11

The Northwest shelf transition (NST) overlaps the North and Northwest Marine Regions from Tiwi Island
(NT) to Cape Leveque (WA). It is a transitional zone between the east and west of Australia, however,
marine plant and animal groups are more like those of west coast than the east coast. The NST contains
complex geomorphology and is characterised by coastal areas, the shelf and basins in the Joseph
Bonaparte Gulf, and by banks, shoals, terraces and reefs dissected by valleys on the Van Diemen Rise
The majority of the NST is located on the continental shelf, and only a small area extends on to the
continental slope. (DEWHA 2008b).

The Indonesian Throughflow has an influence on the provincial bioregion, bringing warmer oligotrophic
water of lower salinity and nutrient-levels from the tropical western Pacific. The banks are a hotspot for
biodiversity, providing a vast substrate that supports diverse tropical reef ecosystems (DEWHA 2008b).

Northwest Shelf Transition

The NST is characterised by complex geomorphology. Geomorphic features include shelves (e.g. Sahul
Shelf and Arafura Shelf), shoals (e.g. Flinders—Evans Shoals), banks (e.g. Van Diemen Rise), terraces,
basins (e.g. Bonaparte Basin) and valleys (see Table 5.7).
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The Van Diemen Rise is a significant feature of the ocean floor in the provincial bioregion and part of a
unique system of carbonate banks that are shared with the adjacent North-west Marine Region (see
Section 5.3.1). The carbonate banks from the Van Diemen Rise are thought to be directly related to
hydrocarbon seepage from the Bonaparte Basin. Palaeo-river channels up to 150 km long, 5 km wide
and 240 m deep between the carbonate banks form pathways for ocean currents and tidal flows that
funnel cooler oceanic waters up onto the Van Diemen Rise (DEWHA 2008b).

The carbonate pinnacles in this provincial bioregion include complex hard substrate environments and
provide a very different habitat to adjacent muddy basin sediments. The Van Diemen Rise is distinctly
different in morphology and character from other parts of the Region and provides habitats for a wide
range of marine communities (DEWHA 2008b).

Cetaceans are not frequently sighted in this provincial bioregion. Benthic algae and seagrass
communities are confined to the intertidal area adjacent to the provincial bioregion, with high turbidity
restricting light penetration in the coastal shelf areas to waters up to depths of 20 m. Healthy offshore
populations of crustaceans (including prawns) are indicators of inshore biological productivity, but the
direct linkages between these species and marine systems are poorly understood. Fifteen species of
seashake are also known to occur in the provincial bioregion, including the elegant seasnake, olive-
headed seasnake, Stokes’ seasnake and Dubois’ seasnake (DEWHA 2008b).

Halimeda species are likely to be a dominant biological component of the banks, similar to banks found
in the North-west Marine Region. The Halimeda banks sustain a range of invertebrate communities
including sponges, soft corals, hard corals, bryozoans, ascidians and other sessile filter feeders.
Foraminifera (single-celled planktonic animals with a perforated chalky shell) are a common component
of the benthic fauna. Pelagic line fisheries (mackerel) are linked to localised planktonic food webs at
upwelling sites at the heads of channels and indicate important trophic linkages with nutrients from
localised upwellings. Red snapper (Lutjanus erythropterus) are likely to be associated with complex
habitats amongst banks and channels. Hard substrate sediments associated with deep channels are
likely to support sponges, soft corals and other sessile filter feeders similar to those species found
beyond the Region. The Van Diemen Rise is also considered to be an important shark habitat and
foraging olive ridley turtles have been observed at the banks and shoals (DEWHA 2008b).

Adjacent to the Northwest Shelf Transition (within the North-west Marine Region), the shoals contain
species such as polychaete worms, crustaceans, brittle stars, gobiid fish, bivalves and sipunculans. It
is likely that similar species would be found in the Region around the banks and shoals of the eastern
areas of the Northwest Shelf Transition (DEWHA 2008b).

The abundance and biomass of primary consumers (e.g. crustaceans and molluscs) in the Northwest
Shelf Transition is very high compared with the rest of the North Marine Region and terrestrial inputs of
freshwater, sediments and nutrients from neighbouring catchments adjacent to the provincial bioregion
contribute to biological productivity in coastal waters. However, there is little transfer of nutrients from
coastal waters to oceanic waters, and the basin and deeper shelf productivity are likely to be more
dependent on internal nutrient cycling and upwellings of productive oceanic waters (DEWHA 2008b).

In offshore parts of the Northwest Shelf Transition light penetration through relatively clear, shallow
waters stimulates high levels of benthic primary production (macroalgae). Unique benthic microbial
communities associated with hydrocarbon seeps, where gases including methane are release from the
seabed below the surface sediments, are also found in the deeper waters (see Figure 5-4). Epibenthic
communities such as sponges found in channels are likely to support first order (plankton) and second
order consumers (juvenile small fish, crustaceans and sea stars; DEWHA 2008Db).

5.1.1.2 Timor Transition

The Timor transition provincial bioregion is characterised by continental slope, canyons, ridges, terraces
and the Arafura Depression. It is the only bioregion in the Region that does not lie on the continental
shelf (DEWHA 2008b). The Timor Transition shelf extends into waters 200-300 m deep in the Arafura
Depression. The provincial bioregion is extensively dissected into a series of canyons around 80-100
m deep and 20 km wide, and represent a drowned river system that existed during the Pleistocene era.
Sediments within the Timor Transition are mainly calcium carbonate rich, although sediment type varies
from sandy substrate, to soft muddy sediments and hard rocky substrate (DEWHA 2008b).

Pelagic species are the prominent biological community in the open water environment of the Timor
Transition. Many of the pelagic fish species that inhabit the provincial bioregion also have pelagic larval
stages. Pelagic species found within the troughs of this provincial bioregion include snaggle-teeth fish,
hatchet fish and lantern fish (DEWHA 2008b). The shelf-edge/slope is believed to support distinct

Page 44 of 309



SantOS Bethany 3D Seismic Survey Environment Plan

benthic communities associated with cooler water upwellings, as well as whale sharks and an unusual
array of threadfin fish species (Polynemidae). Distinct genetic stocks of red snapper (Lutjanus
erythropterus) are also found in the canyons and channels of the provincial bioregion, and unique fish
assemblages have been found on the Lynedoch Bank which lies on the western boundary of the Timor
Transition and outside of the scope of this EP (DEWHA 2008b).

Marine turtles have been reported to feed in the deeper canyon waters and solitary, cold water corals
have been located in canyons and troughs at depths of around 200 m. Relict reefs occur next to
drainage channels of the outer slope, probably at sites of local upwellings of cooler, nutrient rich water
from the Timor Sea (DEWHA 2008b). Records show that at least 284 demersal fish species (those
living on or near the seabed) are found in this provincial bioregion. However, few data are available for
the continental slope in the Timor Transition (DEWHA 2008b).

The Indonesian Throughflow brings warm waters from the western Pacific Ocean through the
Indonesian Seas into the Timor and Arafura Seas. This current influences pelagic dispersal of nutrients
and species, and biological productivity, which drives long-term patterns of transport and dispersal of
larvae, juvenile and migrating adult organisms across the Region (DEWHA 2008b).

5.2  Matters of National Environment Significance

A search of the DoEE Protected Matters Database was undertaken covering a 1 km buffer around the
Bethany AMBA. The matters of national environmental significance identified by the search are
summarised in Table 5-3.

Table 5-3: Department of the Environment Protected Matters Database Search Summary

Matter of National Search Comment
Environmental Significance Findings
World Heritage Property None
National Heritage Place None
Wetlands of Importance None

Great Barrier Reef Marine Park | None

2 EEZ and Territorial Sea
Extended Continental Shelf

Commonwealth Marine Area

Listed Threatened Ecological None
Communities
Listed Threatened Species 18 See Sections 5.5.2-5.5.9
Listed Migratory Species 32 See Sections 5.5.2 -5.5.9
Other Matters Protected by Search Comment
the EPBC Act Findings
Commonwealth Land None
Commonwealth Heritage None
Places
Listed Marine Species 63 See Sections 5.5.2 - 5.5.9
Whales and Other Cetaceans 24 See Section 5.5.9
Critical Habitats None
Commonwealth Reserves None
Terrestrial
1 The AMBA is within the Oceanic Shoals Marine

Commonwealth Reserves

: Park multiple use zone. See Section 5.9.
Marine
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Extra Information Sea'rch ConrrE
Findings
State and Territory Reserves None
Regional Forest Agreements None
Invasive Species None
Nationally Important Wetlands None
3 Carbonate bank and terrace system of the Van
. North
E\igﬁglog'cal Features Pinnacles of the Bonaparte Basin North
Shelf break and slope of the Arafura Shelf
See Section 5.3

5.3 Key Ecological Features

Key ecological features (KEFs) are elements of the Commonwealth marine environment that, based on
current scientific understanding, are considered to be of regional importance for either the region’s
biodiversity or ecosystem function and integrity. During the development of marine bioregional plans, a
regional pressure analysis broadly defined human-driven processes, was conducted to assess present
and emerging pressures affecting conservation values in the Marine Regions and the effectiveness of
mitigation and management arrangements that are currently in place to address these pressures, the
result of this pressure analysis is summarised for relevant KEF (DoEE 2017u).

The Bethany AMBA and operational area overlaps three KEFs; Carbonate bank and terrace system of
the Van Diemen Rise, Pinnacles of the Bonaparte Basin and the Shelf Break of the Arafura Shelf (Figure
5-5, Table 5-4). The FPZ only overlaps the Carbonate bank and terrace system of the Van Diemen
Rise.

Table 5-4: Key Ecological Features within the AMBA, Operational Area and Full Power Zone

Occurrence
o7 Distance of
KEF ] overlap with | =,
AMBA Operational Full Power KEE FPZ to KEF
Area Zone

Carbonate bank and
terrace system of the Van v v v 14% -
Diemen Rise
Pinnacles of th_e v v ) i 20 km
Bonaparte Basin
Shelf Break and slope of
the Arafura Shelf v v - - 4 km

5.3.1 Carbonate bank and terrace system of the Van Diemen Rise

The bank and terrace system of the Van Diemen Rise is part of the larger system associated with the
Sahul Banks to the north and Londonderry Rise to the east; it is characterised by terrace, banks,
channels and valleys, with relatively high proportions of hard substrate which support sponge gardens
and octocorals, identified in the eastern Joseph Bonaparte Gulf along the banks, ridges and terraces
(DoEE 2017u; Heap et al. 2010). A seabed mapping survey of eastern Joseph Bonaparte Gulf was
undertaken by Geoscience Australia and AIMS (Anderson et al. 2011) to map and sample seabed
environments on the Van Diemen Rise. Towed video transects were undertaken to describe and
guantify the benthic habitats and epibenthos present in four geomorphic environments (banks, terraces,
valleys and plains) found on the Van Diemen Rise.
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Banks are the shallowest and most complex benthic environment with diverse and often dense
epibenthic assemblages. Banks were characterised by mostly low-lying rock outcrops, which supported
dense and diverse habitat-forming assemblages such as hard corals (18% occurrence), sponges (86%
occurrence) and octocorals (99% occurrence) along with smaller colonies of bryozoan and ascidians.
These complex benthic habitats also supported a range of other taxa, including molluscs, crustaceans,
echinoderms and fishes. Rocky outcrops were interspersed with small areas of coarse-grained soft
sediments (7.4%) that were either relatively barren or supported few organisms (Anderson et al. 2011).

Terraces occurred at intermediate depths and had less benthic topographical complexity than the
banks. However, where rocky outcrops were present these areas supported moderate to high densities
of sessile epifauna, dominated by sponges and octocorals. These areas were devoid of hard corals due
to the depth and subsequent lack of benthic light availability. Rock outcrops were smaller and patchier
in distribution on terraces relative to banks, and were interspersed by large expanses of coarse-grained
sediments that supported few epibenthic organisms. Biota samples from terraces were dominated by
sponges and supported black corals typically associated with deeper hard substrate and a range of
other taxa including gastropods, crabs, bryozoan, ascidians, urchins, brittlestars, crinoids, seastars,
holuthurians, nudibranchs, worms and small fishes (Anderson et al. 2011).

Valleys were the deepest of the four geomorphic environments, comprising flat, bioturbated muddy
sand that supported significantly fewer epibenthic organisms than terraces or banks. Octocorals and
sponges were the most common taxa recorded and were mostly found as 1 — 2 individuals or in small
aggregations. Biomass of taxa was markedly lower than on banks and terraces (Anderson et al. 2011).

Plains and deep holes/valleys were the least complex of the four geomorphic environments,
characterised by flat, bioturbated muddy sand and supported the fewest epibenthic organisms. These
included mostly solitary or small clumps of octocorals and sponges and urchins (Anderson et al. 2011).
Epibenthic communities such as the sponges found in the channels support first and second-order
consumers (Section 5.5.1) (DoEE 2017u) (DoEE 2016a). The variability in water depth and substrate
composition may contribute to the presence of unique ecosystems in the channels. Species present
include sponges, soft corals and other sessile filter feeders associated with hard substrate sediments
of the deep channels; epifauna and infauna include polychaetes and ascidians. Olive ridley turtles, sea
shakes, pelagic fish such as mackerel, red snapper, a distinct gene pool of goldband snapper and
sharks are also found associated within this feature (Figure 5-4) (DSEWPaC 2012c; DoEE 2017t).

No pressures were assessed as “of concern” for the Carbonate bank and terrace system of the Van
Diemen rise. Pressures assessed as “of potential concern” are changes in sea temperature and ocean
acidification, as a result of climate change, and extraction of living resources. Therefore, no pressures
from the proposed activity have been identified for this KEF (DoEE 2017u).
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Figure 5-4: Simplified diagram of trophic relationships of the Van Diemen Rise

5.3.2 Pinnacles of the Bonaparte Basin

Covering more than 520 km? within the Bonaparte Basin, this feature contains the largest concentration
of pinnacles along the Australian margin, and provide a hard substrate in an otherwise soft sediment
environment and therefore important for sessile species (DoEE 2017u). Rising from depths of 80 m
some pinnacles rise to 30 m below the sea surface, and can be up to 50 m high and 50-100 km long.
thought to be remnants of calcareous shelf and coastal features from previous low sea-level stands
(DoEE 2016b). Surveys of the pinnacles within the Oceanic Shoals Marine Park suggest the area
supports a wide range of high-order pelagic animals with 32 species observed, including 11 shark
species, black marlin, barracuda, olive ridley turtle, sea snakes and orcas (Nichol et al 2013). Marine
turtles including flatback, loggerhead and olive ridley are known to forage around the pinnacles and
they are considered a general use area for green and freshwater sawfish (DoEE 2016b). Other
communities such as sessile benthic invertebrates including hard and soft corals, sponges, whips, fans,
bryozoans and aggregations of demersal fish species such as snappers, emperors and groupers DoEE
2017t). The pinnacles are subject to frequent disturbances from tropical cyclones and tidal currents
driven by the large tidal fluctuations of the region (DoEE 2017u). This mobilises mud sediments which
creates high levels of turbidity in the water column. The reason this feature attracts a wide range of
high-order pelagic animals is likely because the vertical walls generate local upwelling of nutrient-rich
water, leading to phytoplankton productivity that attracts aggregations of planktivorous and predatory
fish (DSEWPaC 2012c).

As shown in Figure 5-5 a small number (~3) pinnacles are within the survey operational area with the
closest pinnacle being ~20 km from the FPZ. A larger number of pinnacles (~17) are outside the
operational area but within the AMBA.

No pressures were assessed as “of concern” for the Pinnacles of the Bonaparte Basin. Pressures
assessed as “of potential concern” are changes in sea temperature and ocean acidification as a result
of climate change; and extraction of living resources. Therefore, no pressures from the proposed activity
have been identified for this KEF (DoEE 2017u).

5.3.3 Shelf Break and slope of the Arafura Shelf

The shelf break and slope of the Arafura Shelf is characterised by continental slope, patch reefs, and
hard substrate pinnacles. The biota is largely affiliated with the Timor-Indonesian-Malay region, is within
the AMBA and is >4 km from the FPZ (DoEE 2017u). The ecosystem processes of the feature are
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largely unknown in the region; however, the Indonesian Throughflow and surface wind- driven
circulation are likely to influence nutrients, pelagic dispersal and species and biological productivity in
the region. The shelf edge occurs at water depths of 120-180m. The enhance biological productivity of
the upwellings and are believed to attract feeding aggregations of pelagic marine organisms into the
vicinity of the shelf break, e.g. planktivorous and predatory fish, marine turtles, sharks, and seabirds.
Fish communities that occur in this key ecological feature represent the break between the Timor
Province provincial bioregion and the Timor Transition provincial bioregion. Demersal fish species,
including commercially fished red snapper species (Lutjanus erythropterus) are found in the area, which
is also likely to support whale sharks, sharks and marine turtles (DoEE 2017u). Although little is known
of the biology of the shelf slope benthos, the deeper (100-300 m in depth), cooler waters provide a
different environment to the remainder of the Region. Several submerged living coral/Halimeda reefs
extend up into the euphotic zone from the shelf slope, providing structural habitat and focal points for
diversity. Biota associated with the feature is largely of Timor—Indonesian Malay affinity (DEWHA
2008b) (DSEWPaC 2012c).

No pressures were assessed as “of concern” for the Shelf break and slope of the Arafura Shelf.
Pressures assessed as “of potential concern” are changes in sea temperature and ocean acidification
as a result of climate change; extraction of living resources and oil pollution. Therefore, no pressures
from the proposed activity have been identified for this KEF (DoEE 2017u).
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Figure 5-5: Key Ecological Features within the North-west Marine Region Profile (DSEWPaC
2012c)

5.4 Physical Environment
5.4.1 Climate

The region has a tropical monsoonal climate with two distinct seasons known as the North-west
Monsoon or “wet season” (late October to mid-March) and the South-east Monsoon or “dry season”
(May to mid-October). Regular rainfall and high rainfall are characteristics of the North-west Monsoon,
particularly over coastal areas and during cyclones. This is due to large amounts of moisture being
gathered as the monsoon crosses the sea from the Asian high-pressure belt on its way to the
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intertropical convergence zone which migrates southward close to or over northern Australia.
Conversely, the South-east Monsoon originates from the Southern Hemisphere high-pressure belt and
is relatively dry and cool.

Cyclones are common in the region, occurring between December and April (BoM 2017). These
phenomena result in severe storms with gale force winds and a rapid rise in water levels.

5.4.2 Air Temperatures

Pirlangimpi, located on the Tiwi Islands in Northern Territory, is the nearest meteorological station to
the Bethany survey area. Data collected from 1963 to 2017 shows that the highest maximum
temperature (mean of 38.6°C) occurs in November whilst the lowest maximum temperature (mean of
24.2°C) occurs in July (BoM 2017).

5.4.3 Rainfall

Data collected from 1963 to 2017 at the Pirlangimpi weather station show that the mean annual rainfall
is 1993 mm, with the highest rainfall in January (412 mm) and the least in July (2 mm) (BoM 2017).
Typically, the majority of the rain occurs from December to April.

5.4.4 Winds

The survey area is situated in the tropical region and experiences a monsoonal climate with two
predominant seasons: a summer wet season, October to April and a winter dry season, May to
September. These are referred to as the northwest and southeast monsoons respectively. During the
northwest monsoon or wet season, prevailing winds are typically from the west and north-west and
during the southeast monsoon or dry season prevailing winds are from the east and south-east.

An analysis of high resolution wind data for the years 2008-2012 from the National Centre for
Environmental Prediction (NCEP) Climate Forecast System Reanalysis (Figure 5-6) by RPS APASA
(2017) identified three general trends:

e westerly winds during the months December to March
e east-south-easterly winds during the months April to July
e easterly winds during the September to October.

Monthly average wind speeds range from 5.9-13.3 knots and the monthly maximum wind speeds range
from 21.6—-40.8 knots (Table 5-5).
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Table 5-5: Predicted Average and Maximum Winds Speed for the Bethany Location

Average wind Maximum wind General Direction
(knots) (knots) (From)
January 12.7 374 West
February 11.9 40.8 West
March 8.1 28.0 West
April 8.8 229 East-Southeast
May 13.0 248 East-Southeast
June 12.8 244 East-Southeast
July 13.3 266 East-Southeast
September 11.8 26.6 East
September 85 232 East
October 7.7 216 East
MNMovember 5.9 222 Variable
December 8.1 236 West
Minimum 59 21.6
Maximum 13.3 40.8

5.4.5 Sea Temperature

Surface water temperatures vary seasonally and are influenced by the Indonesian Throughflow.
Monthly sea temperature and salinity profiles of the water column near the survey area were obtained
from the World Ocean Atlas 2013 (RPS APASA 2017). The monthly average sea surface temperatures
ranged between 26.7°C and 30.8°C (Table 5-6) (RPS APASA 2017). Monthly average sea surface
temperatures were shown to be lower between June to October, ranging between 26.7°C and 27.8°C,
which occurs during the months of May to September (inclusive) (RPS APASA 2017).

The monthly average salinity values remain relatively stable ranging between 33.0 and 34.7 psu (Table
5-6) (RPS APASA 2017).

Table 5-6: Monthly Average Sea Surface Temperatures for the Bonaparte Gulf

Month Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec
{T%Tpemt“fe 296 | 283| 299| 292| 291| 274 268 | 267 | 270| 278| 299 | 308
salinity (psu) 343 | 344| 342| 343| 343 | 342 337 | 330 344| 344| 347 | 347

5.4.6 Waves

Short period waves, within the northwest shelf region are generated by local synoptic winds and are
typically the largest during winter months when the south-easterly trade winds dominate.

Long period waves are influenced by swells generated in the Southern Ocean. In the Bonaparte Basin,
the Southern Ocean swell is slightly higher during winter than in summer due to the northerly migration
of swell-generating storms. The wave period and significant wave height generated by this swell is
highly dependent on the exact location within the basin. For example, the Joseph Bonaparte Gulf is
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protected from the Southern Ocean swell and therefore swells affecting the area are limited to those
generated by cyclones or prolonged storm winds.

The region is a moderate-energy environment except when influenced by tropical cyclones which
generate short-term major fluctuations in sea levels. The highest waves occur in January and July;
however, wave heights can reach up to 8 m during cyclone season (Dec - March) (Przeslawski et al.
2011).

5.4.7 Tides

The Bonaparte Basin is subject to semi-diurnal tides with two high and low tides per day and has the
highest tidal range in northern Australia (> 4 m) (DEWHA 2007). Within the Bonaparte Gulf Bioregion,
tides range from 2-3 m offshore (microtidal) rising to 3-4 m inshore (mesotidal).

5.4.8 Currents

Broad-scale ocean circulation of the North Australian Shelf is dominated by the Indonesian Throughflow
current system. In the area there are two predominant directions; east-northeast or west-northwest
(Table 5-7 and Figure 5-7).

For the period of the survey (June to August inclusive) average current speeds range from 0.11 t0 0.16
m/s to the west-northwest in June and July and east-northeast in August (RPS APASA 2017).

Broad-scale ocean circulation of North Australian is dominated by the Indonesian Throughflow current
system and the Holloway current which flows south-west and close to the coastline, intensifying during
April to July due to increased wind forcing. Data describing the flow of ocean currents indicates that
waters drifted predominantly northward (north, north-northeast or north-northwest) (RPS APASA 2017)
(Figure 5-7).

RPS APASA (2017) also indicate minimum and maximum average current speeds around 0.25 m/s and
0.34 m/s, respectively (Table 5-7). For the period of the survey (May to September inclusive) average
current speeds range from 0.30 m/s to the north- northwest in May-July and 0.29 m/s to the north-
northwest and southwest in September (RPS APASA 2017).

Table 5-7: Current Data for the Bethany Survey Area

cu:_‘:::as%; d M::ri:;::‘ General Direction
(mi/s) speed (m/s) (Towards)
January 0.34 0.90 MNortheast
February 0.31 0.81 MNortheast
March 0.26 0.73 Morth-Northeast
April 027 073 Morth
May 0.30 1.01 North-Northwest
June 028 0.81 MNorth-Northwest
July 0.31 0.81 North-Northwest
September 0.29 0.77 Morth-Northwest and Southwest
September 028 0.68 Morth-Northwest and Southwest
October 027 072 Morth-Northwest and Southwest
November 0.25 0.78 Morth
December 028 077 Morth-Northeast
Minimum 0.25 0.68
Maximum 0.24 1.01

Page 52 of 309



Bethany 3D Seismic Survey Environment Plan

Santos

RPS APASA Data Set Analysis
‘ind Speed (knots) and Direction Rose (All Records)
Longitude = 130.10°E, Latitude =~ 10.55°S
Analysis Period: 01-Jan-2008 o 31-Dec-2012
Jonuary Febmary Margh
( 0 o g e o g § » g
‘ ok o ok P ok
South South South
April M?‘x June
North No North
- o - / = = _ -
£ e § : £ 2 5 b ok
South South South
Jul August September
Nort North North
3 - 3 = g 1 'S g
g = #’E g i 5(&’ ; ."llsl 5(:%
South South South
October November December
North rth North
% g % g - g
g "n-é 5& g {l§ 50.2 E %../ 50%
South South South
Color Key [Wind Speed (knots)] :
ks 2 Q <=y Q , - N
9-12 12-15 15-18 18-21 21-24 24-27 27-30

0-0.01 3-6

*Calm defi ned as < 0 01
Figure 5-6: Modelled Monthly Wind Roses (2008 - 2012)

Page 53 of 309



SantOS Bethany 3D Seismic Survey Environment Plan

RPS APASA Data Set Analysis
Current Speed (m/s) and Direction Rose (All Records)
Longitude = 130.10°E, Latitude = 10.535°8
Annlysis Period: 01-Jan-2008 1o 31-Dec-2002
W a Februa March
“North North © Harth
H e = i ™ J@‘ ™
S we :4% 2 W 54% E e 54.%
Soum South South
April Ma June
Heeth Hzeth bt
¥ L m ¥ a!-'l'- m % gl., m
z - .| z = .| £ %, |
Soum South Saulhs
July August September
Harth Harth Horih
i S o i e o i ® m
= ey 4-,5 £ " -.4-.5 = *r -.»B:r
South South South
Octobar Novamiber December
Harth Harth Horih
; e - . 7§ . v
g i 41; e 54'5' T o
Soutn South South
Color Key [Current Speedimis)] :
0-001  0.01-04 o1-0.2 0.2-03 03-04 04-05 0.5-0.86 0E-07 0T-08 0e-0% 0%-1
*Calm dafined as < 0.01

Figure 5-7: Current Speed and Direction

5.4.9 Bathymetry

The bathymetry of the AMBA is representative of the geomorphic features of the area (Figure 5-8).
Water depths of the AMBA range from approximately 20 - 376 m with the majority of the AMBA within
40 — 202 m water depth (Table 5-8). Water depths of the operational area range from ~ 20 - 202 m with
the majority > 40 m. Water depths in the FPZ range from 20 - 157 m with the majority > 40 m.
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Figure 5-8: Bathymetry of the Survey Area and Operational Area

Table 5-8: Water Depths within the AMBA, Operational Area and Full Power Zone

Depth AMBA Operational Area Full Power Zone
Range (m) Km? % Km?2 % Km? %
0to -20 4.64 0.02% 0.076 0.001% 0 0.00%
20 to -25 70.14 0.24% 1.75 0.014% 0.9 0.02%
2510 -30 627.65 2.19% 95.44 0.76% 11.1 0.24%
30to -35 1006.37 3.51% 558.7 4.43% 152.4 3.34%
35to0 -40 1480.89 5.17% 937.19 7.43% 493.8 10.82%
40 to -60 4470.56 15.59% 2646.64 20.99% 1675.7 36.7%
60 to -202 19641.53 68.51% 8373.36 66.40% 2230.9 48.87%
202 to -376 1358.91 4.74% 0 0% 0 0%
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5.4.10Geomorphic Features

An understanding of the seabed bathymetry and the type of seabed forms (geomorphic features) can
be an important determinant of the diversity and dynamics of marine biological communities, especially
in areas where there are limited biological studies. Geoscience Australia utilised bathymetry and
published geological studies to identify and classify geomorphic features of the seabed (Harris et al.
2005). The geomorphic features from this study are shown in (Figure 5-9).

Based on this information the following geomorphic features are identified to be present within the
survey AMBA:

e Bank/Shoal — Bank: elevation over which the depth of water is relatively shallow but normally
sufficient for safe surface navigation. Shoal: offshore hazard to surface navigation that is composed
of unconsolidated material. Based on water depths within the AMBA (> 20 m) shoals are not
present.

e Basin - depression, characteristically in the deep-sea floor, more or less equidimensional in plan
and of variable extent.

o Deep/ Hole/Valley — Deep: restricted to depths greater than 6,000 m. Hole: local depression, often
steep sided, of the sea floor. Valley: relatively shallow, wide depression, the bottom of which usually
has a continuous gradient. Based on water depths within the AMBA (< 376 m) deeps are not
present.

e Pinnacles - High tower or spire-shaped pillar of rock or coral, alone or cresting a summit. It may
extend above the surface of the water. It may or may not be a hazard to surface navigation.

e Slope - Slope seaward from the shelf edge to the upper edge of a continental rise or the point where
there is a general reduction in slope.

e Terrace - relatively flat horizontal or gently inclined surface, sometimes long and narrow, which is
bounded by a steeper ascending slope on one side and by a steeper descending slope on the
opposite side.

Table 5-9 details which geomorphic features are overlapped by the AMBA, Operational Area and FPZ.
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Figure 5-9: Geomorphic Features of the Bethany Seismic Area
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5.5 Biological Environment
5.5.1 Benthic Environment

Benthic habitat is the seabed substrates that benthic communities grow on or in, and range from
unconsolidated sand to hard substrates such as limestone or igneous rock, and can occur singly or in
combination (EPA 2017). Benthic communities are the biological communities that live on or in the
seabed, contain light-dependant taxa such as algae, seagrass, corals, which obtain energy through
photosynthesis and or marine fauna such as molluscs, sponges and worms, which obtain their energy
by consuming other organisms or organic matter.

5.5.1.1 Comparison of Benthic Habitat and Geomorphic Features

The findings from two benthic surveys undertaken by Geoscience Australia (GA) Heap et al (2010) and
Anderson et al (2011) have been used to provide a description and verify the benthic environment
based upon the geomorphic features expected to be present within the OSMP and FPZ (Table 5-9).

Two surveys of benthic habitats within the eastern sector of the Oceanic Shoals Marine Park (OSMP)
have been previously undertaken. The first survey in 2009, focused on four areas in the eastern sector
of the OSMP to obtain detailed geological (sedimentological, geochemical, geophysical) and biological
data (macro-benthic and infaunal diversity, community structure) for the banks, channels and plains
(Heap et al 2010). The purpose of the survey in 2010 was to build on the 2009 survey to extend the
biophysical maps and information of the complex seabed environment of the Van Diemen Rise and
identify potential geo-hazards and unique, sensitive environments that relate to offshore infrastructure
(Anderson et al 2011). These studies were summarised in the regional overview of seabed habitats and
geo-hazards by Przeslawski et al. (2011) who concludes that the benthic environment of the outer
Joseph Bonaparte Gulf — Timor Sea is linked to its geomorphic features.

Figure 5-10 shows the location of the four study areas (A, B, C and D) from the two surveys in 2009
and 2010, in relation to the Bethany AMBA, with Area A overlapping the survey area. As such, this
information is expected to provide a suitable understanding regarding the benthic environment within
the AMBA.

The latest Oceanic Shoals Marine Park (OSMP) publication states (NERP Marine Biodiversity Hub
2015):

“The three surveys of the Oceanic Shoals CMR (2009, 2010, 2012) targeted discrete areas
of the banks, pinnacles and terraces, covering a combined area of almost 2,200 km?2. While
these samples represent only 3% of the ~73,000 km? of KEFs included in the Oceanic
Shoals CMR, the knowledge of these KEFs gained from these surveys is likely to be typical
for these features within and adjacent to the reserve. In particular, because these seabed
features provide hard substrata for sponge and coral communities, similar patterns at the
spatial scale of these features can be expected to occur across the reserve wherever hard
raised substrata exists.”

Additionally, Figure 5-12 shows examples of the benthic habitat types reported in the Anderson et al.
(2011) survey and therefore likely to occur within the FPZ. The georeferenced still images were
captured over geomorphic features with the highest % coverage identified in Table 5-9, terrace (49%),
bank (28%), valley / hole (21%) (GA 2017).

The terrace geomorphic feature in Figure 5-12 shows a range of benthic habitats such as, sponges,
octocorals and small fishes and the bank feature is predominately comprised of hard corals, sponges
and octocorals. Whereas, the hole / deep valley feature is comprised of mostly fine sand sediment, and
the frequent bioturbation (burrows, mounds and tracks) observed is an indication that burrowers and
crinoids may be present.

The benthic habitat characteristics within the OSMP and the Bethany FPZ are broadly consistent with
the results of other similar surveys in the offshore waters of the Northwest Shelf Transition provincial
bioregion. For example:

e Barossa offshore development area located on a plain comprised of soft sediments, frequent
bioturbations (burrowers), octocorals (particularly sea pens) and some mobile crustaceans
(ConocoPhillips 2017).

e Sunrise Gas Project found epifauna were sparse and were predominately comprised of hyoids,
sponges and crinoids (SKM 2001).
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Table 5-9: Benthic Environment Summary for the Bethany Survey

Occurrence ~% of
_ ~% FPz
FC-(;ea?Lrjr;(érphlc Full Benthic Environment Summary within Vovgwlg
Power Operational | AMBA FPZ G
Zone €0,
Feature

Banks, which are located in shallower
waters (~ 20 - 60m), were found to
comprise complex benthic environments
with diverse and often dense epibenthic
assemblages (Figure 5-12—-b).
Przeslawski et al (2011) noted that banks
were more likely than plains or terraces
to have moderate to dense biological
coverage and the only geomorphic
feature to support reef-forming corals.
Bank v v v These features were found to support a

range of epibenthic fauna, including
molluscs, crustaceans, echinoderms and
fishes (Anderson et al 2011). Benthic
habitats were comprised of hard corals,
sponges and octocorals (Anderson et al.
2011). Although hard corals were present
within bank features, these were only
discovered in shallow water depths (<35
m) and terraces in deeper waters (48 -
101 m) were devoid of hard coral
(Anderson et al. 2011).

28 7

Valleys where identified within deeper
areas of 40 — 200 m (Przeslawski et al.
2011).

Valley features were also identified to
comprise octocorals and sponges,
however these were mostly found as 1-2
Hole/valley v v v individuals or in small aggregations 21 18
(Anderson et al. 2011). Przeslawski et al.
(2011) indicates that low relief features
(basin), include plains and channel floors
characterised by sediments that support
rich infaunal communities but sparse
epifaunal abundances ((Figure 5-12— c).

Terraces occur at intermediate depths (~
48 — 101 m) and are benthically less
complex than banks, but where rocky
outcrops were present they supported
moderate to high densities of sessile
epifauna, dominated by sponges and
octocorals ((Figure 5-12 — a) (Anderson
et al. 2011).

Terrace v v v Terrace fea_tures als_o supported arange 49 10
of epibenthic fauna including gastropods,
crabs, bryozoa, ascidians, heart urchins,
brittlestars, crinoids, sea stars,
holothurians, nudibranchs, worms and
small fishes (Anderson et al. 2011).
Although present, the occurrence of
octocorals associated with terrace
features were markedly lower than those
assemblages associated with banks.

Basin features comprise low-relief
expanses of unconsolidated sediment,
Basin v v v with Przeslawski et al (2011) indicating 2 0.5
that these habitats are dominated by
infauna with limited epifauna.
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Occurrence

Geomorphic

Feature Full

Power
Zone

Operational

AMBA

Benthic Environment Summary

~%
within
FPz

~% of
FPz
within
OSMP
Geo.
Feature

Shelf - v

The Arafura shelf is the northern
extension of the Australian continental
platform. It is a gently seaward sloping
plain with subdued topography (Harris et
al. 2005).

Pinnacle - v

The Pinnacles of the Bonaparte Basin
are a Key Ecological Feature. As shown
in Figure 5-5 a small number (~3)
pinnacles are within the operational area.
Pinnacles of the Bonaparte Basin are
comprised of limestone and it is thought
that the vertical walls generate local
upwelling of nutrient-rich water, leading to
phytoplankton productivity that attracts
aggregations of planktivorous and
predatory fish, seabirds and foraging
turtles (DSEWPaC 2012c). As the
pinnacles provide areas of hard substrate
in an otherwise relatively featureless
environment they are presumed to
support a high number of species;
however, the species richness and
diversity of these structures is generally
poorly understood (Brewer et al. 2007).
Communities associated with the
pinnacles are thought to include sessile
benthic invertebrates such as hard and
soft corals and sponges, and
aggregations of demersal fish species
such as snapper, emperor and grouper
(DSEWPaC 2012c).

Slope - v

The slope feature within the operational
area is associated with the slope of the
Arafura Shelf, which is known to support
a large number of 284 demersal fish
species (Last et al. 2005).

The Shelf Break and Slope of the Arafura
Shelf is characterised by continental
slope, patch reefs and hard substrate
pinnacles (Harris et al. 2005).

Shoals - -

The AMBA overlaps a single shoal.
Tassie Shoal is located approximately 23
km from the operational area (Figure
5-11). No information could be found
regarding Tassie Shoal. It is expected
that the benthic environment of this
feature would be similar to the description
provided for banks in the Survey Area
subsection above.
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Figure 5-12: Geomorphic features and benthic habitats within the OSMP and FPZ (GA 2017)
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5.5.1.2 Benthic Environment Predictive Modelling

Where there is limited information, environmental features are used as indicators for the types of
species and habitats likely to occur. These include bioregions, water depth, seafloor features and key
ecological features (DNP 2017). Another way to fill in the gaps’ between field observations is to build
spatial predictive habitat models. For the marine environment, such modelling involves collecting and
integrating spatial datasets to build realistic representations of both the topography and composition of
the seafloor and major biotic groups (Radford and Puotinen 2016).

Spatial predictive modelling has been utilised for the Oceanic Shoals Marine Park (OSMP). Multiple
field campaigns have collected high resolution survey data in seven study areas within or near the
Oceanic Shoals, however these studies collectively cover only a small fraction of the total area of the
Marine Park, however by using spatial predictive modelling a benthic habitat map was produced for the
entire OSMP. The predictive model uses high resolution bathymetric data or hydro-acoustic data inputs,
and verified field data. For the OSMP, AIMS underwater towed video was used to document where
biota of various types actually exists, the field data is then used to build and test the predictive model
(Radford and Puotinen 2016).

A separate model for each class of benthos was then developed by exploring the statistical relationship
between the predictors and field data presence or absence across the area, the resulting model predicts
the likelihood that the class actually exists ranging from O (no chance) to 1 (100% certainty it exists).
Data is then combined to produce mixed category maps compilation to find out where different classes
may co-exist together (Radford and Puotinen 2016). However, it is important to note there were some
inaccuracies in the model. For example, the model predicted hard coral but the benthic class was
actually something else (giving false hits). Most commonly this was Alcyon. The relative proportion of
false positives and misses given the sample size was then used to estimate overall accuracy of the
classification. However, across all classes the model accuracy was high (82.97% total accuracy)
(Radford and Puotinen 2016).

The classes with a ‘poor’ accuracy results are as follows: abiotic, filter feeders, macroalgae and
seagrasses.

Data points that were:

. Abiotic were most often mistakenly predicted to be whips.

. Filter feeders were most often mistakenly predicted to be sponges.
. Macroalgae were most often mistakenly predicted to be Halimeda.
. Seagrass were most often mistakenly predicted to be filter feeders.

In order to use this model in identifying habitat types likely to support site-attached species within the
Bethany FPZ and to reduce inaccuracies in the prediction, classes have been grouped into two broad
categories based on the likelihood of supporting site attached species:

1. Abiotic and Burrowers/Crinoids — unlikely to support site attached species.
2. Alcyon, Filterers, Gorgonians, Halimeda, Hard Coral, Macroalgae, Seagrass, Soft Coral
and Unknown — likely to support site attached species.

For the Bethany habitat assessment three ‘poorly’ modelled habitat types, filter feeders, macroalgae
and seagrasses are grouped with habitat classes they were mistaken for, and therefore reducing
inaccuracy of the model. Whereas, the abiotic class mistakenly predicted to be whips has been
underestimated, and therefore habitat coverage predictions for this class is considered to be
conservative.

Bethany Habitat Modelling

To further investigate the likelihood of the types of benthic habitat within the FPZ, Santos contracted
Jacobs to conduct a desktop assessment of the habitat features present in the survey area. This was
undertaken by reviewing the benthic habitat data for the OSMP collected by the Australian Institute of
Marine Science (AIMS). Jacobs prepared a map (Figure 5-13) that overlaid the habitat data with the
survey area to gain an understanding of the benthic habitat categories present. The habitat categories
(classified by AIMS and confirmed Ben Radford pers. comm. 2017) and their relative percentage
coverage in the survey area are detailed in Table 5-10.
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Figure 5-13 and Table 5-10 shows that the overall coverage of epibenthos habitats is low for all three
areas, and much of the benthic habitat within the OSMP, KEF (FPZ coverage) and FPZ is classified as
abiotic (sand and rock), and covers a large percentage of the area; 70.52%, 53.67% and 66.76%,
respectively. Of the biotic habitat categories within the FPZ and the KEF, filter feeders had the highest
coverage (19.16% and 16.10%, respectively). Sessile invertebrate filter feeders (e.g. sponges,
bryozoans and hydroids) are heterotrophic, extracting their food from the surrounding waters. In the
FPZ and KEF, burrowers and crinoids had the second highest coverage (10.01%, 9.30 %respectively)
and may include groups such as polychaetes, crabs, starfish, feather stars and brittle stars. Whereas,
in the OSMP, burrowers and crinoids dominated (17.59%) and the filter feeders were second highest
% coverage (9.68%).

The habitat categories present are likely related to the water depth of the survey area (between 45-100
m). Filter feeders are generally the most common epibenthic fauna within deep-water (light-limited)
environments, as they don’t rely on light to produce energy, instead filtering plankton from the water
column (Heyward et al. 1997). In contrast, photosynthetic dependent organisms, such as hard corals
and macroalgae are likely to be less prevalent at these depths.

Another study which examined seabed biodiversity within mid-shelf areas adjacent to the Goodrich
Bank and Cape Helvetius found these areas had a similar benthic habitat to that of the FPZ. The mid-
shelf sites were generally turbid with large areas of bare seabed which supported patchy sponge
dominated filter feeder communities, associated with limited areas of consolidated substrates (Heywood
et al. 2017).

The most distinguishing feature of the analysis for the three areas is that the % coverage of benthic
habitat categories are similar and appear uniform in occurrence. For example, the highest biotic benthic
habitat categories for the three areas are invertebrate filter feeders and burrowers and crinoids. The
least % all with a level of coverage <2% are hard corals, gorgonians (which include sea fans and sea
whips), soft corals and Halimeda (a calcareous macroalgae). Additionally, the area of the OSMP and
therefore within the FPZ, is identified as a representative habitat, and supports tropical benthic habitat
that is typical throughout the region (ConocoPhillips 2017).
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Figure 5-13: Benthic habitat categories present within the seismic survey area
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Table 5-10 summarises the benthic habitat categories identified within the Oceanic Shoal Marine Park
(AMBA is located entirely within the OSMP), the KEF - Carbonate banks of the Van Diemen Rise, and
FPZ. A comparison of these areas by habitat is shown in Figure 5-14.

Table 5-10: Benthic Habitat Categories within the OSMP

Benthic Habitat
Categories

Description

OSMP

%
coverage

KEF*
% coverage

FPZ

%
coverage

Abiotic

Sand interspersed with rocky substrates.

70.52

53.70

66.76

Alcyon

Soft corals that can cement sclerites and
consolidate them at their base into alcyonarian
spiculite, thus making them reef builders
(Jenssen et al 2011).

0.28

0.40

0.42

Burrowers/Crinoids

Soft sediment communities such as
polychaetes, crabs, starfish, feather stars and
brittle stars, which in their adult form are
attached to the sea bottom by a stalk, some
are attached only as juveniles and become
free-swimming as adults.

17.59

9.30

10.01

Filterers

Sessile invertebrate filter feeders (e.g.
sponges, bryozoans and hydroids) are
heterotrophic, extracting their food from the
surrounding waters. Filter feeders that
dominate in the deep water, light-limited
habitats as they don’t rely on light to produce
energy, instead filtering plankton from the
water column (Heyward et al. 1997).

9.68

16.10

19.16

Gorgonians

Soft sediment communities that tend to anchor
themselves in mud or sand.

0.40

0.50

0.68

Halimeda

Calcareous macroalgae and photosynthetic
dependent organism.

0.07

0.10

0.10

Hard Coral

Photosynthetic dependent organisms.

0.71

1.10

1.69

Macroalgae

Photosynthetic dependent organisms.

0.10

0.20

0.06

Seagrass

Marine flowering plants, photosynthetic
dependent organisms.

0.01

Soft Coral

Primarily colonial sessile animals — not light
dependant.

0.34

0.40

0.42

Unknown

n/a

0.31

0.50

0.70

Not Classified

n/a

n/a

17.80

Source: Jacobs Report — Bethany Seismic Survey, Site Attached Fish Assemblages (2017).
*KEF - Carbonate banks of the Van Diemen Rise
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% of OSMP % of KEF % of FPZ - 4,565 km?

H Abiotic B Alcyon B Abiotic o Alcyon M Abiotic M Alcyon

m Burrowers/Crinoids = Filterers m Burrowers/Crinoids u Filterers m Burrowers/Crinoids m Filterers

B Gorgonians B Halimeda B Gorgonians B Halimeda ® Gorgonians m Halimeda
m Hard Coral B Macroalgae m Hard Coral W Macroalgae W Hard Coral W Macroalgae
W Seagrass u Soft Coral M Seagrass B Soft Coral MW Seagrass M Soft Coral
m Unknown W Unknown B Not Classified H Unknown

Figure 5-14: Comparison of the % cover of the benthic habitats for the OSMP, FPZ and KEF —
carbonate banks of the Van Diemen Rise

Source: Jacobs Report — Bethany Seismic Survey, Site Attached Fish Assemblages (2017)
*KEF - Carbonate banks of the Van Diemen Rise

5.5.1.3 Comparison with benthic surveys in the vicinity of the Bethany FPZ

Additional information on the benthic habitat types present within the OSMP was obtained from the
Barossa Environmental Studies Benthic Habitat Report prepared for ConocoPhillips (Jacobs 2016).
Sites sampled as part of this study that were in the vicinity of the survey area have been overlaid on
Figure 5-13 and a summary of the habitat features for each are described below.

Based on the information summarised below, the benthic habitat within the FPZ consists mainly of
abiotic substrate such as sand interspersed with rocky substrates supporting communities of
invertebrate filter feeders (i.e. hydroids, soft corals, gorgonians and sponges). The water depth within
the survey area (between 45-100 m) restricts the ability for photosynthetic reliant biotic communities
such as hard corals and macroalgae to survive; however, filter feeding organisms that rely on plankton
for food thrive in this environment (Jacobs 2017).

The geomorphology of the survey area is complex covering an area consisting of banks, terraces,
valleys, plains and pinnacles. However, the complexity of the benthic habitats overlaying these features
is limited by the depth of the water and the associated lack of benthic light availability, as well as the
dominance of sandy substrates restricting the establishment of more complex reef ecosystems.

The survey area can be described as a deep-water environment consisting mainly of sand with rocky
outcrops supporting small discreet communities of predominantly filter feeding benthic communities.
The lack of habitat complexity within the survey area is likely to restrict the diversity of fish communities
in this area (Jacobs 2017).

Scarps (Sites HM014 and HM019)

These sites were located in water of approximately 185m. The higher side of the scarp profile consisted
of rock boulders and consolidated shell grit, sediment and hydroid/bryozoan turf. This habitat supported
invertebrate filter feeders, including gorgonians, sea whips, featherstars and sponges. The lower side
of the scarp was predominantly sand (Jacobs 2017).

Seamounts (Sites HM010B, HM011 and HM029)

The top of the seamounts were between 50 m and 80 m in depth, with the primary habitat consisting of
sand and algae-covered rubble, with soft corals, sponges, sea whips and sea cucumbers noted. Trigger
fish nests were prevalent at HM011, located reasonably close together and covering a large area. The
slope of HM029 had a rocky face with coarse sand deposits supporting sea whips, gorgonians, other
soft corals and sponges (Jacobs 2017).
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Barossa Permit Area (Sites HM013, HM016, HM017, HM018, HM021, HM022, HM023)

These sites ranged in depth from 211 m to 309m. The substrate in these areas was predominantly silty
sand and slightly undulating (<25 cm in height) with widespread bioturbation (i.e. burrows, mounds and
tracks). Observed biota included sea pens, anemones, decapod crustaceans, starfish, soft corals and
some demersal fish.

While the sampling sites from the Jacobs study lie outside of the survey area, the water depths and
habitat categories present are similar to what was observed for the AIMS data, especially at sites
HM010B, HM011 and HM029 (Jacobs 2017).

5.5.2 Pelagic Environment

A search of the DoEE Protected Matters Database was undertaken for the Bethany AMBA. Table 5-11
details fauna identified by the Protected Matters Search and any applicable management plans.

Table 5-11: Threatened and Migratory Species that May Occur within AMBA

Common Scientific Name EPBC Act Management Plan / Recovery Relevant
Name Status plan / Approved Management
Conservation Advice Actions
Sharks
White shark Carcharodon Vulnerable, Recovery Plan for the White None identified
carcharias Migratory Shark (Carcharodon
carcharias)
Northern river Glyphis garricki Endangered Sawfish and River Sharks | None identified
shark Multispecies Recovery Plan
Approved Conservation Advice
for Glyphis garricki (Northern
River Shark).
Speartooth Glyphis glyphis Critically Sawfish and River Sharks None identified
Shark Endangered Multispecies Recovery Plan
Approved Conservation Advice
for Glyphis glyphis (Speartooth
shark)
Largetooth Pristis Vulnerable, Sawfish and River Sharks | None identified
(Freshwater) Migratory Multispecies Recovery Plan
sawfish
Green sawfish | Pristis zijsron Vulnerable, Sawfish and River Sharks | None identified
Migratory Multispecies Recovery Plan
Approved Conservation Advice
for Green Sawfish
Whale shark Rhincodon typus | Vulnerable, Whale  Shark  (Rhinocodon | gyq|yate risk of
Migratory typus) Recovery Plan 2005- | yegsel strike
2010 (Section 7.8)
*expired recovery plan Evaluate risk f
Approved Conservation Advice n(\)/{asgeér?]irslzior:gm
Rhi hale Shark
incodon typus whale Sharf (Section 7.1 and
7.2)
Narrow sawfish | Anoxypristis Migratory
cuspidate — —
Shortfin mako Isurus oxyrinchus | Migratory . .
Longfin mako Isurus paucus Migratory - -
Rays
Reef mantaray | Manta alfredi Migratory - _
Giant mantaray | Manta birostris Migratory _ _
Reptiles
Loggerhead Caretta caretta Endangered, Recovery Plan for Marine
turtle Migratory Turtles in Australia 2017 - 2027
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Common Scientific Name EPBC Act Management Plan / Recovery Relevant
Name Status plan / Approved Management
Conservation Advice Actions
Green turtle Chelonia mydas Vulnerable, Recovery Plan for Marine Evaluate risk of
Migratory Turtles in Australia 2017 - 2027 | vessel strike
. Section 7.8
Leatherback Dermochelys Endangered, Recovery Plan for Marine ( )
turtle coriacea Migratory Turtles in Australia 2017 — Management of
2027 marine debris
. . (Section 7.6)
Approved Conservation Advice
for Dermochelys coriacea Soft start
(Leatherback Turtle) procedures to be
implemented for
Hawkshill turtle Eretmochelys Vulnerable, Recovery Plan for Marine seismic surveys that
imbricata Migratory Turtles in Australia 2017 - 2027 | occur within the
. . . . distribution of
Olive Ridley Lepidochelys Endangered, Recovery Plan for Marine IStrbut
Turt I Mi Turtles in Australia 2017 - 2027 | Marine turtles
urtle olivacea igratory urtles in Australia - (Section 7.1).
Flatback Turtle Natator Vulnerable, Recovery Plan for Marine Spill risk strategies
depressus Migratory Turtles in Australia 2017 - 2027 | and response
programs include
management for
marine turtles and
their habitats
(Section 7.11 and
7.12),
Management of light
pollution (Section
7.3)
Management of
vessel/fauna
interactions (Section
7.8).
Salt-water Crocodylus Migratory
Crocodile prosus — —
Birds
Curlew Calidris Critically Approved Conservation Advice | None identified
sandpiper ferruginea Endangered, for Ca'lldrls ferruginea (Curlew
Migratory Sandpiper).
Eastern curlew, | Numenius Critically . _
Far eastern madagascariensis | Endangered,
curlew Migratory
Common noddy | Anous stolidus Migratory . o
Streaked Calonectris Migratory . o
shearwater leucomelas
Lesser Fregata ariel Migratory . _
frigatebird
Great frigatebird | Fregata minor Migratory _ _
Osprey Pandion haliaetus | Migratory . .
Mammals
Sei whale Balaenoptera Vulnerable, Conservation Advice Minimise vessel
borealis Migratory Balaenoptera borealis (sei collisions (Section

whale)
*not a recovery plan

7.8)
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Common Scientific Name EPBC Act Management Plan / Recovery Relevant
Name Status plan / Approved Management
Conservation Advice Actions
Blue whale Balaenoptera Endangered, Conservation Management Minimise vessel
musculus Migratory Plan for the Blue Whale 2015- collisions (Section
2025 7.8)
Fin whale Balaenoptera Vulnerable, Conservation Advice Minimise vessel
physalus Migratory Balaenoptera physalus (fin collisions (Section
whale) 7.8)
*not a recovery plan
Humpback Megaptera Vulnerable, Conservation Advice for Assess and address
whale novaeangliae Migratory Megaptera novaeangliae anthropogenic noise
(humpback whale) (Section 7.1 and
*not a recovery plan 7.2)
Minimise vessel
collisions (Section
7.8)
Report all fauna
strike events
(Section 7.8)
Antarctic Minke | Balaenoptera Migratory _ _
Whale bonaerensis
Bryde’s whale Balaenoptera Migratory
edeni — —
Spotted Tursiops aduncus | Migratory
Bottlenose . _
Dolphin
Killer Whale Orcinus orca Migratory - -
Sperm Whale Physeter Migratory
macrocephalus — -

5.5.3 Plankton

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

The composition of phytoplankton in the North Marine region is highly diverse; about 200 species are
known to occur in the area. The predominant phytoplankton species are the large, tropical diatom flora
(single-celled algae) on the continental shelf (DSEWPaC 2012c). Copepod animals (zooplankton) found
in the region comprise a diverse group of small crustaceans. They are characteristic of warm shallow
coastal waters, with around 88 of the 102 species identified in the region common to South-East Asia
(Othman et al. 1990).

Phytoplankton have marked seasonal cycles in tropical regions with higher productivity occurring during
the cooler months and lower productivity in the warmer months (Blondeau-Patisser et al 2011,
Schroeder et al 2009).

In the north marine region, there is very little mixing between turbid coastal boundary layer waters and
clear (oligotrophic) offshore waters, and hence there is little transfer of nutrients, freshwater or
sediments into offshore waters (Schroeder et al 2009). Consequently, the main source of nutrients is
expected to be from the Indonesian Throughflow which transports warm, low-salinity water into the
Bonaparte Basin during storm and cyclone events (Brewer et al. 2007), and upwelling’s from high
density and nutrient rich deep ocean waters. Consequently, plankton productivity in the AMBA is
expected to be sparse and patchy. Zooplankton that rely on phytoplankton for food are then subject to
similar constraints and seasonality in the area.

Page 69 of 309



SalltOS Bethany 3D Seismic Survey Environment Plan

Furthermore, a bio-regional scale, modelling pf potential connectivity between NMR and North-West
Marine Region (NWMR) Marine Parks suggests (Figure 5-15):

e 77% larvae chance of larvae being retained within its area of origin.

e OSMP receives and contributes larvae to Marine Parks within the NMR and NWMR, with the
furthest connectivity occurring with West Cape York Marine Park to the east and the Montebello
Islands Marine Park to the southwest.

e OSMP links the NMR eastern Marine Parks and the NWMR western Marine Parks.

West Cape York
q

Gulf of
Carpentaria

Figure 5-15: Modelled connectivity to and from the Oceanic Shoals CMR*
Source: modified from NERP Marine Biodiversity Hub (2015)

*Red arrows indicate export of larvae from the Oceanic Shoals to other CMRs, blue arrows indicate import of larvae to the Oceanic
Shoals from other CMRs.

It should also be noted, that although oligotrophic, unlike more temperate waters, plankton productivity
in this area is also limited by light attenuation (Burford and Rothlisberg 1999). Schroeder et al (2009)
suggests however that light attenuation in offshore waters (due to turbidity) is lowest in the cooler
months due to trade winds-induced mixing and algal bloom occurrences.

Based on information from the Northern Prawn Fishery Industry (NPFI) commercial prawn species such
as banana and tiger and endeavour prawns are known to spawn in areas closer to the coast and as
such are considered to be outside of the AMBA.

Consultation with the NT DPIF identified that the peak spawning period for commercial fish in the area
such as snapper is within October and May and hence outside the survey timing. Since this consultation
the TRF have stated that peak spawning is from Sept to May.

The Pearl Producers Association noted that at the proposed depths where the survey is to take place,
there will most likely be a variable distribution of P. maxima which spawn in the spring months of
September or October with primary spawning from the middle of October to December. A smaller
secondary spawning occurs in February and March (Hart et al. 2016). Hence, spawning of this species
may occur during the survey timing.

55.4 Fish

The proposed Bethany survey area likely supports offshore pelagic and demersal fish assemblages
which are typical of those found in the North Marine Region and are not unique or endemic.

To evaluate the likely fish (to taxonomic family level) associated with the benthic habitat and
geomorphological features (Section 5.5.1.2), Santos contracted Jacobs to conduct a desktop
assessment of the fish families likely to occur in the FPZ. The aim of the study was to identify benthic
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habitats likely to support site attached fish, fish families likely to occur, hearing sensitivity, identification
of protection listing, uniqueness, and degree of site attachment (Jacobs 2017).

From Section 5.5.1.2 the FPZ can be described as representing deep undulating habitat with banks and
troughs, predominantly composed of sand and rock. These substrates primarily support filter feeding
communities which don’t rely on photosynthesis for survival. The absence of more structurally complex
habitats consisting of hard and soft corals influences the diversity and abundance of fish families within
the area (Jacobs 2017). These findings are similar to the biodiversity patterns identified from the key
findings of the three recent surveys of the OSMP surveys, where pelagic species were preferentially
associated with raised geomorphic features (NERP Marine Biodiversity Hub 2015).

A list of potential fish families within the survey area, based on the habitat categories present, was
compiled by reviewing the findings from other studies on the North West shelf of Western Australia that
had examined fish diversity in similar habitats (Jacobs 2017).

e The following published papers and reports were utilised in the study:
o A study undertaken by Moore et al. 2017 provided an assessment of the fish
communities associated with the submerged oceanic banks and shoals in north-west
Australia (Moore et al. 2017).
o The Barossa Benthic Habitat Report (Jacobs 2016) detailed the fish families observed
during the habitat assessment undertaken.
o Barossa marine studies program, a regional shoals and shelf assessment was
conducted to assess the benthic habitat of Evans, Tassie, Blackwood Shoals as well
as at two mid-shelf locations (Heyward et al. 2017).
e To further support findings from the literature review, additional data sources for potential fish
families and species were reviewed. These included the following datasets:
o Bycatch data from the Timor Reef Fishery; and
o Images from AIMS/Geoscience Australia research trips of the Eastern Joseph
Bonaparte Gulf (GA 2017).

The review found that the diversity of fish families present within the survey area is likely to be low due
to the low complexity of the benthic habitat in this area. Moore et al (2017) found that the major drivers
of species richness and abundance were the percentage cover of calcareous reef (i.e. reef substrata),
depth and to a lesser extent aspect. Therefore, it can be expected that fish species richness in the
survey area will be relatively low due to the water depths (over 85% of the survey area is in water depths
greater than 40 m) and substrate type (over 65% of abiotic benthic habitat).

Although the KEFs that overlap the operational area (Carbonate banks and terraces of the Van Diemen
Rise and the Sahul Shelf, and pinnacles of the Bonaparte Basin) represent a range of substrates,
aspects and depths, demersal fish communities appear to correlate with the spatial patterns observed
for the benthic biodiversity occurring in larger and more diverse communities on the offshore, shallower,
less turbid banks/shoals (Anderson et al. 2011). Recent studies of the North West oceanic shoals (e.g.
Tassie Shoals and Echuca Shoals) found that they support some of the highest fish species richness
reported to date for mesophotic reefs (20-80 m) (Moore et al 2017; Heyward et al 2017). Therefore, the
species identified for the survey area are well represented throughout the North West Marine Region
and are not considered endemic or unique.
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Table 5-12: Fish families identified that may occur within the survey area based on literature,
trawl bycatch data and additional information from research trips

Identified in
R, AIMS
Identified in | Identified in | Identified in 'giesnrfg;;de'n” images
Fish Family Common Name Moore et al Jacobs Heyward et trawl catch captured
2017 2016 al 2017 d during
ata
research
trips*
Surgeonfishes,
Acanthuridae tangs, and Yes - Yes No -
unicornfishes
Balistidae Triggerfishes Yes Yes Yes Yes -
Jacks, pompanos,
Carangidae jack mackerels, Yes Yes Yes Yes Yes
runners, and scads.
Gobiidae Gobies - Yes - - Yes
. Armored
Indostomidae sticklebacks - Yes - - -
Labridae Wrasses Yes Yes Yes Yes -
Emperors, emperor
Lethrinidae breams, and pigface - Yes Yes Yes -
breams
Lutjanidae Snappers Yes Yes Yes Yes Yes
Tilefishes, Amadais,
Blanquillos,
Burrowfishes,
Malacanthidae Horseheads, - - Yes - -
Moonfishes,
Quakerfish, Sand
Tilefishes, Tile-fish
Monacanthidae Leatherjackets - - Yes Yes -
Mullidae Goatfishes - - Yes Yes -
Paralichthyidae Sand flounders - Yes - Yes -
Platycephalidae Flatheads - Yes - - Yes
Pomacentridae Damselfishes - Yes - - -
. Groupers, rockcods
Serranidae and their allies - - Yes Yes -
Seahorses,
. pipefishes, ) ) ) ) )
Sygnathidae seadragons,
pipehorses
. Pufferfishes,
Tetradontidae toadfishes Yes - Yes Yes -
. Searobins, Armour
Triglidae gurnards - Yes - Yes -
Zanclidae Moorish Idol - Yes - - -
Branchiostomidae | Lancelet - - - - -
Holocentrinae Squirrelfish - - - - Yes

Source: modified from Jacobs (2017)

Without specific studies of each family determining their hearing sensitivity and associated behavioural
response, it is difficult to assess their response to seismic noise. In the absence of this experimental
data, the fish families identified in Table 5-12 were classified further depending on their degree of site
attachment assessed against the following criteria:

o Reef associated — generally reliant on reef structures (hard substrate with epibenthos
communities) and are unlikely to move away from isolated reef habitats;

e Limited mobility — locomotion generally limited to crawling over the seabed so unlikely to be
able to quickly move >200 m from the seismic source;

e Retreat response — Responds to threats by retreating into habitat (hiding in reef structure or
burrowing into seabed) so may not move away from the seismic source.
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5.5.4.1 Pelagic and Demersal

The fish family assessment identified pelagic and demersal species including Carangidae (snapper
species) and Lutjanidae (Trevallies and Jacks) (Table 5-13). These species rely less on the benthic
habitat, have increased swimming ability and would be more likely to flee a seismic sound source.
These findings are consistent with the main demersal and pelagic commercial fisheries operating within
the survey area and target a range of tropical snappers (Section 5.6.3) (Jacobs 2017).Based on
information from the NT DPIR (Section 5.6.3) the main commercial species likely to be found in the
AMBA are goldband snapper (Pristipomoides spp.), saddletail sea perch (alternatively called saddletail
snapper) (Lutjanus malabaricus) and red snapper (alternatively called crimson snapper) (L.
erythropterus).Goldband snapper is widely distributed throughout northern Australia and the tropical
Indo-West Pacific. Analysis of otolith stable isotopes indicates that the Northern Territory has a separate
biological stock within this distribution. The species occurs over a wide depth range, but is commercially
fished from 80 to 150 m in depth (NT Government 2016).

A review of bycatch data from the Timor Reef Fishery in 2015, in the vicinity of the Bethany survey
confirmed the presence of pelagic demersal fish families Carangidae and Lutjanidae (Table 5-12).
Trawling in 2015 occurred directly within the survey area on the northern edge; however, the majority
of the trawling occurred just north and north east outside of the survey area. The trawl net panels are
23 cm and 15 cm at the cod end, therefore fish smaller than 23 cm may escape which may bias the
data towards fish larger than 23 cm. i.e. the trawl fishery is not targeting smaller site-attached species.

Saddletail sea perch is a widespread Indo-Pacific species found throughout tropical Australian waters.
Genetic studies indicate that within Northern Territory waters (including the Timor Sea, Arafura Sea and
the Gulf of Carpentaria) the species is comprised of one biological stock. The species occurs over a
wide depth range, from coastal to offshore areas and is fished in waters up to 150 m in depth (NT
Government 2016). Red snapper is a widespread Indo-Pacific species found throughout tropical
Australian waters. Genetic studies indicate that within Northern Territory waters (including the Timor
Sea, Arafura Sea and the Gulf of Carpentaria) the species is comprised of one biological stock. The
species occurs over a wide depth range, from coastal to offshore areas and is fished in waters up to
150 m in depth (NT Government 2016).

Surveys of the benthic environment by Heap et al. (2010), Anderson et al. (2011) and Przeslawski et
al. (2011) indicate that epibenthic fish can be expected within the AMBA, however these surveys did
not specify if those observed were reef or site attached fish (see Section 5.5.1). However, they noted
that fish were present where dense epibenthic communities existed, and given the potential for these
to be present within the AMBA (Section 5.4.10) it is conservatively assumed that dense aggregations
of reef or site attached species may be present where pinnacles or shallow banks occur within the
AMBA. The analysis of the AIMS images captured during these research trips confirmed the presence
of pelagic demersal fish families Carangidae and Lutjanidae over sediment flats and deep hole valleys
(Table 5-12; Table 5-13, and Figure 5-16).

Figure 5-12

) 01:21:36 AM (+0.0 hrs) Lat=-12 30.06149 98 06/08/2010 01:20:56 AM (+0.0 hrs) Lat=-12.34105 Lon=130.06123 WGS 1984

Figure 5-16: Fish family Carangidae within the OSMP and FPZ

Page 73 of 309



Santos

Bethany 3D Seismic Survey Environment Plan

Table 5-13: Fish families likely to occur in the Bethany survey area and their associated hearing sensitivity, protection listing, uniqueness and
predicted flee response

Maxima Seismic
. . : —_ Protection q o Basis for Site Survey
Fish Family Hearing Sensitivity Listing Uniqueness Characteristics Attachment Predictions
(Woodside 2007)
Most surgeon fishes graze on benthic algae,
while some feed on zooplankton or detritus
) (Fishbase database. Accessed 25/10/2017).
Swim bladder present Can slash other fishes s (A h i
Acanthuridae . o Not listed with their sharp caudal Some species (Acanthurus lineatus) are Reef associated. Non-fleeing
Hearing sensitivity unknown spines strongly site attached and remain within and
actively defend specific areas of reef
substratum against feeding activities of other
herbivores (Choat and Bellwood 1985).
Balistids characteristically have omnivorous
Lav demersal eqas in diets and access a wide range of plant and
. - Y 99 invertebrate food sources (Kuwamura 1991). .
- Hearing specialist (Sand and . nest guarded by female ; L . Likely to flee
Balistidae Enger 1973) Not listed (Fishbase database Acquire food resources by foraging in Reef associated (mostly)
g ) specialised habitats with the family including Y
Accessed 25/10/2017) . ; ; )
both planktivorous and benthic feeding species
(Randall et al. 1997).
Fast swimming predators of the waters above Not considered site
t2h5e/ Ig;azl‘o(f%hbase database. Accessed attached due to
. Swim bladder present . 7 ) go_o_d swimming _
Carangidae ) o Not listed Some root in the sand for invertebrates and ability and minimal Likely to flee
Hearing sensitivity unknown fishes. reliance on reef
Usually in small schools over sand bottoms structures for
near reefs. shelter.
The smallest fishes Most are cryptic bottom dwelling carnivores
st Ladich belong to this family. while othedrs arhe prialrllktivorous. IThey are . Reef associated
. Hearing generalist (Ladic . Some species have associated with shallow coastal waters an i - .
Gobiidae 2002) Not listed symbiotic relationships coral reefs. Typically nest spawners that are Limited mobility Non-fleeing
with invertebrates guarded by the male (Fishbase database. Retreat response
(shrimps). Accessed 25/10/2017).
Swim bladder physoclistic (no connection
_ Swim bladder present _ between swim _bladder an(_j intestinal tract, _
Indostomidae . o Not listed pressure of swim bladder is regulated by Reef associated N/A
Hearing sensitivity unknown special tissues or glands) (Fishbase database.
Accessed 25/10/2017).
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Maxima Seismic

Hearing sensitivity unknown

mainly on crustaceans and small fishes
(Fishbase database. Accessed 25/10/2017).

. . . s Protection . o Basis for Site Survey
Fish Family Hearing Sensitivity Listing Uniqueness Characteristics NG Predictions
(Woodside 2007)
Most species change Most species are sand burrowers and are
. colour and sex with i benthic invertebrat . .
Swim bladder present carnivores on benthic invertebrates or Reef associated -
Labridae ) . p . Not listed growth. planktivores. Many of the species in this family E\Jrr?gs?le)e ing
Hearing sensitivity unknown Males dominate several | are less than 15 cm (Fishbase database. Retreat response Yy
females. Accessed 25/10/2017).
bladd Bottom feeding, carnivorous fishes, ranging
Swim bladder present imari i i
Lethrinidae ) . p ) Not listed Highly commerecial prlmarl_ly on or near reefs. Can b_e sqlltary or Reef associated Likely to flee
Hearing sensitivity unknown schooling and do not appear territorial (mostly)
(Fishbase database. Accessed 25/10/2017).
Not considered site
Most species are predators of crustaceans and | attached due to
. Swim bladder present _ fishes but several are planktivorous. good swimming Likely to flee
Lutjanidae ) o Not listed ability and minimal
Hearing sensitivity unknown Generally demersal down to depths of 450 m reliance on reef (mostly)
(Fishbase database. Accessed 25/10/2017). structures for
shelter.
. Swim bladder present . All species live in Feed on benthic invertebrates or zooplankton .
Malacanthidae Hearing sensitivity unknown Not listed bUITOWS. (Fishbase database. Accessed 25/10/2017). Retreat response Likely to flee
. Lay demersal eggsina | commonly known as file fishes
Monacanthidae Swim bladder present Not listed site prepared and - Reef associated Non fleein
i i i ici i i
Hearing sensitivity unknown guarded by the male or Most species feed on benthic invertebrates 9
both parents. (Fishbase database. Accessed 25/10/2017).
Chin with 2 long barbels, which contain
Swim bladder present chemosensory organs for probing the sand or
Mullidae ) o Not listed holes in the reef for benthic invertebrates or Reef associated Likely to flee
Hearing sensitivity unknown small fish (Fishbase database. Accessed
25/10/2017).
This family is characterised by the flounders. o B
. . . . Distinct pairing in some Species have no spines in pectoral and pelvic Limited mobility
Paralichthyidae No swim bladder Not listed species. fins (Fishbase database. Accessed Retreat response N/A
25/10/2017).
This family is characterised by the flatheads.
Swim bladder present ing i i i Limited mobilit
Platycephalidae p Not listed Demersal, burying in the sediments, feeding y Likely to flee

Retreat response
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Maxima Seismic

. . . s Protection . o Basis for Site Survey
Fish Family Hearing Sensitivity Listing Uniqueness Characteristics NG Predictions
(Woodside 2007)
Many species are highly territorial herbivores, )
omnivores and planktivores. Eggs are demersal | Reef associated
i i i and adhere to the substrate. imi ili
Pomacentridae Hearing generalist (Ladich Not listed Males guard and aerate . : o . Limited moblllty Non-fleeing
2002) the eggs Anemonefishes are included in this family and (due to small size)
live in close association with sea anemones Retreat response
(Fishbase database. Accessed 25/10/2017).
) Groupers are Large and diverse group of predatory marine
Serranidae Swim bladder present Not listed rotop nous fish ranging in size from 4 cm to 3 m in length Reef associated Non-fleeing
Hearing sensitivity unknown Eermgyhro dites (Fishes of Australia database. Accessed (mostly)
P 25/10/2017)
. Males have a brood ) - s :
; Listed LSV This family includes the pipefishes and Partially reef
Swim bladder present ;
Sygnathidae Hearin sensitlici/it unknown marine E\?(ljjcfr(‘e Envzvgfgri?gs ar® | seahorses. (Fishes of Australia database. associated* Non fleeing
9 Yy species incubated. Accessed 25/10/2017) Limited mobility
Demersal eggs are laid in a nest and
Swim bladder present Capable of greatly presumably defended. Some species are
Tetradontidae ) o Not listed inflating themselves with | feeding generalists while others have a Reef associated Non-fleeing
Hearing sensitivity unknown water. preference for certain invertebrates or algae
(Fishbase database. Accessed 25/10/2017).
Commonly known as gurnard.
Swim bladder present ; ;
Triglidae Jaer prese Not listed Good sound producers, | Bottom dwellers typically found in deeper water | | jmited mobility N/A
Non-specialist (Ladich 2002) (>380 m) (Fishes of Australia database.
Accessed 25/10/2017)
Feed mainly on sponges and benthic
invertebrates (Fishbase database. Accessed
Pelagic spawners 25/10/2017).
Zanclidae Unknown Not listed whose larvae drift for a The Moorish idol (Zanclus cornutus) is the only Reef associated Non-fleeing

long time before
settlement.

species in this family.

They inhabitat turbid inner lagoons, reef flats
and clear seaward rocky and coral reefs (Myers
1999).

1 Some species associated with inshore shallow habitats, seagrass beds, sheltered bays and estuaries with sandy or muddy bottoms.
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5.5.4.2 Site-attached

Site attached fish are generally small to medium sized that rely on the benthic habitat, have decreased
swimming ability, and are less likely or unable to flee a seismic sound source due to their swimming
ability. Jacobs fish family assessment identified one family as a ‘Listed Marine Species”, Sygnathida
(pipefish and seahorses) (Section 5.5.4.3).

Without specific studies of each family determining their hearing sensitivity and associated behavioural
response, it is difficult to assess their response to seismic noise. In the absence of this experimental
data, an insight into their response to seismic noise is be best determined based on their degree of site
attachment assessed against the following criteria (Jacobs 2017):

e Laydemersal eggs and build nests (Balistidae, Pomacentridae, Tetradontidae, Monacanthidae)

e Live in burrows or under the sand (Gobiidae, Platycephalidae, Malacanthidae)

e Feed on benthic organisms like algae, sponges or invertebrates (Acanthuridae, Zanclidae,
Mullidae).

W

™,

~—— &
L ek .
® " o\ .

- 1 A
09/08/2010 01:26:43 AM (+0.0 hrs) Lat=-10.2983 Lon=129.68547 WGS 1984

10/08/2010 22:40:15 PM (+0.0 hrs) Lat=-10.46585 Lon=128.5391 WGS 1984

Figure 5-17: Fish family Gobiidae (left) and Holocentrinae (right) within the OSMP and FPZ

However, it should be noted Jacobs identified uncertainties associated with these methods as it is based
on an assessment at the family level and there may be temporal aspects to life history traits (e.qg. trigger
fish (Balistidae) may only be site attached while guarding their nest/territory). These uncertainties were
noted when comparing these results to a similar review, for the Maxima 3D Marine Seismic Survey at
Scott Reef, conducted by AIMS for Woodside Energy Ltd. (Woodside 2007). AIMS reviewed the fish
families known to occur at Scott Reef to determine which families would be expected to remain and/or
seek refuge within the reef structures rather than temporarily vacate their home range or particular
territory from an approaching air gun array (Table 5-13). AIMS identified some fish families, e.g.
Balistidae, Malacanthidae, as likely to flee where as they had previously been identified as site-attached
based on their life history traits. Without any empirical evidence recorded during a seismic survey or
experimental observations, it should be noted that these assessments are somewhat subjective with
the potential for different conclusions (Jacobs 2017). Nevertheless, the assessment considers multiple
sources of data (government surveys, peer-review research papers, and fisheries trawl by-catch data)
for the region to determine fish families likely to be present.

Surveys of the benthic environment by Heap et al. (2010), Anderson et al. (2011) and Przeslawski et
al. (2011) indicate that epibenthic fish can be expected within the AMBA. The analysis of the AIMS
images captured during these research trips confirmed the presence of two site attached fish families
Gobiidae and Holocentrinae (Squirrelfish) over terrace features, which the FPZ which constitute 10%
of the feature within the OSMP (Table 5-12; Table 5-13, and Figure 5-17). Additionally, fishermen trawl
catch data confirmed the presence of Balistidae and Labridae, potential site attached species identified
in the fish assessment, Moore et al (2017) and Heyward et al. (2017) (Table 5-13; Table 5-12). It is
important to note that the size of the fishermen trawl nets do not permit the take of the smaller site
attached species for example, Gobiidae and Holocentrinae (Jacobs 2017). The trawl net panels are 23
cm and 15 cm at the cod end, therefore fish smaller than 23 cm may escape which may bias the data
towards fish larger than 23 cm.
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Furthermore, as described in Section 5.5.4.1, shallow waters <35 m depth constitutes only 3.6 % of the
FPZ, whereas water depths >35 m to the maximum depth of ~157 m constitutes the remaining 96.4%
of the FPZ. Banks within the FPZ, which are located in water depths of ~20 — 60 m comprise of only
~7% of the banks within the entire Oceanic Shoals Marine Park (Table 5-9), were found to comprise of
complex benthic environments with diverse and often dense epibenthic assemblages. Przeslawski et
al. (2011) noted that banks were more likely than plains or terraces to have moderate to dense biological
coverage and the only geomorphic feature to support reef-forming corals. These features were found
to support a range of epibenthic fauna, including molluscs, crustaceans, echinoderms and fishes
(Anderson et al. 2011). Whilst the Bethany operational area overlaps three pinnacle features (Table
5-9), none occur within the FPZ.

Given the very low proportion of shallow waters (<35 m depth) overlapped by the FPZ, and the limited
presence of bank features and absence of pinnacles in the FPZ, it is reasonable to conclude that the
survey area is unlikely to include a high number of dense aggregations of site attached fish, or reef-
associated demersal fish assemblages. These fish communities are more likely to be associated with
shallow areas of the banks (<35 m depth) with high coverage of hard corals, with pinnacle features, or
with shallow shoals such as Tassie Shoal and Evans Shoal. Additionally, the area of the OSMP and
therefore the FPZ, is identified as a representative habitat, and supports tropical biota that is typical
throughout the region (ConocoPhillips 2017).

5.5.4.3 Listed Marine Species
5.5.4.3.1 Syngnathids

The Protected Matters Database search identified 23 pipefish species, four seahorse species and four
pipehorse species that may potentially occur in the AMBA. Seahorses (Hippocampus spp.) and
pipehorses (Solegnathus spp.) are among the site-associated fish genera (DSEWPAC 2012a). The
fish family assessment also identified Syngnathids as the only Listed Marine Species within the AMBA
(Jacobs 2017).

Species within the Family Syngnathid (pipefishes, seahorses and pipehorses) have distinct
characteristics, with differing habitats, distribution and relative abundance patterns across the region.
Some species are apparently rare and localised; other species are widely distributed and very common,
such as the Pacific short-bodied pipefish (Choeroichthys brachysoma) (DSEWPAC 2012d).

As described in the species group report card — bony fishes (DSEWPAC 2012d), which supplements
and supports the NMR bioregional plan, seahorses and pipefishes are a diverse group and occupy a
wide range of habitats, with these species generally displaying a preference for seagrass and
macroalgal beds, coral reefs, mangroves and sponge gardens (DSEWPAC 2012d). Most seahorses
are found in coastal areas, typically at depths of 1-15 m, occurring in relatively protected environments
among sea-grasses, kelp beds, algal and rocky reefs, mangrove prop roots and coral reefs (CITES
2001). A few species prefer 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).

The NMR bioregional plan (DSEWPAC 2012c) indicates a “general occurrence in waters >20 m deep”
for seahorses and pipefishes. A review of information on habitat preference and water depth range has
been conducted for the 31 syngnathid species identified in the Protected Matters Database search.

A spatial analysis of detailed bathymetry data has been undertaken for the Bethany survey full power
zone (FPZ; the area within which the airgun array will be discharged at full power). This analysis shows
that shallow waters <35 m depth constitute only 3.6 % of the FPZ, whereas water depths >35 m to the
maximum depth of ~157 m constitute the remaining 96.4 % of the FPZ. Of the 31 syngnathid species
listed in Table 5-15 only 12 species (seven pipefishes; two pipehorses; and three seahorses) have been
recorded in water depths >35 m. It is important to note that the maximum water depths shown in Table
5-15 are just that—i.e. the greatest depths at which that species has been recorded worldwide and
therefore not necessarily representative of the normal depth range over which most populations would
generally occur. The remaining 19 species can be regarded as shallow water species, with depth ranges
<35 m.

Of the 12 species that may occur in depths >35 m, only eight have been recorded in the NMR:
Doryrhamphus dactyliophorus; Halicampus brocki; H. grayi; Hippocampus histrix; Solegnathus
hardwickii; S. lettiensis; Trachyrhamphus bicoarctatus; and T. longirostris. Of these eight species, only
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two have been recorded in the deeper offshore waters of the Arafura Sea—Solegnathus hardwickii (two
records in 97 m and 105 m); and S. lettiensis (one record in 184 m) (Atlas of Living Australia;
NCRIS/GBIF 2017). The distribution for the remaining species of pipefishes, seahorses and pipehorses
recorded in the NMR is limited to nearshore waters of the Joseph Bonaparte Gulf, Darwin Harbour, Tiwi
Islands, Cobourg Peninsula, eastern Arnhem Land, the Gulf of Carpentaria, the western and northern
coastlines of the Cape York Peninsula and islands in the Torres Strait.

The background information and analysis of information for the NMR regional profile (Rochester et al.
2007) was based on the collation of five datasets held by CSIRO Marine and Atmospheric Research
(CMAR), including one for syngnathids. This CMAR syngnathid dataset (DEW 2007) contained only 18
records of three of the syngnathid species (Haliichthys taeniophorus; Trachyrhamphus bicoarctatus;
and T. longirostris) listed in Table 5-15. Again, all of these records are from shallow, nearshore waters
of eastern Arnhem Land, the Gulf of Carpentaria, the western and northern coastlines of the Cape York
Peninsula and islands in the Torres Strait (Rochester et al. 2007; DEW 2007) — see Figure 5-19. Other
syngnathid species recorded in trawl bycatch (from both prawn and fish trawl fisheries) in the NMR are
Hippocampus hystrix, H. kuda, Solegnathus hardwickii, S. lettiensis, Eurypegasus draconis and
Pegasus volitans (NOO 2004).

The species group report card — bony fishes (DSEWPAC 2012d) for the NMR bioregional plan indicated
that biologically important areas have not yet been identified for seahorse and pipefish species in the
NMR. Additionally, a pressure analysis process described report card identified that there were two
threats that were of ‘potential concern’ for seahorse and pipefish species in the NMR—physical habitat
modification (dredging; fishing gear [active and derelict]); and bycatch from commercial fishing.

The 2009 and 2010 surveys of the eastern part of the Joseph Bonaparte Gulf, which included two areas
within the OSMP (Areas A and B; see Section 5.5.1 and Figure 5-10), included sampling of the epifauna
using a benthic sled. Epibenthic sleds/sledges are an effective sampling tool for invertebrate
macrofauna and hyperbenthos (animals living just above the seabed), including small, site attached
fishes. Table 5-10 provides details of the benthic sled samples taken during the 2009 and 2010 surveys
in Areas A, B, C and D. During the 2009 survey a total of 44 benthic sled samples were collected in
water depths of 20 — 180 m, including two sled samples in the Bethany survey area, and a further five
in the operational area (Figure 5-18). From these 44 samples there was only a single record of a
syngnathid—a pipefish from station 041 in Area C, in a water depth of 26 m (Heap et al. 2010). Indeed,
this was clearly a rare and unusual discovery, as it merits specific mention in the post-survey report:
“Of interest was the recovery of a pipefish” (Heap et al. 2010; page 78).

During the 2010 survey a total of 41 benthic sled samples were collected in water depths of 22 — 115
m, including seven sled samples in the Bethany survey area, and a further eight in the operational area
(Table 5-14 From these 41 samples there were two records of syngnathids—a seahorse from station
64 in Area B, in a water depth of 51 m, and another seahorse from station 10 in Area D, in a water depth
of 45 m (Anderson et al. 2011). Again, these records are clearly out of the ordinary, as they merit specific
mention in the post-survey report.
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Table 5-14: Benthic Sled Samples Collected During 2009 and 2010 Surveys

Area Water Depth No. of In Survey In Operational
Range (m) Samples Area Area
2009 Survey
A 78 - 107 10 2 5
B 24 - 82 5 - -
c 20-180 13 - -
D 40 - 52 16 - -
2010 Survey
A& Al 54 - 115 17 7 8
B 28 - 103 5 - -
c 22-79 2 - -
D 31-49 17 - -
Total 85 9 13
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From a total of 85 benthic sled samples collected during the 2009 and 2010 surveys there were just
three captures of individual syngnathids: a seahorse in Area B, a pipefish in Area C, and a seahorse in
Area D. There were no syngnathids in the 27 sled samples taken in Areas A and Al, of which nine
samples were in the Bethany survey area, and a further 13 in the operational area (Table 5-14). The
benthic sled samples taken during both surveys covered the full range of geomorphic features and
benthic habitat types that occur within the OSMP (Heap et al. 2010; Anderson et al. 2011).

A post-survey report for the 2012 survey of four areas of the western part of the OSMP (Nichol et al.
2013), which included 22 benthic sled samples in water depths of 35 — 91 m, makes no mention of the
capture of any syngnathids.

During stakeholder consultation by Santos for the Bethany survey, the NT Department of Primary
Industry and Resources (DPIR) identified that there had been a single pipefish caught in the Timor Reef
Fishery (TRF) trawl trial at a location in the north-eastern extent of the survey FPZ in 121 m water depth
(Figure 5-18). The NT DPIR noted that this low frequency of capture maybe due to the trawl net size.

No pipefish, seahorse or pipehorse species were identified in a study of species composition of prawn
trawl bycatch undertaken in the Joseph Bonaparte Gulf to the south of the AMBA (Tonks et al. 2008).
Similarly, several bycatch studies of the Northern Prawn Fishery (NPF) in areas of the Arafura Sea and
the Gulf of Carpentaria do not include any records of species from the Family Syngnathidae (Ramm et
al. 1990; Pender et al. 1992). The straightstick pipefish (Trachyrhamphus longirostris) has been
recorded in bycatch from the NPF in two detailed reviews of the ecological sustainability of bycatch and
biodiversity in prawn trawl fisheries (Stobutzki et al. 2000; Griffiths et al. 2007).

Based on the data provided in Table 5-15 and the additional information discussed above, it is
reasonable to conclude that the presence of syngnathid species in the Bethany survey and operational
areas is likely to limited to isolated occurrences of a very small number of species (primarily pipefishes)
in deeper waters. No syngnathids were recorded during extensive sampling of the epifauna and
hyperbenthos in parts of the survey and operational area, across a water depth range of 54 — 115 m.
Of the eight syngnathid species that may occur in water depths >35 m and have been recorded in the
NMR, only two species have been recorded in the deeper offshore waters of the Arafura Sea. Therefore,
pipefishes, seahorses and pipehorses are extremely unlikely to constitute an important component of
any site-attached fish assemblages that may occur in the Bethany survey and operational areas.
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Table 5-15: Summary of Habitat Preference and Depth Range for Syngnathid Species that May Occur within AMBA

Species

Habitat1:2:3:4.8.9,10

Depth
Range (m)

ALA Records in
North Marine Region®

CMAR Records®’

Maximum Recorded Depth

<35 m

Bhanotia fasciolata

Collected in depths of 5-7 m. Demersal individuals are most common in reef and tidepool
habitats, but they occur to depths of at least 14-17 m. Lives openly on muddy or silty
substrates in depths of 3-25 m.

3-25

No records in NMR

Campichthys tricarinatus

Sand, coral rubble, algae (including Sargassum), isolated coral knolls, soft corals, small
sponges, low coral outcrops, sheltered reef and rocky islets in depths of 3-11 m.

2-11

Yes - 4 records

Choeroichthys brachysoma

Has been recorded in depths of up to 27.4 m it most commonly occurs in seagrass, reef and
coral habitats in depths of less than 5 m.

Reefs (fringing, exposed, sheltered and limestone), live corals (including Porites, Acropora,
Millepora and Synarea), soft corals, dead corals, algae (including Sargassum and filamentous
algae), seagrass, sponges, hydroids, coral and shell rubble, coral rock, beach rock, sandstone
terraces, isolated rock pools, caves, lagoons, mud, sand, and silt.

1-27

Yes — numerous records

Choeroichthys suillus

Occurs in inshore reef habitats.
Coral knolls, live corals, coral rubble, shell rubble, coral rock, ledges, sand, seagrass and
algae in depths of 1-14 m.

1-15

Yes - 1 record

Corythoichthys amplexus

Most commonly found in depths greater than 9 m.

Outer reefs, reef edges, coral gutters, bomboras, caves, isolated coral knolls, reef walls and
slopes, against drop-offs, ledges, live corals (including Acropora, alcyonarians and
gorgonians), soft corals, sand rubble, lagoons, sand and fine silt, in depths of 0-35 m.

0-35

No records in NMR

Corythoichthys flavofasciatus

Fringing coral reefs, coral reef crests, reef flats, live corals (including Acropora), gorgonians,
limestone rock platforms, soft corals, dead corals, algae, encrusting organisms, rubble, rocky
shores, gutters, drop-offs, bomboras, pools, caves and sand, in depths of 0.1-30 m

<1-30

No records in NMR

Corythoichthys intestinalis

Inhabits sheltered sponge and coral reefs in shallow lagoons and harbours at 3-12 m. Most
commonly taken within the 0-3 m depth range from sand, coral or 'grass' bottoms.

Coral slopes, reef flats, reef edges, bomboras, live corals (including Acropora), soft corals,
dead corals, rocky shore, mangroves, seagrass, sand rubble, rock rubble, caves, lagoons,
mud, sand and silt.

3-12

No records in NMR

Corythoichthys schultzi

Coral reefs and outer reef edges, wrecks, bomboras, coral knolls, channels, live corals
(including Acropora and alcyonarians), mangroves, weed beds, coral rubble, sand rubble,
vertical walls, caves, lagoons, sand and silt, in depths of 1-30 m.

1-30

No records in NMR

Cosmocampus banneri

Coral reefs (including outer reefs), ledges, lagoons, live corals, rock, sponges, sand and rubble
in depths of 2-30 m.

2-30

No records in NMR

Filicampus tigris

Inhabits areas near channels in inshore sheltered bays and estuaries with sandy or muddy
bottoms, or along seagrass bed edges at 2-30 m.

2-30

No records in NMR

Halicampus dunckeri

Widespread tropical species that prefers sandy and algal-rubble habitats near coral reefs.

5-25

Yes - 1 record

Halicampus spinirostris

Inhabits shallow coral rubble areas in lagoons and intertidal zones of inshore coral reefs in 5-
10 m.

5-10

No records in NMR
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“Typically, at moderate depths of about 15 m or deeper, on soft bottom with soft corals and
sponges, but occasionally found in algae-rubble reef zones at about 10 m depth.”

. . Depth ALA Records in
1,2,3,4,8,9,10 6,7
Species Habitat Range (m) North Marine Regions CMAR Records
All CMAR records
Inhabits a variety of inshore shallow water areas including weedy regions bordering open were from eastern
Haliichthys taeniophorus substrates, coral reefs, rocky, gravel, sandy and muddy substrates; also associated with 0-18 Yes — 18 records Torres Strait
sponges, algae, hydroids, shells and seagrass usually from 1-18 m. bioregion, in water
depths of 11-13 m.
Hippichthys penicillus _Found in Iov_ver reaches of streams and rivers, seagrass beds in estuaries and other shallow 0-5 Yes — 22 records )
inshore habitats.
Hippocampus planifrons Inhabits algal and rubble reefs in shallow bays from the intertidal to depths of 20 m 0-20 No records in NMR -
PP pusp 9 4 P ' Endemic to tropical WA
. . Usually inhabits shallow inshore reefs and tidepools, amongst sparse seagrasses and algae- ) _ )
Micrognathus micronotopterus rubble, in depths from 1-5 m, although individuals have been collected from depths to 10 m. 1-10 ves - 10 records
Solenostomus cyanopterus Inhabit protected coastal z_and lagoon reefs, deeper coastal reefs and deep, clear estuaries with 421 No records in NMR )
seagrass or macro-algae in 4-21 m.
Solenostomus paegnius Reef associated. Depth range 0-10 m. 0-10 No records in NMR -
. . Inhabits shallow, protected waters of bays, lagoons and estuaries including mangrove areas, . _ )
Syngnathoides biaculeatus in association with seagrass beds and macroalgae in depths at 0-10 m. 0-10 Yes - 3 records
Maximum Recorded Depth >35 m
Inhabits protected reefs and lagoons, usually in caves and crevices to 10 m.
“This species is rarely found in depths over 20 m.”®
Doryrhamphus dactyliophorus “A shallow water species, commonly found inshore and outer reef lagoons...” “Adults to about 5-56 Yes - 1 record -
10 m depth. Reports from deep water are based on other banded species. They are often
seen in large caves...”
Inhabits coastal to outer reefs, in a variety of habitats including lagoons, reef flats, reef slopes
Doryrhamphus excisus and walls, channels, coral gutters, usually in or near crevices and caves, in depths between 5 5-45 No records in NMR -
and about 45 m.
Inhabits sheltered inshore coral reefs where pairs usually maintain cleaning stations in caves
Doryrhamphus janssi and crevices with sponges, and below large plate corals. 14-44 No records in NMR -
“Sheltered inner reefs, usually in caves with sponges and below large plate corals.”
Occurs on coral and rocky reefs with algae. Inhabits patches of coral and macro-algae on
. . coastal reefs at 3-45 m.
Halicampus brocki “Inner reefs, coral and algae-rich habitats, usually at moderate depths. Flores specimen was 3-45 ves - 1 record i
photographed at 35 m depth.”
Inhabits silty and muddy soft bottoms on the continental shelf from inshore bays to deep
Halicampus grayi offshore areas to 100 m. 0-100 Yes — 5 records -
pus gray “Mainly lives in muddy habitats...” “Shallow inshore muddy bays to deep offshore, reported to
100 m depth.”
Inhabits areas with both hard and soft bottoms, often attached to soft corals or sponges at 10-
95 m, usually 15-40 m. Also found on shallower algae-rubble or rocky reef areas in about 10 m
Hippocampus histrix depth. 5-95 Yes — 7 records -
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Species

Habitat1:2:3:4.8.9,10

Depth
Range (m)

ALA Records in
North Marine Region®

CMAR Records®’

“Typically found >6 m depth; maximum reported depth 20 m; seagrass bed, weedy rocky reefs,
sponges; soft bottom with soft corals and sponges.”*°

Hippocampus kuda

Found in shallow inshore waters normally between 0-8 m depth with a maximum recorded
depth of up to 55 m. Inhabits coastal bays, harbours and lagoons, sandy sediments in rocky
littoral zones, macroalgae and seagrass beds, mangroves, muddy bottoms, and shallow reef
flats.

“Occurs in estuaries, harbours and lower reaches of rivers, may tolerate brackish water for a
short time. Shallow water and intertidal, sometimes stranded in rock pools during spring-
tides.”

“Typically found at 0-8 m depth; maximum reported depth 55 m; coastal bays and lagoons, in
seagrass and in floating weeds; sandy sediments in rocky littoral zone; macroalgae and
seagrass beds; branches, muddy bottoms; mangroves...”°

0-55

No records in NMR

Hippocampus spinosissimus

Benthic in inner reef waters on rubble substrates and in sponge and seagrass habitats near
coral reefs at 20-63 m; often attached to corals in deep current-prone channels between reefs
or islands.

“Known only from the 2 types trawled at 70 m depth...” “Its habitat was described as sand and
scallops.”“It seems that it may be a small, deep water species that is occasionally brought up
by strong upwellings to the shallower depths.”

“Typically found at >8 m depth; maximum reported depth 70 m; octocorals, macro algae, not
hard corals, sand but not mud; near coral reefs on sandy bottoms. °

20-70

No records in NMR

Solegnathus hardwickii

Mostly known from trawled specimens captured from 12 m to 100 m depth, though it has been
collected in depths of up to 180 m.
“Reported from trawls in less than 100 m, but enters relatively shallow depths of about 40 m.”

12-180

Yes — 1 record

Solegnathus lettiensis

Benthic inhabitant of outer continental shelf waters and has been captured from depths of 42-
180 m. Trawl bycatch records in 150-180 m water depths in Australia.

42-180

Yes — 1 record

Trachyrhamphus bicoarctatus

Inhabits sheltered coastal lagoon and reef areas on sandy and rubble habitats amongst
seagrasses and macroalgae at 1-30 m. Has been recorded to 42 m.

“Some populations inhabit seagrass beds and others only rubble sand areas. Most are seen
on sand and mud areas, prone to strong currents. Red Sea population occurs in sheltered
bays with seagrasses at few metres depth. Elsewhere usually soft bottom to about 25 m.”

1-42

Yes — 7 records

Only one CMAR
record from the
northern part of the
Groote bioregion in
the Gulf of
Carpentaria, in water
depth of 28 m.

Trachyrhamphus longirostris

Most specimens have been trawled or dredged from muddy to sandy-bottom habitats in depths
of 16-91 m, in association with sand, rubble, seagrasses, algae, sponges, sea pens and
hydroids.

“It is less common and is mainly known from deep trawls over muddy substrates, but enters
sheltered muddy estuaries where, out in the open, it lays on the bottom.™

16-91

Yes — 16 records

Caught in widely
separated regions of
the Gulf of
Carpentaria in depths
of 17-45 m, and are
likely to be near rocky
reefs and other hard,
vertically-structured
substrates

Sources:

Kuiter (1998); ° Kuiter (2009); *° Lourie et al. (2004).

1 DoEE (2017); 2 Bray and Thompson (2017); 3 Austin and Pollom (2016); # Froese and Pauly (2017); > NCRIS/GBIF (2017); 8 DEW (2007); ” Rochester et al. (2007); 8
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5.5.5 Sharks

The Protected Matters Database search identified six species of threatened sharks: white shark,
northern river shark, largetooth sawfish, green sawfish and whale shark. Of those identified, the white
shark, whale shark, freshwater sawfish and green sawfish are also migratory. The Protected Matters
Database search also identified three additional migratory sharks: narrow sawfish, shortfin mako and
longfin mako.

White Shark

The white shark is widely distributed, and located throughout temperate and sub-tropical waters with
their known range in Australian waters including all coastal areas except the Northern Territory (DoEE
2017a). Studies of white sharks indicate that they appear to be largely transient, with a few longer-term
residents; however, individuals are known to return to feeding grounds on a seasonal basis (Klimey &
Anderson 1996). Observations of adult white sharks are more frequent around fur seal and sea lion
colonies whilst juveniles are known to congregate in certain key areas. According to the National
Conservation Values Atlas there are no biologically important aggregation, breeding or foraging areas
near the AMBA and given that the AMBA is at the extreme end of the white shark’s distribution, it is
unlikely that white sharks will be encountered.

The Recovery Plan for the White Shark (Carcharodon carcharias) (DSEWPaC 2013) does not identify
any threats or objectives that are relevant to the activity.

Sawfish and River Sharks

The northern river shark is listed as endangered under the EPBC Act based partly on its limited
geographic distribution (TSSC 2014a). Within Australia, the northern river shark is known to occur in
Western Australia and the Northern Territory, occupying both marine and freshwater environments
including the Joseph Bonaparte Gulf, Daly River, Adelaide River and the South and East Alligator Rivers
(TSSC 2014a). Whilst northern river sharks have been observed well offshore, the extent to which this
occurs is unknown (TSSC 2014a). Figure 5-20 shows the distribution of the northern river shark. Given
that this species has been observed offshore, the AMBA is within the area that northern river shark may
occur.

The speartooth shark is listed as critically endangered under the EPBC Act based on its limited
geographic distribution and the estimated total number of mature individuals being extremely low and
likely to continue to decline partly on its limited geographic distribution (TSSC 2014a). Within the
Northern Territory, the speartooth shark is known to occupying the Van Diemen Gulf drainage area
(TSSC 2014a). Although unconfirmed, it is thought that adults use deep-water habitat, however, juvenile
and sub-adult speartooth sharks are known to utilise large tropical river systems as their primary habitat
(TSSC 2014a). The AMBA is within the area where adult speartooth sharks may occur (Figure 5-21).

Largetooth sawfish (formerly known as the freshwater sawfish) utilise both freshwater (juvenile) and
marine (adult) environments during the different stages of its lifecycle (TSSC 2014b) Within Australia,
largetooth sawfish have been recorded in numerous drainage systems across northern Western
Australia, Northern Territory and northern Queensland (TSSC 2014b). The AMBA is within the area
where adult largetooth sawfish are known to occur (Figure 5-22). In addition, the largetooth sawfish is
also likely to be present within the pinnacles of the Bonaparte Basin (DSEWPaC 2012a).

The green sawfish occurs in both inshore and offshore marine coastal waters of northern Australia. Its
current known distribution stretches from Broome in Western Australia around northern Australia and
down the east coast as far as Jervis Bay, NSW (DoEE 2017c). The AMBA is within the area where adult
green sawfish are known to occur (Figure 5-23).

The narrow sawfish lives in coastal and estuarine habitats across northern Australia and is generally
restricted to shallow waters (less than 40 m) (D'Anastasi et al. 2013). The species is known to occur in
the Gulf of Carpentaria, but its distribution and migration is largely unknown. Given the distance from
shallow coastal waters, it is unlikely that this species would be encountered in the AMBA.

A review of the National Conservation Values Atlas did not identify any biologically important
aggregation, breeding or foraging areas for river sharks or sawfish near the AMBA.

Due to their slow growth and maturation rates, longevity, low fecundity and low rates of natural mortality,
sawfish are particularly vulnerable to human-induced pressures (DSEWPaC 2012a). The Sawfish and
River Sharks Multispecies Recover Plan (DoE 2015a) covers largetooth sawfish, green sawfish,
speartooth shark and the northern river shark. The primary objective of this recovery plan is to:
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e Improve the population status leading to the removal of the sawfish and river shark species
from the threatened species list of the EPBC Act.

¢ Ensure that anthropogenic activities do not hinder recovery in the near future, or impact on the
conservation status of the species in the future.

The recovery plan and specific conservation advises identifies the principal threats to these sawfish and
river shark species from: commercial fishing activities; recreational fishing, Indigenous fishing, illegal,
unreported and unregulated fishing, and habitat degradation and modification. Other potential threats
to the species include the collection of animals for display in public aquaria and marine debris. Habitat
degradation and marine debris are threats that are relevant to the Bethany survey and are detailed in
Table 5-16.

Currently, there are no adopted recovery plans or conservation advice documents for the narrow
sawfish. The IUCN however identifies entanglement due to marine debris as a relevant key threat
(D'Anastasi et al. 2013).

Table 5-16: Sawfish and River Sharks Multispecies Recover Plan Threats Relevant to the

Activity
Relevant Objective Relevant Actions to Activity
Threats
Marine debris Reduce and, where possible, eliminate any | Management of marine debris is
adverse impacts of marine debris on sawfish and | detailed in Section 7.6 Waste.
river shark species noting the linkages with the
Threat Abatement Plan for the Impact of Marine
Debris on Vertebrate Marine Life.
Habitat Implement measures to reduce adverse impacts of | The activity and any potential risks or
Degradation habitat degradation and/or modification. impacts to sawfish and river shark
habitat are assessed in Section 7. No
impacts or risks to sawfish and river
shark habitat were identified.
Whale Shark

The whale shark is a filter feeding shark and is the largest known species of fish in the world (DoEE
2017c). It is considered to be an oceanic and coastal species, commonly seen far offshore but also
closer inshore near coral atolls (DoEE 2017c). Whale sharks generally prefers tropical to warm
temperate waters where surface sea temperature ranges from 21° to 25°C (DoEE 2017c). In
Australian waters the whale shark is commonly seen in waters off northern Western Australia, Northern
Territory and Queensland with only very occasional sightings off Victoria and South Australia (Last &
Stevens 1994). The movements of whale sharks are not well documented; however, they are known to
seasonally aggregate (March / April) in shallow tropical waters off the North West Cape in Western
Australia (DoEE 2017c). According to the National Conservation Values Atlas there is a biologically
important foraging area >200 km to the south-west of the AMBA (Figure 5-24). Based on their
widespread distribution and highly migratory nature, individuals may transit through the AMBA.

The Whale Shark (Rhinocodon typus) Recovery Plan 2005-2010 (DEH 2005a) ceased to be in effect
from 2015. The DoEE SPRAT profile (DoEE 2017d) identifies increased noise from boats and boat
strike as threats that are relevant to the activity (Table 5-17).
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Table 5-17: Whale Shark Threats Relevant to the Activity

Objective Relevant Threats Relevant Actions
To maintain existing levels of protection | Increased levels of noise Management of noise impacts
for the whale shark in Australia while resulting from an increase in are detailed in Section 7.1 and
working to increase the level of boat traffic may have a 7.2.
protection afforded to the whale share negative impact on the

within the Indian Ocean and Southeast migration patterns

Asian region to enable population ) . .
growth in order to remove the Whale Boat strike Management of fauna interaction

Shark from the EPBC Act. is detailed in Section 7.8

Makos

The shortfin mako is a pelagic species with a circumglobal, wide-ranging oceanic distribution in tropical
and temperate seas (Mollet et al. 2000). It is widespread in Australian waters having been recorded in
offshore waters all around the continent’s coastline with exception of the Arafura Sea, the Gulf of
Carpentaria and Torres Strait (TSSC 2014c). Shortfin makos are also highly migratory and travel large
distances. Due to their widespread distribution in Australian waters, their presence in the AMBA is likely
to be limited to transiting individuals.

Currently there are no adopted recovery plans or conservation advice documents given for the shortfin
mako. Though the IUCN does not identify any relevant threats (Calilliet et al. 2009) the listing advice for
the shortfin mako identified fishing as a threat (TSSC 2014c).

Longfin makos habitat oceanic and pelagic habits typically in tropical regions (DSEWPaC 2012b). They
are highly mobile species and have a wide-ranging distribution (DSEWPaC 2012b). Whilst assumed to
be a deep-dwelling shark, sightings on the ocean surface and the species’ diet suggest a greater depth
range (Reardon et al. 2006). Though there is limited information about the longfin mako their presence
in the AMBA is likely to be limited to transiting individuals.

Currently there are no adopted recovery plans or conservation advice documents given for the longfin
mako. In addition, the IUCN does not identify any relevant threats (Reardon et al. 2006).
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5.5.6 Rays

The Protected Matters Database searches identified two migratory ray species, the reef manta ray and
the giant manta ray.

The reef manta ray has a circumglobal range in tropical and sub-tropical waters with sightings between
waters off Perth in Western Australia, all along the northern coastal line of Australia, and to the waters
off the Solitary Islands in New South Wales (Marshall et al. 2011a). Whilst this species tends to inhabit
near-shore environment, it is known to have a lower depth limit of 300 m and has been sighted around
offshore coral reefs, rocky reefs and seamounts (Marshall et al. 2011a). In addition, it makes seasonal
migrations of several hundred kilometres (Marshall et al. 2011a). Despite there being no known
aggregation sites within close proximity to the AMBA reef manta rays maybe present in the AMBA as
transiting individuals.

Similar to the reef manta ray, the giant manta ray has a widespread distribution along the coast of
Australia and is also known to seasonally migrate between aggregation sites (Marshall et al. 2011b).
The giant manta ray is commonly sighted along productive coastlines with regular upwelling, oceanic
island groups and particularly offshore pinnacles and seamounts (Marshall et al. 2011b). This species
has been recorded within the OSMP (Nichol et al. 2013). Despite there being no known aggregation
sites within close proximity to the AMBA giant manta rays maybe present in the AMBA as transiting
individuals.

Currently there are no adopted recovery plans or conservation advice documents given for the reef or
giant manta ray. The IUCN identifies entanglement due to marine debris and boat strike as relevant key
threats (Marshall et al. 2011a and b). These threats are discussed in Section 7.6 and 7.8, respectively.

5.5.7 Reptiles

The Protected Matters Database search identified six species of threatened and migratory marine turtle
species. The loggerhead, leatherback and olive ridley turtles are listed as endangered whilst the green,
hawksbill and flatback turtles are listed as vulnerable. The salt-water crocodile was also identified as a
migratory reptile species.

The AMBA is within a biologically important foraging area for the olive ridley turtle (Figure 5-25), and a
habitat critical for the survival of the species for internesting flatback turtles (Figure 5-26).
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The loggerhead turtle has a global distribution throughout tropical, subtropical and temperate waters.
In Australia, the loggerhead turtle occurs in waters of coral and rocky reefs, seagrass beds, and muddy
bays throughout eastern, northern and western Australia (DoEE 2017d). Whilst nesting is mainly
concentrated on sub-tropical beaches in southern Queensland and from Shark Bay to the North West
Cape in Western Australia between November to March, foraging is more widespread. Loggerhead
turtles show fidelity to both their foraging and breeding areas and can migrate over 2,600 km between
the two (DoEE 2017d). The Western Australian stock forage from Shark Bay in Western Australia
through to Arnhem Land in the Northern Territory (DOEE 2017d). As a juvenile, the turtle feeds on algae,
pelagic crustaceans, molluscs and flotsam whilst as an adult it feeds on gastropod molluscs, clams,
jellyfish, starfish, coral, crabs and fish (DoEE 2017d). Loggerhead turtles are known to forage around
the pinnacles of the Bonaparte Basin (DSEWPaC 2012a, DSEWPaC 2012c) consequently, it may be
encountered within the AMBA.

The leatherback turtle is a pelagic feeder found in tropical, subtropical, and temperate waters throughout
the world. Whilst it is less abundant off the northern Australian continental shelf, it is occasionally sighted
in the Gulf of Carpentaria and near Cobourg Peninsula (DSEWPaC 2012c). No major nesting has been
recorded in Australia, with isolated nesting recorded in Queensland and the Northern Territory
(DSEWPaC 2012c). The closest confirmed internesting site for the leatherback turtle is at Cobourg
Peninsula (DoEE 2017e) over 170 km south-east of the AMBA. Leatherback turtle forage on pelagic
soft-bodied creatures (such as jellyfish, squid, salps, siphonophores and tunicates) all year round in
Australian waters (DoEE 2017e), thus it is possible that this species may be present within the AMBA.

Hawksbill turtles are found in tropical, subtropical and temperate waters in all the oceans of the world
(DoEE 2017f). As a juvenile, the hawksbill turtle feeds on plankton in the open ocean and then feeds
on sponges, hydroids, cephalopods, gastropods, jellyfish, seagrass and algae as an adult (DoEE
2017f). The species is also highly migratory, moving up to 2400 km between foraging and breeding
areas (DSEWPaC 2012c). Due to genetic variability, Australia’s population is considered to comprise
of two distinct stokes; one in Western Australia and the other in the north-east of Australia (DSEWPaC
2012c). These distinct populations are also known to have significantly different breeding seasons. The
north-east subpopulation breeds throughout the year with a peak nesting period during July to October
(DSEWPaC 2012c), whilst the Western Australian population peaks around October to January.
Although there were no BIAs associated with this species in or near the AMBA, as hawksbill turtles are
oceanic it is possible that it may be present within the AMBA.

Green turtles nest, forage and migrate across tropical northern Australia (DoEE 2017g) and are
commonly found foraging and nesting in the Gulf of Carpentaria (DSEWPaC 2012c). Green turtles have
been recorded nesting on the Tiwi Islands, albeit in low numbers occurring between October to April
(DoEE 2017t). The Recovery Plan for Marine Turtles in Australia 2017 -2027 (DoEE 2017t) specifies a
20 km internesting buffer for green turtles. The AMBA is ~ 70 km from the Tiwi Islands so is outside of
this internesting buffer. The pinnacles of the Bonaparte Basin are thought to be a key ecological feature
where green turtle’s transverse between foraging and nesting grounds (DSEWPaC 2012a). Within such
foraging areas, adult green turtles feed on seagrass, sponges and algae (DoEE 2017g), consequently,
they may be encountered within the AMBA.

The olive ridley turtle has a worldwide tropical and subtropical distribution and is known to occur in both
Western Australia and Northern Territory (DSEWPaC 2012c). Major nesting habitat critical to the
survival of olive ridley turtles have been identified at Melville and Bathurst Islands approximately ~ 70
km from the AMBA (DoEE 2017t), with nesting occurring all year round and peak nesting occurring
between April and June. The Recovery Plan for Marine Turtles in Australia 2017 -2027 (DoEE 2017t)
specifies a 20 km internesting buffer for olive ridley turtles. The AMBA is ~ 70 km from Bathurst Island,
the closest to the AMBA, so is outside of this internesting buffer. After nesting, olive ridley turtles are
known to migrate up to 1,050 km to various foraging areas (DoEE 2017h) including the pinnacles of the
Bonaparte Basin and the carbonate banks and terrace system of the Sahul Shelf (DSEWPaC 2012a).
Adult turtles forage for crabs, shrimp, tunicates, jellyfish, salps and algae in depths ranging from several
meters to over 100 m (DoEE 2017h). The National Conservation Values Atlas identifies that the AMBA
overlaps with a biologically important foraging area for this turtle species, and hence it is likely to be
encountered.
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The flatback turtle is only found in Australian waters and some nearby waters in Indonesia and Papua
New Guinea. It is commonly found in the North Marine Region, nesting in northern Australia and
foraging in the region. Flatback turtles lack an oceanic phase and remain in the surface waters of the
continental shelf and once the pelagic stage of its life is completed, they move to sub-tidal soft bottomed
habitats inshore, feeding on benthic organisms. Flatback turtles have a wide foraging range with
individuals which nest on the Pilbara coast dispersing to feeding areas extending from Exmouth Gulf to
the Tiwi Islands (DSEWPaC 2012a). Adults are omnivorous, feeding on sponges, hydroids,
cephalopods, gastropods, cnidarians, seagrass and algae. The species has been recorded foraging in
depths less than 10 m to over 40 m around the pinnacles of the Bonaparte Basin.

Flatback turtle nesting areas have been identified at the Tiwi Islands, however, they have not been
identified as major or minor important nesting areas (DoEE 2017t). Nesting occurs on the Tiwi Islands
all year with peak nesting between June to September (DoEE 2017t. The Recovery Plan for Marine
Turtles in Australia 2017 - 2027 (DoEE 2017t) has recently been released and this internesting area is
classed as a habitat critical for survival of the species. The current recovery plan specifies a 60 km
internesting buffer for flatback turtles. Figure 5-26 shows that the internesting buffer is within the AMBA
but is outside of the Operational Area (~5.7 km).

Previously, flatbacks have been recorded internesting in water depths of 40 m (M. Guinea (personal
communication, March 16, 2017). Studies indicate flatback turtles cover large distances during
internesting (Waayers et al 2011), but also recorded that they tend to travel within 5 km of the nesting
coastline. Internesting behaviours are linked to benthic habitat with preferred habitat being coastal
waters over soft-bottomed sea beds (DoEE 2017i). As the AMBA overlaps a habitat critical for survival
of the species and the KEF (pinnacles of the Bonaparte Basin) in which this species is known to
frequent, this species is likely to be encountered within the AMBA.

A study of turtle bycatch of the Northern Prawn Fishery to the south of the AMBA, recorded five species:
flatback, 59% of the total), loggerhead (10%), olive ridley (12%), green (8%) and hawksbill (5%). They
identified that turtle catches varied with water depth: the highest catch rates were from trawls in water
between 20 and 30 m deep, relatively few turtles (10%) were captured in water deeper than 40 m
(Poiner & Harris 1995) indicating that preferred habitat is within shallow waters.

The Recovery Plan for Marine Turtles in Australia 2017 — 2027 (DoEE 2017t) covers the six marine
turtles identified from the protected matters search as potentially occurring within the AMBA. Table 5-18
identifies the recovery plan objectives and actions relevant to the activity.

The Protected Matters Database search identified five species of seasnake that may potentially occur
in the AMBA: Acalyptophis peronii; Aipysurus duboisii; A. eydouxii; A. laevis; and Astrotia stokesii.
Seasnakes are widespread through the waters of the NMR in offshore and near-shore habitats. They
can be highly mobile and cover large distances or they may be restricted to relatively shallow waters.
Most seasnakes have shallow benthic feeding patterns and live in shallow, coastal tropical waters;
rarely found in water depths exceeding 30 m (Cogger 1975; Guinea 2013). Seasnakes are frequently
observed in and around offshore islands and the waters of the shelf. However, there is no information
on their frequency of occurrence in deeper offshore waters although individuals are often observed at
the surface.

Nineteen species of seasnake from the Families Hydrophiidae and Laticaudae are known to occur in
the NMR. Beyond data obtained from commercial prawn trawling, little is understood about distribution,
abundance or diversity of seasnakes in the region, but they may be found in shallower waters usually
less than 50 m.

The salt-water crocodile is distributed from King Sound in Western Australia throughout coastal
Northern Territory to Rockhampton in Queensland, where it can be found in coastal waters, estuaries,
lakes, inland swamps and marshes up to 150 km inland from the coast (DoEE 2017j). Whilst sightings
of salt-water crocodiles far out to sea have been recorded it is very unlikely that it would be encountered
within the AMBA.
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Table 5-18: Recovery Plan for Marine Turtles in Australia 2017 — 2027 Objectives and Actions
Relevant to the Activity.

Target 3.2: Threat
mitigation strategies
are supported by high
quality information

disturbance

No specific action

Recovery Objective Relevant Key | Action Area Relevant Actions to the
Threats Activity
4B Marine Reduce the impacts !\/Ianag_emept of m.a””e debris
Long Term Recovery debris from marine debris @ggg"ed In Section 7.6
Obijective. ——— .
Minimise Ensure spill risk strategies and
anthropogenic threats response programs adequatgly
1o allow for the include management for marine
conservation status of . N . turtlgs and t_he|r habitats, .
marine turtles to 4C Chemlcgl Minimise Chem|cal particularly in r.efer!ance to ‘slow
improve so that they apd terrestrial apd terrestrial to recover h.abltats , e.0.
can be removed from discharge discharge nesting habitat, seagrass
the EPBC Act meadows ortcofral_lreef”s. .
L anagement of oil spills is
threatened species list. detailed in Section 7.11 and
7.12.
Artificial light within or adjacent
to habitat critical to the survival
of marine turtles will be
managed such that marine
turtles are not displaced from
Interim R these habitats.
gﬁerzlggivezcroe\ll:\r/gnt o Identify the cumulat_ive impact
the activity. on turtles from multiple sources
Interim Objective 3: 4G Light Minimise light ggﬁ:t?gr?re and offshore light
ngrgr%%%i?r'ggweats pollution pollution Management of_ light pollution is
minimised dSetaS_Ied ;nlssgtlgn 7.3|. .

: ection 7.1.5.8 Cumulative
;g;%(taitvzrlﬁ ;%ZZSY;ZQS Imp_acts from Seismi_c_Noisg Qid
regimes that lead to a not identify any act|V|_t|es within
reduction in 100 km of thg opgratl_onal area
anthropogenic threats thus cumulative light impacts
to marine turtles and WOl.qu not occur from the
their habitats are in activity.
place. 43 Vessel Management of vessel/fauna

interactions is detailed in
Section 7.8.

4K Noise
interference

Understand the
impacts of
anthropogenic noise
on marine turtle
behaviour and
biology.

Implementation of EPBC Act
Policy Statement 2.1 —
Interactions between Offshore
Seismic Exploration soft start
procedures to afford protection
for marine turtles.
Management of noise is
detailed in Section 7.1 and 7.2.

5.5.8 Marine Birds

At least 43 seabird species listed under the EPBC Act are known to occur in the North Marine Region
(DSEWPaC 2012c). The Protected Matters Database search identified two listed threatened and
migratory marine bird species, the curlew sandpiper and the eastern curlew as potential occurring within
the AMBA. It also identified the osprey as a migratory wetland and listed marine species and the
common noddy, streaked shearwater, lesser frigatebird and great frigatebird as marine listed species.

In Australia, curlew sandpipers occur around the coasts and are also quite widespread inland, though
in smaller numbers. They are rarely recorded in the north-west Kimberley, around Wyndham and Lake
Argyle (DoEE 2017k). No sites of international importance were identified within or near the AMBA
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(Bamford 2008) and no biologically important areas were identified for these species. It is unlikely that
this species would be present in the AMBA (Figure 5-27).

Within Australia, the eastern curlew has a primarily coastal distribution. It does not breed in Australia
and is found foraging on soft sheltered intertidal sandflats or mudflats, open and without vegetation or
covered with seagrass, often near mangroves, on salt flats and in saltmarsh, rockpools and among
rubble on coral reefs, and on ocean beaches near the tideline (DoEE 2015). No sites of international
importance were identified within or near the AMBA (Bamford 2008). It is unlikely that this species would
be present in the AMBA.

Ospreys occur in littoral and coastal habitats and terrestrial wetlands of tropical and temperate Australia
and offshore islands (DoEE 2017l). Ospreys are not known as an offshore bird as prefer coastal areas
to feed and breed. Due to the distance offshore, it is unlikely that this species would be present in the
AMBA.

In Australia, the common noddy occurs mainly in ocean off the Queensland coast, but the species also
occurs off the north-west and central Western Australia coast (DoEE 2017m). During the breeding
season, it usually occurs on or near islands, on rocky islets and stacks with precipitous cliffs, or on
shoals or cays of coral or sand. When not at the nest, individuals will remain close to the nest, foraging
in the surrounding waters (DoEE 2017m). It is unlikely that this species would be present in the AMBA.

Following its winter migration from the northern hemisphere, the streaked shearwater occurs frequently
in northern Australia from October to March, with some records as early as August and as late as May
(Marchant & Higgins 1990). Whilst it does not breed in Australia, it is known to forage in the North
Marine Region, in particular north-west of the Wellesley Islands (over 1000 km south-east of the
operational area) (DSEWPaC 2012c). Given the shearwaters migratory times it is unlikely that this
species would be present in the AMBA.

Lesser frigatebirds are usually observed in tropical waters around the coast of northern Western
Australia, Northern Territory, Queensland and New South Wales (DSEWPaC 2012a). They are often
found foraging far offshore, especially during the non-breeding season where some large movements
have been recorded (DSEWPaC 2012b). During the breeding season (March - November), the lesser
frigatebird’s range remains close to the breeding colonies. The National Conservation Values Atlas
identifies a Biologically Important Area for breeding 300 km south-west of the AMBA. As the survey is
planned to be undertaken during the breeding season where the lesser frigatebirds remain close to their
colony, it is unlikely that this species would be present in the AMBA.

The great frigatebird is widespread and breeds on numerous tropical islands including Adele Island and
Ashmore Reef. Breeding mostly occurs between March and November. The species is pelagic,
although breeding birds probably forage within 100 — 200 km of the colony during the early stages of
the breeding season (DSEWPaC 2012a). Based on these distances it is unlikely that this species would
be present in the AMBA.

No Recovery Plans have been given for these marine bird species, however, the North-west Marine
Bioregional Plan identify the following threats to a number of the bird species; marine debris, oil pollution
and collision with vessels. These threats are discussed in Sections 7.6, 7.11, 7.12 and 7.8., respectively.
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Figure 5-27: Marine Bird Species' Biologically Important Areas for breeding.

5.5.9 Mammals

The Protected Matters Database searches identified four species of threatened and migratory
cetaceans. The sei whale (vulnerable), blue whale (endangered), fin whale (vulnerable) and humpback
whale (vulnerable). A further five species (Antarctic minke whale, Bryde’'s whale, spotted bottlenose
dolphin, killer whale and sperm whale) were identified as migratory.

Sei whales (Balaenoptera borealis) are moderately large whales growing up to 18 m. It is less studied
than other great whales and its population status, distribution and movements are not well known. They
are similar in appearance to Bryde’s whale which has led to confusion as to their distribution, especially
in warmer waters where Bryde’s whales are more common (DEH 2005b). There are no known mating
or calving areas in Australia and Antarctic waters and the Bonney Upwelling are known feeding areas
(DoEE 2017n). The movements and distributions of sei whales are unpredictable and not well
documented with information suggesting that they have the same general pattern of migration as most
other baleen whales although it is timed a little later and they do not go to such high latitudes (DoEE
2017n). There are no important biological areas for sei whales near the AMBA, however, as there is
limited information on the movements of sei whales these whales may be transit through the AMBA.

Blue whales are the largest living animals, growing to a length of over 30m and weighing up to 180 tonnes
(DEH 2005b). In Australia, there are two recognised sub-species of blue whale; the Antarctic or true blue
whale (Balaenoptera musculus intermedia) and the pygmy blue whale (B. m. brevicauda). Blue whales
have a worldwide distribution but tend to move between warm water (low latitudes) for breeding and
cold water (high latitudes) for feeding. Pygmy blue whales are thought to migrate from Australian
feeding areas to breeding grounds that include Indonesia based on sightings in Indonesia in the austral
winter, while Antarctic blue whale winter migratory destinations include lower latitudes of the Pacific and
Indian Oceans (DoE 2015b). Thus, the pygmy blue whale is more likely to be encountered in tropical
waters and hence the information provided is based on the pygmy blue whale.

Tracking of pygmy blue whales identified that they migrate north from the Perth Canyon (known feeding
area) in March/April reaching Indonesia by June where they remain until at least September. Southern
migration from Indonesia may occur from September and finish by December after which the animals
may make their way slowly northwards towards the Perth Canyon by March/April (Double et al. 2014).
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Blue whale migration is thought to follow deep oceanic routes and the tagging study by Double et al.
(2014) identified that the shallowest waters occupied was ~ 1300 m. Figure 5-28 shows the migratory
route for pygmy blue whales.

A distribution map for pygmy blue whales is shown in Figure 5-29 and shows that though the AMBA is
within the area where they may occur this is based on occasional observations within the area and
nearby areas. There are no important biological areas for pygmy blue whales near the AMBA, however,
as they have been occasionally observed in the area they may transit through the AMBA.

The Conservation Management Plan for the Blue Whale 2015-2025 (DoE 2015b) identified noise
interference and vessel collision as threats which are relevant to the activity (Table 5-19).

Table 5-19: Conservation Management Plan for the Blue Whale Relevant to Activity

Relevant Objectives Relevant Threats Relevant Actions

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

Management of noise is detailed in
Section 7.1 and 7.1.

Noise interference

Anthropogenic thr_ea_ts are Ensure the risk of vessel strikes on blue
demonstrably minimised whales is considered when assessing
actions that increase vessel traffic in
Vessel disturbance — vessel areas where blue whales occur and, if
collision required, appropriate mitigation

measures are implemented.

Management of vessel/fauna
interactions is detailed in Section 7.8.
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The fin whale is the second-largest whale species, after the blue whale. Fin whales have been observed
during aerial surveys in South Australian waters between November and May. Fin whale distribution in
Australian waters is known primarily from stranding events and whaling records from Western Australia,
South Australia, Victoria and Tasmania (DoEE 20170). There are no known mating or calving areas in
Australian waters and feeding seems to be in more temperate waters (DEH 2005b). Based on this
information it is unlikely that the fin whale would be present in the AMBA.

The Blue, Finn and Sei Whale Recovery Plan (DEH 2005b) is no longer in force. In this plan acoustic
pollution from seismic survey was identified as a threat and is assessed in Section 7.1.

Humpback whales in the southern hemisphere undertake an annual migration during the austral winter
from Antarctic feeding areas to tropical calving grounds (DoEE 2017p). In the North-West Region,
humpback whales are known to have breeding and foraging grounds between Broome and the Northern
end of Camden Sound (approximately 270 km south of the AMBA, with the highest concentrations
occurring between June and September (DEWHA 2008). Camden Sound appears to be the northern
most limit for the majority of the west coast whales (Jenner et al 2001). Based on this it is unlikely that
humpback whales would be present in the AMBA.

The Humpback Whale Recovery Plan 2005 — 2010 (DEH 2005c) is no longer in force, however,
applicable threats to the activity are detailed in (Table 5-20). Additional actions from the Conservation
Advice Megaptera novaeangliae are also included in (Table 5-20).

Table 5-20: Humpback Whale Recovery Plan 2005 — 2010 and Threats Relevant to the Activity

Relevant Threats Relevant Actions
Acoustic pollution (e.g. Assess and manage acoustic pollution — including the development and
commercial and recreational application of administrative guidelines under the EPBC Act such as the
vessel noise, and seismic “Guidelines on the application of the EPBC Act to interactions between
survey activity) offshore seismic operations and larger cetaceans”.

All seismic surveys must be undertaken consistently with the EPBC Act
Policy Statement 2.1 — Interaction between offshore seismic exploration
and whales. Should a survey be undertaken in or near a calving, resting,
foraging area, or a confined migratory pathway then Part B. Additional
Management Procedures must also be applied.

Management of noise is detailed in Section 7.1 and 7.2.

Vessel disturbance and strike Vessel strike incidents must be reported in the National Ship Strike
Database.

Enhance education programs to inform vessel operators of best practice
behaviours and regulations for interacting with humpback whales.

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

Management of vessel/fauna interactions is detailed in Section 7.8.

Entanglement — marine debris Encourage best practice approaches that will reduce the likelihood of
humpback whales being entangled in marine debris.
Management of waste is detailed in Section 7.6.

Changing water quality and Assess and manage physical disturbance and development activities (such
pollution (e.g. runoff from land as ship-strike, aquaculture, pollution, recreational boating, naval activities,
based agriculture, oil spills, and exploration and extraction industries) — including the application of
outputs from aquaculture) environmental impact assessment and approvals and the development of

industry guidelines and State/Commonwealth government regulations.
Management of waste water discharges is detailed in Section 7.5.
Management of oil spills is detailed in Section 7.11 and 7.12.

Antarctic minke whales (Balaenoptera bonaerensis) have been recorded from all states but not in the
Northern Territory (DoEE 2017r). Information on their distribution on the west coast of Australia is
currently unknown. Antarctic minke whales appear to occupy primarily offshore and pelagic habitats
within cold temperate to Antarctic waters though they do migrate to temperate/tropical waters to breed,
though the exact location of their breeding grounds is unknown. Within Australian waters the reported
latitudinal range is (21° S to 65° S for this species (DoEE 2017r) which is below NT waters. Based on
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this information and no sightings in NT it is unlikely that Antarctic minke whales would occur in the
AMBA.

Currently there are no adopted recovery plans or conservation advice documents given for the Antarctic
minke whale. The IUCN identifies that besides pelagic catching under a scientific permit, no other
anthropogenic threats have bene identified for this species.

There is some confusion regarding the taxonomy of Bryde’s whales (Balaenoptera edenias) for many
years the sei whale was recorded as Bryde’s whale (DoEE 2017q) as was Omura’s whale
(Balaenoptera omurai) which was previously thought to be a pygmy form of the Bryde’s whale (IUCN
2017).

Noise monitoring by ConocoPhillips within the permits NT/RL5 and NT/RL6 (Bethany operational area
overlaps) identified Omura’s whale throughout April to September inclusive, with a peak in June and
July (CoP 2016). Thus, Omura’s whale may be present in the AMBA. Omura’s whales are not listed
under the EPBC Act but are listed on the IUCN Red List of Threatened Species as ‘Data Deficient’.

Bryde’s whale is restricted to tropical and temperate waters and has been recorded off all Australian
states with exception of the Northern Territory (Bannister et al. 1996). Bryde’s whales can be found in
both oceanic (500 to 1000 m isobar) and inshore waters (<200 m isobar) (DoEE 2017q). Population
estimates are not available for Bryde’s whales, globally or in Australia, and no migration patterns have
been documented in Australian waters (DoEE 2017q). Bryde's whale is considered to be an
opportunistic feeder and it appears that the coastal and offshore forms may be distinguished by their
prey preferences, with the smaller coastal form feeding on schooling fishes, such as pilchard, anchovy,
sardine, mackerel, herring and others. In contrast, the larger offshore form appears to feed on small
crustaceans such as euphausids, copepods, pelagic red crabs and cephalopods. Based on this
information Bryde’s whales may transit through the AMBA.

Currently there are no adopted recovery plans or conservation advice documents given for the Bryde’s
whale. In addition, the IUCN does not identify any relevant threats (Reilly et al. 2008).

Spotted bottlenose dolphins occur in coastal waters, primarily in continental shelf waters (less than 200
m deep), including coastal areas and oceanic islands (DSEWPaC 2012b). They are mainly found in
four regions around Australia, including the Arafura-Timor seas (DSEWPaC 2012b). Whilst knowledge
of their seasonal migration and breeding is largely unknown, it is inferred that only the Arafura-Timor
Sea population is migratory (DSEWPaC 2012b). Biologically important areas identified for foraging and
breeding during April to November, include the Darwin harbour (approximately 350 km north-east of the
AMBA) and near the Camden Sound (approximately 380 km south-west of the AMBA). Bottle nosed
dolphins (Tursiops truncates) have been recorded within the OSMP (Nichol 2013) and therefore the
bottlenose and spotted bottlenose dolphins may transit through the AMBA.

Whilst there is no specific management plan used for the spotted bottlenose dolphin, it is listed in the
Marine bioregional plan for the North Marine Region. This plan identifies marine debris, chemical and
noise pollution to be of potential concern to the spotted bottlenose dolphin and oil pollution and collision
with vessels to be less of a concern (DSEWPaC 2012b). These threats as assessed in Sections 7.6,
75,7.1,7.2,7.11,7.12 and 7.8, respectively.

The killer whale is known to occur from polar to equatorial regions of all oceans and has been recorded
off all states of Australia (Bannister et al. 1996). Killer whales appear to be more common in cold, deep
waters; however, they have often been observed along the continental slope and shelf, particularly near
seal colonies (Bannister et al. 1996). Thought there are no biologically important areas for killer whales
near the AMBA they have been reported within the OSMP (Nichol 2013) and therefore they may transit
through the AMBA.

Currently there are no adopted recovery plans or conservation advice documents given for the killer
whale. The IUCN however identifies bioaccumulation due to chemical pollution, noise pollution, boat
strike and oil spills as relevant key threats (Taylor et al. 2013). These threats are assessed in Sections
7.5,7.1,7.2,7.8,7.11 and 7.12 respectively.

The sperm whale (Physeter macrocephalus) is listed as migratory under the EPBC Act and is the largest
species of toothed whale, with males reaching up to about 16 m in length. Only adult males move into
latitudes higher than 45° in both hemispheres to feed, although seasonal movements from higher to
lower latitudes between summer and winter do occur in some segments of populations. Sperm whales
are sighted frequently in deeper waters and form large aggregations (100 to 1000 individuals) in
foraging grounds of high oceanic productivity (Whitehead 2002). Female sperm whales have restricted
home ranges in water deeper than 1000 m and less than 40° latitudes (Whitehead 2002). Male sperm
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whales remain with their mothers for several years until early adulthood (4 to 21 years), at which time
they join larger, male-only herds that migrate to polar waters to feed, and return to tropical and
temperate waters to breed (Whitehead 2002).

In Australia, sperm whales are most commonly found in deep waters (greater than 600 m deep) off the
continental shelf of all Australian states (Bannister et al. 1996). There are no population estimates for
sperm whales in Australia, with information regarding their presence and distribution gathered from
incidental sightings and stranding records (DoEE 2017s). Concentrations of sperm whales are found
where the seabed rises steeply from great depth, and are probably associated with concentrations of
major food in areas of upwelling (Bannister et al. 1996). Given the location of the Bethany survey, sperm
whales are not expected to be encountered within the AMBA.

5.6 Socio-economic Environment
5.6.1 Settlements

There are no settlements within the AMBA. The closest major community to the AMBA is Pirlangimpi
approximately 140 km north of Darwin and approximately 80 km south of the AMBA (Figure 3-1)

5.6.2 Commonwealth Managed Fisheries

Commonwealth fisheries are managed by the Australian Fisheries Management Authority (AFMA)
under the Fisheries Management Act 1991 (Cth). AFMA’s jurisdiction covers the area of ocean from 3
nm from the coast out to the 200 nm limit (the extent of the Australian Fishing Zone). Fisheries with
jurisdictions to fish within the permit area are given in Table 5-21. Based on discussions with AFMA and
information from the ABARES Fishery Status Report (Patterson et al. 2016) it was identified that only
the Northern Prawn Fishery (NPF) actively fishes in the area.

Table 5-21: Commonwealth Managed Fisheries within the Environment that May Be Affected

Fishery Actual Catch Comments
Effort within
Permit Area/s

Northern Prawn Fishery Yes Known to fish at a low (<0.1 days/km?) to medium (0.1-0.25

days/km?) intensity within the Joseph Bonaparte Gulf (Patterson et
al. 2016). The fishery has a maximum of 52 active vessels.

Southern Bluefin  Tuna | No Since 1992 juvenile Southern Bluefin Tuna have been targeted in

Fishery the Great Australian Bight and waters off South Australia. Spawning
area is off the north-west of WA outside of Joseph Bonaparte Gulf.

Western Skipjack Fishery | No No fishing effort since 2008-2009.

Western Tuna and Billfish | No Efforts have been concentrated off south-west Western Australia

Fishery over recent years.

5.6.2.1 Northern Prawn Fishery

The NPF operates off Australia’s northern coast from Cape York (QLD) to Cape Londonderry (WA)
(AFMA 2017). The NPF is restricted to 52 vessels. The area of the NPF and actual catch effort for 2015
is shown in Figure 5-30. The main fishing area for the NPF is the Gulf of Carpentaria with low intensity
within the Joseph Bonaparte Gulf. Data obtained from the NPF Industry (NPFI) for catch effort from
2010 to 2016 within the northern portion of the Joseph Bonaparte Gulf (closest to the AMBA) has been
consolidated to show an area and not individual locations as requested by the NPFI (Figure 5-31).

The following information in regards to the NPF is from ABARES (Patterson et al. 2016).

The NPF uses otter trawl gear to target a range of tropical prawn species. White banana prawn and two
species of tiger prawn (brown and grooved) account for around 80% of the landed catch. White banana
prawn (Fenneropenaeus merguiensis) is mainly caught in the Gulf of Carpentaria, whereas red-legged
banana prawn (F. indicus) is mainly caught in Joseph Bonaparte Gulf. Byproduct species include
endeavour prawns (Metapenaeus spp.), scampi (Metanephrops spp.), bugs (Thenus spp.) and saucer
scallops (Amusium spp.).
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Total NPF catch in 2014 was 8,707 t at a value of $117.2 million and in 2015 was 7,825 t at a value of
$106.8 million. Annual catches tend to be quite variable from year to year because of natural variability
in the banana prawn component of the fishery.

The NPF operates during two seasons. The first season from the 1 April to 15 June and during this time
banana prawns are mainly caught. Conversely, during the second season (1 August — 1 December)
tiger prawns are predominately caught.

The survey area is within the NPF Melville statistical area (Figure 5-32) where the main catch is from
banana prawns (88% from 1998 — 2015) compared to tiger prawns (6% from 1998 -2015) (Laird 2015)
and endeavour prawns (5% from 1998 — 2015).

The following is from the AFMA website (http://www.afma.gov.au/portfolio-item/prawns/) except where
noted.

Banana prawns inhabit tropical and subtropical coastal waters. They are found over muddy and sandy
bottoms in coastal waters and estuaries. Juveniles inhabit small creeks and rivers in sheltered
mangrove environments. White banana prawns can generally be found at depths of 16-25 m but can
occur to depths of 45 m. Red-legged banana prawns are found at depths of 35-90 m. Advice from the
NPFI is that banana prawns spawn offshore near to the fishing area throughout the year with two
spawning peaks: the late dry season (September-November) and the late wet season (March-May).
The dry season peak spawning periods is within the period of the survey timing.

Tiger prawns inhabit coastal waters to depths of 200 m. Adult brown tiger prawns are found over coarse
sediments. Adult grooved tiger prawns are found in fine mud sediments. Juvenile tiger prawns are found
in shallow waters, often in association with seagrass beds, and sometimes on top of coral reef platforms.
Spawning occurs throughout the year, in both inshore and offshore areas for brown tiger prawns and in
offshore areas for grooved tiger prawns. Brown tiger prawns have a spawning peak between July and
October. Grooved tiger prawns have a spawning peak in in August-September, with a secondary peak
in February.

Endeavour prawns inhabit tropical coastal waters. Blue endeavour prawns can be found over sandy or
mud-sand substrates to depths of about 60 m. Red endeavour prawns prefer muddy substrates and
have been found to depths of 95 m. Juveniles blue endeavour prawns are commonly associated with
seagrass beds in shallow estuaries, while juvenile red endeavour prawns are more widely distributed
across seagrass beds, mangrove banks, mud flats and open channels. Spawning occurs throughout
the year. Blue endeavour prawns have spawning peaks in March and September. Red endeavour
prawns have a spawning peak in September-December. Based on the endeavour prawns spawning
habitat preferences it is unlikely that they would spawn in the offshore area of the survey.

Advice from the NPFI is that prawn species reach a commercial size at six months, and can live for up
to two years. Larger sizes bring the highest price. Growth rates vary considerably between species and
sexes, with females generally growing faster and to a larger size than males. Most species are sexually
mature at six months, but fecundity increases with age. A twelve-month-old female can produce
hundreds of thousands of eggs at a single spawning and may spawn more than once in a season. The
eggs sink to the bottom after release, where they hatch into larvae within about 24 hours. Less than 1%
of these offspring survive the two to four week planktonic larval phase to reach suitable coastal nursery
habitats where they may settle. After one to three months on the nursery grounds, the young prawns
move offshore onto the fishing grounds.

Page 103 of 309


http://www.afma.gov.au/portfolio-item/prawns/

14°s

Santos

Bethany 3D Seismic Survey Environment Plan

ws

13's

(daysham')

Low (<0.1)
00 Mecum (0.1-0.5)

I High 05-10)

] Maragoment srea

Relative fishing intensity, 2015

Tota! area of waters fished i 2015 (17 cell)

e

e

150 300 450

Ho'e

Figure 5-30: Northern Prawn Fishery Management Area and 2015 Fishing Intensity (Patterson

et al. 2016).

. T
126°E 128°E 130°E —-'-’_—‘ 92 E
g
2 - —
L
/'/ \
i \
. ==
e \ o \
e \ i T N\ _AMBA
o v \ Bethany /_?\_1 ’/— \“ o~ -
r 3 P | suney area FPZ - O
| Development Area ' e PP
INDONESIA A » ) /,},I':?&Bethapy survey
0 J -k operational area
/ a Lo Pt}
o % 4
S G\ L “ o
et 1 \ y -
LA g / \ AR
P J \ SIS e AR e -
e / e % D g /
. g \ >
- / o Ng e i
/ \ " Northem Prawn Fishery /‘\
/ " Main Arca of Activity nearest 'y,
71 N o the Bethany Survey Area gy
& 4 \ Island
| & / \,
Territory of the 07 N
Ashmore & Cartier Islands
/

Figure 5-31: Northern Prawn Fishery Main Area of Activity Nearest to the AMBA

e A
L=

\ S 2

“4 i - \‘ . . \\ 1.;%:(
5 vy
o ¥ e U

Santos
Bonaparte Basin

Bethany
Seismic Survey

Kilometres

0 20 40 60 80 100

———
1Decamber 2017, Fie No. BONFRT 651 NFF GDA

Page 104 of 309



SantOS Bethany 3D Seismic Survey Environment Plan

128°0'C'E 130°00°E 132°00E 134°00°E 136°00°E 138°00°E 140°00°E 142°00°E
1 1 1 1 1 1 1 1
10°00"S+ F10°00"S
Melville ~ Essington
Arnhem
Gove

10"S+ -12°00"S

Bonaparte <

Weipa
Fog Bay
Keerweer
14°00"S+ Groote 14°00"S
Edward
Limmen :
Mitchell

16°00°SH Mornington Lsssirig

Bold

Sweers
18°0'0"S -18°00"S
T T T T L T T T
128°0'0"E 130°00°E 132°00'E 134°00°E 138°0'0"E 138°00°E 140°0'0"E 142°00°E

Figure 5-32: Northern Prawn Fishery Statistical Areas
5.6.3 Northern Territory Managed Fisheries

Northern Territory fisheries are managed by the Department of Primary Industry and Resources (DPIR)
under the Fisheries Act 2016 (NT). In 2014-15, the gross value of production of the Northern Territory’s
fisheries and aquaculture increased by 21 per cent to $55 million (Patterson et al. 2016). The value of
the Northern Territory’s annual fisheries production has averaged around $55 million (in 2014-15
dollars) since 2004—-05 (Patterson et al. 2016)

A review of data from the 2014 Status of Key Northern Fish Stocks Report as well as consultation with
the NT DPIR, Northern Territory Seafood Council (NTSC) and licenced fishers was used to identify NT
managed fisheries licenced to operate within the AMBA (Table 5-23).

Information provided by the NT DPIR in regards to the percentage of NT Fishery catch within the
Operational Area shows that the main fishery in the area is the Timor Reef Fishery (Table 5-22). The
data provided is based on average catch for 2013 — 2017. The NT DPIR stated that the Pearl Oyster
and Aquarium fisheries recorded no catch in this area during this time period.
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Table 5-22: Percentage NT Fishery Catch 2013 — 2017 within the Operational Area

Fishery % Catch within Operational
Area
2013 - 2017
D2- Fishing tour operators 0.43
A6- Demersal fishery- Trap only 0.03
A5- Offshore Net and Line Fishery 0.08
A4- Spanish Mackerel fishery 0.64
A18- Timor Reef Fishery- trap, line and
. 32.14
trawl allowed under permit

Data provided by the NT DPIR

Table 5-23: NT Managed Fisheries within the AMBA

Fishery

Actual
Catch Effort
within
Operational/
Survey
Area

Comments
See Section 4 for stakeholder engagement records.

Aquarium
Fishery

No

The aquarium fishery is a small-scale, multi-species fishery. It includes
freshwater, estuarine and marine habitats to the outer boundary of the Australian
fishing zone, which is 200 nm offshore. Most marine species are collected within
100km of Nhulunbuy and Darwin (NT Government 2017a).

11 licences and around 3 boats active each year (NTSC 2017).

Information from Chair of the Aquarium Fishery Licence Committee is that they
scuba dive to a maximum of 30 m and one licence holder operates at Evan Shoal,
east of Lyndoch Shoal, Blackwood Shoal and Money Shoal in Arafura and within
Timor Reef Fishery Area. June, July, Aug period least impact period for aquarium
fishery. These shoals are within the AMBA but outside the operational/survey
area.

Demersal
Fishery - NT
Fishery Joint
Authority

Yes

Information from Status of Key Northern Territory Fish Stocks Report 2015 (NT
Government 2016).

The NT Demersal Fishery extends from 15 nm from the low water mark to the
outer limit of the AFZ (excluding the area of the Timor Reef Fishery) and targets
a range of tropical snappers (Lutjanus spp. and Pristipomoides spp.).
Information provided by the NT DPIR identified that on average for 2013 -2017,
0.03% of the total catch for the Demersal Fishery was within the operational area
(Table 5-22). Via consultation one licensee was identified to operate in the
operational/survey area.

Information on the Demersal Fishery is provided in Section 5.6.3.2.
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Fishery

Actual
Catch Effort
within
Operational/
Survey
Area

Comments
See Section 4 for stakeholder engagement records.

Offshore Net
and Line
Fishery - NT
Fishery Joint
Authority

No

Information from Status of Key Northern Territory Fish Stocks Report 2015 (NT
Government 2016).

The NT Offshore Net and Line Fishery (ONLF) extends seaward from the high
water mark to the outer limit of the AFZ and targets Australian blacktip sharks
(Carcharhinus tilstoni), common blacktip sharks (C. limbatus) and grey mackerel
(Scomberomorus semifasciatus). A total of 669 t of fishes were harvested by
Offshore Net and Line Fishery licensees in 2014.

Demersal longlines can be used throughout the fishery whereas pelagic gillnets
and pelagic longlines can only be used beyond 2 nm and 3 nm off the coast,
respectively. Pelagic gillnets are the primary gear used by this fishery and are
generally set within 15 nm of the coast, in the Gulf of Carpentaria. Longlines
have not been used in the fishery since 2013, primarily as a result of the drop in
shark fin price.

The AMBA is within the area where demersal longline fishing would occur, as
longline fishing has not been undertaken since 2013 there is no fishing activity
within the AMBA.

Information provided by the NT DPIR identified that on average for 2013 -2017,
0.08% of the total catch for the ONLF was within the operational area (Table
5-22).

Spanish
Mackerel
Fishery

Yes

Information from Status of Key Northern Territory Fish Stocks Report 2015 (NT
Government 2016).

The NT Spanish Mackerel Fishery extends seaward from the high water mark to
the outer limit of the Australian Fishing Zone (AFZ) and targets Spanish mackerel
(Scomberomorus commerson) using trolled lures or baited lines. The primary
fishing grounds include waters near Bathurst Island, New Year Island, the
Wessel Islands around to Groote Eylandt and the Sir Edward Pellew Group of
islands. A total 290 t of fish were harvested by Spanish Mackerel Fishery
licensees in 2014.

Information provided by the NT DPIR identified that on average for 2013 -2017,
0.64% of the total catch for the Spanish Mackerel Fishery was within the
operational area (Table 5-22). Via consultation no licensees were identified to
operate in the operational/survey area.

Timor Reef
Fishery - NT
Fishery Joint
Authority

Yes

Information from Status of Key Northern Territory Fish Stocks Report 2015 (NT
Government 2016).

The Timor Reef Fishery (TRF) operates offshore in a zone covering roughly
8,400 nm? to the north-west of Darwin and targets tropical snappers (Lutjanus
spp. and Pristipomoides spp.).

Information provided by the NT DPIR identified that on average for 2013 -2017,
32.14% of the total catch for the TRF was within the operational area (Table
5-22). Via consultation one licensee using traps and one licensee using trawl
were identified to operate in the operational/survey area.

Information for the TRF is in Section 5.6.3.3.

Pearl Oyster
Fishery NT
Fishery Joint
Authority

Yes

Information from Northern Territory Government Commercial Fishing Website
(NT Government 2017a).

The Pearl Oyster Fishery extends from high water mark to the outer boundary of
the AFZ and targets the Pearl Oyster — Pinctada maxima.

There is a Pearl Oyster Fishery area within the AMBA (Figure 5-33).

The NT DPIR confirmed that there had been no effort in this fishery since 2008.
However, this conflicts with information provided by the Pearl Producers
Association (PPA). Thus, one licence holder was identified that may operate in
the operational/survey area.
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5.6.3.1 Pearl Oyster Fishery

The Pearl Oyster Fishery extends from the high water mark to the outer limit of the AFZ and targets the
pearl oyster, Pinctada maxima. Fishing efforts are restricted to water depths less than 35 m, as deeper
oysters are relied on as broodstock to support recruitment and prevent over-fishing. This fishery is only
permitted to operate by hand, and consequently, individual oysters are hand-harvesting (by drift divers).
The fishery is seasonal, and fishing can occur between the months of April and October.

P. maxima has a widespread distribution in the Indo-west Pacific as shown in Figure 5-34. Pinctada
species are mostly found on the seafloor in shelly, rocky gravel areas and reef environments that
provide crevices and substrates for their byssus threads to attach to, including live and dead coral,
some individuals have been found on sandy bottoms (Southgate and Lucas 2008). Individuals are
mostly found in shallow waters of the littoral and sub-littoral zone, on occasion reaching the maximal
recorded depths of 100 to 120 m (Southgate and Lucas 2008).

Since the 1880’s pearl oysters have been collected in NT waters for the production of Mother of Pearl
(MOP), used for buttons, ornaments and additives in paint and cosmetics. In the 1960’s the introduction
of plastics reduced the demand for MOP. Coincidently, the switch of the Australian pearl industry to the
culture of P. maxima for pearls was also responsible for the dramatic decline in production (Southgate
and Lucas 2008) (Oengpepa 2006). Recent low catches have been around 2 t (to supply niche
markets), there has been no harvest in the Northern Territory since 2008 and currently no active vessels
in the Fishery (Figure 5-33; FRDC 2016). The peak spawning period for oysters is in October and a
possible secondary spawning in March/April, both of which are outside of the proposed timing of the
survey (Knuckey 1995).

Historical overfishing was thought have caused overfishing in many areas in the Northern Territory
(Knuckey 1995) (FRDC 2016). However, during a study conducted in 1991 to 1993 it was apparent that
NT pearl oyster stocks consisted of a high proportion of large oysters although they are unsuitable for
round pearl culture. Patchy, irregular or low recruitment to NT beds and minimal harvesting are
suggested as possible causes (Knuckey 1995). There is no evidence of extensive recruitment on any
of the beds in the study area, which overlaps the operational area, suggesting that space, food or
another mechanism are limiting settlement of oysters around larger adult oysters (Knuckey 1995).
Condie et al. (2006) conducted a study of transport and recruitment of the pearl oyster P. maxima in
Western Australia and found that the longstanding hypothesis that the deeper ‘unfished’ stocks are a
broodstock for the commercially inshore stock is not likely to be true. The inshore stock (<30 m) are
self-sustaining and may even be providing the larvae to deeper stocks in irregular recruitment events.

Though not specifically mentioned in the above surveys, it was noted by the Pearl Producers
Association that at the proposed depths where the Bethany survey is to take place, there will most likely
be a variable distribution of Pinctada maxima (silver lipped pearl oyster) which are known to be present
at less dense quantities in the Joseph Bonaparte Basin out to the 100 m isobath. Figure 5-34 shows
that P. maxima have a wide distribution throughout northern Australia and into Asia. Consultation with
the Pearl Producers Association identified that P. maxima are not abundantly distributed and the
western grounds, within the AMBA, is less abundant than the south west grounds. Consequently, they
may be present within the survey area at low distribution levels.
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Figure 5-34: Distribution of Pinctada maxima and Area of Historical and Current Wild Fisheries
(Hart et al. 2016)
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5.6.3.2 Demersal Fishery

The NT Demersal Fishery extends from 15 nm from the low water mark to the outer limit of the AFZ
(excluding the area of the Timor Reef Fishery) and targets a range of tropical snappers (Lutjanus spp.
and Pristipomoides spp.). A total of 3,107 t of fishes were harvested by Demersal Fishery licensees in
2015 (NT Government 2016).

The harvest by the Demersal Fishery is limited through a set of total allowable catches (TACs) applied
to goldband snappers (Pristipomoides spp.) (400 t), red snappers (L. malabaricus and L. erythropterus)
(2,500 t) and a “grouped fish” category (915 t). The latter group includes all fishes other than barramundi
(Lates calcarifer), king threadfin (Polydactylus macrochir), Spanish mackerel, shark and mud crabs
(Scylla spp.) (NT Government 2016).

The AMBA is within the Demersal Fishery area where fish traps, hand lines and droplines are permitted,
and demersal trawls nets are excluded (Figure 5-39). Based on data from the NT DPIR (Table 5-22)
only trap fishing occurs in the survey. Traps used in the fishery are set on the seabed with an identifying
float on the sea surface.

In 2012, the total commercial catch from trap vessels was 178 t comprising of 60% (~106 t) goldband
snhapper, 33% (~58 t) saddletail and 7% (~ 12 t) group species including crimson snapper, red emperor,
cods and mixed reef fish. As detailed in Figure 5-35, catch and effort for trap vessels varies from year
to year. NT Government (2014) states that the substantial variability in trap effort since 2009 generally
reflects movement between the Demersal Fishery and the nearby Timor Reef Fishery. Correspondingly,
trap and line catch per unit effort (CPUE) has fluctuated considerably over the history of this fishery
(Figure 5-36). NT Government (2014) states that Stock Reduction Analysis evidence suggests that this
is not due to changes in fish abundance or sustainability concerns that the fluctuating CPUE reflects
the small number of operators and their developing knowledge of the fishery.

Through consultation with the NT DPIR, NTSC and licence holders, one licence holder was identified
as potentially fishing in the area.

The Demersal Fishery covers an area of 356,200 km2, of which the Bethany operational area overlaps
3,442 km? of the Demersal Fishery (0.97%) and the Bethany FPZ overlaps 1,269 km? of the Demersal
Fishery (0.36%) (Figure 5-39).

The fishery is monitored primarily through logbook returns, which operators are required to fill out daily
during fishing operations. The logbooks provide detailed catch and effort information, as well as
information on the spatial distribution of the fishing operations (NT Government 2014). Data provided
by the NT DPIR (Table 5-22) show that the average percentage catch for the Demersal Fishery for 2013
— 2017 within the operational area, was 0.03%.

m Catch Effort

Catch (tonnes)
Effort (boat days)

Figure 5-35: Commercial catch and effort for the trap and line component of the Demersal
Fishery, 1995 to 2012*

* Due to confidentiality constraints (i.e. fewer than five operators working in a single fishery) data collected in 1998
and 2004 is not been published.
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CPUE (tonnes/boat days)

Figure 5-36: Total catch per unit effort (CPUE) for the trap and line component of the Demersal
Fishery, 1995 to 2012*

* Note: Due to confidentiality constraints (i.e. fewer than five operators working in a single fishery) data collected
in 1998 and 2004 is not been published.

5.6.3.3 Timor Reef Fishery

The Timor Reef Fishery (TRF) operates offshore to the north-west of Darwin and targets tropical
shappers (Lutjanus spp. and Pristipomoides spp.). The majority of the catch is taken using baited traps,
but hand lines, droplines and demersal longlines may also be used. A trawl trial has been undertaken
since 2015 within the fishery.

The harvest by this fishery is limited through a set of TACs applied to goldband snappers (900 t), red
snappers (1300 t) and “group fish” (415 t). A total of 590 t of fishes were harvested by licensees in 2014,
with goldband snappers and red snappers constituting most of the harvest (44% and 35% of the total,
respectively). However, actual catch is below the TAC and the average catch between 2013 and 2015
was 642.5t.

Figure 5-37 shows the commercial catch and effort and Figure 5-38 shows the CPUE for the TRF for
1995 to 2012. NT Gov (2014) states CPUE has steadily increased since 1999, which reflects the
introduction of traps and increasing efficiency in the fishery.

Traps used in the fishery are set on the seabed with an identifying float on the sea surface. Based on
information from the NT DPIR, in 2016 and 2017 one licence holder operated three trap vessels. A trawl
fishing trial in the TRF has been running for past two years by one licensee with one vessel. A trawl trial
commenced in 2015 and consultation with the NT DPIR indicates that this trial is expected to conclude
at the end of 2017.

The AMBA is within the TRF area (Figure 5-39). The TRF covers an area of 30,170 km?2, the Bethany
operational area overlaps 9,172 km? of the TRF (30%) and the Bethany FPZ overlaps 3,295 km? of the
TRF (11%).

The fishery is monitored primarily through logbook returns, which operators are required to fill out daily
during fishing operations. The logbooks provide detailed catch and effort information, as well as
information on the spatial distribution of the fishing operations (NT Gov 2014).

Data provided by the NT DPIR (Table 5-22) show that the average percentage catch for the TRF for
2013 — 2017 within the operational area, was 32.14%. The NT DPIR confirmed that there are differences
in species composition for 2016-2017, as the trawl gear catches more red snappers compared to the
traps which catch more goldband snapper.

The percentage catch by species caught in the operation area for the TRF is shown in (Table 5-25).
This data identifies the main species caught within the operational area are goldband snapper (8.55%),
red snapper (6.70% and saddletail sea perch (5.38%).

Further information provided by the NT DPIR showed the percentage of total catch for the TRF within
the survey area (where acquisition will take place) plus a 3.6 km buffer (based on the largest area or
potential impact from noise) by trap and trawl (Table 5-24). The data shows that total catch for 2013 to
2017 within the survey area, with the inclusion of a 3.6 km buffer, ranges from 4% - 12% of the total

Page 111 of 309



SalltOS Bethany 3D Seismic Survey Environment Plan

TREF catch, with an average of 7.8%. In 2017, the trap percentage catch increased to 4% while the trawl
percentage increased to 12%.

Table 5-24: TRF percentage catch within the survey area with a 3.6 km buffer

Year Trap Trawl Total
2013 10% NA 10%
2014 7% NA 7%
2015 2% 2% 4%
2016 0% 6% 6%
2017 4% 8% 12%

Data provided by the NT DPIR
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Table 5-25: Percentage catch by species in the Bethany survey area for the Timor Reef Fishery
during 2013-2017

Species % of catch in Bethany
Survey Area 2013-2017
ALFONSINOS 4.16
BARRAMUNDI COD 18.28
BIGEYES 15.90
BLACK JEWFISH 5.48
COBIA 20.71
COD-GENERAL 6.65
CORAL TROUT 36.39
CUTTLE FISH 7.07
FRYING PAN SNAPPER 12.71
GIANT TREVALLY 3.23
GOATFISH 22.69
GOLD BANDED SNAPPER 7.15
GOLDEN SNAPPER 6.76
GRASS EMPEROR 44.95
GREEN JOBFISH 15.94
HASSAR 13.75
JAVELIN FISH 15.89
MANGROVE JACK 3.02
MAROON PERCH 4.97
MIXED FISH 7.97
MOSES PERCH 25.96
PINJALO (PINJALO LEWISI) 6.25
POMFRET 9.70
RANKIN COD 19.07
RED BASS 12.82
RED EMPEROR 14.75
RED SNAPPER 5.96
RED SPOT EMPEROR 24.80
ROBINSON'S SEA BREAM 6.77
ROSY SNAPPER 9.53
SADDLETAIL SEA PERCH 8.33
SEA BREAM 6.69
SPANGLED EMPEROR 4.84
SPANISH FLAG 45.09
SWEETLIP 16.11
TREVALLY-GENERAL 7.55
YELLOWSPOTTED ROCKCOD 10.07

Data provided by the NT DPIR
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5.6.4 Recreational Activities

Most recreational activities occur in Northern Territory coastal waters (i.e. within three nautical miles of
the shore), notably in bays and estuaries. However, increasingly, recreational fishing is taking place in
Commonwealth waters (West et al. 2012). Consultation with NT DPIR indicates that there is only one
only charter licence holder that potentially operates in the area with charters to Tassie, Evans or Flinders
shoals. Tassie Shoal is within the AMBA but not the operational area. The licence holder, via
consultation, did not raised any objections or claims. See Section 4 for stakeholder engagement
records.

Consultation with the Amateur Fishermen’s Association of the NT (AFANT) identified that the June to
August period is the period with the least disruption to recreational fishers. However, due to the distance
from Darwin and Melville Island recreational activities in the area would be limited. See Section 4 for
stakeholder engagement records.

5.6.5 Oil and Gas Activities

The Bonaparte Basin is an established hydrocarbon province with a number of commercial operations
such as the Bayu-Undan gas and condensate field, which is operated by ConocoPhillips and processed
at their Darwin LNG plant, and the Blacktip Field operated by Eni Australia B.V.

Figure 5-40 shows the oil and gas permits 100 km of the Bethany Operational Area. This distance is
used to identify if impacts could occur with other oil and gas activities. Titleholders were contacted to
identify if there were any proposed activities during the timing of the survey. Section 4 details the
stakeholder records and Table 5-26 details the potential activities in the area.

Two potential activities were identified:

e PGS Rollo Multi Client 3D Seismic Survey. Survey restricted to Commonwealth waters off WA,
which is at a minimum is ~ 55 km from the Bethany Operational Area and ~ 80 km from the
survey acquisition area.

e Polarcus Zénaide 3D Marine Seismic Survey: Survey restricted to Commonwealth waters off
WA, which is at a minimum is ~ 190 km from the Bethany Operational Area and ~ 225 km from
the survey acquisition area.

The Bureau of Ocean Energy Management (BOEM 2014) published a final environmental review of
geological and geophysical survey activities off the mid- and South Atlantic coast. To minimise the
impacts to marine life by providing a ‘corridor’ between vessels, the environmental impact statement
from this review included a requirement for a 40 km geographic separation distance (based on worst
case scenarios) between the sources of simultaneous seismic surveys.

As the two seismic surveys identified are not within the BOEM (2014) separation distance requirement
of 40 km, cumulative impacts were not assessed.
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Figure 5-40: Oil and Gas Permits within the Bonaparte Gulf

Table 5-26: Oil and Gas Permits within the 100 km of the Bethany Survey Area

Distance to
Permit Permit Type | Titleholder/ Operator Activity in 2018 or 2019 | Bethany
Survey
Masela Exploration INPEX No activity 60 km
Retention . Appraisal drilling of up to 3
NT/RL5 Lease ConocoPhillips wells. Completed in 2017. 1.3 km
NT/RL6 Retention ConocoPhillips No activity Intersect
Lease
NT/RL7 Retention Shell Australia Pty Ltd No activity 13.5km
Lease
NT/RL8 Retention Eni Australia Limited No activity 24 km
Lease
Special oo N
Multiple Prospecting PGS Rollo Multi-client 3D seismic | _ 55 km
. survey
Authority
5.6.6 Shipping

Darwin’s close proximity to South-east Asia makes the surrounding area a key shipping region. AMSA
has identified high traffic shipping volumes in close proximity to the Darwin Harbour, around operating
petroleum fields and along key shipping routes to and from South-East Asia and to and from petroleum
fields (Figure 5-41). As shown in Figure 5-41, there is some low level shipping traffic passing through
the AMBA.
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Figure 5-41: Shipping Traffic (AMSA Nov 2016)
5.6.7 Defence Activities

The Royal Australian Navy undertakes frequent patrols of fishing areas within northern Australia and
operates from their HMAS Coonawarra base stationed in Darwin. The AMBA is adjacent to two Military
Prohibited, Restricted and Danger (PRD) Areas where exercises such as operational flying training or
live weapons firing may occur (Figure 5-42). There are also two Air to Air Refuelling (AAR) and Airborne
Early Warning and Control (AEW&C) airspaces associated with these PRD areas.

Operation Kakadu

A major military exercise, Exercise KAKADU 2018, will be conducted within the Northern Australian
Exercise Area (NAXA) over the period 31 August — 15 September 2018. The NAXA is comprised of the
two PRD shown in Figure 5-42. The Bethany Operational Area and FPZ overlap the Due Regard Area
(DRA) that will be established for the exercise.
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Figure 5-42: Military Training Areas

5.7 Indigenous and European Heritage

A search of the Northern Territory Government’'s Heritage register did not identify any registered
heritage sites within the AMBA (NT Government 2017b).

A search for sacred sites protected by the Aboriginal Areas Protection Authority under the Northern
Territory Aboriginal Sacred Sites Act 1989 did not identify any sites to be present within the AMBA
(AAPA 2017).

A search of the Australian Heritage Database did not identify any indigenous heritage areas within the
AMBA.

5.8 Maritime Heritage

Historic shipwrecks are recognised and protected under the Historic Shipwrecks Act 1976 that protects
historic wrecks and associated relics. Under the Act, all wrecks more than 75 years old are protected,
together with their associated relics regardless of whether their actual locations are known. The
Commonwealth minister responsible for the environment can also make a declaration to protect any
historically significant wrecks or articles and relics that are less than 75 years old.

A search of the National Shipwreck and Relic database did not identify any shipwrecks or relics within
the AMBA. The nearest known shipwreck is the Florence D approximately ~45 km from the AMBA
Figure 5-43.
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Figure 5-43: Known Shipwrecks

5.9 Commonwealth Protected Areas

The DoEE Protected Matters Database search (Section 5.2) identified that the AMBA is within the North
Network - Oceanic Shoals Marine Park (OSMP) Multiple Use Zone (IUCN VI) (Figure 5-44). This zone
allows commercial activities such as fishing, tourism, and oil and gas exploration, where the activities
are consistent with the park values (DNP 2017). The AMBA does not overlap any World Heritage
Properties, National Heritage Properties, Ramsar wetlands, State or Territory Marine Parks, or
Indigenous Heritage Sites (Section 5.2).

Marine Park zoning depends upon the conservation values present within the park. The Oceanic Shoals
Marine Park is classified as ‘Type B> (NOPSEMA 2015) and is not covered by a management plan at
this time. DNP has issued approval under Section 359B of the EPBC Act 1999 which permits a range
of activities, including mining operations (seismic activities) subject to the approval of an EP.

Santos recognises that the draft North Marine Park Network Management Plan (DNP 2017) has been
released, and the Oceanic Shoals Marine Park Management Plan may come into effect during the
validity of the Bethany EP (and may vary in relation to the IUCN management areas as currently
proposed). Consequently, Santos shall comply with any legislative requirements associated with the
proclaimed Marine Park (see MoC Section 8.4).

The OSMP covers an area of 71,743 km? and its major conservation values are:

e Important internesting area for flatback and olive ridley turtles.

e Important foraging area for loggerhead and olive ridley turtle.

o Examples of the ecosystems of two provincial bioregions: the Northwest Shelf Transition Province
(which includes the Bonaparte, Oceanic Shoals, and Tiwi meso-scale bioregions) and the Timor
Transition Province.

5 Type B: New CMRs that were first proclaimed in 2012 and then re-proclaimed in 2013.
https://www.nopsema.gov.au/assets/Guidance-notes/A433426.pdf
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e Four key ecological features are represented in the OSMP:
o carbonate bank and terrace system of the Van Diemen Rise (unique sea-floor feature).
o carbonate banks of the Sahul Shelf (unique sea-floor feature), (~81 km from the FPZ)
o pinnacles of the Bonaparte Basin (enhanced productivity, unique sea-floor feature), (~20
km from the FPZ).
o shelf break and slope of the Arafura Shelf (unique sea-floor feature), (~3.5 km from the
FPZ).

In determining the zones and rules of the Marine Parks, the Director has considered the best available
science, the advice of stakeholders, Indigenous people and the public, the goals and principles of the
National Representative System of Marine Protected Areas (NRSMPA) and the Australian IUCN
reserve management principles (DNP 2017). Additionally, the Director of National Parks considers any
positive impacts associated with allowing an activity, such as socio-economic or cultural benefits, and
ensure that activities are undertaken in a manner that minimises negative impacts. Commercial fishing
and mining activities are recognised as important social and economic values, these activities contribute
to the wellbeing of regional communities and the prosperity of the nation (DNP 2017).

The Commonwealth Marine Reserves Review identified the following proposed changes to the OSMP
zoning within the AMBA (Figure 5-45):

e Create a new Habitat Protection Zone to improve protection of the representative benthic habitat
within the park. This new zone would exclude oil and gas activities.

e Create a new Special Purpose Zone which will allow demersal and mid-water trawling. This new
zone would not exclude oil and gas activities.

The review recommended the creation of a new Marine National Park Zone, outside of the AMBA, which
covers one of the recent Geoscience Australia survey sites (Area B in Figure 5-10).

Where there is no specific management plan in place for a Commonwealth marine park, the IUCN
reserve management principles must be considered. The International Union for the Conservation of
Nature (IUCN) sets out guidelines for categorising protected areas, which Australia and many other
countries have adopted as a national standard (DNP 2017). The IUCN has identified seven categories
that form the basis of the reserve management principles.

The OSMP is categorised as IUCN VI protected area with sustainable use of natural resources under
the IUCN Management Principles for Commonwealth Marine Protected Areas; i.e. a managed resource
protected area (DNP 2017) (Environment Australia 2002). The OSMP area containing predominantly
unmodified natural systems, managed to ensure long term protection and maintenance of biological
diversity, while providing at the same time a sustainable flow of natural products and services to meet
community needs [EPBC Regulations 2000 (Schedule 8)]. The management principles relevant to this
category and how they will be met for the Bethany survey are detailed in Table 5-27.

Table 5-27: Australian IUCN Reserve Management Principles for Commonwealth Marine
Protected Area Category VI and Management of the Activity Consistent with these
Principles

Reserve Management
Principles for IUCN VI

Management of the Activity Consistent with the Principles

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

Section 7 of the EP details the risk assessment process undertaken
for the activity and identifies potential impacts and risks to the OSMP
conservation values. The risk assessment process includes
demonstrating that environmental impacts and risks of the activity will
be of an acceptable level. The assessment did not identify any impacts
or risks to the OSMP conservation values that were unacceptable.

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

Section 7 of the EP details the risk assessment process undertaken
for the activity and identifies potential impacts and risks to the OSMP
conservation values. The assessment identifies appropriate controls
to manage potential impacts and risks to ALARP and an acceptable
level to ensure the biological diversity and other natural values of the
reserve are protected and maintained in the long term.
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Reserve Management
Principles for IUCN VI

Management of the Activity Consistent with the Principles

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

Section 7 of the EP details the risk assessment process undertaken
for the activity and identifies potential impacts and risks to the OSMP
conservation values. The risk assessment process includes
demonstrating that environmental impacts and risks of the activity will
be of an acceptable level. One of the criteria for this demonstration is
have the principles of ecologically sustainable development met? All
impacts and risks identified from the activity demonstrated that the
principles of ecologically sustainable development can be met.

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

The activity is proposed to identify gas resources in the region. This
could lead to potential development which would contribute to regional
and national development. As detailed via the principles above the
survey will be undertaken consistent with the reserve management
principles.
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Figure 5-44: Current Proclaimed Marine Parks
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5.10 State Protected Areas

A review of the WA Marine Parks and Reserve did not identify any current or proposed marine parks or
reserves within the AMBA (Figure 5-46).
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6 ENVIRONMENTAL RISK ASSESMENT METHODOLOGY

The environmental risk assessment process undertaken for the seismic survey comprised of the

following components that are discussed further in the following sections:
1. Identification of environmental hazards

Identification of the area that may be effected

Description of the environment that may be affected

Identification of the particular values and sensitivities

Identification and evaluation of potential environmental impacts

Control measure identification and ALARP decision framework

Determine severity of consequence

Determine likelihood

. Determine residual risk ranking

10. Determination of Acceptability

© N Ok

The outcome of the risk assessment process is detailed in the Section 7 Environmental Risk
Assessment.

6.1 Identification of Environmental Hazards (Aspects)

Environmental hazards or aspects are those elements of the activity that can interact with the
environment. Environmental hazards were identified for operations and emergency conditions. An
assessment of each component of the activity was undertaken and the environmental hazards (aspects)
identified.

6.2 Identification of the Area that may be Affected

Following the identification of environmental hazards, the likely extent of each hazard, the area that
may be affected (AMBA) was determined. Based on the risk assessment undertaken in Section 7 the
AMBA by a diesel spill resulting from a vessel collision was identified as the largest for the survey.

6.3 Description of Environment that may be Affected

The environment that may be affected (EMBA) for the AMBA was then described. Section 5 describes
the existing environment within this area including any relevant cultural, social and economic aspects.

6.4 Identification of Particular Values and Sensitivities

Based on Santos’ and publicly available information a review of the existing environment (Section 5)
was undertaken to identify the environmental values and / or sensitivities with the potential to occur
within the AMBA. Table 5-1 provides a summary of these values and sensitivities. These were used to
inform the risk assessment as they provide the potential worst-case consequence.

6.5 Identification and Evaluation of Potential Environmental Impacts
Based on Santos’ and publicly available information, the known and potential impacts to the identified
receptors were identified. These were then evaluated and specifically considered:

e receptor sensitivity to identified hazard

e extent and duration of the potential impact

6.6 Control Measure Identification and ALARP Decision Framework

Based upon the identified assessment technique used to demonstrate ALARP, control measures were
identified in accordance with the defined environmental performance outcomes, to eliminate, prevent,
reduce or mitigate consequences associated with each of the identified environmental impacts.
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6.6.1 ALARP Decision Framework

In alignment with NOPSEMA’s ALARP Guidance Note (GN0166), Santos have adapted the approach
developed by Oil and Gas UK (OGUK) (formerly UKOOA) for use in an environmental context to
determine the assessment technique required to demonstrate that potential impacts and risks are
ALARP (Figure 6 1). Specifically, the framework considers impact severity and several guiding factors:

e  Activity type;
e Risk and uncertainty; and
e Stakeholder influence.

This framework provides appropriate tools, commensurate to the level of uncertainty or novelty
associated with the impact or risk (referred to as the Decision Type A, B or C). Decision types and
methodologies to establish ALARP are outlined in Table 6-1.

Figure 6-1: Impact and Risk ‘Uncertainty’ Decision Making Framework

Factor A B C
Nothing new or unusual New to the organisation or New and unproven Invention, design,
geographical area development or application
Type of Represents normal business
ﬁ Infrequent or non-standard activity Prototype or lisst use
Activity Well-understood activity
(] Good practice not well defined or met No established good practice for whole
Oé Good practice well-delined by more than one option activity
8 Significant uncertainty In risk
Risks amenable to assessment using Data or assessment mathodologhos
c Risk and Riokn are well understooa well-ostablished data and methods [yiusrocadis
o Uncertainty Uncertainty is minimal
9 Some uncertainty No consensus amongst subject matter
w caperts
.g
° 5 =% & | No conflict with company valuos Potential conflict with company values
0 conflict with company values & o
Stakeholder : 2 Some. parther Itansat Significant partner Interest
Yo partner intorost . . ke
Infierce e e Pressure groups likely to objoct
No significant media Interest Likelihood of adverse attention from
May attract local media attention
national or Intemational media
-~ Good Practice
0
g2
§ - Engineering
£ Risk
3 '§ Assessment

Precautionary
Approach

Table 6-1: ALARP Decision Making based upon Level of Uncertainty

D Description Decision Making Tools
Type
Good Practice Control Measures are considered to be:
Legislation, codes and standards: Identifies the requirements of
legislation, codes and standards that are to be complied with for the
activity.
. - Good Industry Practice: Identifies further engineering control standards
Risks classified as a - . ;
= and guidelines that may be applied over and above that required to
Decision Type A are well- o
A meet the legislation, codes and standards.
understood and ) . )
- . Professional Judgement: Uses relevant personnel with the knowledge
established practice . : . - )
and experience to identify alternative controls. When formulating
control measures for each environmental impact or risk, the ‘Hierarchy
of Controls’ philosophy, which is a system used in the industry to
identify effective controls to minimise or eliminate exposure to impacts
or risks, is applied.
Risks classified as a
Decision Type B are Risk-based tools such as cost based analysis or modelling: Assesses
B typically in areas of the results of probabilistic analyses such as modelling, quantitative risk
increased environmental assessment and/or cost benefit analysis to support the selection of
sensitivity with some control measures identified during the risk assessment process.
stakeholder concerns.
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DS Description Decision Making Tools

Type
Risks classified as a Precautionary Approach: OGUK (2014) state that if the assessment,
Decision Type C will taking account of all available engineering and scientific evidence, is

c typically involve sufficient insufficient, inconclusive or uncertain, then a precautionary approach
complexity, high potential to hazard management is needed. A precautionary approach will mean
impact, uncertainty or that uncertain analysis is replaced by conservative assumptions that
stakeholder interest will result in control measures being more likely to be implemented.

6.6.2 Control Measure ldentification

Control measures were identified for each hazard with the aim of eliminating the hazard, or if this is not
reasonably practicable, to minimise the risk to as low as reasonably practicable (ALARP). The process
of identifying control measures is an iterative process of:

Identifying a risk control

Assessing the risk control

Deciding whether residual risk levels are tolerable
If not tolerable, identifying a new risk control
Assessing the effectiveness of that control

Santos uses a hierarchy of control (Table 6-2) where you start at the top of the list and ask, “Is there
any reasonably practicable way that we can eliminate the hazard?” If the answer is yes, then this is the
most effective way of managing the hazard. If the answer is no, then you move down to the next option
in the list. This process of working down the list is repeated until a control measure/s can be found.

Once the control measures were determined performance outcomes, performance standards and
measurement criteria were established. Terms used for measuring the environmental performance for
each hazard are defined as:

Control measure — a system, an item of equipment, a person or a procedure that is used as a
basis for managing environmental impacts and risks.

Performance outcome — a statement of the measurable level of performance required for the
management if environmental aspects of an activity to ensure that the environmental impacts
and risks will be of an acceptable level.

Performance standard — performance required of a control measure.

Measurement criteria — defines how environmental performance will be measured and
determine whether the outcomes and standards have been met.
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Table 6-2: Santos Hierarchy of Control

Control Effectiveness Example
o Removal of the risk.
Eliminate
Refueling of vessels at port eliminates the risks of an offshore
refueling.
. Change the risk for a lower one.
Substitute
The use of low-toxicity chemicals that perform the same task as a
more toxic additive.
) ) Engineer out the risk.
Engineering
The use of oil-in-water separator to minimise the volume of oil
discharged.
Isolation Isolate people or the environment from the risk.
The use of bunding for containment of bulk liquid materials.
. . Provide instructions or training to people to lower the risk.
Administrative
The use of Job Hazard Analysis to assess and minimise the
environmental risks of an activity.
Protective Use of protective equipment.
Containment and recovery of spilt hydrocarbons.

6.7 Determination of Severity of Consequence

Once the potential hazards and receptors were identified the potential level of impact (consequence)
was assessed and assigned. Consequence is defined using the Santos Environmental Consequence
Classification (Table 6-3) from the Santos Operational Risk Matrix. The consequence level for each
hazard is documented in the risk assessment tables in Section 7.

Table 6-3: Santos Environmental Consequence Classification

Level

Environment

\

Regional and long term impact on an area of significant environmental or social
value. Destruction of an important population of plants and animals with
recognised conservation value.

Complete remediation impossible.

Complete loss of trust by affected community leading to long-term social unrest
and outrage.

Destruction of an important population of plants or animals or of an area of
significant environmental or social value.

Complete remediation not practical or possible.

Prolonged community outrage that impacts the viability of the business.

Extensive and medium term or localised and long term impact to an area, plants
or animals of recognised environmental or social value.

Remediation possible but may be difficult or expensive.

High potential for complaints from interested parties.

Localised and medium term or extensive and short term impact to areas, plants
or animals of significant environmental or social value.

Remediation may be difficult or expensive.

Immaterial effect on community.

Localised and short term impact to an area, plants or animals of environmental or
social value.
Readily treated.
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One off community protest requiring intervention and management.
I Localised and short term environmental or community impact — readily dealt with.
Definitions
Duration of potential impact Extent of impact
Short term: Days or weeks Localised: Within the Operational Area
Medium Term: Less than 12 months Extensive: Within the AMBA
Long Term: Greater than 12 months Regional: Outside of the AMBA

6.8 Determination of Likelihood

Likelihood is defined as the likelihood of the consequence occurring, this includes the likelihood of the
event occurring and the subsequent likelihood of the consequence occurring. Likelihood is defined using
the Santos Likelihood Descriptors (Table 6-4) from the Santos Operational Risk Matrix.

Table 6-4: Santos Likelihood Descriptors

Level Criteria
Almost
Certain f Occurs in almost all circumstances or could occur within days to weeks
Likely . . -
e Occurs in most circumstances or could occur within weeks to months
Occasional . -
d Has occurred before in Santos or could occur within months to years
Possible c Has occurred before in the industry or could occur within the next few
years
Unlikely I
b Has occurred elsewhere or could occur within decades
Remote a Requires exceptional circumstances and is unlikely even in the long term
or only occurs as a “100 year event”

6.9 Residual Risk Ranking

Risk is expressed in terms of a combination of the consequence of an impact and the likelihood of the
impact occurring. Santos uses a Corporate Risk Matrix (Table 6-5) to plot the consequence and
likelihood to determine the level of risk.

Once the level of risk is determined Santos uses a Risk Significance Rating (Table 6-6) to determine
the magnitude of the risk and if further action is required to reduce the level of risk using the process
described in Section 6.6.
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Table 6-5: Santos Risk Matrix

Table 6-6: Santos Risk Significance Rating

RISK LEVEL MITIGATION / INVESTIGATION FOCUS
(ADD ADDITIONAL BUSINESS UNIT SPECIFIC REQUIREMENTS WHERE REQUIRED)

- Intolerable risk laval

- Following verification of the residual risk at level 5, activity must stop

- Activity cannot recommence until controis implemented to reduce residual risk to level 4 or lower
- Dedicated muiti-disciplinary incident investigation team

- Management involvement in the investigaton

- Assess risk to determine if ALARP

- If ALARP, activifies related to maintenance of controls/ barriers prioritised 8 managed
4 - If not ALARP, improve existing controls and/or implement new control/s

Dedisated multi disciplinary incident investigaton team

- Assess risk to determine if ALARP

3 - If ALARP, activities related to maintenance of controls/ barriers priortised & managed
- If not ALARP, improve existing centrols and/or implement new control/s

- Full incident investigation

- Assess risk to determine if ALARP

- It ALARF, acivities related to maintenance of controls/ barriers prioritised & managad
2 - If not ALARP, improve existing controls and/or implement new control/s

- Incident investigations using simple tools

1 - Managed as stipulatad by the related work processss
- No incident investigation required

6.10 Determination of Impact and Risk Acceptability

The model Santos used for determining acceptance of residual risk is detailed in Figure 6-2. In
summary:

A Level 5 residual risk is intolerable, and Risks will require further investigation and mitigation to reduce
the risk to a lower and more acceptable level. If after further investigation the risk remains in the severe
category, the risk must not be accepted or approved by Management.

A Level 2 — 4 residual risk is acceptable provided that ALARP has been achieved and demonstrated.
A level 1 residual risk is acceptable, and it is assumed that ALARP has been achieved.

In addition to the requirements detailed above, for the purposes of offshore petroleum activities, impacts
and risk to the environment are considered broadly acceptable if:

o Theresidual risk is determined to be 1 (and ALARP Decision Type A selected and good practice
control measures applied), or
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e The residual risk is determined between 2 and 4 and ALARP can be demonstrated; and

e The following have been met:

(@]

(@]

(@]

Principles of ecologically sustainable development (See Section 2)
Legal and other requirements (See Section 2)
Santos policies and standards (See Section 8.1)

Stakeholder expectations (See Section 4)

Residual risk inthis region is
unacceptable

RiskLevel 5

RisklLevel 4

Residual risk inthis region is
acceptable provided it is as
lowas reasonably practicable
(ALARP)

Risk Level 3

Risk Level 2

Residual risk in this

region is deemed igi I RiskLevel 1
ALARP

Figure 6-2: Santos Residual Risk Acceptance Model
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7 ENVIRONMENTAL RISK ASSESSMENT

7.1  Seismic Underwater Noise

7.1.1 Hazard

When the seismic source is operating sound pulses will be generated from the source array.
7.1.2 Areathat Might be Affected by the Hazard

Marine seismic surveys involve the use of seismic source arrays that produce high intensity, low
frequency impulsive sounds at regular intervals. Though the aim of a seismic survey is to direct the
seismic sound energy downwards towards the sea floor, energy will also radiate at angles close to
horizontal potentially propagating this sound energy over long distances (Laws and Hedgeland 2008).
The rate at which the sound energy attenuates with distance from the source is based on the
oceanography, bathymetry and seabed properties of the area (Urick 1983).

Acoustic Modelling

JASCO Applied Sciences conducted an assessment of underwater noise levels for the Bethany survey.
The study used three sound propagation models to predict the acoustic field around the airgun array
for frequencies of 10 Hz to 2 kHz. The full report is available in Appendix 3.

The modelling approach accounted for the acoustic emission characteristics of a 2,380 in® seismic
source array and considered source directivity and the range-dependent environmental properties in
the area. The sound level results are presented as sound pressure levels (SPL), zero-to-peak pressure
levels (PK), and both single shot (i.e., per-pulse) or accumulated sound exposure levels (SEL) as
appropriate. The 2,380 in® airgun array proposed for the Bethany survey is an 11.2 x 15 m array
consisting of three strings towed at a 6 m depth. The firing pressure will be 2,000 psi. The modelling is
based on 12.5 m shot point interval (based on triple source mode), and a 600 m line space interval. A
single sound speed profile that provided the greatest propagation is applied, which occurs during July.
Analysed sound speed profiles indicated that this month had the greatest noise transmission, making it
the most conducive month for sound propagation, and as such it was selected for modelling to ensure
that the study did not underestimate distances to received sound level thresholds over the entire survey
period.

The underwater acoustic signature of the array was predicted with JASCO’s Airgun Array Source Model
(AASM) that accounts for individual airgun volumes and array geometry. Predicted source sound levels
for the 2,380 in® seismic source array are shown in Table 7-1.

Table 7-1: Source level specifications for the 2,380 in® array at 6 m tow depth

SEL (dB re 1 yPa%s @ 1 m)
- Peak pressure level
Direction (dBrelpyPa@1 m) 2,000
re 1 yPa m - ,000—
10-2,000 Hz 25000 Hz
Broad5|de_- Pe_rpendlcular to 2480 293 2 182.7
the travel direction of a source
Endflr_e - F_’araIIeI to the travel 2459 2231 187.4
direction of a source
Vertical (no ghost) 254.6 227.8 194.4

For the Bethany survey four site-specific locations were selected as modelling sites, based on the
proposed acquisition plan and the variation in bathymetry in the area (Figure 7-1). Water depths at
these four modelling sites ranged from 41 m (Site 1) to 84 m (Site 2). An additional five sites, Sites A
through E, with water depths ranging from 35-75 m, were assessed for seafloor PK, PK-PK and per-
pulse SEL. These sites do not have a specific location, but rather are representative of a specific water
depth, as the geoacoustic and sound speed profiles are consistent across the survey region.
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Figure 7-1: Location of noise modelling sites
SELcum VS SELss

For the seismic noise impact assessment, Santos has used standard guidelines and guidelines
suggested by the best scientific evidence available. In regards to the SELcum metric, Popper et al. (2014)
note “One major difference between pile driving and seismic airguns is that it is harder to determine
SELm for airguns. This is because the received SELss changes from shot to shot since the seismic
vessel is moving and at different distances from the fish. Thus, a guideline ultimately based on the
closest peak level or the closest SELss may actually be more useful than one based on the SELcym.”
This is because exposures at the closest point of approach are the primary exposures contributing to a
receiver’s accumulated level (Gedamke et al. 2011). Additionally, several important factors determine
the likelihood and duration a receiver is expected to be near a sound source (i.e., overlap in space and
time between the source and receiver). For example, the accumulation time for fast moving (relative to
the receiver) mobile sound sources is driven primarily by the characteristics of source (i.e., speed, duty
cycle) (NMFS 2016).

TTS and SEL2an

For temporary threshold shift (TTS) a cumulative threshold is more appropriate and the time period over
which this is done has been based on the best available scientific evidence and fauna specific
guidelines. For seismic surveys in Australian waters, the EPBC Act Policy Statement 2.1 determines
suitable exclusion zones for whales with an unweighted per-pulse SEL threshold of 160 dB re 1 yPa?-s
(DEWHA 2008). Thus, threshold has been applied to the seismic noise impact assessment for marine
mammals.

The SEL metric integrates noise intensity over some period of exposure. Because the period of
integration for regulatory assessments is not well defined for sounds that do not have a clear start or
end time, or for very long-lasting exposures, it is required to define a time period. The Popper et al.
(2014) sound exposure guidelines for TTS effects in fish are based upon data from Popper et al. (2005)
for exposure of several riverine species to a seismic airgun array. This study showed that exposure to
an SELcum of 186 dB re 1 yPa?-s accumulated over five seismic pulses within about five minutes resulted
in about 20 dB of TTS in the lake chub (a hearing specialist) and northern pike (a hearing generalist).
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In all cases, fish that showed TTS recovered to normal hearing levels within 18—-24 hours (Popper et al.
2005). This is the only study in the published literature that includes information on TTS recovery period
in fish exposed to seismic airgun noise, and is the basis for the fish TTS exposure thresholds included
for seismic airguns in Popper et al. (2014).

The Popper et al. (2005) study was done using a static source (airgun array) and static receptors (fish
in cages at 13-17 m from the array), and therefore is not representative of a marine seismic survey with
a moving source. Hence, the Popper et al. (2005) experiment represents a worst-case scenario, as the
source was fixed rather than moving — i.e. the five seismic pulses that were found to have caused TTS
effects over five minutes would have all been of identical intensity. This would not be the case with a
moving source.

Since a seismic survey vessel is moving, a stationary receptor is exposed to the maximum sound level
once in a sequence of exposures. Given the Bethany survey plan, the time period before the vessel is
again in proximity to specific location will be greater than 24 hours. As such, assuming a stationary
receptor experiences TTS on one pass it will have at least 24 hours until the possibility of receiving an
SEL of sufficient magnitude that could induce TTS to occur again. On this basis, and given that the only
data available for TTS recovery in fish exposed to airgun noise indicates a recovery period from a
substantial TTS of 20 dB of less than 24 hours, a 24 hour period is seen as appropriate for modelling
cumulative SEL.

The modelling has considered a single 24 hour period of seismic operation, along two sequential lines
in the acquisition pattern to assess a conservative scenario in terms of SEL24n. The two sequential
acquisition line sections assessed are 85 and 84.9 km long, and 4.5 km apart. The seismic vessel is
assumed to start at the eastern end of the northern line, and traverse the survey lines at ~4.5 knots,
with an impulse interval of 12.5 m. The survey has been modelled considering a triple source array,
with a source separation of 37.5 m, with each source activated individually according to a set sequence.
The modelling accounts for the location of the active source for each seismic impulse. In total, 13,592
impulses are accounted for in the scenario.

Because modelling the thousands of impulses needed to represent 24 hours of seismic operation is
time consuming, JASCO estimated the acoustic fields based on single-impulse model sites from
representative source locations that formed the library of representative footprints. As the geoacoustics
are the same throughout the region, only the bathymetry needs to be considered when determining the
location of the representative source locations. An analysis of the bathymetry along the acquisition lines
in the modelled scenario determined that consideration of three representative sites would provide a
sufficient representation. The three single-impulse sites selected encompass the shallower flatter
sections of the lines (Site 1), the shallower sections of the canyon features (Site 2), and the bottom of
the canyon features (Site 3). The survey lines within the 24 hour exposure calculation were segmented
by classifying impulse points to one of the three representative sites based on geographic similarity
(see Figure 2 in the JASCO report, Appendix 3).

To produce maps of cumulative received sound level distributions and calculate distances to specified
sound level thresholds, the maximum-over-depth level and level at the seafloor are calculated at each
sampling point within the modelled region. The radial grids of maximum-over-depth and seafloor sound
levels for each impulse are then resampled (by linear triangulation) to produce a regular Cartesian grid.
The single-impulse SEL fields are computed over model grids ~150 km x 150 km in range, which
encompass the full area of the cumulative grid (the entire survey area). The unweighted (fish) and
frequency-weighted SEL24n results are rendered as contour maps, including contours that focus on the
relevant criteria-based thresholds. Only contours at ranges larger than the nearfield of the airgun array
are rendered.

The SEL24n is a cumulative metric that reflects the dosimetric impact of noise levels within 24 hours,
based on the assumption that an animal is consistently exposed to such noise levels at a fixed position.
The radii that correspond to SELzan typically represent an unlikely worst case scenario for SEL-based
exposure since, more realistically, marine fauna (mammals or non-site attached fish) would not stay in
the same location or at the same range for 24 hours. Therefore, a reported radius of SEL2sn criteria
does not mean that any animal travelling within this radius of the source will be injured, but rather that
it could be injured if it remained in that range for 24 hours. The reported radii represent the perpendicular
distance from to the closest survey line to the relevant isopleth.
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Results

Full results for the modelling study are provided in the JASCO report (Appendix 3). The report focuses
on PK levels at the seafloor that are relevant to fish. These levels are highly dependent upon the depth
of the water at close range. The first reflection is the sound from the sea surface, followed by a reflection
from the seafloor, these two reflections then interact with each other prior to subsequent reflections. As
the distance from the source increases beyond approximately three water depths, a complex pattern of
destructive surface reflection and constructive critical angle bottom reflections dominate over sounds
due to any direct path transmission. Consequently, the PK level compared with range does not follow
a simple relationship with water depth, and the distance to PK levels relevant to fish at the seafloor is
site specific, with no consistent pattern between site depth and distance to isopleth.

The 2,380 in2 airgun array is does not exhibit strong directionality, which combined with the shallow
water depth, resulted in footprints with directionality determined more by bathymetry than by the airgun
array itself. The ranges to the per-pulse SEL isopleths were similar across all four sites for levels higher
than 160 dB re 1 yPa2?-s. For lower sound levels, the distances to isopleths were greatest at the two
shallowest modelled sites (Sites 1 and 4, with depths of 40.9 and 43.9 m respectively), and shortest at
the deepest site, Site 2 (84 m). This is partly due to the bathymetry surrounding the modelling sites,
with the canyon feature at Site 2 influencing the wider area propagation, while at Sites 1 and 4 the
sound propagates towards the deeper offshore water in an environment that gradually becomes deeper.
These predictions demonstrate the influence of site-specific bathymetry along the survey transects.

The accumulated SEL scenario considers 24 hours of seismic operation along two specified acquisition
lines. The model measured the accumulated effects of noise, accounting for the change in location and
the azimuth of the source at each impulse point. These accumulated SEL results were used to assess
possible PTS and TTS in marine mammals, along with SELzsn-based fish and turtle criteria.

The assessed survey lines are ~4.5 km apart and in total comprise 13,592 single impulses. At receiver
locations close to the survey lines the modelled noise level was dominated by those shots nearest to
them with little to no influence from the other line where the nearest shot was within a few kilometres of
the receiver. The greater propagation in the offshore direction seen in the single shot results was
reflected here, as again the ranges to isopleths at lower levels were greater in this direction, which is
because propagation towards the north encountered the gradual increase in depth. This was even
apparent in the 180 dB re 1 yPa?s isopleth. For levels above 183 dB re 1 yPa?*'s, the isopleths were
evenly distributed around the track lines, with only a slight extension of ranges in the broadside direction

The vertical slice plots (Figure 7-2 and Figure 7-3) demonstrate that close to the source (SEL >170 dB),
the maximum horizontal distance from the seismic array to a specific sound level typically occurs at the
seafloor. Therefore, it can be said that the horizontal distance from the airgun array to a specific sound
level is almost same regardless of considering maximum-over-depth or seafloor methods of calculation.
This is due to the way the sound field propagates in these shallow water depths and the sound speed
profile for the region. The same relationship will be true for assessing PK levels.

Therefore, when modelling of PK levels to assess mortality and potential mortal injury to fish, turtles,
fish eggs and larvae, the horizontal distances to the level at the seafloor for this survey will also
predominantly represent the maximum-over-depth distance. For species which live at or close to the
seafloor, the modelling approach for assessing the distance to PK levels associated with fish is
appropriate.

The modelling approach applied is appropriate to determine the relevant sound levels (PK, SEL or SPL),
and therefore the distances to thresholds, for all fauna of concern, be they at the seafloor or within the
water column. The criteria for either possible mortality and potential mortal injury in fish, turtles, fish
eggs, and fish larvae was not reached at the seafloor using the SEL24n metric based on Popper et al.
(2014).
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Figure 7-2: Site 1 - Predicted unweighted per-pulse SEL for the 2,380 in® array as vertical slices

(Levels are shown along a single transect from broadside (top) and endfire (bottom). Source depth is 6
m)
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Figure 7-3: Site 2 - Predicted unweighted per-pulse SEL for the 2,380 in® array as vertical slices

(Levels are shown along a single transect from broadside (top) and endfire (bottom). Source depth is 6 m)
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Sound Source Verification

Prior to commencement of the Bethany survey the seismic contractor will be required to demonstrate
that the proposed airgun array has equivalent source levels that match the specifications used in the
modelling (Table 7-1). This sound source verification (SSV) process will be a requirement of the seismic
contract tender process.

The in-field measurement process, which can be conducted at any suitable location worldwide using
any survey vessel in the contractor’s fleet, will have the following general requirements:

¢ Reputable service provider with demonstrated track record (grey or peer reviewed literature) in
field of measurement of airgun arrays.

e Water depth can be determined by the operator.

e Measurement line:
o minimum of a single line pass, directly over hydrophone; and
o must commence firing of array being measured 3 km before passing over the
hydrophone; firing of array can stop 3 km beyond hydrophone position.

e Array-hydrophone separation: 50-500 m.

¢ Hydrophone must be directly on the vessel track line to allow characterisation of the vertical
direct path.

¢ In water depths < 100 m, the seabed should be relatively flat.

e Hydrophone(s) specifications:
o operator to determine sensitivity as required to accurately record the impulses without
clipping;
o must have an appropriate frequency response in the sensitivity range required to
accurately measure the airgun array from 10 to at least 15,000 Hz;
o the frequency response should be flat between 10-10,000 Hz; and
o systems with a sharp roll of over 1,000 Hz are not appropriate.

e Recorder specifications: 24 bit, 64 ksps minimum sample rate.

eSSV report must quantify:

airgun layout and depth (x,y,z location for each individual gun);

locations of array(s) behind vessel;

vessel speed, shot interval and other pertinent details;

approximate geology down to 500 m below seabed,;

sound speed profile through water column measurement;

measurement system specifications;

measurement system sensitivity, including frequency response curve for hydrophones;
bathymetry of measurement location;

measurement methodology;

estimate of far-field source level from the measured values;

level vs slant range plots for PK, PK-PK, SEL and 125 ms SPL metrics; and
data points in plots (level and range values) to be provided digitally.

O 0O 0O OO OO OO OoOOoOOo

Variations in recorded sound levels up to 3 dB are considered within the margin of error for the majority
of methodologies and technology used for in-field SSV and ground-truthing, including autonomous
loggers deployed on the seabed directly beneath a measurement line.

To allow for the fact that there could be some outlier shots, due to highly reflective sections of seabed,
or misfires of the airguns, the acceptability criteria will be set at 90%—i.e. >90% of shots must be within
3 dB of the source specifications provided in Table 7-1. If greater than 10% of the measured values
exceed the modelling predictions by more than 3 dB, the seismic contractor will be required to retrieve
the airgun array from the water, reconfigure, redeploy and then repeat the measurement line. This
process will have to be repeated until the airgun array meets the required source specifications.

The SSV report and associated digital data will be provided by the seismic contractor to Santos, and to
a suitable independent peer reviewer, for checking and verification.
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7.1.3 Sensitive Environmental Receptors with the Potential to Occur within the AMBA
Receptors that could potentially be impacted by seismic sound pulses are:
e Plankton
e Corals
e Invertebrates including commercial prawn species and pearl oyster shell
e Fish including commercial species
e Sharks and rays
e Turtles and sea snakes
e Marine mammals — whales and dolphins (cetaceans)
e Pearl oyster divers
e Marine Parks
¢ Key Ecological Features
7.1.4 Known and Potential Environmental Impacts
Potential biological, ecological and economic impacts from seismic sound pulses are:
e Physical, such as mortality or injury including temporary or permanent hearing loss.
¢ Physiological, such as changes in metabolic rate or biochemical stress indicators.

e Behavioural, such as disturbance or displacement or impairment/mask the ability to navigate,
find food or communicate.

e Localised changes in abundance and catch levels of commercially targeted species of
invertebrates or fish that may occur from physical, physiological and/or behavioural changes.

7.1.5 Evaluation of Environmental Impacts
7.1.5.1 Plankton

Receptor Sensitivity

Plankton includes fish eggs and larvae which are transported by currents and winds and hence cannot
take evasive behaviour to avoid seismic sources. Larval fish species studied appear to have hearing
frequency ranges similar to those of adults and similar acoustic startle thresholds (Popper et al. 2014).
Swim bladders may develop during the larval stage and may render larvae susceptible to pressure-
related injuries such as barotrauma. Effects of sound upon eggs, and larvae containing gas bubbles, is
focused on barotrauma rather than hearing (Popper et al. 2014).

Larval stages are often considered more sensitive to stressors than adult stages, but exposure to
seismic sound reveals no differences in larval mortality or abundance for fish, crabs or scallops (Carroll
et al. 2017).

The effects of an operating 3D seismic array on plankton was investigated by Parry et al. (2002),
alongside their work on scallops. Vertical plankton tows (0 — 20 m depth) were taken along transects
running parallel and adjacent to seismic survey lines. A last-minute change to the seismic vessel track
meant the initial balanced sampling design became five control transects (5 net tows ~500 m apart
along each transect) and one impact transect (10 net tows). Plankton tows along the impact transect
were made within 30-60 min 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 (Jasus edwardsii) after exposure of early embryonic stages to cumulative SELs of 190 —
197 dB re pyPa2.s. Pearson et al. (1994) exposed larvae of the Dungeness crab (Cancer magister) to
single discharges from a seven-airgun 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.
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Impacts to larvae have been identified at 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 airgun signals. The lengthy exposure period
of 3 s shot intervals for an exposure duration of 90 h, 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 peak sound level of 216 dB re 1 yPa every 10 s for 33
min. Again the exposure period of a consistent peak sound level is not realistic of an actual survey.

The recently published study by McCauley et al. (2017), conducted in temperate waters of south-east
Tasmania, is the first large-scale field experiment on the impact of seismic activity on zooplankton. This
study measured zooplankton abundance and the proportion of the population that was dead at three
distances from a single 150 in® airgun—0, 200 and 800 m. The experiment estimated the proportion of
the zooplankton that was dead, both before and after exposure to airgun noise, using net samples to
measure zooplankton abundance, and bioacoustics to identify the distribution of zooplankton. In this
study, copepods dominated the mesozooplankton (0.2-20 mm), and impacts were not assessed on
microzooplankton (0.02-0.2 mm) or macrozooplankton (>20 mm). There was movement of water
through the experimental area, which made interpreting their results more difficult (Richardson et al.
2017).

McCauley et al. (2017) provide three findings from the experiment to show that zooplankton were
affected by the seismic source:

(i) the proportion of the mesozooplankton community that was dead increased two- to three-fold;
(iiy the abundance of zooplankton estimated by net samples declined by 64%; and
(iii) the opening of a “hole” in the zooplankton backscatter observed via acoustics.

They found that exposure to airgun noise significantly decreased zooplankton abundance, and
increased the mortality rate from a natural level of 19% per day to 45% per day (on the day of exposure,
and that these impacts were observed out to the maximum range assessed (1.2 km) (Richardson et al.
2017).

Scientists from CSIRO’s Oceans and Atmosphere Business Units were contracted by APPEA to
undertake a desktop study that: a) critically reviewed the methodologies and findings of the McCauley
et al. (2017) experiment; and b) simulated the large scale impact of a seismic survey on zooplankton in
the Northwest Shelf region, based on the mortality rate associated with airgun noise exposure reported
by McCauley et al. (2017).

The CSIRO review of the McCauley et al. (2017) study found that there were three primary questions
raised by the results of the experiment, all of which warrant further investigation (Richardson et al.
2017):

1. Why was there no attenuation of the impact with distance?

There is no consistent decline in the proportion of zooplankton that are dead with increasing
distance away from the airgun. The energy of the sound waves at a distance of 1.2 km is
substantially lower than at the source.

2. Why was there an immediate decline in abundance?

Itis unclear why there would be a near immediate drop in zooplankton abundance as measured
by net samples and acoustic data. If zooplankton were killed, they would not immediately sink
from the surface layers, or be rapidly eaten. A drop in abundance would be more likely once
the dead zooplankton either sunk to the bottom or were removed by predation. Richardson et
al (2017) conclude it is difficult to explain this immediate decline in zooplankton abundance.

3. Was there sufficient replication to be confident in the study findings?

The conclusions were based on a relatively small number of zooplankton samples. A total of
24 samples were collected — 2 tows each sampling time x 3 distances from the gun (0 m, 200
m, 800 m) x 2 levels (Control, Exposed) x 2 replicate experiments (Day 1, Day 2). This means
that there were only 12 samples collected under conditions exposed to the airgun, six on each
day of the two experiments. The main potential confounding explanation in the study would be
that a different water mass entered the area on each day of the experiment and had lower
abundance and higher quantities of dead zooplankton. Richardson et al. (2017) conclude that:
“although this is relatively unlikely it cannot be discounted because of the relatively few samples
collected and only two replicate experiments conducted.”
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Independently of the APPEA/CSIRO study, the International Association of Geophysical Contractors
(IAGC) conducted its own review of the McCauley et al. (2017) paper. This review came to the following
conclusion:

“While we found the study interesting, we are also troubled by the small sample sizes, the large
day-to-day variability in both the baseline and experimental data, and the large number of
speculative conclusions that appear inconsistent with the data collected over a two-day period.
Both statistically and methodologically, this project falls short of what would be needed to
provide a convincing case for adverse effects from geophysical survey operations.” (IAGC
2017).

The second component of the CSIRO study was to estimate the spatial and temporal impact of seismic
activity on zooplankton on the Northwest Shelf from a large-scale seismic survey, considering mortality
estimates of McCauley et al. (2017), and accounting for typical growth rates, natural mortality rates, and
the ocean circulation in the region The approach modelled a hypothetical 3D survey (2,900 km? in size,
over a 35-day period, in water depths of 300-800 m) on the edge of the Northwest Shelf during summer.
To simulate the movement of zooplankton by currents, the researchers used a hydrodynamic model
that seeded 0.5 million particles into CSIRO’s Ocean Forecast Australia Model. Zooplankton particles
could be hit multiple times by airgun pulses if they were carried by currents into the future survey path.
The greatest limitation in this approach was accurate knowledge of the natural growth and mortality
rates of zooplankton, and to address this the CSIRO researchers tested the sensitivity of the model to
different recovery (growth-mortality) rates, and also the sensitivity of the results to ocean circulation by
undertaking simulations with and without water motion (Richardson et al. 2017).

The results of the simulations that included ocean circulation showed that the impact of the seismic
survey on zooplankton biomass was greatest in the Survey Region (defined as the survey acquisition
area with a 2.5 km impact zone around it) (22% of the zooplankton biomass was removed) and declines
as one moves beyond it to the Survey Region + 15 km (14% of biomass removed), and the Survey
Region + 150 km (2% of biomass removed). The time to recovery (to 95% of the original level) for the
Survey Region and Survey Region + 15 km recovery was 39 days (38-42 days) after the start of the
survey and three days (2-6 days) after the end of the survey (Richardson et al. 2017).

The major findings of the CSIRO study were that there was substantial impact of seismic activity on
zooplankton populations on a local scale within or close to the survey area, however, on a regional
scale the impacts were minimal and were not discernible over the entire Northwest Shelf Bioregion.
Additionally, the study found that the time for the zooplankton biomass to recover to pre-seismic levels
inside the survey area, and within 15 km of the area, was only three days following the completion of
the survey. This relatively quick recovery was due to the fast growth rates of zooplankton, and the
dispersal and mixing of zooplankton from both inside and outside of the impacted region (Richardson
et al. 2017).

Whilst the CSIRO modelling was carried out for the Northwest Shelf IMCRA Meso-scale Bioregion
(which as an area of 153,987 km?) the findings of this study are directly applicable in determining the
potential impacts of the Bethany survey on zooplankton communities. The Oceanic Shoals (OSS)
Meso-scale Bioregion, within which the survey area is located, covers an area of 153,880 km?, and so
spatially is almost identical to the Northwest Shelf Bioregion. Whilst located further to the northeast than
the Northwest Shelf Bioregion, it also covers tropical waters of the continental shelf and slope of
Northwest Australia and can be expected to have similar, comparable, zooplankton communities. If
anything, the OSS Bioregion may well have zooplankton communities that are lower in abundance than
those in the Northwest Shelf Bioregion, based on the likelihood that plankton productivity in this area is
also limited by light attenuation caused by high levels of turbidity (Burford and Rothlisberg 1999).

In 2006, the Working Group on the Effects of Sound on Fish and Turtles was formed to develop noise
exposure criteria. The resulting guidelines included specific thresholds for different levels of effects and
for different groups of species, including a peak pressure level threshold of 207 dB re 1 yPa (PK) for
mortality and potential mortality injury to fish eggs and larvae (Popper et al. 2014) (Table 7-2).

While the Bethany noise modelling study considered both SEL24n and PK metrics the levels associated
with possible mortality and potential mortal injury to fish eggs and larvae from Popper et al. (2014) using
the SEL24n metric are not reached within the modelling resolution of 40 m. The PK metric is therefore
used to assess mortal and potential mortal injury to fish eggs and larvae at or close to the seafloor (i.e.
for site attached and demersal species). Depending upon the location of the seismic array in the survey
region, the range to the PK thresholds are different. The modelling study assessed five locations (Sites
A through E), as shown in Table 7-3, with the maximum range at which mortality or mortal injury may
occur within a horizontal distance of less than 165 m from the source.
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Table 7-2: Fish eggs and larvae mortality and potential mortal injury peak pressure threshold

Mortality and Potential

Mortal Injury _
Distance Rmax
Receptor Peak pressure level
threshold (m) at Seafloor

(dB re 1 pPa)

Fish eggs and larvae 207 165

Table 7-3: Maximum (Rmax) horizontal distances (m) from the 2,380 in® array to modelled
seafloor PK levels from four transects

Distance Rmax (m)
Peak Pressure

Relevant Animal Level Site A Site B Site C Site D Site E
Type Threshold

(dB re 1 pPa) (35m (45m (55 m (65m (45 m

depth) depth) depth) depth) depth)

Fish eggs and larvae
mortality and
potential mortal
injury

207 143 153 160 165 116

The JASCO modelling study for the Bethany survey also predicted maximum horizontal distances in
the water column from the 2,380 in® array to a PK-PK threshold of 178 dB re 1 pyPa, which was the
highest received level estimated at 1.2 km range in the McCauley et al. (2017) plankton study. These
distances were predicted along the four transects at the shallowest (Site 1 — 40.9 m) and deepest (Site
2 — 84 m) modelling sites. The maximum horizontal distances to the 178 dB PK-PK threshold were 6.2
km at Site 1, and 4.2 km at Site 2.

Extent and Duration of Exposure and Identified Potential Impact

Based on information from the NPFI, commercial prawn species spawn within areas closer to the coast,
outside of the AMBA. Consultation with the NTDPIF identified that peak spawning for commercial fish
species was between October and May. However, since then the Timor Reef Fishery state that peak
spawning is September to May. Thus, the survey was planned to be finished by the peak spawning
period of October and so may now overlap the start of the peak spawning season in September.

Pinctada maxima may be present in the survey area at low distributions. Pinctada maxima spawn in the
spring months of September or October with primary spawning from the middle of October to December,
thus the survey may overlap with spawning period for this species.

Based on the noise modelling, the area where received sound levels at the seabed exceed the mortality
or mortal injury threshold from Popper et al. (2014) for fish eggs and larvae is restricted to a distance
of < 165 m from the seismic source when at full power (Table 7-3).

To be conservative, for this assessment the impact regions as applied in the CSIRO modelling study
(Richardson et al. 2017) have been used —i.e. survey acquisition area + 2.5 km (5,709 km?), and survey
acquisition area + 15 km (12,000 km?). The larger of these areas (survey acquisition area + 15 km)
would incorporate an impact area based on the application of the McCauley et al. (2017) maximum
received level of 178 dB PK-PK (6.2 km Rmax).

To put the potential level of impact in context:

e Zooplankton populations’ recovery quickly due to their fast growth rates, and the dispersal and
mixing of zooplankton from both inside and outside of the impacted area. The CSIRO model
(Richardson et al. 2017) identified that the time for the zooplankton biomass to recover to pre-
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seismic levels inside the survey area, and within 15 km of the area, was only three days
following the completion of the survey.

e Any mortality or mortal injury effects to fish eggs and larvae resulting from seismic noise
emissions are likely to be inconsequential compared to natural mortality rates of fish eggs and
larvae, which are very high (exceeding 50% per day in some species and commonly exceeding
10% per day). For example, in a review of mortality estimates (Houde and Zastrow 1993), the
mean mortality rate for marine fish larvae was M = 0.24, a rate equivalent to a loss of 21.3%
per day. Saetre and Ona (1996) calculated that under the ‘worst case’ scenario, the number of
larvae killed during a typical seismic survey was 0.45% of the total population, and they
concluded that mortality rates caused by exposure to airgun sounds are so low compared to
natural mortality that the impact from seismic surveys must be regarded as insignificant.

e The broader area in which the survey is being undertaken - for plankton, the Oceanic Shoals
Meso-scale Bioregion (OSS) would be representative of the broader area in which the survey
is being undertaken as it is representative of water depths, habitats and hydrodynamics within
the survey area.

e Based on an area for the OSS Bioregion of 153,880 km?, the area of potential impact of 5,709
km? represents ~4% of this bioregion and 12,000 km? represents ~8% of the bioregion. This is
in line with the results of the CSIRO model (Richardson et al. 2017), which showed that the
impact of the seismic survey on zooplankton biomass was greatest in the Survey Region
(survey acquisition area +2.5 km impact zone where 22% of the zooplankton biomass was
removed) and declines as one moves beyond it to the Survey Region + 15 km (14% of biomass
removed), and the Survey Region + 150 km (2% of biomass removed).

e Based on an area for the OSMP of 71,744 km?, the area of potential impact of 5,709 km?
represents ~8% of the Marine Park and 12,000 km? represents ~17% of the park.

e Any plankton, including fish eggs and larvae, present at or close to the seafloor or in the water
column within the survey area will not be evenly distributed, and are likely to exhibit substantial
spatial patchiness and will be moving with the currents in the area.

e The area of potential impact is based a larger seismic source (3,000 in® - Richardson et al.
2017) than the Bethany seismic source (~ 2,380 in3).

¢ Pinctada maxima has a large distribution area (Figure 5-34) and the survey timing is outside of
its peak spawning period, impacts and not likely to be significant at a population level, based
on the fact that the species is a broadcast spawner where less than 1% of fertilised eggs survive
(WA DoF 2017).

e The survey overlaps the start of the peak commercial fish spawning period (Sept to May) for a
maximum of 4 weeks. As this spawning period is over 6 months and a broader area than the
survey area, impacts are not likely to be significant at a population level compared to natural
mortality rates based on the area of impact in the broader OSS Bioregion, and the predicted
period of recovery of 39 days after the start of the survey and 3 days after the end of the survey
(Richardson et al. 2017).

e The area of potential impact is not identified as an important area for fauna that rely on plankton
as a food source such as whale sharks, rays or cetaceans.

Thus, based on this analysis, though mortality or mortal injury may occur to plankton, including fish
eggs and larvae, potential impacts are localised (within the operational area) and short term based on
estimated recovery times. These potential impacts are not significant when compared to rates of natural
mortality in planktonic populations (10 — 50% per day) and recovery rates (days), and impacts are not
expected at a regional scale based on a maximum area of predicted impact being ~8% of the OSS
Bioregion, or on a local scale based on the area of predicted impact being 17% of the OSMP.

Summary

Consequence Level: If the activity results in mortality or mortal injury effects to fish eggs and larvae, no
long term ecosystem or population level effects were identified. The likelihood of full recovery in a short
period of time from any adverse effects caused by the seismic survey is very high. There is potential
for localised and short term impacts - (1).

Likelihood Level: For this activity, localised and short term impacts to fish eggs and larvae from seismic
noise is considered Possible (c).
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7.1.5.2 Invertebrates

Marine invertebrates lack a gas-filled bladder and are thus unable to detect the pressure component of
sound waves. However, all cephalopods as well as some bivalves, echinoderms and crustaceans have
a sac-like structure called a statocyst which includes a mineralised mass (statolith) and associated
sensory hairs (Carroll et al. 2017). Cephalopods have epidermal hair cells which help them to detect
particle motion in their immediate vicinity (Kaifu et al. 2008). Decapods have similar sensory setae on
their body (Popper et al. 2001) and antennae which may be used to detect low-frequency vibrations
(Montgomery et al. 2006).

The statocyst organs, found in a wide range of invertebrates, are utilised by animals to maintain their
equilibrium and orientation and to direct their movements through the water. Their functions include the
detection of gravitational forces and linear accelerations. Although there is little information available
on the functioning of these sensory organs, it has been suggested that marine invertebrates are
sensitive to low-frequency sounds and that this sensitivity is not directly linked to sound pressure but to
particle motion detection (André et al. 2016; Roberts et al. 2016; Edmonds et al. 2016). The statocysts
may play a key role in controlling the behaviour responses of invertebrates to a wide range of stimuli.

7.1.5.2.1 Coral

Receptor Sensitivity

No peer-reviewed acoustic criteria were available at the time of this analysis against which potential
noise impacts to coral could be assessed.

A literature review conducted for Woodside by Dr Mardi Hastings stated that the primary mechanisms
for injury of hermatypic corals from seismic airgun noise are: (1) breaking of the external coral skeleton
which could also damage the polyp tissue, and (2) rupture or tearing of polyp tissues inside the corallites
(Hastings 2008). The forces required to cause injury were predicted by Hastings (2008) in be in excess
of 260 dB re 1 yPa (PK-PK received level).

Although injury to corals is theoretically possible as described by Hastings (2008), studies on the actual
impacts were very limited prior to the Maxima and Gigas studies at Scott Reef (see below). 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).

The most relevant data currently available are results from exposure studies that Woodside conducted
during the Maxima 3D and Gigas 2D Pilot OBC (ocean bottom cable) marine seismic surveys at Scott
Reef in Western Australia.

In the Maxima 3D experiments corals in and around the lagoon were exposed to seismic signals (both
experimental seismic lines and a full seismic survey) using a 2,055 in3source over a 59-day period. The
experimental lines passed directly over the coral communities (source at 7 m depth, corals at ~60 m
depth) whereas the full seismic survey passed within tens to 100s of metres (horizontal offset). The
maximum estimated received seismic signal levels at coral impact sites were 226-232 dB re 1 pyPa
(PK-PK), 214-220 dB re 1 yPa (SPL rms), 197—203 dB re 1 yPaZ?.s (single pulse SEL), and a maximum
cumulative SEL of 197-203 dB re 1 yPa2.s (Salgado Kent et al. 2016). Hence, the highest received PK-
PK sound levels directly below the airgun array were considerably less than the 260 dB re 1 yPa (PK-
PK received level) predicted by Hastings (2008) to cause physical injury to corals.

For plate corals, Lobophytum spp., and various soft corals including Sarcophytum spp., the proportion
of dead and bare coral cover and the % cover of red algae were documented and no detectable effect
was found from one or multiple passes of the seismic airgun array (Battershill et al. 2008). Further,
there was no evidence of coral breakage, no signs of physiological impairment in the corals (polyp
withdrawal or reduction in soft coral rigidity) and no long-term change in coral community structure
related to the experimental or full seismic survey activities (Battershill et al. 2008).

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 airgun emissions.
This study also used a number of sub-lethal indicators of stress and mortality (partial and whole colony
mortality) to determine the effects of airgun emissions on corals. The summary conclusion from this
study was that emissions from the airgun array did not cause significant injury, tissue damage, sub-
lethal stress or mortality to coral colonies, even when colonies are within a few metres of shots fired
from the seismic array (SKM 2008). This survey had a measured at source SEL of 206 dB re 1 yPa?.s
(McCauley 2008), and was therefore also well under the theoretical noise impact level predicted by
Hastings (2008) to cause physical injury to corals.

Page 141 of 309



SantOS Bethany 3D Seismic Survey Environment Plan

Extent and Duration of Exposure and ldentified Potential Impact

As detailed in Section 5.5.1, the banks and terraces within the eastern area of the OSMP, where the
AMBA is located, are generally characterised by species-rich sponge and octocoral (soft corals)
gardens with shallower banks (less than 60 m) supporting more biodiversity than deeper banks,
including hard corals in areas <35 m. Within the survey FPZ, where the seismic source will be at full
power, approximately a third of the area has water depths between 20 — 60 m, where sponges and
octocorals are likely to be present, and very limited areas <35 m water depth (3.6% of the FPZ), where
hard corals are likely to be present.

As described in Section 5.5.1.2, benthic habitat predictive modelling for the OSMP has identified 11
benthic habitat categories within the Marine Park. Table 5-10 provides a description of these habitats
and shows the percentage overlap of each habitat with the OSMP, the carbonate bank and terrace
system of the Van Diemen Rise KEF and the Bethany FPZ. As shown in Table 5-10, Alcyon (soft corals),
Hard Coral and Soft Coral habitat categories account for just ~0.8% of benthic habitats within the FPZ,
~1.3% of benthic habitats within the OSMP and 1.9% of benthic habitats within the KEF.

Based on the research findings to date it is highly unlikely that corals (soft or hard) will be exposed to
received sound levels of sufficient magnitude to cause any physical or physiological impacts. Corals
would have to be within extremely close range (a few metres) of the airgun array operating at full power
to be exposed to received levels high enough to potentially cause these effects, based on the source
level characteristics for a 2,380 in® array at 6 m tow depth derived from the JASCO modelling study
(maximum PK pressure level directly below the array of 257 dB re 1 yPa which is less than the 260 dB
re 1 yPa (PK-PK received level) predicted by Hastings (2008) to cause physical injury to corals.

Summary

Consequence Level: As modelled noise levels are below predicted noise levels to cause physical injury
to soft or hard corals, potential impacts would be localised and short term impacts to fauna of an
environmental value - (11).

Likelihood Level: For this activity, localised and short term impacts to soft or hard corals is considered
Unlikely (b).

7.1.5.2.2 Prawns

Receptor Sensitivity

There has recently been a number of comprehensive reviews of seismic noise impacts to
invertebrates—e.g. Carroll et al. (2017), Edmonds et al. (2016) and Salgado Kent et al. (2016). Studies
specific to prawn species are limited, however, a number of studies have been undertaken on decapods
with a range of effects to no effects identified. As such studies of species in the same scientific order
(Decapoda) have been used to provide an indication of how sensitive prawns are when exposed to
sound waves.

Edmonds et al. (2016) undertook a review and critical evaluation of crustacean sensitivity to loud
impulsive, low frequency underwater noise typically produced by seismic surveys. They identified that
sensitivity to underwater noise is shown by the Norway lobster and closely related crustacean species,
including juvenile stages. They concluded that current evidence supports physiological sensitivity to
local, particle motion effects of sound production. The review by Salgado Kent et al. (2016) also
supported the finding that there was no evidence in the current literature of direct mortality of
crustaceans from seismic exposure. 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 a few
hundred metres from the sound source or have been from repeated exposure at the same sound levels
which is not realistic in an actual survey.

Day et al. (2016b) found airgun exposure caused damaged statocysts in rock lobsters (Jasus edwardsii)
up to a year later. However, no such effects were detected in snow crabs after exposure to 200 shots
at 10 s intervals and 17-31 Hz) (Christian et al. 2003). For these studies, measured received noise
levels were 209-212 dB re 1 yPa (PK-PK) and 197-237 dB re 1 yPa (PK-PK), respectively.

Day et al. (2016b) also found that rock lobsters showed delayed time to right themselves after exposure
to airguns and that two out of three experiments found no difference in tail extension reflex, while one
showed exposed lobsters had a 23% decrease in ability to maintain tail extension 14 days after
exposure. In contrast, no differences in righting time were detected in the American lobster (Homarus
americanus) 9, 65, or 142 days after exposure to airgun noise (Payne et al. 2007). For these studies,
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measured received noise levels were 209-212 dB re 1 yPa (PK-PK) and 202 dB re 1 yPa (PK-PK),
respectively.

Day et al. (2016b) also identified no changes to haemolymph biochemistry in rock lobsters up to 120
days post exposure, though a reduction in haemocyte cell numbers was identified. Seismic exposure
also had a consistent and prolonged negative effect on lobster total haemocyte count (THC) for up to
120 days post-exposure, with decreases in THC ranging from 23% to 60% in the four experiments
potentially compromising their immune system. THC is commonly used as an assessment of stress and
is suggested to be related to immune competency and health status of crustaceans. Payne et al. (2007)
found no effects of seismic surveys on American lobster haemolymph biochemistry but possible
reduction in calcium. In contrast, Christian et al. (2003, 2004) found no chronic or long-term effects on
stress bioindicators in haemolymph. Andriguetto-Filho et al. (2005) also carried out histopathological
studies on gonadal and hepatopancreatic tissue and reported that there was no damage that could be
associated with exposure to a four airgun array with a source peak pressure of 196 dB re 1fyPa at 1 m
within shallow waters (2-15 m).

Extent and Duration of Exposure and ldentified Potential Impact

Itis likely that the mechanism of impacts for invertebrates, such as prawns, are not from sound pressure,
but rather from particle motion. However, what is unknown is what particle motion levels lead to a
behavioural response, as described in Day et al. (2016b), or mortality. Water depth and seismic source
array size are related to the particle motion levels at the seafloor, with larger arrays and shallower water
being related to higher levels, which can then be related to effects on prawns. Despite the results
presented in Day et al. (2016b), the science around which metrics relate to an effect, and the
relationship therefore to impact, is still an area of ongoing research. While the pressure related metrics
identified in Day et al. (2016b) have been used to estimate the area of potential impact from seismic
surveys in some impact assessments, the literature available does not clearly define either the metric
which should be used, or any associated level to use while conducting an assessment.

In lieu of a suitable proxy, and because prawns have the potential to be in either the water column or
on the substrate, an understanding of level for pressure related metrics at which impacts were identified
gives some mechanism for being able to understand the area of potential impact from the Bethany
survey. As Payne et al. (2007) identified no effects on righting time in lobster at 202 dB re 1 pPa (PK-
PK), and Day et al. (2016b) found effects at 209 dB re 1 yPa (PK-PK), the level of 202 dB re 1 pPa (PK-
PK) has been applied in this assessment as a precautionary threshold to determine potential impacts.

The modelling predicted that received levels will be below 202 dB re 1 yPa (PK-PK) at a maximum
horizontal distance at the seafloor of 522 m from the 2,380 in? array, at Site B (45 m depth).

Though the survey area is not within the main NPF fishing area, there could potentially be prawns within
this area as it is within the broader NPF fishing area. It is assumed that prawn distribution and
abundance within the survey area would be equivalent to the broader NPF fishing area, which covers
an area of 880,000 km?2.

Based on the noise modelling, the area where the conservative threshold, where physiological impacts
have not been identified, is within a distance of <522 m from the seismic source at full power.

For this assessment the FPZ of 4,565 km? has been used, with the application of an additional buffer of
522 m outside of this (an area of 4,800 km?2).

However, this has to be viewed in the context of:

e The area of potential impacts is very small in context of the NPF fishing area where prawns
could be present.

e Based on a spatial extent of 880,000 km? for the NPF, the area of potential impact 4,800 km?
represents only ~0.6% of the total NPF area.

e The survey period does not overlap the main migration of juvenile prawns across the region,
with the migration of the main cohort occurring between November and March, with a possible
second cohort migrating from April to June.

e The area of potential impact assumes that the area will receive the same sound levels at the
same time, which is not the case, sound levels will change as the seismic vessel moves through
the area during the survey for up to 75 days.

e Physiological impacts identified are unlikely to result in significant impacts to prawns or prawn
populations in light of the small area of impact (~0.6% of the total NPF area) and prawns
typically become sexually mature at six months and spawn more than once a year which would
negate any impacts on such a small scale.
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Thus, based on this analysis, physiological impacts are unlikely to result in significant impacts to prawns
or prawn populations as impacts would be localised (~0.6% of the total NPF area) and medium term (6
months) based on the prawns life history parameters.

Summary

Consequence Level: If the activity results in physiological impacts to prawns, there is potential for
localised and medium term impacts - (l11).

Likelihood Level: For this activity, localised and medium term impacts to prawns is considered Unlikely
(b).
7.1.5.2.3 Molluscs

Receptor Sensitivity

Other invertebrate species that may potentially occur in the area are molluscs (cephalopods and
bivalves) including the silver lipped pearl oyster (Pinctada maxima). P. maxima has a very broad
distribution throughout northern Australia and into Asia.

Cephalopods have been found to respond to sound between 30 and 600 Hz, being most sensitive
between 100 and 200 Hz, suggesting that they detect sound similarly to most fish, with the statocyst
acting as an accelerometer through which they detect the particle motion component of a sound field
(Kaifu et al. 2008, Mooney et al. 2010).

It is likely that the mechanism of impacts for molluscs are not from sound pressure, but rather from
particle motion. However, what is unknown is what particle motion levels could lead to a behavioural
response, as described in Day et al. (2016b), or potential mortality. Water depth and airgun array size
are related to the particle motion levels at the seafloor, with larger arrays and shallower water being
related to higher levels, which can then be related to effects on molluscs. Despite the results presented
in Day et al. (2016b), the science around which metrics relate to an effect, and the relationship therefore
to impact, is still an area of ongoing research. While the pressure related metrics identified in Day et al.
(2016b) have been used to estimate the area of potential impact from seismic surveys, the metric
selection and the associated level to use to conduct an assessment is complex.

At the seafloor interface molluscs are subject to particle motion stimuli from a number of acoustic or
acoustically-induced waves. These include the particle motion associated with an impinging sound
pressure wave in the water column (the incident, reflected, and transmitted portions), substrate acoustic
waves, and interface waves of the Scholte type. It is unclear which aspect(s) of these waves is/are most
relevant to the animals, either when normally sensing the environment or for physiological effects in
response to high-level sound. The excitation of Scholte waves arises due to modes with a limited range
of wavenumbers and propagation angles. The time of arrival of the Scholte wave is much later than the
arrival of the compressional wave even just 100 m laterally away from the source. Therefore, there is
not a direct physical connection between the ground roll and waterborne sound wave at any receiver
location other than immediately under the source. These waves can travel long distances, due to a low
decay rate, and limited information is available to assess their effect on molluscs. However, the strength
and propagation of interface waves are dependent on the seismo-acoustic properties of the bottom,
particularly the shear speed and attenuations of the bottom.

The initiation of Scholte waves is wavelength dependent, therefore in shallower water, or with larger
airgun arrays with more energy at lower frequencies, you are more likely to set them up. As the water
depth increases, only the lower frequency components (with longer wavelengths) will generate interface
waves. For instance, assuming a sound speed of 1,500 m/s, in 150 m of water, only frequencies below
10 Hz are likely to generate Scholte waves. Assuming based upon the available information that the
Scholte waves are more likely to be related to potential effects on molluscs, and given a consistent
airgun array, it is more likely that there will be more effect in shallower water. However, the relationship
between the magnitude of the waveform, the number or time period of exposures and the effect has not
been quantified.

Mortality, Potential Mortal Injury

Though there is anecdotal data from the strandings of giant squid (Architeuthidae spp.) that showed
tissue, statolith and organ damage after seismic surveys (Guerra et al. 2004), there was no direct
evidence to link the suggested cause and effect (Salgado Kent et al. 2016). Laboratory studies that
exposed two species of squid to seismic noise showed that Alloteuthis sublata was tolerant to a sound
level up to 260 dB, Loglio vulgaris was fatally injured at levels of 246 — 252 dB within 3 — 11 minutes of
exposure (Norris and Mohl 1983). André et al. (2011) demonstrated that they can be injured by
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sweeping waves 50-400 Hz at levels of 157 dB SPL produced continuously for up to two hours.
However, the exposure experiments in both of these studies are complicated to relate to commercial
seismic surveys due to either the exposure levels or the duration of the exposure event.

The most recent critical review of the potential impacts of marine seismic surveys on fish and
invertebrates (Carroll et al. 2017) found that there was only a single study that indicated a mortality
response in bivalve molluscs at realistic exposure levels (Day et al. 2016b, 2017). This study in the
Bass Strait found that exposure to a seismic source (single airgun of either 45 in3 or 150 in3: maximum
exposure levels of 191 — 213 dB re 1yPa PK-PK) did not cause any incidence of immediate mass
mortality, however, repeated exposure (54 — 393 shots) significantly increased mortality, and the risk of
mortality significantly increased with time as the majority of mortalities were recorded at the 120 day
sample point (Day et al. 2016b, 2017).

This dose-dependent increased mortality translates to an annual increase of between 9.4% and 20%.
These fall towards the low end of what might be expected when compared with natural mortality rates
in wild scallop populations, which range from 11-51% with a six year mean of 38% (Day et al. 2016b,
2017).

Furthermore, there are a number of limitations and aspects of the Day et al. (2016b, 2017) study that
mean that the findings of increased mortality must be treated with caution, especially with respect to
assessing the potential risk of mortality effects in molluscs for the Bethany survey. As detailed in
Przeslawski et al. (2016a), the Day et al. (2016b, 2017) study:

o Used a manipulative approach in which scallops were transplanted to the study area, exposed
to an operating airgun, and then held in captivity during subsequent monitoring.

e Used scallop populations obtained from commercial sources or transplanted from other regions
to coastal waters, rather than using in situ populations in the Bass Strait. Stress associated with
handling during transplantation may have contributed to impacts.

o Transplanted populations (increased mortality, inability to maintain homeostasis, reflex
changes, depressed immune response) after they had been exposed to an airgun in
shallow water (<10m)

e Used a single airgun at depths of 10-12 m, rather than a commercial airgun array in deeper
waters.

¢ Identified long-term impacts after rearing scallops in suspended lantern nets such that the
scallops were not in their natural environment (i.e. buried beneath sediment), thereby adding
potential, though undetected, stress.

As pointed out by Salgado Kent et al. (2016) scallops naturally occur on the seabed and hence their
sensory organs for detecting sound and vibration would be expected to have evolved to detect sediment
borne motions (i.e. airgun signal energy coupled into the seabed). This sensory modality is not available
to scallops held in the water column (in lantern nets). Hence, it is reasonable to question the findings of
the Day et al. (2016b) study of increased mortality resulting from repeated exposure to airgun noise, as
the scallops would not have been exposed to substrate acoustic waves and interface waves (such as
Scholte waves).

Therefore, it seems likely that this observation of increased mortality, albeit minimal when compared to
natural mortality rates, is probably related to other factors, such as stress caused by transplantation
and the rearing of the animals in the water column rather than in seabed sediments. Indeed, in the
summer 2015 scallop experiment: “both control and exposed treatments suffered complete mortality at
some point after the day 14 sample point and prior to the day 120 sample point, which was not related
to seismic exposure.” (Day et al. 2016).

Przeslawski et al. (2016a, 2017) also recorded no impact of seismic exposure on adult scallop mortality
rates or a range of physiological attributes two months after exposure to maximum sound exposure
levels of 146 dB re 1yPaZ.s, although this study has a number of issues with the presented acoustic
sound levels, both measured and modelled, and they should not be used to interpret the effects of the
sound on scallops. Additionally, the biological components of the experimental design only allowed a
limited resolution in terms of effect assessment to be achieved (JASCO, pers. comm., 2017). However,
the results of this study, conducted in a low density scallop area, that no mass mortality occurred as a
result of the survey, correlate with the results from Day et al. (2016b).

The Przeslawski et al. (2016a, 2017) study used a 2,530 in® commercial airgun array at water depths
of 36-61 m, and examined an in situ scallop population in seabed sediments. As such, it is probably
more appropriate to use the findings of this study, rather than Day et al. (2016b, 2017), in the
assessment of mortality effects in molluscs for the Bethany survey. Przeslawski et al. (2016a) point out
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that seabed substrate likely differed between their study and the Day et al. (2016b, 2017) experiment,
which can affect the sound pressure and particle velocity to which the organisms are exposed,
particularly as distance from the sound source increases. Measured SELs in the Przeslawski et al.
(2016a) study were far lower than those predicted from modelling (146 dB re 1uPa2.s SEL measured
versus 170 dB re 1uPa2.s SEL predicted), and those detected from Day et al. (2016b, 2017) and other
airgun arrays.

All the other papers reviewed in the Carroll et al. (2017) review found no response in respect of mortality
effects in bivalve molluscs, including two other studies using the scallop Pecten fumatus (Parry et al.
2002; Harrington et al. 2010). Parry et al. (2002) found that mortality rate and adductor muscle strength
of scallops suspended in the water column and exposed to the operating airgun array (at a minimum
distance of 11.7 m) was not significantly different from the controls. Harrington et al. (2010) conducted
a scallop (Pecten fumatus) dredge before and two months after exposure to a 2,000 psi air gun array.
No evidence of short or long term impacts on the survival or health of adult specimens was detected.
This study was undertaken following a die-off of scallops that fisherman claimed was the result of a
seismic survey but neither the fisherman nor the study could definitively attribute the scallop die-off to
the survey (Salgado Kent 2016).

Although studies have not necessarily looked at the effects of seismic sources on the pearl oyster
directly, it is apparent that several species of bivalve, including two oyster species, are remarkably
resilient to the shock waves created by the detonation of high explosives underwater. The one study
that examined the effects of underwater explosions on the pearl oyster (LeProvost et al. 1986) found
that no mortality occurred in the exposed animals over a 13-week period and at a minimum exposure
range of 1 m from the blast centre.

As previously outlined, seismic sources cause less impacts on benthic invertebrates than explosives,
hence it is likely that bivalves, such as P. maxima, would have to be within a very close range of a
seismic source to experience pathological damage or mortality: available evidence would suggest ~ 1—
2 m. It is more difficult to determine the distances at which sub-lethal effects (such as morphological,
biochemical and physiological changes being indicators of some level of stress in an animal) could
occur. Again, there are limited studies done specifically on the pearl oyster, and so conclusions must
be drawn from studies done on similar bivalve species.

The majority of the Bethany FPZ is located in water depths <35 m (96.4%), and therefore there is
minimal overlap with the optimal fishing area of P. maxima. Additionally, this has to be viewed in the
context of:

e The area of potential impacts is very small in context of the Pearl Oyster Managed Fishery
(POMF) fishing area in the Joseph Bonaparte Gulf (JBG) where large adult P. maxima could
be present.

e Based on a spatial extent of 9,680 km? for the POMF fishery area in the JBG, the area of
potential impact is ~1,039 km? (the area of the FPZ overlapped by the POMF fishery area),
which represents ~11% of the POMF fishery area.

e The survey period does not overlap the peak spawning period across the region, with the
settlement of spat occurring between November and December (Southgate and Lucas 2008),

e The area of potential impact assumes that the area will receive the same sound levels at the
same time, which is not the case, sound levels will change as the seismic vessel moves through
the area during the survey for up to 75 days.

e Physiological impacts identified are unlikely to result in significant impacts to pearl oyster
populations in light of the small area of impact (~11% of the POMF fishery area in the JBG).

¢ No commercial fishing has occurred in the POMF fishery area in the JBG since 2008. Based
on an overlap of ~11%, if 100% mortality was to occur (which is clearly not remotely possible,
based on this risk assessment) this would only impact a low percentage of the whole area
available to the POMF in the JBG. A mortality rate of ~11% is less than the natural mortality
rates of wild scallop populations, which range from 11-51% with a six year mean of 38%, and
is also at the low end of the dose dependant mortality rates of 9.4 and 20% (Day et al. 2016b,
2017). No fishing is currently occurring, impacts are considered to be within the ecological
sustainable catch limits of this fishery, and are therefore acceptable.

Behavioural Responses

Studies have shown that seismic sounds can elicit a behavioral response in cephalopods. McCauley et
al. (2003) and Fewtrell and McCauley (2012) described behavioural responses of squid (Sepioteuthis
australis) such as squid inking at a sound exposure level of 163 dB re 1uPa2.s and an increase in
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movement away from the seismic source at a sound exposure level of 140 — 150 dB re 1uPa?.s. They
also noted that the squid showed fewer alarm response with subsequent exposure to the seismic
source.

Day et al. (2016b, 2017) found that exposed scallops had faster recessing times, elicited a novel velar
flinch and had substantial disruptions in the biochemistry of the hemolymph. In one experiment there
was some indication that righting time might be slowed.

The potential effects on catch rates or abundances have been tested on cephalopods with no significant
differences detected between sites exposed to seismic operations and those not exposed (Carroll et al.
2017). Thus it is likely that cephalopods in the area of the survey may show a behavioral response to
the seismic noise and move away from the source. There is not enough information to gauge the scale
of this movement, and the displacement distance, however, it is likely that they would move back to the
area once the seismic source has passed.

The majority of studies undertaken on seismic impacts to molluscs have been on commercial scallops.
As for other invertebrate studies results show mixed results of impacts and no impacts. Typically
impacts are seen in laboratory studies or in field studies where there has been repeated exposure.

La Bella et al. (1996) examined biochemical indicators of stress in bivalves exposed to seismic noise
and found that hydrocortisone, glucose and lactate levels between test and control animals were
significantly different (P >0.05) in the venerid clam Paphia aurea, showing evidence of stress caused
by acoustic noise. This was at a minimum exposure range of 7.5 m.

Extent and Duration of Exposure and ldentified Potential Impact

As detailed in Section 5.6.3, parts of the survey and operational areas are overlapped by an area where
hand-harvesting (by drift divers) of individual adult P. maxima takes place between April and October.

Based on the research to date, immediate mass mortality of mollusc species have not been reported to
occur in experiments relating to seismic surveys. Though Day et al. (2016b, 2017) recorded increased
mortality with repeated exposure to a seismic source, it has not been established as to whether this
was due to the seismic source exposure or other mechanism related to the study design (Przeslawski
et al. 2016a). Using a precautionary approach, if the increased mortality was due to the seismic source
then the increased mortality identified translates to an annual increase of between 9.4% and 20%.
These fall towards the low end of what might be expected when compared with natural mortality rates
in wild scallop populations, which range from 11-51% with a six year mean of 38% (Day et al. 2016b,
2017).

Based on the research to date, mortality and mortal injury effects in molluscs that have been reported
to occur in experiments relating to seismic surveys are only likely to occur at very close ranges to the
source (<10 m). However, if mortality impacts did occur to site attached molluscs, it would be within
natural mortality rates and unlikely to have long term or population effects based on the small area of
impact (~0.7% of the OSS bioregion and ~1.4% of the OSMP) and that molluscs are likely to be widely
distributed throughout the broader OSS bioregion. Physiological impacts identified may affect
individuals but are unlikely to have long term or population effects based on the small area of impact
and that molluscs are likely to be widely distributed throughout the broader OSS bioregion. The overlap
of the FPZ with the POMF fishery area in the JBG fishery is ~11%. Given the water depths in the part
of the Bethany survey area overlapped by the pearling area (25 — 160 m), no mortality and mortal injury
effects to adult pearl oysters will occur. Any physiological impacts to pearl oysters are unlikely to be
significant at a population level, given the very broad distribution of the species.

Summary

Consequence Level: If the activity results in mortality or physiological impacts to molluscs, no
ecosystem or population effects were identified. The likelihood of full recovery in a short period of time
from any adverse effects caused by the seismic survey is very high. Therefore, potential impacts would
be localised and short term - (11).

Likelihood Level: For this activity, localised and short term impacts to molluscs is considered Unlikely

(b).
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7.1.5.2.4 Commercial Catch Rate

Receptor Sensitivity

Potential effects of seismic signals on catch rates and abundance have been tested on decapods with
no significant differences detected in any of these studies between sites exposed to seismic operations
and those not exposed (Carroll et al. 2017).

Parry and Gason (2006) detected no change in catch per unit effort in a Victorian Southern rock lobster
(Jasus edwardsii) fishery before, during and after intensive seismic exploration projects. Steffe and
Murphy (1992) observed a declining trend in catch rate in a king prawn (Penaeus plebejus) fishery in
the period after a seismic survey, however, the authors could not attribute this trend directly to the
survey. Andriguetto-Filho et al. (2005) examined bottom trawl yields of a non-selective Brazilian shrimp
fishery before and after exposure to seismic sources (196 dB) and did not identify any statistically
significant changes to the catch yield after exposure to seismic survey activity. It was stated that the
limited dispersal capacities of shrimp (compared to migratory fish species) suggested any attempted
movement out of the survey area was not detectable. Christian et al. (2003) identified that post-seismic
snow crab catches were higher than pre-seismic catches but this was likely due to physical, biological
or behavioral factors unrelated to the seismic source. They concluded that there was no significant
relationship between catch and distance from the seismic source (received levels 197-237 dB re 1 yPa
(PK-PK)).

It should be noted that a number of researchers (Edmonds et al. 2016; Christian et al. 2003) have
commented that current stock assessment methodologies do not have the resolution to show
statistically significant changes in distribution or abundance from the seismic survey operations above
that of natural variation.

In the past, commercial scallop fishermen expressed concerns about the potential impacts of seismic
surveys on their catch levels. In a study off the Isle of Man, Brand and Wilson (1996) assessed the
effect of seismic surveys in the field by comparing long-term catch-per-unit-effort (CPUE) of commercial
scallops with CPUE following a seismic survey. They found no evidence that seismic surveys affected
CPUE of scallops and instead attributed a decline (coincident with a 3D seismic survey) to two years of
poor recruitment prior to the seismic survey.

Similarly in the Bass Strait, scallop fishermen expressed concern that seismic acquisition might Kill
scallops (Pecten fumatus), weaken their adductor muscles (indicator of sub-lethal effects) or increase
the mortality of larval scallops. In a study conducted by the Victorian Marine and Freshwater Research
Institute (MAFRI), the effects of seismic airgun noise were measured by comparing the mortality and
adductor muscle strength of scallops deployed in an area exposed to passes of a survey vessel towing
an operating 24-airgun array, with those in a control area 20 km away from the test area (Parry et al.
2002). This study found that mortality rate and adductor muscle strength of scallops suspended in the
water column and exposed to the operating airgun array (at a minimum distance of 11.7 m) was not
significantly different from the controls.

A recent critical review of the potential impacts of marine seismic surveys on fish and invertebrates
(Carroll et al. 2017) concluded that”

“For marine invertebrates, the potential effects of seismic signals on catch rates or abundances
have been tested on cephalopods, bivalves, gastropods, decapods, stomatopods, and
ophiuroids with no significant differences detected in any of these studies between sites
exposed to seismic operations and those not exposed”.

Przeslawski et al. (2016b, 2017) reported the findings of the Gippsland Marine Environmental
Monitoring (GMEM) project, an integrated multi-component project which monitored scallop populations
and fish behaviour before, during, and/or after an April 2015 seismic survey in the Gippsland Basin,
Bass Strait, across multiple sites in an experimental (0-1 km from seismic survey lines) and control (=
10 km from seismic lines) zone. This study found that:

“There was no indication of adverse effects of the seismic survey on commercial or doughboy
scallop abundance, shell assemblages, or gonad condition. In samples collected two months
after the seismic survey from the experimental zone there were larger doughboy scallops with
different fatty acid profiles, although reasons for this remain unknown.

There was no significant interaction between time and seismic survey exposure on commercial
scallop types (live, clapper, dead shell, unknown), although short-term or moderate effects
could not be determined...” (Przeslawski et al. 2016b).
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Extent and Duration of Exposure and ldentified Potential Impact

Research undertaken to date has not identified any changes to invertebrate catch rates from seismic
surveys (Carroll et al. 2017). Based on NPF data from 2010 to 2016 (Figure 5-31) the FPZ, is located
~35 km distance from the NPF fishing activity area. Therefore, it is highly unlikely that abundance and
catch rates of prawns will be impacted. The survey will be undertaken within the second season for the
NPF, which is when tiger prawns are predominately caught. Based on previous catch data for the NPF
Melville statistical area, where the survey area is located, tiger prawns make up 6% of the NPF catch
in this area.

A received sound level of 202 dB re 1 yPa (PK-PK), which represents a level at which physiological
impacts to prawns may occur, occurs at a maximum distance of ~ 520 m from the Bethany seismic
source (at the deepest noise modelling site - Site 2). Site 2 is also the closest site to the NPF fishing
activity area. Thus, mortality or physiological impacts to prawns within the NPF fishing area are highly
unlikely to occur.

A small portion of the operational area, where the seismic source is not constantly at full power, overlaps
the NPF fishing activity area. As the seismic source is not at full power in this area mortality or
physiological impacts to prawns would be highly unlikely.

With regards to the pearling oyster harvesting area that overlaps parts of the Bethany survey and
operational areas, it is highly unlikely that seismic acquisition will result in any significant impacts on
catch rates of adult pearl oysters, for the following reasons:

e The FPZis located ~35 km distance from the NPF fishing activity area.

e The water depth range in the part of the survey area overlapped by the POMF fishery area in
the JBG (25 — 160 m) means that most of the area is too deep for hand-harvesting of oysters
(harvesting does not occur in depths >35 m).

e Consultation with the Pearl Producers Association identified that P. maxima are not abundantly
distributed and the western grounds, within the survey area, is less abundant than the south
west grounds. Consequently, they may be present within the survey area at low distribution
levels.

o Whilst oysters in deeper waters of the pearling area may represent broodstock for the P.
maxima population in shallower waters, the survey is highly unlikely to have any significant
effects on fecundity, survival of fertilised eggs and larval recruitment, as:

o survey acquisition will not overlap the primary spawning period for P. maxima in the
region (mid-October to December);

o the full power zone only overlaps ~11% of the POMF fishery area in the JBG (based
on an area of 9,680 km?2);

o mortality and mortal injury effects in molluscs that have been reported to occur in
experiments relating to seismic surveys are only likely to occur at very close ranges to
the source (<10 m); and

o any mortality or mortal injury effects to pearl oyster eggs and larvae resulting from
seismic noise emissions are likely to inconsequential compared to natural mortality
rates (see assessment for Plankton).

Summary

Consequence Level: If the activity results in prawn catch rate impacts, there is potential for localised
and short term impacts - (1).

Likelihood Level: For this activity, localised and short impacts to prawn catch is considered Remote (a).

Consequence Level: If the activity results in pearl oyster rate impacts, there is potential for localised
and short term impacts - (I).

Likelihood Level: For this activity, localised and short impacts to pearl oyster is considered unlikely (b)
7.1.5.3 Fish

Receptor Sensitivity

Fish have a range of sensory mechanisms that can detect sound and vibration, including free-standing
neuromasts, lateral line systems, and otoliths. Neuromasts are sense organs that respond to water
movement and are typically found in fish below the skin of their heads and in fluid filled canals (lateral
lines) running along their sides. Neuromasts and lateral line systems detect particle motion.
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Sound detection in fish is via ears consisting of hardened, calcareous otoliths overlying epithelia with
sensory cilia. Some fish species also have swim bladders that are physically coupled to the ears,
allowing them greater hearing sensitivity and frequency range. There are substantial differences in
auditory capabilities from one fish species to another, hence the use of anatomy to distinguish fish
groups, an approach taken by Popper et al. (2014). Within these categories, two groups have an
increased ability to hear. The first of those are fish with swim bladders close, but not intimately
connected to the ear, can hear up to about 500 Hz, and are sensitive to both particle motion and sound
pressure. Fish with swim bladders mechanically liked to the ear are primarily sensitive to pressure,
although they can still detect particle motion. These fishes have the widest hearing range, extending to
several kilohertz, are generally more sensitive to sound pressure than any of the other groups of fish
(Hawkins and Popper 2016). The predominant frequency range of seismic survey sound emissions,
which for the Bethany seismic source is below 650 Hz, is within the detectable hearing range of most
fishes.

The Working Group on the Effects of Sound on Fish and Turtles undertook a review of experimental
findings of sound on fishes. In their American National Standards Institute (ANSI) accredited report
(Popper et al. 2014) they presented sound exposure criteria for different levels of effects for different
groups of species (Table 7-4), for three types of immediate effects:

e Mortality, including injury leading to death.

e Recoverable injury, including injuries unlikely to result in mortality, such as hair cell damage
and minor haematoma.

e Temporary threshold shift (TTS).

Masking and behavioral effects are assessed qualitatively, by assessing relative risk rather than by
specific sound level thresholds. Because the presence or absence of a swim bladder has a role in
hearing, fish’s susceptibility to injury from noise exposure varies depending on the species and the
presence and possible role of a swim bladder in hearing. Thus, different thresholds are proposed for
fish without a swim bladder, fish with a swim bladder not used for hearing, and fish that use their swim
bladders for hearing (Table 7-4).

As detailed in Section 5.5.4 fish that could potentially be within the survey area are:

e Syngnathid species such as pipefish; pipehorses and seahorses.

e Reef and site attached species.

o Demersal fish species including commercial fish species such as tropical snappers (Lutjanus
spp. and Pristipomoides spp.).

Tropical snappers (Lutjanus spp. and Pristipomoides spp.) are included in the category of fish having a
swim bladder not involved in hearing.
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Table 7-4: Sound exposure criteria for fish (Popper et al. 2014)*

| .
Mortality and mpairment
Receptor Potential Behaviour
Mortal Injury Recoverable TTS Masking
Injury
Fish: N) Low N) High
No swim bladder > 219 dB SELcum | > 216 dB SELcum
; ; or or >> 186 dB SELcum | (I) Low (I) Moderate
(particle motion | J513 45 heak | > 213 dB peak
detection) P p (F) Low (F) Low
Fish: :
Swim bladder not | 210 dB SELcun | 203 dB SELcun N) Low (N) High
involved in or or >> 186 dB SELcum | (1) LOW (I) Moderate
hearing (particle | > 207 dB peak > 207 dB peak (F) Low (F) Low
motion detection
Fish: N)L
; ow .
Swim bladder | 207 dB SELam | 203 dB SELaum () Low (N) High
hearing (prlmarlly or or 186 dB SELcum (F) (|) ngh
pressure > 207 dB peak > 207 dB peak Moderate (F) Moderate
detection)

Note: Relative risk (high, moderate, low) is given for animals at three distances from the source defined in relative
terms as near (N), intermediate (1), and far (F).

*For this assessment the standard period of time applied to the SEL metric is 24 hours as detailed in Section
7.1.2.

7.1.5.3.1 Mortality, including injury leading to death

No studies to date have demonstrated direct mortality of adult fish in response to airgun emissions,
even when fired at close proximity (within 1-7 m) (DFO 2004; Boeger et al. 2006; Popper et al. 2016;
Carroll et al. 2017). Although some fish deaths have been reported during cage experiments, these
were more likely caused by experimental artefacts of handling or confinement stress (Hassel et al. 2004,
as cited in NSW DPI 2014). For free-swimming fish that are able to move away from seismic sources
as they approach, the potential for lethal physical damage from airgun emissions is even further
nullified. However, reef or bottom-dwelling fish that show greater site attachment may be less inclined
to flee from a seismic sound source and experience greater effects as a consequence.

Boeger et al. (2006) exposed red snapper (Lutjanus synagris), schoolmaster snapper (Lutjanus apodus)
and Atlantic spadefish (Chaetodipterus faber), held in cages, to a seismic source with a sound peak
pressure of 196 dB PK. No mortality or obvious external damage was recorded, including one specimen
that was already in poor health prior to the experiment. Though the sound levels were below the mortality,
potential mortal injury and recoverable injury to fish threshold of 207 dB re 1 yPa (PK), no mortality
occurred a very close 0 - 7 m horizontal distance from the air guns.

Wardle et al. (2001) exposed free-ranging marine fish (juvenile saithe (Pollachius virens) and cod (Gadus
morhua, adult pollock (Pollachius pollachius) and 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. Thus, this study, using an actual seismic source, did not show mortality at a level higher
than the mortality, potential mortal injury and recoverable injury to fish threshold of 207 dB re 1 yPa
(PK) applied to the Bethany survey.

Santulli et al. (1999) undertook an experimental seismic survey in the open sea using caged juvenile
sea bass (Dicentrarchus labrax). A 2,500 in® array was used and no mortality occurred at 210
dBre 1 yPa at 180 m from the seismic source. This seismic source is slightly larger than the ~ 2,380
in® source that will be used for the Bethany survey. Thus, this study, did not show mortality at a level
higher than the mortality, potential mortal injury and recoverable injury to fish threshold of
207 dB re 1 yPa (PK) applied to the Bethany survey.

McCauley and Salgado Kent (2007) undertook a study on goldband snapper, commissioned by Santos
and in collaboration with the NT Fisheries Department. 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 in® air guns. Maximum single air gun signals reached at the
closest trap to each seismic pass-by were 175, 187 and 177 dB re 1 uyPa?s with peak-peak levels
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around 25 dB higher (200, 212, 202 dB PK). No mortality or mortal injury was identified at these levels
of which 212 dB PK is greater than the mortality, potential mortal injury and recoverable injury to fish
threshold of 207 dB re 1 pPa (PK) applied to the Bethany survey.

Despite mortality being a possibility for fish exposed to airgun sounds, Popper et al. (2014) do not
reference an actual occurrence of this effect. In Popper (2014) pile driving data was used as a proxy as
the research to date had not identified a threshold level were mortality has been observed. Since the
publication of that report, newer studies have further examined the question of possible mortality.
Popper et al. (2016) adds further information to the possible levels of impulsive seismic airgun sound
to which adult fish can be exposed without immediate mortality. They found that the two fish species in
their study (pallid sturgeon and paddlefish), with body masses in the range 200-400 g, exposed to a
single shot of a maximum received level of either 231 dB re 1 yPa (PK) or 205 dB re 1 yPa?s (SEL),
remained alive for seven days after exposure and that the probability of mortal injury did not differ
between exposed and control fish. They also found no difference in injuries between fish exposed
closest to the source compared to those further away. Thus, this study, using an actual seismic source,
did not show mortality at a level higher than the mortality, potential mortal injury and recoverable injury
to fish threshold of 207 dB re 1 yPa (PK) applied to the Bethany survey.

Alternative Threshold for Mortality and Potential Mortal Injury Effects in Fish

Based on a comprehensive review of 23 experimental and opportunistic studies on mortality and
potential mortal injury effects of seismic airgun exposure on fish (ERM 2017), an alternative, and more
relevant threshold criterion of 215 dB re 1 pPa (PK) has also been applied for this assessment of
impacts and risks, in addition to the 207 dB re 1 pPa (PK) threshold.

As described in ERM (2017), only three studies of the 23 reviewed observed direct mortality of exposed
fish:

e Booman et al. (1996) — at received levels (RL) of 241-231 dB PK;
¢ Weinhold and Weaver (1972) — at RL of 234 dB PK; and
e Matishov (1992) — at RL of 220 dB PK.

In each case mortalities occurred to caged fish that were constrained within very close proximity to the
airguns (<2 m). The results of the Matishov (1992) study should be treated with some caution, given
the lack of detail provided for this experiment.

Eleven other studies did not observe mortality effects or injury likely to result in mortality, at RL levels
ranging from 246-220 dB PK. Fanta (2004) found no mortality or physical damage in coral reef fishes
exposed in cages to RL ranging from 235-215 dB PK. The relevance of the findings of this study are
regarded as high, given that the RL were measured and that the experiment involved exposure of 15
different fish species to a full commercial seismic array (3,090 in3) at a minimum exposure distance of
45 m. As described above, Wardle et al. (2001) did not observe any mortality or physical damage in
free-ranging temperate reef fish exposed to RL of 218 dB PK, at a minimum exposure distance of 5.3
m. Again, the relevance of the results of this experiment is regarded as high, in that the RL were
measured rather than estimated.

On this basis, a threshold criterion of >215 dB PK for mortality and potential mortal injury effects in fish
is considered to represent a conservative predicted effect level for exposure to airgun noise emissions.

Extent and Duration of Exposure and ldentified Potential Impact

While the Bethany noise modelling study considered both PK (Table 7-5) and 24 h SEL metrics (Table
7-6) for the levels associated with possible mortality, potential mortal injury and recoverable injury to
fish, the SEL24n metric was not reached at the seafloor. Applying the dual criteria from Popper et al.
(2014) correctly means the larger horizontal impact distance determined from either the 24 h SEL or
PK should be used. Recoverable injury in fish, turtles, fish eggs, and fish larvae could occur within 50
m; however, this distance was less than that predicted considering the PK metric. Therefore, the PK
metric was used to assess possible injurious impacts to fish.

Depending upon the location of the seismic array in the survey area, the range to the PK thresholds are
different as the modelling study assessed five representative water depths across the entire survey
area (Table 7-5).
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Table 7-5: Maximum (Rmax) horizontal distances (m) from the 2,380 in® array to modelled seafloor
PK levels from four transects

Distance Rmax (m)

Peak Pressure

Relevant Animal Level Threshold Site A Site B Site C Site D Site E

Type
(dB re 1 pPa) (35m (45 m (55 m (65 m (75 m
depth) depth) depth) depth) depth)

Fish: Alternative

mortality threshold 215 53 58 53 46 39

Fish: No swim

bladder 213 57 67 72 68 61

Fish: Swim bladder
not involved in
hearing, Swim 207 143 153 160 165 116
bladder involved in
hearing

Table 7-6: Distances to maximum-over-depth and seafloor SEL.4, based fish criteriafor the 2,380
in® array, for the considered scenario within the Bethany acquisition area

Fish I-No swim bladder; Fish [I-Swim bladder not involved with hearing; Fish IlI-Swim bladder involved
with hearing. A dash indicates the threshold is not reached.

Threshold for SELzan| Maximum-over-depth Seafloor
Marine animal group g ,
(dBre 1 pPacs) Rmax (km) | Area (km?) | Rmax (km) | Area (km?)

Fish mortality and potential mortal injury
| 219 0.08 24.4 - -
I

) 210 0.10 24.9 - -
Fish eggs and larvae
i 207 0.10 24.9 - -
Fish recoverable injury
| 216 0.08 245 - -
I, 11 203 0.10 24.9 0.05 6.10
Fish TTS
1,1, 186 3.40 878 2.90 790

As shown in Table 7-5, the sound exposure threshold for mortality and potential mortal injury for fish
with a swim bladder (207 dB re 1 pPa PK) is predicted to be exceeded within a distance of <165 m from
the seismic source when at full power.

Quantitative Risk Assessment

As described in Section 5.5.1.2, benthic habitat predictive modelling for the OSMP has identified 11
benthic habitat categories within the Marine Park. Table 5-10 provides a description of these habitats
and shows the percentage overlap of each habitat with the OSMP, the carbonate bank and terrace
system of the Van Diemen Rise KEF and the Bethany FPZ.

For the purposes of this quantitative risk assessment, it is likely that site attached fish assemblages wiill
be restricted to the following eight benthic habitat categories, based on an assumption that these
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habitats will be associated to areas of seabed with hard substrates and/or high relief / heterogeneous
topography, and that the associated epifaunal communities will provide suitable habitat for site attached
fish assemblages:

Alycon
Filterers
Gorgonians
Halimeda
Hard Coral
Macroalgae
Seagrass
Soft Coral

The remaining three habitat categories (Abiotic; Burrowers/Crinoids; and Unknown) are assumed to be
relatively flat areas of seabed with soft substrates (sand and mud sediments). It is likely that pelagic
and demersal fish assemblages will occur across all eleven benthic habitat categories.

Table 7-7 provides the full data from this comparison. The data shows that ~77.5% of the FPZ overlaps
benthic habitats that are unlikely to support site attached fish assemblages, whilst the remaining 22.5%
(comprised of the eight habitat categories listed above) of the FPZ area could potentially support site
attached fish assemblages.

Utilising GIS and a spatial analysis, a quantitative risk assessment process has been conducted to
examine the potential mortality impacts to both site attached and pelagic/demersal fish assemblages,
based on the areas where the received levels at the seabed exceed the mortality and potential mortal
injury thresholds shown in Table 7-7. This approach assumes that pelagic and/or demersal species
close to the seabed (i.e. non-site attached) could be exposed to received levels similar to those
experienced by site attached fish assemblages in and around benthic habitats. For this analysis, the
area where the seismic source will be at full power is within the FPZ (4,565 km?), and it was based on
a shotpoint interval of 12.5 m, and line spacing of 600 m.

Table 7-8 shows the results of this spatial analysis for both site attached and pelagic/demersal fish
assemblages, based on the application of both the 207 dB PK and 215 dB PK threshold criteria and on
the application of the worst case (i.e. most extensive) Rmax distances shown in Table 7-5—58 m at Site
B for 215 dB PK, and 165 m at Site D for 207 dB PK.

As described above, free-swimming pelagic and demersal fish have the ability to move away from an
approaching seismic source and are therefore highly unlikely to be exposed to received sound levels
that could result in mortality or potential mortal injury.

For this quantitative risk assessment process, an acceptable level of impact has been set at 5%—i.e.
<5% mortality in site attached fish assemblages due to underwater noise from the seismic source. This
is seen as a precautionary and conservative effect level, based on the fact that tropical reef fish
populations routinely fluctuate by 10% or more due to the normal vagaries in reproduction, recruitment
and natural mortality from predation and other factors (Eckert 1987; Connell 1996; Woodside 2007;
Goatley and Bellwood 2016).
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Table 7-7: Areas and percentage overlap between benthic habitat categories and the OSMP, Bethany survey area, FPZ and KEF

Ocea 0a arine Pa Betha ea Po e errace e e Va -
atego
Area (km?) % Area (km?) % Area (km?) % Area (km?) % Area (km?) %
Abiotic 50595.72 70.52 2917.38 66.87 3046.56 66.76 16787.31 53.70% 2981.98 66.8
Alcyon 202.22 0.28 19.196 0.44 19.11 0.42 119.07 0.40% 19.11 0.43
Burrowers/Crinoids 12618.35 17.59 404.43 9.27 456.81 10.01 2895.14 9.30% 420.92 9.43
Filterers 6948.07 9.68 856.846 19.64 874.22 19.16 5027.22 16.10% 875.43 19.61
Gorgonians 283.54 0.4 30.976 0.71 30.96 0.68 153.32 0.50% 30.97 0.69
Halimeda 46.76 0.07 4.363 0.1 4.46 0.10 34.75 0.10% 4.46 0.1
Hard Coral 509.41 0.7 75.912 1.74 77.11 1.69 353.51 1.10% 77.2 1.73
Macroalgae 73.94 0.1 2.6177 0.06 2.72 0.06 73.26 0.20% 2.72 0.06
Seagrass 2.49 0 NA NA 0.23 0.01 1 0.00% 0.23 0.01
Soft Coral 242.16 0.34 19.196 0.44 19.22 0.42 124.58 0.40% 19.24 0.43
Unknown 225.87 0.31 31.484 0.73 32.06 0.70 156.59 0.50% 32.05 0.72
Not Classified 5552.47 17.80%
Totals 71749 99.99 4362 100 4563 100.01 31278.22 100.10% 4464.31 100.01
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Table 7-8: Relative areas of the FPZ that could be exposed to received levels in excess of the
207 dB PK and 215 dB PK thresholds

Mortality . Rmax Area (km?) Overlap with | Overlap with
Threshold | Distance (m) OSMP (%) KEF (%)
Site Attached Fish Assemblages
215dB PK 58 205 0.29 0.66
207 dB PK 165 585 0.81 1.87
Pelagic/Demersal Fish Assemblages
215dB PK 58 882 1.23 2.82
207 dB PK 165 2,512 3.50 8.03

As shown in Table 7-8, the total area where received levels exceed a mortality and potential mortality
injury threshold of 207 dB re 1 pPa PK for fish with a swim bladder is 2,512 km?, which represents 3.5%
of the total area of the OSMP and ~8% of the Carbonate bank and terrace system of the Van Diemen
Rise KEF. By comparison, the area potentially inhabited by site attached fish assemblages where
received levels exceed the 207 dB PK threshold for fish with a swim bladder is 585 km?2, which
represents just ~0.8% of the total area of the OSMP and ~1.9% of the KEF (Table 7-8).

With the application of the alternative threshold of 215 dB PK for mortality/potential mortal injury the
areas drop to 882 km2 for pelagic/demersal fish assemblages (~1.2% of the OSMP; and ~2.8% of the
KEF) and to 205 km? for site attached fish assemblages (~0.3% and ~0.7% of the OSMP and KEF,
respectively).

To put the potential level of impact in context:

e The area of potential impact assumes that the area will receive the same sound levels at the
same time for the period of the survey, which is not the case. The received sound levels at a
location will reduce and increase as the seismic vessel moves through the area during the
survey for up to 75 days.

e The area of potential impact is likely to be conservative based on a recent study (Popper et al.
2016) and a comprehensive literature review (ERM 2017) that did not identify mortality, potential
mortal injury or recoverable injury at levels above the current published thresholds.

e A conservative approach was used to identify the area where the sound source levels exceed
the mortality and potential mortality injury thresholds as the furthest distance of 165 m was
used, though distances ranged from 116 m at Site E, 143 m at Site A, 153 m at Site B and 160
m at Site C (Table 7-5).

e The broader area in which the survey is being undertaken. For non-site attached fish (i.e.
pelagic/demersal fish) the Oceanic Shoals Meso-scale Bioregion (OSS) would be
representative of the broader area in which the survey is being undertaken as it is
representative of water depths, habitats and hydrodynamics within the survey area. Based on
an area for the OSS of 153,880 km?, the area of potential impact of 4,565 km? (FPZ) represents
only 1.63% of the area of this bioregion. For site attached fish assemblages the Oceanic Shoals
Marine Park (OSMP) and the Carbonate bank and terrace system of the Van Diemen Rise KEF
would be representative of the broader area in which the survey is being undertaken. Based on
areas of 71,744 km? for the OSMP and 31,278 km? for the KEF, the area of potential impact of
2,512 km? represents only 3.5% of the OSMP, and <1% of the KEF (see Table 7-8).

o Potential fish mortality, potential mortality injury and recoverable injury to fish are unlikely for
pelagic and demersal fish species, with impacts more likely to be behavioural including avoiding
or moving away from the area for the period of the survey.
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e For commercial fish species, the area of potential impact is within the area of the Timor Reef
Fishery (TRF) where 4 — 12% of their catch has been caught, based on data from 2013 to 2017
(Table 7-9). For the Demersal Fishery, the percentage catch for the much larger operating area
is 0.03%, thus the percentage catch from the potential area of impact would be significantly less
than 0.03% (Table 5-22).

o It is unlikely that syngnathid species constitute an important component of any site-attached
fish assemblages that may occur in the Bethany survey and operational areas based on:

o Ofthe 31 syngnathid species identified to potentially occur within the survey area, 19 species
have been recorded in water depths <35 m, which constitutes 3.6% of the FPZ. Of the 12
species that may occur in depths >35 m, only eight have been recorded in the NMR, and
only two species have been recorded in the deeper offshore waters of the Arafura Sea.

o From a total of 85 benthic sled samples collected during surveys within the Joseph
Bonaparte Gulf (Heap et al. 2010; Anderson et al. 2011), there were just three captures of
individual syngnathids. There were no syngnathids in the nine samples within the Bethany
survey area and the 13 samples in the operational area (Table 5-14; Figure 5-18).

e Given the very low proportion of shallow waters (3.6% FPZ <35 m depth) overlapped by the
FPZ, and the limited presence of bank features (7% of the FPZ) and absence of pinnacles in
the FPZ, it is reasonable to conclude that the survey area is unlikely to include a high number
of dense aggregations of site attached fish, or reef-associated demersal fish assemblages.
These fish communities are more likely to be associated with shallow areas of the banks (< 35
m depth) with high coverage of hard corals, with pinnacle features, or with shallow shoals in the
region such as Tassie Shoal and Evans Shoal.

e Three pinnacles where site attached fish may be present are ~ 20 km from the FPZ and do not
receive sound source levels above the mortality and potential mortality injury threshold.

o [f mortality did occur the resulting impact would be highly unlikely to cause population level or
ecosystem effects based on:

o The relatively small area of impact (~1.6% of the OSS bioregion; 3.5% of the OSMP; and
<1% of the KEF) is not significant at the subregional or bioregional scale.

o The most abundant commercial fish species within the survey area is goldband snapper, at
8.55% of the total TRF catch caught within the operational area.

o The survey area is unlikely to include a high number of dense aggregations of site attached
fish, or reef-associated demersal fish assemblages.

o Within the survey area it is unlikely that syngnathid species constitute an important
component of any site attached fish assemblages.

o The seismic survey will not result in physical modification or destruction of habitat.

The resilience and recovery of reef and site attached fish species (see below).

o At 600 m line spacing, and with an Rmax distance of 165 m for all shots within the FPZ, there
is a strip of seafloor between each line (270 m in width) that is essentially un-impacted — i.e.
received levels in this area do not exceed the 207 dB PK mortality threshold. If mortality
effects were to occur in site attached fish assemblages within a distance of 165 m either
side of each line, there is still a significant area of un-affected habitat that could provide
recruits into the potentially impacted areas.

o As shown in Table 7-8, the total area where received levels exceed a mortality and potential
mortality injury threshold of 207 dB re 1 pPa PK for fish with a swim bladder is 2,512 kmZ,
This represents 55% of the FPZ, which means that the remaining 45% of the FPZ (2,053
km?) would be comprised of un-affected habitat for site attached fish assemblages.

o Atall of the spatial scales considered in the quantitative risk assessment the predicted levels

of impact do not exceed the defined acceptable level of impact for site attached fish
assemblages of 5%.

@)
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Table 7-9: Percentage catch within the area where mortality and potential mortal injury sound
exposure threshold is exceeded for the Timor Reef Fishery by trap and trawl

Year % catch within the area where mortality and
potential mortal injury sound exposure
threshold is exceeded
Trap Trawl Total
2013 10% NA 10%
2014 7% NA 7%
2015 2% 2% 4%
2016 0% 6% 6%
2017 4% 8% 12%

Data provided by the NTDPIR

Resilience and Recovery of Reef and Site Attached Fish Species

It is well recognised that coral reef fish assemblages exhibit high resilience and recovery to natural and
anthropogenic disturbance, especially in absence of any habitat damage. As reported in Planes et al.
(2005), coral reef fish assemblages at Moruroa Atoll were surprisingly resilient to the impacts of French
underground nuclear testing. The pressure wave from each nuclear test caused the instantaneous
removal of all fish over an area of 12 km? (a radius of 2 km around each test site), but left the benthic
habitats and invertebrates untouched. In each case, there must also have been a much larger zone of
effect where fish would have experienced sub-lethal physiological and behavioural effects, extending
out many kilometres from the test site. Yet despite these intense, large scale perturbations, fish
assemblages responded rapidly and were found to be restored to pre-test assemblage structure within
1-5 years (Planes et al. 2005). As long as the structural and biological integrity of the habitat is
maintained, and there are neighbouring un-impacted areas that can supply recruits, coral reef fish
assemblages appear able to respond rapidly to large-scale natural and anthropogenic change.

This observation is supported by another study (Syms and Jones 2000) in the Great Barrier Reef, where
it was demonstrated that assemblages disturbed by fish removal were resilient, with recolonization from
both immigration and larval settlement. The results of this experiment (albeit at a much reduced scale
to the Moruroa Atoll example) supported a model of patch-reef fish assemblages organized by a
combination of deterministic factors (such as habitat structure) and stochastic processes (such as
recruitment) (Syms and Jones 2000). Similarly, in a study that examined coral bleaching, reef fish
community phase shifts and the resilience of coral reefs Bellwood et al. (2006) concluded that:

“Coral reef fishes would thus appear to be relatively resilient, in ecosystem terms, to short-term
perturbations. It would appear that reef fishes are able to maintain ecosystem processes; the
implicit assumption being that no change in the community composition is a reasonable indication
that ecosystem processes are intact.”

In a study that monitored coral and fish assemblages over 14 years on fixed sites spread over 80 km
of the southern Great Barrier Reef, Halford et al. (2004) found evidence of large-scale resilience and
predictable recovery of these assemblages. This study found that although processes such as
settlement and immigration are ultimately responsible for replenishment of local populations, the data
suggested that habitat plays a strong role in modifying fish assemblages. Tropical reef communities are
typically characterized by very high species diversity in a spatially heterogeneous environment, and
display stochastic variability in community structure at small spatial and temporal scales. As reported
by Halford et al. (2004), both coral and fish assemblages demonstrated resilience to large-scale natural
disturbance and predictability in the structure of the assemblages.

Lefevre and Bellwood (2015) examined the recolonisation of populations of small cryptic fishes on the
Great Barrier Reef following experimental removal. After removing resident cryptobenthic reef fish
assemblages from otherwise undisturbed coral rubble areas they observed a rapid recovery. Within
eight weeks, fish assemblages were similar to their pre-removal structure in terms of fish abundance,
species diversity and species richness. The return of larger species was largely mediated by
recolonisation, while smaller, less mobile species relied primarily on recruitment, presumably from the
plankton.
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In terms of impacts to site attached fish species from airgun noise emissions, the immediate impact on
individuals or on schools of fish from a conservation perspective is less important than the long term
impact on populations and ecosystems, either alone or in combination with other stresses (which will
often include fishing). A reduction in the numbers of fish through exposure to sound may or may not
have a measurable effect on fish population recruitment. Some fish populations go through a period of
density-dependent mortality, and removing a small number of animals may simply result in their
replacement through the improved survival of others.

Summary

Consequence Level: If the activity results in mortality or potential mortality injury to fish, no ecosystem
or population level effects were identified. The likelihood of full recovery in a short to medium period of
time from any adverse effects caused by the seismic survey is very high. Therefore, potential impacts
would be localised and medium term - (llI).

Likelihood Level: For this activity, localised and medium term impacts to fish populations is considered
Unlikely (b).

7.1.5.3.2 Temporary threshold shift
The following is sourced from Popper et al. (2014):

“Temporary threshold shift (TTS) is a temporary reduction in hearing sensitivity caused by
exposure to intense sound. TTS has been demonstrated in some fishes, and its extent is of
variable duration and magnitude. TTS results from temporary changes in sensory hair cells of
the inner ear and/or damage to auditory nerves innervating the ear (Smith et al. 2006; Liberman
2015). 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 death 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 Yan2001, 2002a, b; Amoser and Ladich 2003;
Smith et al. 20044, b, 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.”

Popper et al. (2014) recommended a sound exposure criteria for TTS for fish with a swim bladder
involved in hearing of >> 186 dB SELcum and 186 dB SELcum for fish with a swim bladder not involved
in hearing (Table 7-4). For this survey the standard period of time applied to the SEL metric is 24 hours,
as detailed in Section 7.1.2.

The results from the Santos commissioned study (in collaboration with the NT Fisheries Department)
on goldband snapper (McCauley and Kent 2007), support the 186 dB re 1 yuPa?-s TTS threshold from
Popper et al. (2014), despite the limited sample size. These results show an apparent increasing trend
of damage above ~ 190 dB re 1 pPa?-s. However, this trend of damaged hair cells immediately after air
gun exposure is limited to positive results derived from a limited number of samples and should be
treated with caution, as stated in the report itself (McCauley and Salgado Kent 2007).

Another study by McCauley et al. (2003) demonstrated that exposure to repeated emissions of a single
airgun (source level at 1 m of 222.6 dB re 1yPa peak-to-peak) from 5 to 15 m at the closest approach
caused extensive damage to the sensory hair cells in the inner ear of caged pink snapper (Pagrus
auratus). Although no mortality was observed, the damage was severe with no evidence of repair or
replacement of damaged sensory cells up to 58 days post-exposure. The study did not look at if this
damage has any effects on fish 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. The study also acknowledged that the impact of exposure on ultimate
survival of the fish was not clear.

As part of Woodside’s Maxima 3D MSS, an extensive field study was undertaken at Scott Reef. A
component of this study investigated three potential impacts with regards to fish assemblages: 1) if
resident fish species were physically damaged by the seismic signals; 2) if seismic signals damaged
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fish ears; and 3) how the behavior of fish exposed to seismic signals changed. A summary of findings
on potential impacts to fish hearing are as follows:

e There was statistically more ear damage on seismic exposed fish than on control fish but the
damage was marginal, and—assuming a linear relationship between hair cell density and hearing
capability—this implied that <1% of the fishes’ hearing capability was impaired. Hearing damage
was monitored through time on Lutjanus kasmira (bluestripe snapper) out to 60 days post seismic
exposure and did not increase significantly through time, with almost zero damage detected by 60
days (McCauley 2008).

e A study of auditory brainstem response (ABR) in four species of tropical reef fishes following
exposure to emissions from the 2,055 in® array showed that none of the four species, including the
pinecone soldierfish (a hearing specialist) experienced any hearing sensitivity loss (i.e. TTS)
following exposure to SELcum up to 190 dB re 1 yPa?.s (Hastings et al. 2008; Hastings and Miksis-
Olds 2012).

e Fish exposed to the seismic passes were sampled for assessment of gross physiological damage
by the NT Museum. Observations by researchers present during dissections were that no
detectable gross physiological damage was found in individuals from any of the seven species
(McCauley and Salgado Kent 2012).

The data collected from the ABR experiment at Scott Reef are consistent with the sound exposure
guidelines proposed in Popper et al. (2014), which indicated that TTS may occur at SELcum levels >186
dB re 1uPa2.s (Table 7-4), while other studies (Popper and Hastings 2009; Song et al. 2008) indicate
that TTS may occur at levels as high as SPL 205-210 dB re 1yPa (PK).

During development of the EP, fisheries stakeholders raised concerns about the appropriateness of
using a 24 hour period to assess SELcum and the potential for TTS and other effects associated with
SELcm. Following extensive consultation, an independent, expert peer review of aspects relating to
concerns raised by stakeholders was conducted by Professor Arthur Popper (Popper 2018; Appendix
4). The review considered the potential impacts of cumulative seismic noise from the proposed Santos
Bethany 3D seismic survey on fish, including TTS effects, and length of time for recovery and the
applicability of an SEL24n metric.

The review reached the following conclusions (Popper 2018):

e The time over which energy should be accumulated in each individual fish in the survey area
should be limited to the time over which fishes get maximum exposure. Thus, 24 hours is likely
far too long a period for calculation of accumulation of energy in determining potential harm
(e.g., damage or TTS). There is no scientific basis for longer periods than 24 hours!

e It is highly unlikely that there would be physical damage to fishes as a result of the survey
unless the animals are very close to the source (perhaps within a few meters).

¢ The most likely effect (if any) to fishes resulting from cumulative sound exposure is temporary
threshold shift (TTS). However:

o Most fishes in the Bethany region, being species that do not have hearing
specializations, are not likely to have much (if any) TTS as a result of the Bethany 3D
survey.

o 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. Thus, accumulation of energy over longer
periods than a few hours is probably not appropriate.

o 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.

o Even if fishes do show some TTS, recovery will start as soon as the most intense
sounds end, and recovery is likely to even occur, to a limited degree, between seismic
pulses. Based on very limited data, recovery within 24 hours (or less) is very likely.

e Nothing is known about the behavioural implications of TTS in fishes in the wild. However,
since the TTS is likely very transitory, the likelihood of its having a significant impact on fish
fitness is very low.

The Northern Territory Seafood Council (NTSC) commissioned Curtin University’s Centre of Marine
Science and Technology (CMST) to conduct cumulative SEL modelling for a number of different line
acquisition scenarios of different durations in order to understand how SELcum changed. The modelling
indicated that SELc.m can increase for periods longer than 24 hours, but confirmed that the main
contribution to accumulated energy occurred at relatively close range and over a relatively short period
of time.
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A key limitation of the SELcum modelling by JASCO (2017) and CMST (2018)8 is that they are only a
calculation of SELcum for their respective scenarios. Neither of them account for the hearing abilities of
fish or biological effects of the SELcum.

Calculations (i.e. modelling) of SELcum over periods of 24 hours or longer assume that very distant
SELss will be audible to fish and contribute to hearing fatigue that may eventually result in TTS. In
reality, fish will not hear sound over these distances, hence including the accumulated sound energy
from distant shots over a full 24-hour period SELcum is considered to be conservative. The 24-hour
modelled scenario accounts for a) the relatively rapid accumulation of sound at close range to a fish,
plus b) a significantly greater amount of sound produced over the 24 hours that fish are unlikely to
actually hear.

The impact assessment included in this section of the EP and the findings of Popper (2018) add further
context to the modelling by considering how much of this CSEL is relevant and the biological effects.
Specifically, Popper (2018) highlights that it is important to consider how much of the sound is received
(heard) by individual fish in a population. Fish will only hear and be exposed to relatively “loud” sounds
for a relatively short period of time, relatively close to the sound source (Popper 2018).

Popper (2018) further explains within the report that the effects of TTS are unlikely to show up in fishes
until the intensity of the sound is well above the fish’s hearing threshold. For fish species that are free
swimming (which include key commercially targeted species such as snappers) it is likely that there
would be no TTS effect whatsoever since fish will likely move away from the sound source.

Based on the independent, expert peer review by Popper (2018) and review of CMST (2018), it is
confirmed that the 24-hour period selected to assess SELc.m and any associated effects is likely to be
highly conservative for assessing the potential effects to commercially targeted fish.

Extent and Duration of Exposure and ldentified Potential Impact

As shown in Table 7-6, the maximum range at which the TTS exposure criteria for fish with a swim
bladder (>> 186 dB 24 h SEL) is predicted to occur is within 3.4 km (within the water column) or 2.9 km
(at the seafloor) of the array, based on the predicted Rmax radii. These radii represent the perpendicular
distance from the closest survey line to the isopleth. Based on a predicted Rmax radius of 3.4 km the
associated region of TTS ensonification within the water column over 24 hours is 878 km?2 (for
pelagic/demersal fish), and based on a predicted Rmax radius of 2.9 km the associated region of TTS
ensonification at the seafloor over 24 hours is 790 km? (for site attached fish).

To put the potential level of impact in context:

e A conservative approach was used to identify the associated region of TTS ensonification over
24 hours by using the furthest distance (3.4 km) from the modelled scenario.

e This area represents ~19% of the FPZ. In a broader context, this area of TTS ensonification
over 24 hours represents just ~0.6% of the OSS bioregion, ~1.2% of the OSMP and ~2.8% of
the Carbonate bank and terrace system of the Van Diemen Rise KEF.

o For commercial fish species, the area of potential impact is within the area of the Timor Reef
Fishery where 8 — 16% of their catch has been caught, based on data from 2011 to 2016. For
the Demersal Fishery, the percentage catch for the much larger operating area is 0.03%, thus
the percentage catch from the potential area of impact would be significantly less than 0.03%
(Table 5-22).

e Applying this same 3.4 km range to the entire 4,565 km? FPZ, for example, is 6,130 km? which
represents ~4.2% of the OSS bioregion, ~8.4% of the OSMP, ~19.5% of the Carbonate bank
and terrace system of the Van Diemen Rise KEF, and 21% of the total Timor Reef Fishery area.
Please note that the overlap with the Timor Reef Fishery is a percentage overlap with the overall
fishery area, not a percentage of the catch, as the same spatial catch data considered for the
24-hour subset of lines is not available to Santos for the entire fishery area.

e The spatial overlap from the FPZ does not represent the area or duration where individual fish
will be exposed. The seismic source is always moving so these areas represent the total area
where individual fish in a population may be briefly exposed to the effects of SELcum at some
point in time during the entire 75-day duration of acquisition.

8 Please contact Santos if you would like to request a copy of this report.
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In reality, the individual fish that have the potential to be exposed at one location and point in
time in the survey are not the same fish that will be exposed at another distant location
elsewhere at another time in the survey. Individual fish in a population are likely to be exposed
in a single location for significantly less than 24 hours and the footprint where TTS may occur
is likely to be limited to within a few kilometres of the moving source. Given that demersal fish
targeted by the fishery are also likely to move in response to the approaching noise, TTS effects
or other physical effects of SELcum to individual fish are unlikely to occur at all.

It is unlikely that syngnathid species constitute an important component of any site-attached

fish assemblages that may occur in the Bethany survey and operational areas based on:

o Ofthe 31 syngnathid species identified to potentially occur within the survey area, 19 species
have been recorded in water depths <35 m which constitutes 3.6% of the FPZ. Of the 12
species that may occur in depths >35 m, only eight have been recorded in the NMR, and
only two species have been recorded in the deeper offshore waters of the Arafura Sea.

o From a total of 85 benthic sled samples collected during surveys within the Joseph
Bonaparte Gulf(Heap et al. 2010; Anderson et al. 2011), there were just three captures of
individual syngnathids. There were no syngnathids in the nine samples within the Bethany
survey area and the 13 samples in the operational area (Table 5-14; Figure 5-18).

Given the very low proportion of shallow waters (3.6% FPZ <35 m depth) overlapped by the

FPZ, and the limited presence of bank features (7% of the FPZ) and absence of pinnacles in

the FPZ, it is reasonable to conclude that the survey area is unlikely to include a high number

of dense aggregations of site attached fish, or reef-associated demersal fish assemblages.

These fish communities are more likely to be associated with shallow areas of the banks (<35

m depth) with high coverage of hard corals, with pinnacle features, or with shallow shoals win

the region such as Tassie Shoal and Evans Shoal.

Three pinnacles where site attached fish may be present are ~20 km from the FPZ and do not

receive sound source levels above the TTS exposure criteria.

TTS is less likely to occur for pelagic/demersal fish species, with impacts more likely to be

behavioural including avoiding or moving away from the area for the period of the survey.

TTS may be experienced in fish that cannot or do not avoid or move away from the area (i.e.

site attached species).

The period over which fish would regain normal hearing ability is dependent upon several

factors including the intensity and duration of sound exposure. Research to date has not

established a recovery time for TTS. While experiencing TTS, fishes might have a decrease in

fitness in terms of communication, detecting predators or prey, and/or assessing their

environment which could lead to increased likelihood of mortality. If mortality resulting from TTS

effects did occur the impacts would be highly unlikely to cause population level or ecosystem

effects based on:

o The relatively small area of impact (~0.6% of the OSS bioregion; ~1.2% of the OSMP; and
~2.8% of the KEF) is not significant at the subregional or bioregional scale.

o The most abundant commercial fish species within the survey area is goldband snapper, at
8.55% of the total TRF catch caught within the operational area.

o The survey area is unlikely to include a high number of dense aggregations of site attached
fish, or reef-associated demersal fish assemblages.

o Within the survey area it is unlikely that syngnathid species constitute an important
component of any site attached fish assemblages.

o The resilience and recovery of reef and site attached fish species.

In summary, the key points of the assessment of SELcum and TTS effects in fish are as follows:

Modelling of SELcum alone does not take into account the hearing abilities of animals that may
receive the sound and do not consider biological effects in these calculations. Popper (2018)
and the EP puts these results in to context by considering the biological effects.

The 24-hour SELc«m modelling considers the period when the greatest accumulation of sound
will occur, plus additional SEL accumulated from seismic shots at distance over 24 hours. Fish
may be able to hear and accumulate sound from the closer shots but will not in reality
accumulate sound from distant shots that are below their threshold of hearing. Therefore,
modelling SELcum over the 24-hour period accounts for both and is highly conservative.

As Popper (2018) highlights, there is no scientific basis for considering periods longer than 24
hours.

Page 162 of 309



SantOS Bethany 3D Seismic Survey Environment Plan

e Fish are more likely to hear sound from the seismic source at close range and over a relatively
short period of time when the greatest accumulation of sound will occur. However, free-
swimming commercially-targeted fish will move away from the source if the sound becomes too
loud and TTS is unlikely to occur.

e The effects of TTS to individual fish in a population (should they ever occur) will be short term
and temporary. 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 (Popper 2018).
Even if TTS occurs, the effects are quickly recoverable. Recovery will start as soon as the most
intense sounds end, and recovery is likely to occur within 24 hours (or less) (Popper 2018).

Summary

Consequence Level: If the activity results in TTS, no ecosystem or population level effects were
identified. The likelihood of full recovery in a short period of time from any adverse effects caused by
the seismic survey is very high. Therefore, potential impacts would be localised and short term - (11).

Likelihood Level: For this activity, localised and short term impacts to fish populations is considered
Possible (c).

7.1.5.3.3 Behavioural changes

For fish behaviour Popper et al. (2014) uses a relative risk criteria (Table 7-4) that range from high,
close to the seismic source (‘near’ distances) to moderate at longer distances ranges (‘far’ distances).
For these criteria the ranges, relative to the source, were quantified as near—within tens of metres—
intermediate—within hundreds of metres—and far—in 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; Pena et al. 2013).

Based on the risk criteria proposed by Popper et al. (2014) and the information assessed, behavioural
responses are more likely to occur near the seismic source (tens of metres) with diminishing responses
further from the seismic source (hundreds to thousands of metres). Thus, behavioural responses from
fish to the seismic source are likely within a localised area (tens to hundreds of metres) and would be
of a short term duration as the seismic source passes (minutes).

Understanding the effects of seismic or any other man-made sound on fishes is difficult in the field as
studies are costly to perform and many factors can influence the results (Popper et al. 2014).

The studies associated with Woodside’s Maxima 3D survey at Scott Reef included a component that
examined how the behavior of fish exposed to seismic signals changed. A summary of results relevant
to how the behavior of fish exposed to seismic signals changed is as follows (Woodside 2011a, 2011b;
Miller and Cripps 2013):

e Behavioural observations of free swimming fish:

o Airgun noise emissions did not cause lethal or sub-lethal effects on fish in the vicinity of the
operating array.

o 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.

o 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.

e Behavioural observations of caged fish:

o Alarm responses were too infrequent to analyse.

o Agitation levels increased with increasing received sound exposure level for the three
holocentrid (squirrelfishes and soldierfishes) species, but were not detectable for the
bluestripe seaperch.

e Sonar observations of free-swimming fish:

o 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.
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o Within 200 m of the survey test line, fish schools moved to the seabed after passage of the
operating airgun array and stayed significantly closer to the seabed out to 63 minutes post-
exposure.

e Fish choruses:

o For the period overlapping the survey, fish choruses followed 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.

e Fish diversity and abundance:
o Shallow-slope fish surveys using underwater visual census:
= No significant decreases were detected in the diversity and abundance of both
Pomacentridae (damselfishes and clownfishes) and non-Pomacentridae fish
species after the seismic survey compared to the long-term temporal trend before
the survey.

o 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.

The findings from the research at Scott Reef support those by Wardle et al. (2001), who exposed free-
ranging marine fish inhabiting an inshore reef to sounds from a seismic source (195-218 dB re 1 uPa
PK). The study found:

e Fish exhibited a startle response to all received levels, but no avoidance behaviour were
observed.

e Fish showed no signs of moving away from the reef.

e Exposure to the seismic noise did not interrupt a diurnal rhythm of fish gathering at dusk.

o Slight changes were recorded to the long-term day-to-night movements of two tagged pollack,
particularly when positioned within 10 m of their normal living positions.

e The seismic sound had little effect on the day-to-day behaviour of the resident fish and
invertebrates.

Carroll et al. (2017) noted that studies by Slotte et al. (2004), Chapman and Hawkins (1969) and
Przeslawski et al. (2016b) indicate that vertical movement rather than horizontal movement could be a
short-term reaction to seismic sound.

For caged fish, seismic sound has been reported to elicit varying degrees of startle and alarm responses
(Carroll et al. 2017).

Santos commissioned a study on goldband snapper in collaboration with the NT Fisheries (McCauley
and Salgado Kent 2007) using cameras placed inside fish traps to quantify fish behaviour. No dramatic
behavioural responses of fish to the passing airgun array 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 airgun array approached but were ‘quiet’ when the array passed at the point of
closest approach.

Masking impairs an animal’s hearing impairment with respect to the relevant biological sounds normally
detected within the environment and can have long lasting effects on survival, reproduction and
population dynamics of fishes. The consequences of masking for fishes, however, have not been fully
examined. Popper et al. (2014) surmised that “It is likely that increments in background sound within
the hearing bandwidth of fishes and sea turtles may render the weakest sounds undetectable, render
some sounds less detectable, and reduce the distance at which sound sources can be detected.
Energetic and informational masking may increase as sound levels increase, so that the higher the
sound level of the masker, the greater the masking.” If impulsive sounds are generated repeatedly by
many sources over a wide geographic area (such as concurrent seismic survey activity across the Timor
Sea), there is a possibility that the separate sounds might merge and that the overall background noise
be raised (e.g. Nieukirk et al. 2004). However, masking only occurs while the interfering sound is
present, and therefore, masking resulting from a single pulse of sound (such as an airgun shot) or
widely separated pulses would be infrequent and not likely affect an individual's overall fitness and
survival.
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Extent and Duration of Exposure and ldentified Potential Impact

There are no recommended exposure criteria for fish behaviour. For fish behaviour Popper et al. (2014)
use relative risk criteria (Table 7-4), which range from high, close to the seismic source (‘near’ distances)
to moderate at longer distances ranges (‘far’ distances). For these criteria the ranges, relative to the
source, were quantified as near—within tens of metres—intermediate—within hundreds of metres—
and far—in 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; Pené et al. 2013).

Based on the risk criteria proposed by Popper et al. (2014) and the information assessed, behavioural
responses are more likely to occur near the seismic source (tens of metres) with diminishing responses
further from the seismic source (source hundreds to thousands of metres). The subjective relative risk
criteria from Popper et al. (2014) at intermediate to far ranges indicated that fish with no swim bladder
or swim bladders not involved in hearing will experience a low to moderate behavioural impact, while
fish that have swim bladders involved in hearing will experience a moderate to high behavioural impact.
Goldband snapper are included in the category of fish having a swim bladder not involved in hearing
(i.e. hearing generalist rather than a hearing specialist).

In terms of behavioural responses, there is the possibility that seismic survey noise could cause fish to
move away from the survey area. Should this occur during spawning or other ecologically significant
life history events, population level effects may occur. Any dispersion of spawning aggregations will
depend on the biology of the species and the extent of the dispersion or deflection (DFO 2004). No
information is available on the locations of spawning aggregations for fish species targeted in the TRF.
The planned survey timing does not overlap any peak spawning activity including target species in the
TRF. Therefore, the activity is unlikely to have significant effects on fish fecundity and spawning for
target species within the TRF.

To be considered a significant impact, any masking effects or behavioural changes would result in
reduction of fish abundance due to health effects or increased aversion, which could reduce catchability
by predators and thus affect other species of concern. Effects of this magnitude are not expected to
occur as a result of the Bethany survey.

Thus, behavioural responses from fish to the seismic source is likely within a relatively localised area
(hundreds to thousands of metres) and would be of short term duration as the seismic source passes
(minutes to hours). Population level effects are unlikely to occur as the survey is not being undertaken
during the spawning season and the area is not identified as signification aggregation area.

Summary

Consequence Level: If the activity results in fish behavioural changes, there is potential for localised
(operational area) and short term impacts (75 days) - (Il).

Likelihood Level: For this activity, localised and short term impacts to fish is considered Possible (c).
7.1.5.3.4 Commercial Catch Rate

Receptor Sensitivity

As noted by Salgado Kent et al. (2016) “The issue of changes in commercial fisheries catch rates due
to seismic surveys is almost always contentious in Australia”’. They acknowledge that there has been
some effort to relate fisheries catch data to seismic survey effort, but to date none of the Australian
efforts to relate fin-fish catch rates with seismic surveys have yielded results of any meaning.

The potential effects of seismic surveys on fish distribution, local abundance or catch has been
examined for some teleost species with varying results (Carroll et al. 2017). A range of responses has
been observed when the behaviour of wild fishes has been studied in the presence of anthropogenic
sounds. Studies suggest that fish will generally move away from a loud acoustic source in order to
minimise their exposure, but this response might depend on the animal's motivational state.
Anthropogenic sounds have been shown to cause changes in schooling patterns and distribution,
including in relation to seismic operations (Engas et al. 1996; Engas and Lakkeborg 2002; Slotte et al.
2004; Lgkkeborg et al. 2012a, 2012b; Popper et al. 2014; Streever et al. 2016).
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The effects of seismic activity on long-line and trawl catch rates of cod were explored in Norway, and
in areas exposed to seismic a 55-80% reduction in long-line catches and 80-85% reduction in trawl
catches were observed immediately after the seismic survey. These observations likely reflected the
physical movement of demersal fishes away from the sound source, however the study only explored
effects shortly after the seismic passes with catches returning to pre-seismic levels within 24 hrs
(Lekkeborg and Soldal, 1993).

In contrast, other studies have found positive, inconsistent or no effects from seismic surveys on catch
rates or abundance.

The studies associated with Woodside’s Maxima 3D survey at Scott Reef, that examined effects on site
attached coral reef fish and mobile roaming demersal species, found no detectable effect on species
richness or abundance (Woodside 2011b, Miller and Cripps 2013).

Lgkkeborg et al. (2012a) noted that reduced fish catches have been observed in commercial line and
trawl fisheries during and after seismic surveys, but that catches also increased in some cases, with
the increase attributed to a change in fish activity in response to the airgun sounds.

Sonar observations by Pena et al. (2013) looked at real time behaviour of herring schools exposed to
a seismic survey and found no changes were observed in school size, swimming speed or direction.

The GMEM project provided no clear evidence of adverse effects on scallops, fish, or commercial catch
rates due to the 2015 seismic survey (Przeslawski et al. 2016b):

“Catch rates in the six months following the seismic survey were different than predicted in nine
out of the 15 species examined across both Danish Seine and Demersal Gillnet sectors. Across
both fishing gear types, six species (tiger flathead, goatfish, elephantfish, boarfish, broadnose
shark and school shark) indicated increases in catch subsequent to the seismic survey, and
three species (gummy shark, red gurnard, sawshark) indicated decreases in catch. These
results support previous work in which the effects of seismic surveys on catch seem transitory
and vary among studies, species, and gear types.”

Research to date has identified effects and no effects from seismic surveys on catch rates and
abundance. This is likely due to the importance of the context of exposure, as discussed above. In
many instances, fish may move away from an area when a seismic survey is being undertaken. This
could impact on the catchability and catch rates for the target species of any commercial fisheries
occurring in the same area at the same time.

Extent and Duration of Exposure and ldentified Potential Impact

Based on the risk criteria proposed by Popper et al. (2014) for behavioural responses this is likely to
occur near the seismic source (tens of metres) with diminishing responses further from the seismic
source (hundreds to thousands of metres). What is not clear from the research is what this effect may
have on catchability and when catches return to pre-seismic levels.

Initial consultation (November 2016) with the TRF indicated that they had experienced reduced catches
by 50% from just after the Caldita-Barossa 3D survey started, with rates reducing from X to X tonne per
day reducing to X to X tonne per day?, and that, with the survey having finished on 11 October 2016,
advice was that there may be seeing some improvement but still too early. Consultation in April 2017
indicated that catch rates had not returned to normal after 9 months.

Based on this information it is possible that there could be potential impacts on catchability of
commercial species which is likely to be localised (within the operational area) and based on anecdotal
evidence recovery to pre-seismic levels may take up to a year.

For this assessment the area where the seismic source will be at full power is within the survey area
(4,363 km?) and 4.0 km at each end of the survey area, as the source ramps up on entering and ramps
down on leaving the survey area. Thus, an additional 202 km? has been applied to the survey area
giving a total area for the Full Power Zone (FPZ) of 4,565 km2. This is assumed to be the area within
which effects on catchability and catch rates could occur for the duration of the survey, and perhaps for
a period (months) after completion of acquisition.

10 Fishery catch data for the TRF provided by licensees is commercial-in-confidence information that has been
redacted from this EP Summary.

Page 166 of 309



SantOS Bethany 3D Seismic Survey Environment Plan

To put the potential level of impact in context:

e The area of potential impact represents ~11% of the area of the Timor Reef Fishery (based on
an area of 30,170 km?2, and only taking into account the portion of the FPZ that is within the
TRF area) and an average of 7.8% of the TRF catch is within this area based on data from
2013 — 2017 (Table 5-24).

e The area of potential impact represents 0.36% of the area of the Demersal Fishery (based on
an area of 386,300 km?, and only taking into account the portion of the FPZ that is within the
Demersal Fishery area) and 0.03% of the Demersal Fishery catch is within the operational area
so the percentage catch within the FPZ would be even less.

e The area of potential impact assumes that the area will receive the same sound levels at the
same time, which is not the case, sound levels will change as the seismic vessel moves through
the area during the survey for up to 75 days.

Summary

Consequence Level: If the activity results in changes to commercial fish catch rates, there is potential
for localised and medium term (< 1 year) impacts to a social value - (llI).

Likelihood Level: For this activity, localised and medium term impacts to fish catch rates is considered
- Possible (c).

Commercial Catch Rate - Consultation and Control Measures

Consultation with commercial fishing operators potentially affected by the survey began in 2015, with
early notification of the proposed seismic survey and provision of information. This consultation showed
that some operators would not be affected, but that others who may be should continue to be consulted
with.

Table 4-2 shows the commercial fishing operators who were consulted with, and the Extent and
Duration of Exposure and Identified Potential Impact section above shows the commercial fisheries
most affected. In summary, these fisheries are the Timor Reef Fishery and the Demersal Fishery. The
area of potential impact from the survey represents ~11% of the area of the Timor Reef Fishery (based
on an area of 30,170 km?, however, the full power zone extends outside the TRF area) and an average
of 7.8% of the TRF catch is within this area based on data from 2013 — 2017 (Table 5-24). For the
Demersal Fishery the survey will have a potential impact on approximately 0.36% (based on an area of
386,300 km?) and 0.03% of the Demersal Fishery catch is within the operational area so the percentage
catch within the FPZ would be even less.

In October 2016, the potentially affected commercial fishing operators were advised that the survey
was planned for mid-2017 and EP development had commenced, and the operators were provided with
information for the purpose of determining how the survey would impact them. Additional information
was then provided in January 2017, including a description of Santos’ proposed control measures and
management strategies. Negotiations also commenced about a potential commercial agreement to
compensate commercial fishing operators who suffered a loss of catch because of the survey as Santos
and the fishers considered this would be an appropriate control measure for the potential impact of
them.

Santos expects to reach a commercial arrangement with the Timor Reef Fishery before the survey
commences, however there is no final agreement as at the EP submission date.

Due to the state of negotiations with the commercial fishing operators during the development of the
EP, Santos developed a payment model as an alternative appropriate control measure in the EP to
ensure that potential impacts to commercial catch rates was reduced to as low as reasonably
practicable and be acceptable. The model is proposed in Table 7-16, see the “Loss of Catch Payment”
good practice control measure and the “Commercial fishing licence holders are no worse or better off
as a result of the survey” performance outcome/control measure/performance standard/measurement
criteria.

Santos consulted with an independent fisheries economist at the CSIRO about the payment model and
whether it was as an appropriate control measure in the EP to ensure that potential impacts to
commercial catch rates was reduced to as low as reasonably practicable and be acceptable. CSIRO
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(2017) has confirmed that the approach proposed by Santos for compensating fishers for their potential
lost income is generally consistent with international best practice.

Santos has based the Loss of Catch payment model control measure included in the EP on what it
understands to be industry standard for an appropriately evidence based compensation model.

Santos also based the Loss of Catch payment model control measure on the fact that during
consultation with the commercial fishing operators the fishers referenced impacts to catch in regards to
impacts from the previous ConcoPhillips seismic survey (Stakeholder Consultation Records, Appendix
2), thus leading Santos to understand that catch rates would be able to be used to identify any impacts
from the survey.

Summary

Taking into account the relatively low level of the potential impact of the survey on the Timor Reef and
Demersal Fishery, the advice from the independent expert, industry practice and feedback during
consultation, the Loss of Catch Payment is an appropriate control measure to ensure commercial fishing
licence holders are no worse or better off as a result of the survey and ensures survey impacts on
commercial catch rates are both appropriate and acceptable.

In addition, Santos expects to reach a commercial arrangement with the Timor Reef Fishery before the
survey commences. In the event that Santos does reach commercial agreement with a commercial
fishing operator, that agreement will replace the Loss of Catch Payment as the appropriate control
measure in respect of potential impact on commercial catch rates.

7.1.5.4 Sharks and Rays

Receptor Sensitivity

Elasmobranchs sense sound via the inner ear end organs and as they lack a swim bladder it is thought
that they are only capable of detecting the particle motion component of acoustic stimuli, unlike the
more highly sensitive teleosts which can also detect sound pressure (Myrberg 2001).

Extent and Duration of Exposure and ldentified Potential Impact

There are no migratory, feeding or aggregation areas within or near the AMBA for sharks, including
whale sharks or rays.

To date there are no studies on seismic sound impacts on elasmobranchs. Popper et al. (2014)
proposed that the sound exposure criteria for fish without a swim bladder are appropriate for sharks in
the absence of other information.

The sound exposure thresholds proposed by Popper et al. (2014) (Table 7-4) for fish without a swim
bladder mortality, potential mortality injury and recoverable injury peak pressure level threshold of
> 213 dBre 1 yPa (PK) has been used for this assessment. Based on the modelling, this threshold
would be exceeded within a maximum distance of 72 m (Rmax) from the sound source at full power
(Table 7-5).

For this assessment the 72 m Rmax was applied for all shots within the FPZ, which equates to an area
of 1,095 km?2.

Thus, the area where the received levels are predicted to be above the mortality, potential mortality
injury and recoverable injury threshold applicable to sharks and rays equates to 1,095 km?2.

To put the potential level of impact in context:

e The broader area in which the survey is being undertaken - for shark and rays the Oceanic
Shoals meso-scale bioregion (OSS) would be representative of the broader area in which the
survey is being undertaken as it is representative of water depths, habitats and hydrodynamics
within the survey area.

e Based on the area for the OSS bioregion of 153,880 km?, the area of potential impact of 1,095
km? represents ~0.7% of this region.

e As the specified conservation values of the OSMP include the values of the Carbonate bank
and terrace system of the Van Diemen Rise KEF (which recognise sharks as a value), it is
appropriate to assess the level of impact within this area. The OSMP covers an area of 71,744
km2, which represents ~1.5% of the OSMP, based on an area of impact of 1,095 kmZ.
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e Thereis noindication that the area of predicted impact, the FPZ or the broader operational area
impact includes any locations where significant shark or ray numbers occur, thus it is unlikely
that large numbers of sharks or rays will be present in the survey area during acquisition.

e The area of potential impact assumes that the area will receive the same sound levels at the
same time, which is not the case, sound levels will change as the seismic vessel moves through
the area during the survey for up to 75 days.

e Mortality, potential mortality injury and recoverable injury to sharks or rays are remote with
impacts more likely to be behavioural including avoiding or moving away from the area for the
period of the survey.

Thus, based on this analysis, mortality, potential mortality injury and recoverable injury to sharks or rays
is remote and if occurred would not result in population level impacts due to the localised area of impact
(1.53% of the OSMP) and that the survey area is not a significant habitat for sharks or rays.

Summary

Consequence Level: If the activity results in mortality, potential mortality injury and recoverable injury
to sharks and rays, there is potential for localised and short term impacts to fauna of environmental
value - (11).

Likelihood Level: For this activity, localised and short term impacts to sharks and rays is considered
Remote (a).

7.1.5.5 Marine Reptiles
7.1.5.5.1 Turtles

Receptor Sensitivity

There is limited information on sea turtle hearing. Morphological studies of green and loggerhead turtles
(Ridgway et al. 1969; Wever 1978; Lenhardt et al. 1985) found that the sea turtle ear is similar to other
reptile ears, but has some adaptations for underwater listening. A thick layer of fat may conduct sound
to the ear in a similar manner as the fat in jawbones of odontocetes (Ketten et al. 1999), but sea turtles
also retain an air cavity that presumably increases sensitivity to sound pressure. Sea turtles have lower
underwater hearing thresholds than those in air, owing to resonance of the aforementioned middle ear
cavity, and hence they hear best underwater (Willis 2016).

Electrophysiological and behavioural studies on green and loggerhead sea turtles found their hearing
frequency range to be approximately 50—-2,000 Hz, with highest sensitivity to sounds between 200 and
400 Hz (Ridgway et al. 1969; Bartol et al. 1999; Ketten and Bartol 2005; Bartol and Ketten 2006
Yudhana et al. 2010; Piniak et al. 2011; Lavender et al. 2012; Lavender et al. 2014), although these
studies were all conducted in-air. Underwater audiograms are only available for three species. Two of
these species, the red-eared slider (Christensen-Dalsgaard et al. 2012), the loggerhead turtle (Martin
et al. 2012), both demonstrated higher sensitivity at around 500 Hz (Willis 2016). Recent work on green
turtles has refined their maximum underwater sensitivity to be between 200 and 400 Hz (Piniak et al.
2016). Yudhana et al. (2010) measured auditory brainstem responses from two hawksbill turtles in
Malaysia and found that peak frequency sensitivity occurred at 457 Hz in one turtle and at 508 Hz in
the other.

Nelms et al. (2016) conducted a review of seismic surveys ad turtles which considers the studies
detailed below. A common theme is the complex nature of the studies, from the interpretation of
behavioural responses, determining responses due to airguns or vessel noise/presence, through to
difficulties in visually detecting animals. Most studies looking at the effect of seismic noise on marine
turtles have focused on behavioural responses as physiological impacts are more difficult to observe in
living animals.

Sea turtles have been shown to avoid low-frequency sounds (Lenhardt 1994) and sounds from an
airgun (O'Hara and Wilcox 1990), but these reports did not note received sound levels. Moein et al.
(1994) found that penned loggerhead sea turtles initially reacted to a single airgun but then showed low
or no response to the sound (habituated to it). Caged green (Chelonia mydas) and loggerhead (Caretta
caretta) turtles increased their swimming activity in response to an approaching airgun when the
received SPL was above 166 dB re 1 yPa and they behaved erratically when the received SPL was
approximately 175 dB re 1 yPa (McCauley et al. 2000). This study was conducted in cold water, and
might not represent typical responses.
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Sound levels defined by Popper et al. (2014) show that animals are very likely to exhibit a behavioural
response when they are near an airgun (tens of metres), a moderate response if they encounter the
source at intermediate ranges (hundreds of metres), and a low response if they are far (thousands of
meters) from the airgun.

Weir (2007) carried out observations from on-board a seismic survey vessel during a 10-month 3D
survey offshore from West Africa, concluding that:

“.There was indication that turtles occurred closer to the source during guns-off than full-array,
with double the sighting rate during guns-off in all distance bands within 1000 m of the array.”

The reduction in number of turtles observed within 1,000 m during operation of a full airgun array (Weir
2007) is therefore reasonably consistent with the observations of McCauley et al. (2003), which
indicated an avoidance response threshold of approximately 175 dB re 1 yPa (SPLms).

In the absence of definitive data which could be used to determine the sound levels that could injure a
turtle, temporary threshold shift (TTS) or permanent threshold shift (PTS) onset were considered
possible at an SPL of 180 dB re 1 yPa (NSF 2011). Since this time, Popper et al. (2014) suggested
injury to turtles could occur for sound exposures above 207 dBrelpuPa (PK) or above
210 dB re 1 pPa?-s (SEL24n) — a threshold not reached according to the modelling results. Accordingly,
the Popper et al (2014) 207 dB PK threshold is used in this assessment of mortality/potential mortal
injury effects to marine turtles, as it is based on the latest information to date.

Noise modelling was undertaken to assess underwater sound levels. The modelling was undertaken at
four sites within the FPZ in a range of water depths (Table 7-11). Site 4, located in 43.9 m water depth
is the closest site to the habitat critical to the survival of the species for flatback turtles. Site 1, located
in 40.9 m water depth is the closest site to the olive ridley turtle foraging BIA.

An additional five sites, with depths from 35 m to 75 m were assessed for seafloor PK, PK-PK, and per-
pulse SEL (Table 7-10).

Table 7-10: Maximum (Rmax) horizontal distances (m) from the 2,380 in® array to modelled
seafloor PK levels from four transects

Distance Rmax (m)
Peak Pressure

Relevant Level A B C D
Animal Type Threshold
(dB re 1 pPa) (85 m (45m (55 m (65m (75 m)
depth) depth) depth) depth) depth

Turtles 207 143 153 160 165 116

Table 7-11: Maximum (Rmax) and 95% (Ros%) horizontal distances from the 2,380 in® array to
modelled maximum-over-depth NSF (2011) criterion for applied turtle behavioural
response threshold, for Sites 1to 4

Site 1 Site 2 Site 3 Site 4
Threshold (40.9 m) (84 m) (60.5 m) (43.9m)

Rmax (km) | Res% (km) | Rmax (km) | Rose% (Km) | Rmax (km) | Roses (km) | Rmax (Km) | Roses (km)

NFS (2011) turtle
behaviour

SPL

166 dB re 1 pPa

3.6 3.2 3.0 2.8 4.5 4.0 41 3.6
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Extent and Duration of Exposure and ldentified Potential Impact

A habitat critical to the survival of the species for flatback turtles is ~ 7.1 km from the FPZ and an olive
ridley foraging BIA overlaps the operational area and is ~13 km from the FPZ. Other turtle species have
also been identified as likely to be present in the area, however, impacts to flatback and olive ridley
turtles would be seen as the worst case for this assessment.

Research findings indicate that impacts on marine turtles from seismic survey noise are likely to be
restricted to:

e short ranges and high sound intensities (perhaps less than few hundred metres range from
source) on individuals;

e surveys that take place over protracted periods close to areas that constitute narrow, restricted
migratory paths; or

e surveys that take place over protracted periods close to areas important for feeding, breeding
and nesting.

Marine turtles may possibly be exposed to noise levels sufficient to cause physical damage if the
seismic source starts suddenly with turtles nearby. In circumstances where arrays are already
operating, (i.e., as a vessel moves along an acquisition line) individuals would be expected to implement
avoidance measures before entering ranges at which physical damage might take place. With soft start
procedures, it is extremely unlikely that an individual will be exposed to levels that may result in physical
damage.

7.1.5.5.1.1 Mortality, potential mortality injury and recoverable injury

Based on the noise modelling, the received levels exceed the turtle mortality or mortal injury threshold
(207 dB re 1 yPa PK) at a maximum distance of <165 m (Rmax distance) from the seismic source when
at full power (Table 7-10).

For this assessment the 165 m (Rmax) distance was applied for all shots within the FPZ. This equates
an area of 2,512 km?that is predicted to receive noise levels above the mortality and potential mortality
injury threshold for turtles.

To put this in context:

o Based on the application of this threshold to the Bethany survey area, noise levels above the
mortality or mortal injury threshold are not received at the habitat critical to the survival of the
species for flatback turtles or the olive ridley foraging BIA from any location within the Bethany
survey area.

e As the specified conservation values of the OSMP include important internesting areas for
flatback and olive ridley turtles and important foraging area for loggerhead and olive ridley
turtles, it is appropriate to assess the level of impact within this area. The OSMP covers an area
of 71,744 km?2, the area of potential impact is 2,512 km?, which represents 3.5% of the OSMP.

e The area of potential impact assumes that the area will receive the same sound levels at the
same time, which is not the case, sound levels will change as the seismic vessel moves through
the area during the survey for up to 75 days.

o Potential mortality or mortal injury to turtles are unlikely with impacts more likely to be
behavioural including avoiding or moving away from the area for the period of the survey.

Thus, based on this analysis, mortality or mortal injury to turtles if occurred would be unlikely to result
in population level impacts due to impacts are not predicted at either the habitat critical to the survival
of the species for flatback turtles or olive ridley foraging BIA.

Summary

Consequence Level: If the activity results in mortality or physiological impacts to turtles, no population
effects were identified therefore potential impacts would be localised and short term to fauna of
environmental value - (ll).

Likelihood Level: For this activity, localised and short term impacts to turtles is considered Unlikely (b).
7.1.5.5.1.2 Behavioural disturbance

Based on the noise modelling, the sound received levels exceed the turtle behavioral disturbance
threshold (SPL 166 dB re 1 yPa) at a maximum distance of 4.5 km (Rmax distance) from the seismic
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source when at full power (Table 7-11). For this assessment the area where the seismic source will be
at full power is within the FPZ (4,565 km?), thus the total area where the sound received levels exceeds
the behavioural disturbance threshold for turtles is 6,651 km?2.

To put this in context:

e Based on the application of this threshold to the Bethany survey area, noise levels above the
turtle behavioral disturbance threshold are not received at the habitat critical to the survival of
the species for flatback turtles or the olive ridley foraging BIA from any location within the
Bethany survey area.

e The maximum distance of 4.5 km (Rmax distance) is for Site 3, which is not adjacent to habitat
critical to the survival of the species for turtles or any BIAs.

e At Site 1, which is closest to the olive ridley foraging BIA, the sound received levels exceed the
turtle behavioral disturbance threshold (SPL 166 dB re 1 yPa) at a maximum distance of 3.6 km
(Rmaxdistance). As the olive ridley foraging BIA is 13 km from the FPZ impacts are not predicted
as the behavioural threshold level is not exceeded.

e At Site 4, which is closest to habitat critical to the survival of the species for flatback turtles, the
sound received levels exceed the turtle behavioral disturbance threshold (SPL 166 dB re 1
pPa) at a maximum distance of 4.1 km (Rmax distance). As the habitat critical to the survival of
the species for flatback turtles is ~7.1 km from the FPZ impacts are not predicted as the
bevioural threshold level is not be exceeded.

e The broader area in which the survey is being undertaken, for turtles the Oceanic Shoals meso-
scale bioregion (OSS) would be representative of the broader area in which the survey is being
undertaken as it is representative of water depths, habitats and hydrodynamics within the
survey area.

e As the specified conservation values of the OSMP include important internesting areas for
flatback and olive ridley turtles and important foraging area for loggerhead and olive ridley
turtles, it is appropriate to assess the level of impact within this area. The OSMP covers an area
of 71,744 km?, the area of potential behavioural impact is 6,651 km?, which represents 9.3% of
the OSMP.

e Based on the area for the OSS bioregion of 153,880 km?, the area of potential impact of 6,651
km? represents 4.3% of this region.

e The area of potential impact assumes that the area will receive the same sound levels at the
same time, which is not the case, sound levels will change as the seismic vessel moves through
the area during the survey for up to 75 days.

Thus, based on this analysis, behavioural impacts to turtles may occur within a localised area of 4.3%
of the OSS bioregion or 9.3% of the OSMP, and turtles would be exposed to noise levels above
threshold levels for a short period as the vessel moves through an area through the survey (up to 75
days).

Summary

Consequence Level: If the activity results in behavioural disturbance to turtles there is potential for
localised and short term impacts to fauna of environmental value - (11).

Likelihood Level: For this activity, localised and short term impacts to turtles is considered Possible (c).
7.1.5.5.2 Seasnakes

Little information is available about the effects of seismic surveys on sea snhakes. In the absence of
observations of sea snake exposed to air gun noise, either of captive animals or in the field, it is
assumed that they will respond in a similar way to turtles, such as exhibiting behavioural change to an
approaching sound source.

Three characteristics suggest that sea snakes could be vulnerable to seismic impacts:

e Sealed nostrils and an air-filled lung extending the length of the body, plus slower swimming
speeds than other marine vertebrates, might mean they are unable to avoid tissue damage at
close range.
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e Scale sensillae that allow sea snakes to detect the vibrations of their prey show peak sensitivity
to low frequencies that overlap those produced by seismic sources, this may disrupt feeding
(via acoustic masking) and provoke avoidance behaviour.

e Translocation (a common response to seismic sources) is associated with high mortality in sea
snakes; habitat displacement might have long term consequences for highly isolated
populations.

A current research project — “Investigating the impact of seismic surveys on threatened sea snakes in
Australia's North West Shelf” (http://www.apscience.org.au/projects/APSF 12 5/apsf 12 5.html), is
being undertaken at the School of Earth and Environmental Sciences, the University of Adelaide,
supervised by Dr Kate Sanders. To date no data is available from this research project.

One of the findings of the research and monitoring studies conducted at Scott Reef to study the effects
of Woodside’s Maxima 3D survey was that the seismic survey did not cause any observed physiological
effects or mortality in marine fauna, including sea snakes (Woodside 2008).

As described in Section 5.5.7, most sea snakes have shallow benthic feeding patterns and live in
shallow, coastal tropical waters; rarely found in water depths exceeding 30 m (Cogger 1975; Guinea
2013). Based on the spatial analysis of bathymetric data for the Bethany survey and operational areas,
water depths <30 m comprise 0.26% of the full power zone where the seismic source is at full power.
Therefore, it is unlikely that a high abundance of sea snakes will be present in the survey area. Sea
shakes are not sedentary and, like turtles, can swim away from an approaching sound source.

Using turtles as a surrogate, sea snhakes could experience mortality, potential mortal injury and
recoverable injury within a distance of <165 m (Rmax distance) from the seismic source at full power
(Table 7-10). Similarly, sea snakes could be exposed to sound levels that cause behavioural effects at
a distance of 4.5 km (Rmax distance) of the sound source at full power (Table 7-11).

However, this has to be viewed in the context of:

e The low likelihood that a high abundance of sea snakes will be present in the area exposed to
the seismic source at full power. Normal habitat for sea snakes (shallow waters <30 m depth)
comprise only 0.26% of the FPZ.

e The Bethany survey and operational areas do not overlap any important habitats for sea
snakes, or any locations with sea snake populations with a high diversity and abundance (e.g.
Ashmore Reef; Hibernia Reef).

e The area of potential impact assumes that the area will receive the same sound levels at the
same time, which is not the case, sound levels will change as the seismic vessel moves through
the area during the survey for up to 75 days.

e Potential mortality or mortal injury effects to sea snakes are unlikley, with impacts more likely
to be behavioural including avoiding or moving away from the area for the period of the survey.

Thus, based on this analysis, mortality and behavioural impacts to sea snakes may occur within a very
localised area of 0.26% of the FPZ.

Summary

Consequence Level: If the activity results in mortality, potential mortality injury and recoverable injury
to sea snakes there is potential for localised and short term impacts to fauna of environmental value -

().

Likelihood Level: For this activity, localised and short term impacts to sea snakes is considered Unlikely
(b).

Consequence Level: If the activity results in behavioural disturbance to sea snakes there is potential
for localised and short term impacts to fauna of environmental value - (I).

Likelihood Level: For this activity, localised and short term impacts to sea snakes is considered Possible
(c).

7.1.5.6 Marine Mammals

Marine mammal species evolved from terrestrial mammals and share basic hearing anatomy and
physiology with their terrestrial ancestors. Marine mammals, however, have broader hearing frequency
ranges due to the much higher sound speed underwater compared to in air. The functional hearing of
cetaceans is characterised by a shift of the area of best hearing to higher frequencies for odontocetes
(toothed whales and dolphins) and lower frequencies for mysticetes (baleen whales) (Wartzok and
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Ketten 1999; Mooney et al. 2012). Mysticetes and potentially odontocetes increased their ability to
receive sound through the skull and both modified their middle ear structures to increase the amplitude
of low-frequency sounds in particular (Ketten 1992; Cranford and Krys| 2015).

Because sounds can propagate well underwater and over large distances, many marine species use
underwater acoustic signals as their principal mode of information transmission and situation
awareness. Listening to the environment or active signalling requires well-developed hearing abilities.
Cetaceans, in particular, depend heavily on hearing and sound to communicate, avoid predators, and
forage.

The type and scale of the effect on cetaceans to seismic sounds will depend on a humber of factors
including the level of exposure, the physical environment, the location of the animal in relation to the
sound source, how long the animal is exposed to the sound, the exposure history, how often the sound
repeats (repetition period) and the ambient sound level. The context of the exposure plays a critical and
complex role in the way an animal might respond (Gomez et al. 2016; Southall et al. 2016).

High levels of anthropogenic underwater noise can have potential effects on cetaceans ranging from
changes in their acoustic communication, behavioural disturbances and in more severe cases physical
injury or mortality (Richardson et al. 1999).

7.1.5.6.1 Temporary and Permanent Hearing Loss

Receptor Sensitivity

Physiological impacts such as physical damage to the auditory apparatus, e.g. loss of hair cells or
permanently fatigued hair cell receptors, can occur in marine mammals when they are exposed to
intense or moderately intense sound levels and could cause permanent or temporary loss of hearing
sensitivity. While the loss of hearing sensitivity is usually strongest in the frequency range of the emitted
noise, it is not limited to the frequency bands where the noise occurs but can affect a broader hearing
range. This is because animals perceive sound structured by a set of auditory bandwidth filters that
proportionately increase in width with frequency.

A temporary threshold shift (TTS) is hearing loss from which an animal recovers, usually within a day
at most, whereas permanent threshold shift (PTS) is hearing loss from which an animal does not recover
(permanent hair cell or receptor damage). The severity of TTS is expressed as the duration of hearing
impairment and the magnitude of the shift in hearing sensitivity relative to pre-exposure sensitivity, in
dB. TTS occurs at lower exposure levels than PTS. The cumulative effects of repeated TTS, especially
if the animal receives another sound exposure near or above the TTS threshold before recovering from
the previous sensitivity shift, could cause PTS. If the sound is intense enough, an animal could succumb
to PTS without first experiencing TTS (Weilgart 2007). Though the relationship between the onset of
TTS and the onset of PTS is not fully understood, a specific amount of TTS can be used to predict
sound levels that are likely to result in PTS. For example, in establishing PTS thresholds, Southall et al.
(2007) assume that PTS occurs with 40 decibels of TTS. While there are results from TTS and PTS
studies on odontocetes exposed to impulsive sounds (Finneran 2016), there is no data for mysticetes.

For seismic surveys in Australian waters, the EPBC Act Policy Statement 2.1 determines suitable
exclusion zones with an unweighted per-pulse SEL threshold of 160 dB re 1 pPa2?-s (DEWHA 2008).
This threshold minimises the likelihood of TTS in mysticetes and large odontocetes according to the
background paper. Policy Statement 2.1 does not apply to smaller dolphins and porpoises, as DEWHA
assessed these cetaceans as having peak hearing sensitivities occurring at higher frequency ranges
than those that seismic arrays typically produce.

Extent and Duration of Exposure and ldentified Potential Impact

As the Bethany AMBA is not within or near a biologically important area for cetaceans or any migratory
routes, there is a low likelihood of encountering cetaceans and those in the area would be transiting.

Based on the noise modelling for the Bethany survey, the low-power zone distance required by Policy
Statement 2.1 is required to be 2 km, as the R95% 160 dB re 1 pPa?-s single-impulse SEL distances
at the modelled sites are greater than 1 km, at a maximum of 3.0 km (Table 7-12).

Based on the noise modelling, the area where the sound received levels exceed the cetacean TTS
threshold (SEL 160 dB re 1 pPa?-s) is within a maximum of 3.3 km (Rmax distance) from the seismic
source at full power (Table 7-12). This equates to an area of 6,083 km?2.
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Table 7-12: Maximum (Rmax) and 95% (Res%) horizontal distances (in km) from the 2,380 in?
array to modelled maximum-over-depth TTS thresholds for marine mammals

Site 1 Site 2 Site 3 Site 4

Threshold
Rmax [Ros% |Rmax |Ros% |[Rmax |Res5% |Rmax |[Ros%

(km) | (km) |(km) |(km) |(km) |(km) [(km) |(km)

DEWHA (2008), Unweighted per-pulse SEL:

160 dB re 1 pPa2-s 2.7 25 2.4 2.2 3.3 3.0 3.2 2.7

Thus, the area in which marine mammals could experience noise levels above the TTS threshold levels
would equate to 6,083 km2.

However, this has to be viewed in the context of:

e Within the area of potential impact there are no marine mammal biologically important areas or
migratory paths, thus it is unlikely that large numbers of cetaceans will be present in the survey
area during acquisition.

e TTS to cetaceans is unlikely as they are likely to move away from the survey area when noise
levels are above behavioural thresholds.

e The activity is being undertaken within the OSMP for which one of the natural values (DNP
2017) is to support a range of species, including species listed as threatened, migratory marine
or cetacean under the EPBC Act. For marine mammals no biological important areas, critical
habitats or migratory pathways were identified within the area of impact or within the OSMP.

e The area of impact is within the KEF carbonate bank and terrace systems of the Van Diemen
Rise. This KEF is part of the natural values of the OSMP, however, have not been identified as
supporting marine mammals (DNP 2017).

e For cetaceans the Oceanic Shoals meso-scale bioregion (OSS) would be representative of the
broader area in which the survey is being undertaken as it is representative of water depths,
habitats and hydrodynamics within the survey area.

e Based on the area for the OSS bioregion of 153,880 km?, the area of potential impact of 6,083
kmZ2 represents 3.95% of this region.

e The area of potential impact assumes that the area will receive the same sound levels at the
same time, which is not the case, sound levels will change as the seismic vessel moves through
the area during the survey for up to 75 days.

Thus, based on this analysis, TTS to cetaceans is unlikely based on the implementation of a low power
and shut down zones, with potential impact to be within a localised area (3.95% of the OSS) and short
term in that cetaceans would be exposed to noise levels above threshold levels as they move through
the area during the period of the survey (up to 75 days).

Summary

Consequence Level: If the activity results in TTS to cetaceans there is potential for a localised and short
term impacts to animals of environmental value— (l1).

Likelihood Level: For this activity cetacean TTS resulting in a localised and short term impact to animals
of environmental values is considered Unlikely (b).

7.1.5.6.2 Behavioural Disturbance

Receptor Sensitivity

Behavioural responses to underwater sound are difficult to determine because animals vary widely in
their response type and strength, and the same species exposed to the same sound may react
differently (Nowacek et al. 2004; Gomez et al. 2016; Southall et al. 2016). An individual's response to
a stimulus is influenced by the context in which the animal receives the stimulus and how relevant the
individual perceives the stimulus to be. A number of biological and environmental factors can affect an
animal’s response—behavioural state (e.g. foraging, travelling or socialising), reproductive state (e.g.,
female with or without calf, or single male), age (juvenile, sub-adult, adult), and motivational state (e.g.,
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hunger, fear of predation, courtship) at the time of exposure as well as perceived proximity, motion, and
biological meaning of the sound and nature of the sound source.

Animals might temporarily avoid anthropogenic sounds, but could display other behaviours such as
approaching novel sound sources, increasing vigilance, hiding and/or retreating, that might decrease
their foraging time (Purser and Radford 2011). Some cetaceans might also respond acoustically to
seismic survey noise in a range of ways, including by increasing the amplitude of their calls (Lombard
effect), changing their spectral (frequency content) or temporal vocalisation properties, and in some
cases, cease vocalising (McDonald et al. 1995; IWC 2007; Parks et al. 2007; Di lorio and Clark 2010;
Castellote et al. 2012; Hotchkin and Parks 2013; Blackwell et al. 2015).

The BRAHSS (Behavioural Response of Australian Humpback whales to Seismic Surveys) project
conducted studies at Peregian Beach, QId, and Dongara, WA, to better understand the behavioural
responses of humpback whales to noise from the operation of seismic air gun arrays (Cato et al. 2013).
Results from the first sets of experiments have recently been published (Dunlop et al. 2015; Dunlop et
al. 2016; Godwin et al. 2016), together with concurrent studies of the effects of vessel noise on
humpback whale communications (Dunlop 2016). In most exposure scenarios a distance increase from
the sound source was observed and interpreted as potential avoidance. The study, however, found no
difference in the 'avoidance' response to either ‘ramp-up’ or the constant source producing sounds at a
higher level than early ramp-up stages. In fact, a small number of groups showed inspection behaviour
of the source during both treatment scenarios. ‘Control’ groups also responded, which suggested that
the presence of the source vessel alone had some effect on the behaviour of the whales. Despite this,
the majority of groups appeared to avoid the source vessel at distances greater than the radius of most
injury based mitigation zones.

Small odontocetes responded to airgun sounds by moving laterally away from the sound, showing the
strongest lateral spatial avoidance, compared to mysticetes and killer whales which showed more
localised spatial avoidance. Other larger odontocetes studied included long-finned pilot whales
(Globicephala melas) which only changed their orientation in response to sound exposure, while sperm
whales did not significantly avoid the sound (Stone and Tasker 2006).

Southall et al. (2007) extensively reviewed marine mammal behavioural responses to sounds as
documented in the literature. Their review found that most marine mammals exhibit varying responses
between an SPL of 140 and 180 dB re 1 uPa, but a lack of convergence in the data from multiple studies
prevented them from suggesting explicit criteria. The causes for variation between studies included lack
of control groups, imprecise measurements, inconsistent metrics, and context dependency of
responses including the animal’s activity state.

The National Marine Fisheries Service (NMFS) in the U.S. use a threshold SPL 160 dB re 1 pPa for
potential behavioural disturbance to marine mammals (NMFS 2013). From the modelling for the survey
this noise threshold level could be expected to occur within 7.2 km of the seismic source (Rmax distance)
(Table 7-13). Avoidance, however, is not directly related to sound level thresholds but also influenced
by the state of the animals (e.g. their reproductive, health, and foraging condition) and the context of
exposure.

Table 7-13: Maximum (Rmax) and 95% (Res%) horizontal distances (in km) from the 2,380 in?®
array to modelled maximum-over-depth applied marine mammal behavioural
response thresholds

Site 1 Site 2 Site 3 Site 4

Threshold
Rmax R95% Rmax RQS% Rmax R95% Rmax R95%

(km) | (km) |(km) |(km) |(km) |(km) |(km) |(km)

NMFS (2013) Marine mammal behaviour,

SPL: 160 dB re 1 pPa 7.1 6.0 4.7 4.0 6.5 5.8 7.2 6.1

Extent and Duration of Exposure and ldentified Potential Impact

As the Bethany AMBA is not within or near a biologically important area for cetaceans or any migratory
routes, there is a low likelihood of encountering cetaceans and those in the area would be transiting so
behavioural disturbances would be likely to consist of avoiding the area of the survey.
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Based on the noise modelling, the area where the sound received levels exceed the behavioural
disturbance to marine mammal threshold (SPL 160 dB re 1 pPa) is within 7.2 km (Rmax distance) from
the seismic source at full power (Table 7-13).This equates to an area of 7,962 km?2.

However, this has to be viewed in the context of:

e Within the area of potential impact there are no cetacean biologically important areas or
migratory paths, thus it is unlikely that large numbers of cetaceans will be present in the survey
area during acquisition.

e The broader area in which the survey is being undertaken - for cetaceans the Oceanic Shoals
meso-scale bioregion (OSS) would be representative of the broader area in which the survey
is being undertaken as it is representative of water depths, habitats and hydrodynamics within
the survey area.

e Based on the area for the OSS bioregion of 153,880 km?, the area of potential impact of 7,962
km? represents 5.17% of this region.

e The area of potential impact assumes that the area will receive the same sound levels at the
same time, which is not the case, sound levels will change as the seismic vessel moves through
the area during the survey for up to 75 days.

Thus, based on this analysis, behavioural disturbance to cetaceans could occur within an extensive
area (within the AMBA) and be short term in that cetaceans would be exposed to noise levels above
threshold levels as they move through the area during the period of the survey (up to 75 days).
Summary

Consequence Level: If the activity results in behavioural disturbance to cetaceans there is potential for
extensive and short term impacts to animals of environmental value— (llI).

Likelihood Level: For this activity behavioural disturbance to cetaceans resulting in a localised and short
term impact to animals of environmental values is considered Possible (c).

7.1.5.6.3 Acoustic Masking

Receptor Sensitivity

Acoustic masking occurs when sounds interfere with an animal’s ability to perceive biologically relevant
sounds. It can be defined as a reduction in communication and listening space (active acoustic space)
that an individual experiences due to an increase in background noise (natural and anthropogenic) in
the frequency bands relevant for communicating and listening. Acoustic masking can decrease the
range over which an animal might communicate with its peers or detect predators or prey (Clark et al.
2009). Masking can occur naturally from wind, precipitation (Au et al. 2004), wave action, seismic
activity (Nowacek et al. 2015), other natural phenomena and biological sounds (Zelick et al. 1999; Erbe
et al. 2015).

Marine wildlife almost certainly has adapted to naturally occurring signal masking, yet the reduced
active acoustic space under noisy natural conditions is a physical constraint that cannot be overcome
completely. Anthropogenic sounds contribute to the ambient soundscape, and can mask biologically
important sounds, potentially reducing the active (perception) space to levels that can’t support active
foraging and socialising. The amount of masking an animal experiences is determined by the amplitude,
timing, and frequency content of the interfering sounds, as well as how sounds are spatially distributed.

Studies in regards to acoustic masking in the ocean have traditionally focused on mysticetes and
shipping sounds (Clark et al. 2009). Mysticetes communicate using calls with energy primarily in low-
frequency bands that overlap completely with the bands carrying the main energy of shipping sounds
(Arveson and Vendittis 2000; Allen et al. 2012; Bassett et al. 2012). Sound output from ships can also
extend to relatively high frequencies (e.g., up to 30 kHz, Arveson and Vendittis 2000, and up to 44.8
kHz, Aguilar Soto et al. 2006) and can affect odontocetes (toothed whales) especially at shorter ranges.

Sound from seismic surveys contribute to ocean-wide acoustic masking (Hildebrand 2009), and are
considered to have the potential to displace some species and populations from their habitats (Erbe et
al. 2015; Nowacek et al. 2015). Little is known, however, about the masking effects of seismic sounds
other than aggregate noise from multiple seismic surveys and shipping can lead to higher sound levels,
resulting in increased masking (Nowacek et al. 2015).
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In order to estimate impact of masking through considering the reduction in active acoustic space
guantitatively, it is necessary to take into account parameters such as call source levels and their
adaptive compensation (Lombard response), detection thresholds based on the receiver perception
capabilities, signal directivity, band specific (spectral) noise levels, and noise and signal duration.
Instead, a qualitative assessment of masking has been undertaken for this risk assessment, and only
mysticetes and killer whales have been considered due to the overlap between the frequency content
of the seismic pulses and their hearing capabilities. Comparisons to ambient measurements made in
deeper water to the north-east can be made (McPherson et al. 2016a, McPherson et al. 2016c), as this
is the closest available monitoring location for which results are available, although it is deeper and
likely quieter. The length of time a seismic pulse will have an SPL higher than the ambient maximum
from the monitoring program (146 dB re 1 pPa) is no longer than approximately one second. However,
even distant seismic impulses can take 2 seconds to fall below average ambient levels in the Timor
Sea (McPherson et al. 2016b), when considering 0.125 s windowed data. A worst case assessment
could assume that in the area ensonified above 140 dB re 1 pPa, masking or reduction of active acoustic
space is significant for the duration of a seismic pulse, and could occur for up to four seconds.
Depending upon the propagation environment, inter-pulse noise levels can be higher than average
ambient noise levels for the entire period between seismic impulses (Guan et al. 2015, McPherson et
al. 2016b).

Masking effects on killer whales would only occur close to the seismic source, due to the limited
transmission range of biologically relevant frequencies. The seismic vessel itself will likely contribute
equally to the masking experienced by Killer whales as the seismic source, and the ranges that this
masking could occur at would be small given the propagation environment.

Calls from mysticetes, which might transit through the AMBA, are typically longer than the period of
time the sound levels are above the upper ambient levels, and thus a portion of calls may experience
masking beyond what could naturally occur. However, the negative effect on communication efficiency
of prolonged periods of time during which seismic pulses compete with calls may be more pronounced
than this argument for a single pulse would indicate and cannot be readily estimated.

Extent and Duration of Exposure and ldentified Potential Impact

As the Bethany AMBA is not within or near a biologically important area for cetaceans or any migratory
routes, there is a low likelihood of encountering cetaceans and those in the area would be transiting so
though masking may occur it would be within a localised area and for a short duration until the cetacean
has moved away from the survey area.

Summary

Consequence Level: If the activity results in cetacean masking there is potential for extensive and short
term impacts to animals of environmental value— (l11).

Likelihood Level: For this activity cetacean masking resulting in an extensive and short term impact to
animals of environmental values is considered Unlikely (b).

7.1.5.7 Pearl Oyster Divers

As identified in Sections 5.6.3.1 and 7.1.5.2, parts of the survey and operational areas are overlapped
by an area where hand-harvesting (by drift divers) of individual adult pearl oyster (P. maxima) may take
place between April and October. The NT DPIR confirmed that there had been no effort in this fishery
since 2008. However, this conflicts with information provided by the Pearl Producers Association. As
there is uncertainty in regards to the level of activity in the area impacts will be assessed.

Receptor Sensitivity

Divers exposed to high levels of underwater sound can suffer from dizziness, hearing damage or other
injuries to other sensitive organs, depending on the frequency and intensity of the sound. The human
auditory system is significantly less sensitive underwater than in air and is further degraded if diving
equipment obstructs the ears or face (e.g. diving with a hood or full facemask). Underwater auditory
threshold curves indicate that the human auditory system is most sensitive to waterborne sound at
frequencies between 400 Hz to 1 kHz (Parvin et al. as cited in Anthony et al. 2009), and these
frequencies have the greatest potential for damage. In general, within this frequency band, underwater
hearing is 35-40 dB less sensitive than in air.
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Parvin et al. (as cited in Anthony et al. 2009) further developed the weighting scale to enable the
allowable level of noise underwater to be assessed and directly compared to air levels. Based on this
scale, at 200 Hz the weighting applied is 52.8 dB, and at 100 Hz the weighting applied is 61 dB.

Within the literature (all as cited in Ainslie, 2008), there is some variation in acceptable received levels
for divers:

o NATO military divers: 177 dB (<250 Hz);

e recreational divers: 154 dB (600 — 2,500 Hz);

e DMAC commercial diver guidelines: 191 dB; and
e Parvinetal.: 176 dB (500-2,500 Hz).

Extent and Duration of Exposure and Identified Potential Impact

Hand harvesting occur in depths <35 m which equates to ~ 3.6% of the FPZ. However, pearl divers
operating in shallower waters to the south of the survey area could be exposed to noise emissions from
seismic acquisition, if the two activities occur at the same time. The potential impact to pearl divers is
unclear, given the lack of an applicable and consistent exposure threshold criterion, and a lack of
information as to where the hand-harvesting operations could be taking place, and hence the potential
maximum received sound levels.

In line with the guidance note (DMAC 12) issued by the UK Diving Medical Advisory Committee (DMAC)
“Safe Diving Distance from Seismic Surveying Operations” (DMAC 2011), where pearl diving and
seismic activity during the Bethany survey will occur within a distance of 10 km of each other, a joint
risk assessment will be conducted. Santos will work with the Pearl Producers Association (PPA) to
prepare this risk assessment and identify any required mitigation and control measures to be
implemented in advance of any simultaneous operations. Where possible, concurrent seismic and
diving activities will be avoided. If this is not possible, the activities will be prioritised and a simultaneous
operations (SIMOPS) plan will be developed.

Summary

Consequence Level: If the activity results in impacts to divers (social value) there is potential for
localised and short term impacts — (l1).

Likelihood Level: For this activity impacts to divers resulting in a localised and short term impact is
considered unlikely (b).

7.1.5.8 Cumulative Impacts

Cumulative impacts can occur from multiple surveys occurring at the same time leading to an increase
in predicted noise levels on receptors. It can also occur from repeated surveys within the same area
over time. A review of the NOPSEMA website and via stakeholder consultation, the surveys detailed in
Table 7-14 have been identified as completed in recent years or planned in the area of Bethany survey.

The Bureau of Ocean Energy Management (BOEM 2014) published a final environmental review of
geological and geophysical survey activities off the mid- and South Atlantic coast. To minimise the
impacts to marine life by providing a ‘corridor’ between vessels, the environmental impact statement
from this review included a requirement for a 40 km geographic separation distance (based on worst
case scenarios) between the sources of simultaneous seismic surveys. This 40 km separation distance
is used in this assessment to identify cumulative impacts from seismic surveys.

This section assess the potential for cumulative impacts associated with:

e The Bethany survey being undertaken within an area where previous seismic surveys have
occurred.

e The Bethany survey being undertaken at the same time as another seismic survey within the
area.

This section does not assess cumulative impacts from seismic surveys within the area that occur after
the Bethany survey as that should be the responsibility of that titleholder as part of their cumulative
impact assessment.

Figure 7-4 shows the location of the surveys detailed in Table 7-14 in relation to the Bethany survey.
Figure 7-4 shows the Zénaide, Gulpener and Fishburn seismic surveys, as these surveys are a greater
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distance than 40 km from the Bethany survey it is not included in this assessment, as potential impacts
are not predicted.

Table 7-14: Completed or Planned Surveys within or near the Bethany Survey Area

Year Company Permit Name Comment
2012 GX Technology NT and Westralia SPAN | 1 line (AU1-6000) across
Australia Pty Ltd WA Marine Seismic middle of survey and
Permits Survey operational areas. Figure 7-4.
2016 ConocoPhillips NT/RL5 Caldita-Barossa | Acquisition of ~ 3,186 km? of
Australia 3D Marine 3D seismic data in the period
Exploration Pty Ltd | NT/RL6 Seismic Survey July to 11 October 2016.
Figure 7-4.
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Figure 7-4: Bethany Survey with Previous Seismic Surveys

Previous Seismic Surveys

Cumulative impacts can occur when the timing between surveys is less than the recovery rate of any
potential impacts to receptors. Based on the

A review of the receptors that overlap within the Bethany survey area and surrounding waters (AMBA)
(Section 5 summarised in (Table 7-14) identified the following:

e With the exception of a BIA for foraging olive ridley turtles and a habitat critical to the survival
of the species for flatback turtles, no biological important or critical habitats were identified for
other species such as cetaceans, sharks and rays.

e Benthic habitats identified are represented across the Oceanic Shoals Marine Park, and the
KEF: Carbonate bank and terrace system of the Van Diemen Rise.
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e Protected syngnathid species and seasnakes are likely in the area.

¢ A number of commercial fish species are likely to occur within the AMBA. These fish comprise
the main target species for both the Timor Reef Fishery (TRF) and the Demersal Fishery.

e The main commercial fishery overlapped by the survey area and AMBA is the TRF. The
Bethany FPZ overlaps ~11% of the TRF and the percentage of catch for the fishery ranges
from 4 - 12% with an average of 7.8% from 2013 to 2017. Other fisheries in the area percentage
catch rate within the operational area is < 0.5%.

e The AMBA and FPZ overlaps a Pearl Oyster area.

e The AMBA overlap parts of three KEFs: Carbonate bank and terrace system of the Van Diemen
Rise; Shelf Break and slope of the Arafura Shelf; and Pinnacles of the Bonaparte Basin. The
FPZ only overlaps the Carbonate bank and terrace system of the Van Diemen Rise.

e The AMBA and FPZ overlaps part of the multiple use and special purpose zones of the OSMP.

This assessment will focus on the ConocoPhillips acquired the Caldita-Barossa 3D survey in NT/RL5
and NT/RL6 during the period July to 11 October 2016 as it highly unlikely that one seismic line
undertaken 5 years ago would have a level of impact that would not have recovered in that timeframe.

A review of the Caldita-Barossa 3D survey identified that there is no overlap of its acquisition area with
the Bethany survey acquisition area. Based on this cumulative impacts from the two surveys would not
occur to:

e Localised species such as corals, invertebrates or syngnathid species as impacts would not
occur from the distances between the two survey acquisition areas.

¢ Migratory and other transiting species such as cetaceans, sharks, rays and turtles as impacts
would be short term while the survey was operating and the species in the area.

o Pearl Oyster Shell area due to the distances between the two survey acquisition areas.

¢ Habitat critical to the survival of the species for flatback as the Caldita-Barossa 3D acquisition
are was over 20 km from this area.

¢ Olive Ridley foraging BIA as neither survey acquisition area overlaps the BIA.

¢ Plankton, including fish eggs and larvae, as recovery rates are estimate to be within three days
after the end of the survey (Richardson et al. 2017).

During consultation with stakeholders in the TRF for the Bethany survey Santos was informed by a
representative of the TRF that catch rates were affected by up to 50% and recovery to pre-seismic
levels was only starting to recovery (Nov, ~ 1 month) following acquisition of the Caldita-Barossa survey.
Consultation in April 2017 indicated that catch rates had not returned to normal after 9 months.
However, to date there has been no data to support the reduced catch rates.

Previous claims have been made for the TRF that seismic surveys (particularly 3D surveys with tighter
line spacing, covering smaller areas) have impacted on catch levels within areas immediately adjacent
to the survey polygon, and that some of these surveys overlapping the more productive areas of the
TRF have forced operators to temporarily relocate fishing activities to other areas within the TRF, or
outside the TRF to the waters of the Demersal Fishery.

Whilst the Caldita-Barossa and Bethany survey areas are relatively close to each other, and both are
located within the TRF, cumulative impacts to any of the identified sensitive receptors resulting from
acquisition of the Bethany survey are unlikely to occur given the temporal separation between the two
activities. The earliest commencement date for the Bethany survey is May 2018. This means that there
will have been a gap of at least 18 months between completion of the Caldita-Barossa survey and
commencement of the Bethany survey. If claims of reduced catch levels and recovery times resulting
from the Caldita-Barossa survey are correct, the Bethany survey may commence while catch levels
have recovered to pre-seismic levels.

To date data has not been made available to validate the reduced catch rates and recovery time period
from the Caldita-Barossa survey and hence, Santos will implement a Loss of Catch Payment as a
control measure in the event that catch rates are impacted by the Bethany Survey.

Variability in seasonal production in the TRF makes it difficult to make meaningful comparisons within
seasons or between successive years. Both the Demersal Fishery and the TRF are characterised by
sudden changes in catch rates that are accompanied by lower water temperatures over very short time
periods. Hence, it is extremely difficult to distinguish impacts on these fisheries, including cumulative
effects, from anthropogenic sources versus natural variability caused by changes in environmental
parameters, such as water temperature, prey availability etc.

Page 181 of 309



SantOS Bethany 3D Seismic Survey Environment Plan

Seismic Surveys within Same Time Period

Based on the consultation undertaken with the permit holders in the area of the Bethany survey and
geophysical contractors with Environment Plans being assessed by NOPSEMA (see Section 4), no
seismic surveys were identified as likely to be acquired during or close to the same time period as the
Bethany survey, within the survey area or in adjacent waters.

7.1.5.9 Disturbance to Conservation Values

The Bethany FPZ overlaps the Oceanic Shoals Marine Park (IUCN VI — Multiple Use Zone). The
conservation values of the Oceanic Shoals Marine Park is described in Section 5.1 and 5.3 and the
potential impacts of underwater sound to those values is assessed in this section.

The Oceanic Shoals Marine Park zone IUCN VI allows commercial activities such as fishing, tourism,
and oil and gas exploration. The AMBA does not overlap any World Heritage Properties, National
Heritage Properties, Ramsar wetlands, State or Territory Marine Parks, or Indigenous Heritage Sites
(Section 5.2). Marine Park zoning depends upon the conservation values present within the park. The
Oceanic Shoals Marine Park is classified as ‘Type B'*? (NOPSEMA 2015) and is not covered by a
management plan at this time. DNP has issued approval under Section 359B of the EPBC Act 1999
which permits a range of activities, including mining operations (seismic activities) subject to the
approval of an EP.

Table 7-15 identifies the major conservation values and KEF of the Oceanic Shoals Marine Park and
summarises potential impacts and risks from the discharge of the 2,380 in2 array.

With the implementation of the controls (refer to Table 7-16), impacts to marine fauna which may be
present in the FPZ are slight to minor. Implementation of mitigation controls ensures acoustic impacts
from the Bethany survey are continuously reduced to a level which is ALARP. The residual risk level
for acoustic impacts ranges from Very Low (1) to Low (2) and acoustic impacts from the activity is
therefore considered acceptable (Section 6.10), and thereby complying with the requirements of the
DNP approval for mining activities in Type B CMRs.

Table 5-27 demonstrates that potential impacts from the survey on conservation values of the Oceanic
Shoals Marine Park (within the FPZ) will be consistent with the relevant Australian IUCN Reserve
Management Principles and management plan objectives, which define the acceptable levels of impact
for the Oceanic Shoals Marine Park multiple use zone.

From the acoustic modelling results, broadside source level specifications in the horizontal plane (per-
pulse and un-weighted) within the OSMP will be maximum PK pressure level directly below the array
(@ 1m) of 257 dB re 1 yPa (Table 7-1).

Values of the Oceanic Shoals Marine Park

1. Important internesting area for flatback and olive ridley turtles.
See Evaluation of Environmental Impacts for marine turtles in Section 7.1.5.5.1.

The flatback turtle 60 km internesting buffer BIA is >7 km from the FPZ (Figure 5-26). Predicted noise
levels within the internesting BIA are predicted to be 140-150 dB re 1 uPa (SPL). Therefore, acoustic
impacts to flatback turtles potentially within the internesting BIA within the OSMP and outside of the
FPZ are not predicted to exceed the marine turtle behavioural threshold of 166 dB re 1 pPa (SPL)
(Table 7-11). As such, acoustic impacts within the flatback turtle internesting BIA is reduced to ALARP,
as distances >4.5 km will provide adequate separation and environmental protection from acoustic
impacts caused by the seismic activities. Implementing a separation distance >7 km (distance of BIA to
FPZ) from the FPZ to the BIA would not provide additional environmental benefit to the values and
sensitivities of the OSMP value nor provide additional protection from acoustic impacts.

12 Type B: New CMRs that were first proclaimed in 2012 and then re-proclaimed in 2013.
https://www.nopsema.gov.au/assets/Guidance-notes/A433426.pdf
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The olive ridley turtle internesting BIA is ~49 km from the FPZ. Therefore, acoustic impacts to olive
ridley turtles potentially within the internesting BIA within the OSMP are not predicted, as received levels
are predicted to be well below the marine turtle behavioural threshold of 166 dB re 1 pPa (SPL) (Table
7-11). As such, acoustic impacts within the olive ridley turtle internesting BIA is reduced to ALARP, as
distances >4.5 km will provide adequate separation and environmental protection from acoustic impacts
caused by the seismic activities. Implementing a separation distance >49 km (distance of BIA to FPZ)
from the BIA to the FPZ would not provide additional environmental benefit to the values and
sensitivities of the OSMP value nor provide additional protection from acoustic impacts.

2. Important foraging area for loggerhead and olive ridley turtles.
See Evaluation of Environmental Impacts for marine turtles in Section 7.1.5.5.1.

The operational area is within an olive ridley turtle foraging BIA, however the FPZ is located ~13 km
from the boundary of the BIA (Figure 5-25). At this distance, noise levels within the foraging area are
not predicted to exceed the marine turtle behavioural threshold of 166 dB re 1 pPa (SPL) (Table 7-11).
As such, acoustic impacts to potentially foraging olive ridley turtle within the BIA is reduced to ALARP,
as >4.5 km distance will provide adequate separation and environmental protection from acoustic
impacts caused by the seismic activities. Implementing a separation distance >13 km (distance of BIA
to FPZ) from the FPZ to the BIA would not provide additional environmental benefit to the values and
sensitivities of the OSMP value nor provide additional protection from acoustic impacts.

The loggerhead turtle foraging BIA is >100 km from the FPZ. Therefore, acoustic impacts to potential
foraging olive ridley turtles within the BIA within the OSMP are not predicted, as received levels are
predicted to be well below the marine turtle behavioural threshold of 166 dB re 1 yuPa (SPL) (Table
7-11). As such, acoustic impacts to potential foraging loggerhead turtles within the BIA is reduced to
ALARP, as >4.5 km distance will provide adequate separation and environmental protection from
acoustic impacts caused by the seismic activities. Implementing a separation distance >100 km
(distance of BIA to FPZ) from the BIA to the FPZ would not provide additional environmental benefit to
the values and sensitivities of the OSMP value nor provide additional protection from acoustic impacts.

3. Examples of the ecosystems of the Northwest Shelf Transition

The FPZ is located within the Northwest Shelf Transition provincial bioregion, however the FPZ only
overlaps 1.48% of this bioregion. Biological communities identified within the Northwest Shelf Transition
and therefore within the FPZ are plankton, corals, invertebrates (sessile filter feeders, sponges, and
sea cucumbers), fish — demersal and pelagic, sea turtles, and sharks (DEWHA 2008b; see Figure 5-4).
The Evaluation of Environmental Impacts for these species has been undertaken see Sections:

e Plankton —Section 7.1.5.1.

e Invertebrates —Section 7.1.5.2.

e Fish, demersal and pelagic —Section 7.1.5.3.
e Sharks —Section 7.1.5.4.

e Marine turtles —Section 7.1.5.5.1.

e Marine Mammals —Section 7.1.5.6.

Table 7-15 identifies the major conservation values of the Northwest Shelf Transition bioregion within
the OSMP multiple use zone and summarises potential impacts and risks from the discharge of the
2,380 indarray.

4. Examples of the ecosystems of the Timor Transition

The AMBA is located within the Timor Transition provincial bioregion, however the FPZ is ~26 km from
the bioregion. Biological communities identified within the Timor Transition are plankton, corals,
invertebrates (sessile filter feeders, sponges, sea cucumbers), fish — demersal and pelagic, sea turtles,
and sharks (DEWHA 2008b). The Evaluation of Environmental Impacts for these species has been
undertaken see Sections:

e Plankton —Section 7.1.5.1.

e Invertebrates —Section 7.1.5.2.

e Fish, demersal and pelagic —Section 7.1.5.3.
e Sharks —Section 7.1.5.4.
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e Marine turtles —Section 7.1.5.5.1.
e Marine Mammals —Section 7.1.5.6.

The Timor Transition Province ~26 km from the FPZ. From the JASCO acoustic modelling, for all sites
the received levels at 26 km from the FPZ are not predicted to exceed 150 dB re 1 pPa (SPL) or 140
dB re 1 pPa?s (SEL) (McPherson and Li 2017). Therefore, acoustic impacts to the ecosystems of this
region within the OSMP and outside of the FPZ are not predicted to exceed acoustic threshold levels
that are known to cause behavioural, temporary/recoverable injury, serious/permanent injury or
mortality for marine fauna within the ecosystem.

As such, acoustic impacts to the ecosystems of the Timor Transition Province is reduced to ALARP, as
~26 km distance will provide adequate separation and environmental protection from acoustic impacts
caused by the seismic activities. Implementing a separation distance >26 km from the provincial
bioregion to the FPZ would not provide additional environmental benefit to the values and sensitivities
of the OSMP value nor provide additional protection from acoustic impacts. At this distance away,
received sound levels from the seismic activities will not cause acoustic impacts nor exceed known
acoustic threshold criteria for marine fauna, and thus will not impact adversely the corresponding IUCN
management principles for the multiple use zone, which define the acceptable levels of impact for the
provincial bioregion within the OSMP multiple use zone

5. KEF - Carbonate bank and terrace system of the Van Diemen Rise (unique sea-floor feature).
The FPZ is located within the carbonate bank and terrace system of the Van Diemen Rise (unique sea-
floor feature) KEF. Biological communities identified within the Van Diemen Rise and therefore within
the FPZ are plankton, corals, invertebrates (sessile filter feeders associated with hard substrate
sediments of the deep channels - sponges, soft corals, sea cucumbers), fish — demersal and pelagic,
sea turtles, sea snakes and sharks (DEWHA 2008b; (DSEWPaC 2012) (see Figure 5-4). The Evaluation
of Environmental Impacts for these species has been undertaken see Sections:

e Plankton —Section 7.1.5.1.

e Invertebrates —Section 7.1.5.2.

e Fish, demersal and pelagic —Section 7.1.5.3.
e Sharks —Section 7.1.5.4.

e Marine turtles —Section 7.1.5.5.1

e Sea Snakes — Section 7.1.5.5.2.

e Marine Mammals —Section 7.1.5.6.

Table 7-15 identifies the major conservation values of the KEF within the KEF within the OSMP multiple
use zone and summarises potential impacts and risks from the discharge of the 2,380 in array.

6. KEF - Carbonate bank and terrace system of the Sahul Shelf

The carbonate bank and terrace system of the Sahul Shelf (unique sea-floor feature) KEF is located
>81 km from the FPZ boundary, and therefore outside of the Scope of this EP. Acoustic impacts to the
carbonate bank and terrace system of the Sahul Shelf within the OSMP and outside of the FPZ are not
predicted to exceed acoustic threshold levels that are known to cause behavioural
temporary/recoverable injury, serious/permanent injury or mortality for marine fauna within the
ecosystem.

As such, acoustic impacts to the carbonate bank and terrace system of the Sahul Shelf is reduced to
ALARP as distances >81 km provides adequate separation and environmental protection from acoustic
impacts caused by the seismic activities. Implementing a separation distance >81 km from the BIA to
the FPZ would not provide additional environmental benefit to the values and sensitivities of the OSMP
value nor provide additional protection from acoustic impacts. At this distance, received sound levels
from the seismic activities will not cause acoustic impacts nor exceed known acoustic threshold criteria
for marine fauna, and thus will not impact adversely the corresponding IUCN management principles
for the multiple use zone, which define the acceptable levels of impact for the KEF within the OSMP
multiple use zone.

7. KEF - Pinnacles of the Bonaparte Basin (enhanced productivity, unique sea-floor feature)

The Pinnacles of the Bonaparte Basin KEF is outside of the FPZ, the closest pinnacle to the FPZ is >20
km. Biological communities identified within the Pinnacle of the Bonaparte Basin are plankton, high-
order pelagic animals such as; sharks, cetaceans, pelagic fish, aggregations of demersal fish, marine
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turtles, sea snakes, and sessile benthic invertebrates such as; hard and soft corals and sponges
(DEWHA 2008b; (DSEWPaC 2012). The Evaluation of Environmental Impacts for these species has
been undertaken see Sections:

e Plankton —Section 7.1.5.1.

e |nvertebrates —Section 7.1.5.2.

e Fish, demersal and pelagic —Section 7.1.5.3.
e Sharks —Section 7.1.5.4.

e Marine turtles —Section 7.1.5.5.1.

e Sea Snakes — Section 7.1.5.5.2.

e Marine Mammals —Section 7.1.5.6.

Pinnacles of the Bonaparte Basin KEF is ~20 km from the FPZ. From the JASCO acoustic modelling,
for all sites the received levels at 20 km from the FPZ are not predicted to exceed 160 dB re 1 pPa
(SPL) or 150 dB re 1 pPa?s (SEL) (McPherson and Li 2017). Therefore, acoustic impacts to the
ecosystems of this region within the OSMP and outside of the FPZ are not predicted to exceed acoustic
threshold levels that are known to cause behavioural, temporary/recoverable injury, serious/permanent
injury or mortality for marine fauna within the ecosystem.

As such, acoustic impacts to the Pinnacles of the Bonaparte Basin KEF is reduced to ALARP, as ~20
km distance will provide adequate separation and environmental protection from acoustic impacts
caused by the seismic activities. Implementing a separation distance >20 km from the KEF to the FPZ
would not provide additional environmental benefit to the values and sensitivities of the OSMP value
nor provide additional protection from acoustic impacts. At this distance away, received sound levels
from the seismic activities will not cause acoustic impacts nor exceed known acoustic threshold criteria
for marine fauna, and thus will not impact adversely the corresponding IUCN management principles
for the multiple use zone, which define the acceptable levels of impact for the KEF within the OSMP
multiple use zone.

8. KEF - Shelf break and slope of the Arafura Shelf (unique sea-floor feature)

The shelf break and slope of the Arafura Shelf is >3.5 km from the FPZ. Biological communities
identified within the shelf break and slope of the Arafura Shelf are plankton, predatory fish, marine
turtles, sharks and some coral communities are found in the euphotic zone of this feature (DEWHA
2008b; (DSEWPaC 2012). The Evaluation of Environmental Impacts for these species has been
undertaken see Sections:

e Plankton —Section 7.1.5.1.

e Invertebrates —Section 7.1.5.2.

e Fish, demersal and pelagic —Section 7.1.5.3.
e Sharks —Section 7.1.5.4.

e Marine turtles —Section 7.1.5.5.1.

The shelf break and slope of the Arafura Shelf KEF is ~3.5 km from the FPZ. From the JASCO acoustic
modelling, for all sites the received levels at 3.5 km from the FPZ are not predicted to exceed 170 dB
re 1 uPa (SPL) or 160 dB re 1 pPa2s (SEL) (McPherson and Li 2017). Therefore, acoustic impacts to
the ecosystems of this region within the OSMP and outside of the FPZ are not predicted to exceed
acoustic threshold levels that are known to cause serious/permanent injury or mortality for marine fauna
within the ecosystem.

As such, acoustic impacts to the ecosystems of the Timor Transition Province is reduced to ALARP, as
~3.5 km distance will provide adequate separation and environmental protection from acoustic impacts
caused by the seismic activities. Implementing a separation distance >3.5 km from the KEF to the FPZ
would not provide additional environmental benefit to the values and sensitivities of the MP value nor
provide additional protection from acoustic impacts. At this distance away, received sound levels from
the seismic activities will not exceed known acoustic mortality threshold criteria for marine fauna, and
thus will notimpact adversely the corresponding IUCN management principles for the multiple use zone,
which define the acceptable levels of impact for the KEF within the OSMP multiple use zone.
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Table 7-15: Potential acoustic impacts from the Bethany survey to the major conservation values of the Oceanic Shoals Marine Park — IUCN VI
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13 Popper et al. (2014). For the purposes of this impact assessment process the semi-quantitative distances from the source of Near (N), Intermediate (1) and Far (F) have been determined to be: N — tens of metres; | — hundreds of metres; and F — thousands of
metres, as defined in Popper et al. (2014).

14 NSF (2011).
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Predicted
received
level is
below the
marine
fauna
exposure
criteria

A level 1
residual risk
is
considered
acceptable
anditis
assumed
that ALARP
has been
achieved.
Therefore,
impacts to
marine
turtles within
the OSMP
flatback
turtle
internesting
BIA is
considered
Acceptable.

or

>210 dB SELcum Yes
or
>207 dB PK
Important <130
foraging 7155 (SEL)
area for n/a ' 1 | ~100 km Site 1 40.9 n/a
loggerhead ’ <140
turtles (SPL)
Behavioural
disturbance!4 Yes
166 dB (SPL)
important 7155 <150 W enorta a3
foraging n/a ' 1 e ~13 km Site 1 40.9 (SEL) n/a Jury Yes
area for : >210 dB SELcum

Very Low (1)

Acceptable
Predicted
received
level is
below the
marine
fauna
exposure
criteria
Alevel 1
residual risk
is
considered
acceptable
and itis
assumed
that ALARP
has been
achieved.
Therefore,
impacts to
marine
turtles within
the OSMP
flatback
turtle
internesting
BIA is
considered
Acceptable.

Very Low (1)

Acceptable
Predicted
received
level is
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olive ridley
turtles

<160
(SPL)

>207 dB PK

below the
marine
fauna
exposure
criteria

A level 1
residual risk
is
considered
acceptable
and itis
assumed
that ALARP
has been
achieved.
Therefore,
impacts to
marine
turtles within
the OSMP
flatback
turtle
internesting
BIA is
considered
Acceptable.

Behavioural
disturbance!4
166 dB (SPL)

Yes

Very Low (1)

Acceptable
Predicted
received
level is
below the
marine
fauna
exposure
criteria
Alevel 1
residual risk
is
considered
acceptable
and itis
assumed
that ALARP
has been
achieved.
Therefore,
impacts to
marine
turtles within
the OSMP
flatback
turtle
internesting
BIA is
considered
Acceptable.

Examples of
the
ecosystems
of the
Northwest

Plankton

7.1.5.1.

Wwithin
FPZ

n/a
Table
10-13in
JASCO
Dec.

65

>207
(PK)

165 m

Mortality, potential
mortal injury®3
>210 dB SELcum

or
>207 dB PK

No

FPZ
overlaps
1.48% of
the
Northwe

Very Low (1)

Acceptable
Alevel 1
residual risk
is
considered
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Shelf
Transition

Invertebrate
s/
sponges,
corals

2017
Report

40.9-
84 m

>178
(PK-PK)

n/a

Maximum received
levelt®

178 dB PK-PK

No

Im
belo

array

257 dB
re 1 yPa

n/a

260 dB re 1 yPa (PK-
PK)16

Yes

st shelf
transition
Province

acceptable
and itis
assumed
that ALARP
has been
achieved.
Therefore,
impacts to
plankton
within the
OSMP is
considered
Acceptable.
Though
mortality or
mortal injury
may occur to
plankton,
including
fish eggs
and larvae,
potential
impacts are
localised
(within the
operational
area) and
short term
based on
estimated
recovery
times.

Very Low (1)

Acceptable
Predicted
received
level is
below the
marine
fauna
exposure
criteria
Alevel 1
residual risk
is
considered
acceptable
anditis
assumed
that ALARP
has been
achieved.
Therefore,
impacts to
invertebrate
s such as
corals and
sponges
within the
OSMP is
considered
Acceptable.

15 McCauley et al. (2017)
16 Hastings (2008)
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Prawns

Molluscs

Mortality, potential

45 (P>K2-(|)32K) 522 m mortal injury No
>202 dB PK-PK
213 dB re 1uPa PK-
>213 17
55 (PK) 72m PK No

Low (2)

Acceptable
Alevel 2
residual risk
is
acceptable
provided
that ALARP
has been
achieved
and
demonstrate
d:

The area of
potential
impact 4,800
km?
represents
only ~0.6%
of the total
NPF area.
The survey
period does
not overlap
the main
migration of
juvenile
prawns
across the
region, with
the
migration of
the main
cohort
occurring
between
November
and March,
with a
possible
second
cohort
migrating
from April to
June.
Therefore,
impacts to
prawns
within the
OSMP is
considered
Acceptable

Very Low (1)

Acceptable
Alevel 1
residual risk
is
considered
acceptable
and itis
assumed
that ALARP
has been
achieved.
Therefore,

17 Day et al. 2016b, 2017
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Fish,
demersal

and pelagic:

Mortality
TTS
Behaviour

7.1.5.3.

65

>207
(PK)

165m

Mortality, potential
mortality injury and
recoverable injury3
>210 SELcum
or
>207 dB PK

No

impacts to
pearl oysters
within the
OSMP is
considered
Acceptable.

Low (2)

Moderat
e

Behavioural
disturbance!?
(N) High
(I) Moderate
(F) Low

No

Low (2)

Acceptable
Alevel 1
residual risk
is
considered
acceptable
and itis
assumed
that ALARP
has been
achieved. If
the activity
results in
TTS and
increased
mortality, no
ecosystem
or
population
level effects
were
identified.
Therefore,
impacts to
fish within
the OSMP is
considered
Acceptable.

Low (2)

Acceptable
Alevel 2
residual risk
is
acceptable
provided
that ALARP
has been
achieved
and
demonstrate
d: see Table
7-16.
Behavioural
responses
from fish to
the seismic
source is
likely within
a relatively
localised
area
(hundreds to
thousands of
metres) and
would be of
short term
duration as
the seismic
source
passes
(minutes to
hours).
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Sharks

7.1.5.4.

55

>213
(PK)

72 m

Mortality, potential
mortality injury and
recoverable injury®3
>219 dB SELcum
or
>213 dB peak

No

Population
level effects
are unlikely
to occur as
the survey is
not being
undertaken
during the
spawning
season and
the area is
not identified
as
signification
aggregation
area.

Very Low (1)

Acceptable
Alevel 2
residual risk
is
acceptable
provided
that ALARP
has been
achieved
and
demonstrate
d: see Table
7-16. 1.5%
of the OSMP
will be
impacted,
based on an
area of
impact of
1,095 km?2.
There is no
indication
that the area
of predicted
impact, the
FPZ or the
broader
operational
area impact
includes any
locations
where
significant
shark or ray
numbers
occur, thus it
is unlikely
that large
numbers of
sharks or
rays will be
present in
the survey
area during
acquisition.
Therefore,
impacts to
sharks
within the
OSMP is
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Marine
turtles

7.15.5.

>207

Mortality, potential
mortal injury®3

considered
Acceptable

65 (PK) 165m >210 dErSELcum No
>207 dB PK
Behavioural
Site 4 43.9 >166 n/a disturbance!4 No

166 dB (SPL)

Very Low (1)

Acceptable
A level 1
residual risk
is
considered
acceptable
anditis
assumed
that ALARP
has been
achieved.
Therefore,
impacts to
marine
turtles within
the OSMP is
considered
Acceptable.

Very Low (1)

Acceptable
Alevel 1
residual risk
is
considered
acceptable
and it is
assumed
that ALARP
has been
achieved.
Therefore,
impacts to
marine
turtles within
the OSMP is
considered
Acceptable.
Noise levels
above the
turtle
behavioral
disturbance
threshold
are not
received at
the habitat
critical to the
survival of
the species
for flatback
turtles or the
olive ridley
foraging BIA
from any
location
within the
Bethany
survey area.
The
maximum
distance of
4.5 km
(Rmax
distance) is
for Site 3,
which is not
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adjacent to
habitat
critical to the
survival of
the species
for turtles or
any BlAs.
The OSMP
covers an
area of
71,744 km2,
the area of
potential
behavioural
impact is
6,651 km2,
which
represents
9.3% of the
OSMP.

KEF -
Carbonate
bank and
terrace
system of
the Van
Diemen Rise
(unique sea-
floor feature)

Plankton

7.1.5.1.

Invertebrate
s:
sponges /
Coral

7.1.5.2.

Within

n/a
Table
10-13in
JASCO
Dec.
Report

65

>207
(PK)

165m

Mortality, potential
mortal injury
>210 dB SELcum
or
>207 dB PK

No

40.9-
84 m

>178
(PK-PK)

n/a

Maximum received
level

178 dB PK-PK

No

belo

array

257 dB
re 1 yPa

n/a

260 dB re 1 pPa (PK-
PK)

Yes

FPZ
overlaps
17.37%
of the
KEF

Coincide
s with %
overlap
of the
FPZ with
bank
(~7%)
and
terrace
(~10%)
features
of the
OSMP
(Table
5-9)

Very Low (1)

Acceptable
Alevel 1
residual risk
is
considered
acceptable
and it is
assumed
that ALARP
has been
achieved.
Therefore,
impacts to
plankton
within the
OSMP is
considered
Acceptable.
Though
mortality or
mortal injury
may occur to
plankton,
including
fish eggs
and larvae,
potential
impacts are
localised
(within the
operational
area) and
short term
based on
estimated
recovery
times.

Very Low (1)

Acceptable
Predicted
received
level is
below the
marine
fauna
exposure
criteria
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Alevel 1
residual risk
is
considered
acceptable
and itis
assumed
that ALARP
has been
achieved.
Therefore,
impacts to
invertebrate
s such as
corals and
sponges
within the
OSMP is
considered
Acceptable.
Acceptable
A level 2
residual risk
is
acceptable
provided
that ALARP
has been
achieved
and
demonstrate
d:
The area of
potential
impact 4,800
km?
represents
only ~0.6%
of the total
NPF area.
The survey
period does
5202 Mortality, potential not overlap
Prawns 45 (PK-PK) 522 m mortal injury No Il b Low (2) the main
>202 dB PK-PK migration of
juvenile
prawns
across the
region, with
the
migration of
the main
cohort
occurring
between
November
and March,
with a
possible
second
cohort
migrating
from April to
June.
Therefore,
impacts to
prawns
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Molluscs

Fish,
demersal

and pelagic:

Mortality TT
S
Behaviour

7.1.5.3.

within the
OSMP is
considered
Acceptable

Very Low (1)

Acceptable
Alevel 1
residual risk
is
considered
acceptable
and itis
assumed
that ALARP
has been
achieved.
Therefore,
impacts to
pearl oysters
within the
OSMP is
considered
Acceptable.

Low (2)

>213 213 dB re 1yPa PK-
55 (PK) 72m PK No
Mortality, potential
mortality injury and
>207 recoverable injury
(PK) 165m >210 SELcum No
or
>207 dB PK
65
Behavioural
disturbance
Moo(laerat (N) High No
(I) Moderate
(F) Low

Low (2)

Acceptable
Alevel 1
residual risk
is
considered
acceptable
and it is
assumed
that ALARP
has been
achieved. If
the activity
results in
TTS and
increased
mortality, no
ecosystem
or
population
level effects
were
identified.
Therefore,
impacts to
fish within
the OSMP is
considered
Acceptable.

Low (2)

Acceptable
A level 2
residual risk
is
acceptable
provided
that ALARP
has been
achieved
and
demonstrate
d: see Table
7-16.
Behavioural
responses
from fish to
the seismic
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Sharks

7.1.54.

55

>213
(PK)

72 m

Mortality, potential
mortality injury and
recoverable injury
>219 dB SELcum
or
>213 dB peak

No

source is
likely within
a relatively
localised
area
(hundreds to
thousands of
metres) and
would be of
short term
duration as
the seismic
source
passes
(minutes to
hours).
Population
level effects
are unlikely
to occur as
the survey is
not being
undertaken
during the
spawning
season and
the area is
not identified
as
signification
aggregation
area.
Therefore,
impacts to
fish within
the OSMP is
considered
Acceptable

Very Low (1)

Acceptable
A level 2
residual risk
is
acceptable
provided
that ALARP
has been
achieved
and
demonstrate
d: see Table
7-16. 1.5%
of the OSMP
will be
impacted,
based on an
area of
impact of
1,095 km?2,
There is no
indication
that the area
of predicted
impact, the
FPZ or the
broader
operational
area impact
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Marine
turtles

7.1.55.

includes any
locations
where
significant
shark or ray
numbers
occur, thus it
is unlikely
that large
numbers of
sharks or
rays will be
present in
the survey
area during
acquisition.
Therefore,
impacts to
sharks
within the
OSMP is
considered
Acceptable

Mortality, potential

Very Low (1)

Acceptable
Alevel 1
residual risk
is
considered
acceptable
and it is
assumed
that ALARP
has been
achieved.
Therefore,
impacts to
marine
turtles within
the OSMP is
considered
Acceptable.

mortal injury
65 | 207 165 m >210 dB SELeum No
(PK) or
>207 dB PK
Behavioural
Site 4 43.9 >166 n/a disturbance No

166 dB (SPL)

Very Low (1)

Acceptable
Alevel 1
residual risk
is
considered
acceptable
and itis
assumed
that ALARP
has been
achieved.
Therefore,
impacts to
marine
turtles within
the OSMP is
considered
Acceptable.
Noise levels
above the
turtle
behavioral
disturbance
threshold
are not
received at
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Sea snakes

7.1.55.

n/a
Table
10-13in
JASCO
Dec.
2017
Report

65

>207
(PK)

165m

Mortality, potential
mortal injury13
>210 dB SELcum
or
>207 dB PK

No

the habitat
critical to the
survival of
the species
for flatback
turtles or the
olive ridley
foraging BIA
from any
location
within the
Bethany
survey area.
The
maximum
distance of
4.5 km
(Rmax
distance) is
for Site 3,
which is not
adjacent to
habitat
critical to the
survival of
the species
for turtles or
any BIAs.
The OSMP
covers an
area of
71,744 km2,
the area of
potential
behavioural
impact is
6,651 km2,
which
represents
9.3% of the
OSMP.

Very Low (1)

Acceptable
Alevel 1
residual risk
is
considered
acceptable
and itis
assumed
that ALARP
has been
achieved.
Based on
the
assessment,
mortality and
behavioural
impacts to
sea snakes
may occur
within a very
localised
area of
0.26% of the
FPZ.
Therefore,
impacts to
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Marine
mammals

7.15.6.

Site 3

60

>160
(SEL)

3.3km

TTS to cetaceans
160 dB (SEL)

No

sea shakes
within the
OSMP is
considered
Acceptable.

Very Low (1)

Acceptable
Alevel 1
residual risk
is
considered
acceptable
and itis
assumed
that ALARP
has been
achieved.
Within the
area of
potential
impact there
are no
marine
mammal
biologically
important
areas or
migratory
paths, thus it
is unlikely
that large
numbers of
cetaceans
will be
present in
the survey
area during
acquisition.
TTS to
cetaceans is
unlikely as
they are
likely to
move away
from the
survey area
when noise
levels are
above
behavioural
thresholds.
For marine
mammals no
biological
important
areas,
critical
habitats or
migratory
pathways
were
identified
within the
area of
impact or
within the
OSMP.
Therefore,
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impacts to
cetaceans
within the
OSMP is
considered
Acceptable.

>160
(SPL)

6.5 km

Behavioural
disturbance
160 dB (SPL)

No

Low (2)

Acceptable
Alevel 2
residual risk
is
acceptable
provided
that ALARP
has been
achieved
and
demonstrate
d: Within the
area of
potential
impact there
are no
cetacean
biologically
important
areas or
migratory
paths, thus it
is unlikely
that large
numbers of
cetaceans
will be
present in
the survey
area during
acquisition.
Based on
the area for
the OSS
bioregion of
153,880
km?2, the
area of
potential
impact of
7,962 km?
represents
5.17% of
this region.
Therefore,
impacts to
cetaceans
within the
OSMP is
considered
Acceptable.

Notes: dB SPL (Sound pressure level, dB re 1 pPa); dB PK (PK - Peak pressure level threshold, dB re 1 yPa); dB SEL (SEL — Sound Exposure Level, dB re 1 yPa?s); SELss (per-pulse SEL - dB re 1 pPa2.s); SELcum,

[SELss+10log10(N)] - for piling driving and VSP, to apply it to seismic surveys is highly conservative.

If the SELss is approximately the same for all events, then the SEL cum can be estimated as SELss +10log 10 (N), where N is the number of impulsive events (Popper, 2014).
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Table 7-16: Seismic Noise Risk Assessment

ALARP Decision Context

Decision
Context

Justification

3D seismic surveys are commonly undertaken in both Australian and international waters.
There has been numerous studies on the effects of seismic sound on receptors with a
range of effects to no effects identified. Seismic surveys in Australia are well regulated
and guidance is available for managing potential impacts to sound sensitive marine fauna.
Sound sensitive marine fauna (whales, sharks, rays) have been identified as having the
potential to transit through the area, and the operational area overlaps a BIA for foraging

B olive ridley turtles, which is 13 km from the FPZ and habitat critical to the survival of the

species for flatback turtles is ~7.1 km of the FPZ. The survey acquisition area also
overlaps the Timor Reef Fishery, Demersal Fishery and Pearl Oyster Fishery. The
operational area overlaps the Northern Prawn Fishery. During consultation with NTDPIR
and commercial fishers concerns were raised in regards to the impacts of seismic surveys
on commercial fish and invertebrate species Consequently, Santos believes Decision
Context B should be applied to this aspect.

Control Measure Identification

Good Practice

Control Measure Cost Benefit Applied
EPBC Act Policy
Statem(_ant 2.1- The implementation of Part A S
Interaction . Minimise impacts to cetaceans
of the EPBC policy statement
between Offshore . . and whale sharks that maybe
e for cetaceans is considered to s
seismic . transiting through the area. The Yes
— be a good practice control o . :
exploration: Part A benefit is considered to outweigh
) measure thus has not been
applied to the cost.
evaluated further.
cetaceans and
whale sharks
Noise modelling did not identify
any impacts to the turtle
Statement 2.1 - The implementation of Part A - ' [IKely
. . turtles will be present in the
Interaction of the EPBC policy statement
) survey area. Thus, EPBC Act
between Offshore | to turtles has an increased cost . . Yes
e . Policy Statement 2.1 - Interaction
seismic as may lead to increased shut -
. between Offshore seismic
exploration: Part A | downs. . . .
) exploration: Part A will be applied
applied to turtles. S
to turtles as a control to minimise
impacts to turtles. The benefit is
considered to outweigh the cost.
Noise modelling did not identify
any impacts to the turtle
Recpvery plan_ for This control measure is internesting or forr?\g_lng BIA
marine turtles in buffers, however, it is likely that
Australia identifies _covered und_e r the turtles will be present in the
implementation of EPBC Act
soft start . survey area. Thus, EPBC Act
Policy Statement 2.1 - . . Yes
procedures as a . Policy Statement 2.1 - Interaction
Interaction between Offshore -
control for N S between Offshore seismic
S , seismic exploration: Part A and . ; :
minimising noise ) . exploration: Part A will be applied
. thus is not discussed further. UL
impacts to turtles. to turtles as a control to minimise
impacts to turtles. The benefit is
considered to outweigh the cost.
EPBC Act Policy ' . .
Statement 2.1 - Employment of experienced Thelbeneﬁt of having trained
; . ; Marine Fauna Observers (MFOs)
Interaction MMOs is not considered to :
ensures controls are implemented | Yes

between Offshore
seismic
exploration: Part

result in a significant cost to
the project.

and they are better equipped to
identify cetaceans and other
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B. B.1.Marine
Mammal
Observers

fauna. The benefit is considered
to outweigh the cost.

Schedule survey
to avoid receptors
seasonal timings.

Reducing the survey timing
window can lead to increased
costs due to stand by time or
full acquisition of data not
being achieved. This can have

a significant cost (> $1 million).

There are no migratory routes,
breeding or feeding areas near
the survey area with the
exception of the BIA for foraging
olive ridley turtles (which no
impacts from seismic noise are
predicted) for which no
seasonality is defined, and the
habitat critical to the survival of
the species for flatback turtles
(which no impacts from seismic
noise are predicted) for which
peak nesting is Jun - Sep. The
main fisheries in the area (TRF
and Demersal) do not have a
closed season and peak
spawning occurs from Sept to
May. The survey was planned on
original information that period of
least intensity (June — mid
August) and prior to the start of
spawning in October. This
requirement meant that the
survey does overlap with the NPF
second season which
commences in September but
there is only a very small overlap
with this fishery (<1%).

The benefit is considered to
outweigh the cost.

There is generally less
seasonality in zooplankton
biomass in tropical regions, and
thus the time of the year that a
survey is conducted is less
important (from a zooplankton
perspective (Richardson et al.
2017).

Yes

Undertake the
survey during the
day when
potentially less
zooplankton is
near the surface

Only conducting the survey
during the day would double
the survey time and cost this
can have a significant cost (>
$1 million).

No significant spawning or fauna
reliant on plankton are identified
in the area. It is also unclear how
effective this control would be
considering the increased costs
and time of the survey, as such
the costs outweigh the
environmental benefits.

No

Conduct survey
into or across the
prevailing currents
to reduce
likelihood of
plankton being
impacted multiple
times by the
seismic source

The predominant current
direction during the period of
the survey area are north-
northwest (across the survey
line) and south-west (direction
of survey lines) thus for the
majority of this can be
achieved. If the currents are
south-west the one line will be
into the current and the next
will be with the current.
However, to always be into the

Conducting the survey across and
into the prevailing currents may
reduce likelihood of plankton
being impacted multiple times by
the seismic source. The planned
survey lines will achieve this with
the exception of if the currents are
south-west as some lines will be
with the current. Implementation
of the planed survey lines on an
approximate south-west/north
east line will reduce potential

Yes
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current would increase the time
of the survey increasing cost
and moving the survey further
into peak spawning season.

impacts to 