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Abbreviations and Acronyms

1 pPa Micropascal (root-mean-square sound pressure)
1pPa@1m Micropascal at one metre

1uPa? Mean-square sound pressure

1uPa’s Sound exposure

ABSTIA Australian Southern Bluefin Tuna Industry Association
AFMA Australian Fisheries Management Authority

AFZ Australian Fishing Zone

AHS Australian Hydrographic Service

AHTS Anchor handling, tow and support (vessels)

AICS Australian Inventory of Chemical Substances
ALARP As low as reasonably practicable

AMOSC Australian Marine Qil Spill Centre

AMP Australian Marine Park

AMSA Australian Maritime Safety Authority

APPEA Australian Petroleum Production and Exploration Association
API American Petroleum Institute

ASTM American Society for Testing and Materials

bbls Standard Barrels (unit)

Beach Beach Energy Limited

BIA Biologically important area

BOD Biological oxygen demand

BOEM US Bureau of Ocean Energy Management

BOP Blow-out preventer

BP BP Developments Australia Pty Ltd

BPMF Broome Prawn Managed Fishery

cd Cadmium

CEFAS Centre for Environment, Fisheries and Aquaculture Science
CFA Commonwealth Fisheries Association

CH, Methane

CHARM Chemical Hazard and Risk Management

Co, Carbon dioxide

Cue Cue Exploration Pty Ltd
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DAWE Department of Agriculture, Water and Environment

dB Decibels

DBCA Department of Biodiversity, Conservation and Attractions
dB PK dB re 1pPa PK

dB RMS dBre1lpuPa @ 1 mRMS

dB SEL dB SEL re 1puPa’s

dB SEL.,m 24 hr Cumulative SEL over 24 hours

DotEE Department of the Environment and Energy

DP Dynamically Positioned

DPLH Department of Planning, Lands and Heritage

DPIRD Department of Primary Industries and Regional Development
DPZz Distinct Permeable Zones

ECS Elemental Capture Spectroscopy sonde

EEZ Exclusive Economic Zone

EMBA Environment that May Be Affected

EP Environment Plan

EPBC Act Environment Protection and Biodiversity Conservation Act 1999
ERP Emergency Response Plan

ESD Ecologically Sustainable Development

FLNG Floating Liquefied Natural Gas

GOO Global Operations Organisation

GWO Global Wells Organisation

HF High-Frequency

Hg Mercury

Hz Hertz

HSSE Health, Safety, Security and Environment

IADC International Association of Drilling Contractors

IAP Incident Action Plan

IAPP International Air Pollution Prevention

ICUN International Union for Conservation of Nature

IEE International energy efficiency

IMCRA Integrated Marine and Coastal Regionalisation of Australia
IMO International Martime Organisation

IMS Invasive marine species
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IMT Incident Management Team

I0PP International Oil Pollution Prevention
10T Indian Ocean Territories

IPA Indigenous Protected Area

IRIS BP’s database for incident action tracking
JPDA Joint Petroleum Development Area

JRCC AMSA’s Joint Rescue Coordination Centre
KEF Key Ecological Feature

kHz Kilohertz

KPMF Kimberley Prawn Managed Fishery

LCM Lost circulation materials

LEL Lower Explosive Limits

LF Low-Frequency

LOWC Loss of well control

LWD Logging while drilling

m Metre

MAFMF Marine Aquarium Fish Managed Fishery
MARS Maritime Arrivals Reporting System
MDO Marine Diesel Oil

MES Monitoring, Evaluation and Surveillance
MF Mid-Frequency

MFO Marine Fauna Observer

MMA Marine Management Area

MMscf One million standard cubic feet

MNES Matters of National Environmental Significance
MO Marine Order

MoC Management of Change

MODU Mobile Offshore Drilling Unit

MoU Memorandum of Understanding

MP Marine Park

MSDS Material Safety Data Sheet

MPA Marine Protected Areas

NatPlan National Plan for Maritime Environmental Emergencies
NBPMF Nickol Bay Prawn Managed Fishery
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NEPM Australian Ambient Air Quality National Environmental Protection (Air Quality)
Measures

NICNAS National Industrial Chemicals Notification and Assessment Scheme

NMR Nuclear Magnetic Resonance

NOEC No Observed Effect Concentration

Non-CHARMable Products not applicable to CHARM model

NOPSEMA National Offshore Petroleum Safety and Environmental Management Authority

NOx Oxides of nitrogen

NT Northern Territory

NWMR North West Marine Region

NWS North West Shelf

NWSTF North West Slope Trawl Fishery

NzZOG NZOG (lronbark) Pty Ltd

OCNS Offshore Chemical Notification Scheme

ODME Oil Discharge Monitoring Equipment

OGUK Oil and Gas United Kingdom

OIE Offset Installation Equipment

omMs Operating Management System

OPEP Oil Pollution Emergency Plan

OPGGS Act Offshore Petroleum and Greenhouse Gas Storage Act 2006

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

OPMF Onslow Prawn Managed Fishery

OSMP Operational Scientific Monitoring Program

OSRL Oil Spill Response Limited

OWR Oiled Wildlife Response

Oows Oily Water Separator

P&IDs Piping and Instrumentation Drawings

PK Peak

PM Particulate Matter

PMS Preventative Maintenance System

PNEC Predicted no effect concentration

ppm Parts per million

PTS Permanent Threshold Shift
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PVT Pressure Volume Temperature

RAAF Royal Australian Air Force

re Reference

RMS Root mean square

RO Reverse Osmosis

ROV Remotely operated vehicle

SBM Synthetic based muds

SBTF Southern Bluefin Tuna Fishery

SEEMP Ship Energy Efficiency Management Plan
SEL Sound Exposure Level

SIMA Spill Impact Mitigation Assessment
SIMAP Spill Impact Mapping and Analysis Program
SMPEP Shipboard Marine Pollution Emergency Plan
SOC Synthetic on Cuttings

SOPEP Shipboard Oil Pollution Emergency Plan
SORC Safety and Operational Risk Committee
SOx Oxides of sulphur

SPL Sound Pressure Level

SPRAT Species Profile and Threats (Database)
SSMF Specimen Shell Managed Fishery

T Tonnes

D Target Depth

TSS Total Suspended Solids

TTS Temporary Threshold Shift

UAV Unmanned Aerial Vehicles

UNCLOS United Nations Law of the Sea Convention
VSP Vertical seismic profiling

WA Western Australia

WAFIC Western Australian Fishing Industry Council
WBG World Bank Group

WBM Water-based muds

WCD Worst-case discharges

WDTF Western Deepwater Trawl Fishery

WHA World Heritage Area
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1 Introduction

1.1 Environment Plan Summary

The Ironbark Exploration Drilling Environment Plan (EP) Summary has been prepared from material
provided in this EP. The summary consists of the following as required by Regulation 11(4) of the
Commonwealth Offshore Petroleum and Greenhouse Gas Storage (Environment) Regulations 2009
(OPGGS(E)R).

Table 1-1: EP Summary Requirements

EP Summary Material Requirement Relevant Section of EP Containing EP Summary Material

The location of the activity Section 2.1.1

A description of the receiving environment Section 3 and Appendix A

A description of the activity Section 2

Details of the environmental impacts and risks Section 5 and Section 6; Appendix B and Appendix C
The control measures for the activity Section 5 and Section 6

The arrangements for ongoing monitoring of the titleholder’s | Section 5, Section 6 and Section 7
environmental performance

Response arrangements in the oil pollution emergency plan Section 7.5;Appendix D and Appendix E

Consultation already undertaken and plans for ongoing | Section 7.11; Appendix F
consultation

Details of the titleholders nominated liaison person for the | Section 1.5
activity

1.2 Background

BP Developments Australia Pty Ltd (BP) has entered into a Joint Operating Agreement with Cue
Exploration Pty Ltd (Cue), Beach Energy Limited (Beach) and NZOG (lronbark) Pty Ltd (NZOG) covering
Exploration Permit WA-359-P. BP, Cue, Beach and NZOG are the titleholders of WA-359-P and have agreed
to form a joint venture to further explore the Ironbark prospect in WA-359-P (Figure 1-1). BP is the
titleholder nominated to undertake eligible voluntary actions on behalf of all titleholders, and is also the
operator under the Joint Operating Agreement.

To meet their work program obligations under the title, the titleholders are required to drill a single
exploration well within WA-359-P.
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Figure 1-1: Location of WA-359-P

1.3 Purpose

The Ironbark prospect is in Commonwealth waters. Accordingly, this EP has been prepared to meet the
requirements of Commonwealth legislation, namely the Offshore Petroleum and Greenhouse Gas Storage
(Environment) Regulations 2009 (OPGGS(E)R).

1.4 Scope

This EP includes exploration drilling and associated activities to be undertaken by BP with a Mobile
Offshore Drilling Unit (MODU) as defined in Section 2.3 within the Operational Area as defined in Section
2.1.2.

Excluded from the scope of this EP are vessels transiting to or from the Operational Area. These vessels
are deemed to be operating under the Commonwealth Navigation Act 2012 and not performing a
petroleum activity.

1.5 Titleholder Details

The participating interests in WA-359-P are presented in Table 1-2 and the liaison person for this
petroleum activity is included in Table 1-3. If the titleholder or titleholder’s nominated liaison person or
contact details for the nominated liaison person changes, BP will notify the National Offshore Petroleum
Safety and Environmental Management Authority (NOPSEMA) in accordance with Regulation 15(3) of the
OPGGS(E)R. Specifically, a written notification including any changes to Table 1-2 and Table 1-3 will be
provided to NOPSEMA as soon practicable after the change occurs.
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Table 1-2: Titleholder Participating Interests and Operatorship

Titleholder Operator
WA-359-P BP 42.5% (ACN 081 102 856) BP

Cue 21.5% (ACN 004431850)

Beach 21% (ACN 007 617 969)

NZOG 15% (ACN 629599766)

Table 1-3: Details of Titleholder and Liaison Person

Titleholder

Company Name BP Developments Australia Pty Ltd

ACN 081 102 856

Registered Business Address GPO Box 5222 Melbourne, VIC 3008 Australia
Name Tzila Katzel

Position Director Environmental and Community Affairs
Telephone Number 08 9420 1828

Email Address Tzila.Katzel@sel.bp.com

1.6 Requirements

This section provides information on the requirements that 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 activity is located in Commonwealth waters.

Table 1-4 details the Commonwealth requirements and any codes or guidelines applicable to the activity,
and Table 1-5 details the Recovery Plans, Threat Abatement Plans and Species Conservation Advices
relevant to those species that have been identified to be present within the extent of the Environment
that May Be Affected (EMBA) by the activity (Section 3).
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Table 1-4: Summary of Requirements Relevant to the Activity

Requirement

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.

Application to Activity

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

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.

Administering Authority
AMSA

Australian Ballast
Water Management
Requirements (DAWR
2017)

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.

Provides requirements on how vessel operators should manage
ballast water when operating within Australian seas to comply with

the Biosecurity Act 2015.
Section 6.3 details these relation to the

management of ballast water.

requirements in

Department of
Agriculture, Water and
Environment (DAWE)

assessment and approval processes; and

e Provides an integrated system for biodiversity
conservation and management of protected
areas.

MNES are:
e World heritage properties;
e RAMSAR wetlands;

Act and assess any impacts and risks to these.
Section 3 describes matters protected under Part 3 of the EPBC Act.

The EP must assess any actual or potential impacts or risks to MNES
from the activity.

Section 5 and Section 6 provides an assessment of any impacts and
risks to matters protected under Part 3 of the EPBC Act.

Biosecurity Act 2015 The objects of this Act include the provision to | The Biosecurity Act and regulations apply to ‘Australian territory’ DAWE
Biosecurity manage risks related to ballast water and | which is the airspace over and the coastal seas out to 12 nm from
Regulations 2016 biosecurity emergencies. the coastline.
For the activity it regulates vessels entering Australian territory
regarding ballast water and hull fouling.
Biosecurity risks associated with the activity are detailed in Section
6.3.
Environment The Act aims to: Petroleum activities are excluded from within the boundaries of a DAWE
Pfote_'ctior.r and e Protect matters of national environmental World Heritage Area (Sub regulation 10A(f).
Biodiversity significance (MNES); The activity is not within a World Heritage Area.
Conservation Act 1999
(EPBC Act) e Provides for Commonwealth environmental The EP must describe matters protected under Part 3 of the EPBC
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Requirement

e Listed threatened species and communities;

e Migratory species under international
agreements;

e Nuclear actions,
e Commonwealth marine environment;
e Great Barrier Reef Marine Park; and

e Water trigger for coal seam gas and coal
mining developments.

The assessment process is overseen by NOPSEMA
as the delegated authority under the EPBC Act.

Application to Activity

Administering Authority

Underwater Cultural Protects the heritage values of Australia’s | Anyone who finds the remains of a vessel or aircraft, or an article DAWE
Heritage Act 2018 shipwrecks, sunken aircraft and other types of | associated with a vessel or aircraft, needs to notify the relevant

underwater cultural heritage. authorities, as soon as possible but ideally no later than after one

week, and to give them information about what has been found and
Underwater Cultural . .
X its location.

Heritage
(Consequential and Section 3.4.8.3 details that there are no historic shipwrecks, sunken
Transitional aircraft or other known cultural heritage site or artefact near or
Provisions) Act 2018 within the Operational Area.
National Biofouling The guidance document provides | Applying the recommendations within this document and DAWE
Management recommendations for the management of | implementing effective biofouling controls can reduce therisk of the
Guidance for the biofouling hazards by the petroleum industry. introduction of an introduced marine species.
Petroleum Production Section 6.3 details the requirements applicable to vessel activities.
and Exploration
Industry 2009
National Environment | The Act provides for the implementation of | The act enables implementation of National Environment DAWE
Protection Measures national environment protection measures | Protection Measures (NEPMs), which are a set of national
(Implementation) Act (NEPMs) in respect of certain activities carried on | objectives designed to assist in protecting or managing aspects of
1998 (and associated by or on behalf of the Commonwealth and | the environment. National objectives are concerned with; air
regulations) Commonwealth authorities, and for related | toxics, ambient air quality, assessment of site contamination, diesel

purposes. Specific objects of the Act are:

. to make provision for the
implementation of national environment
protection measures in respect of certain
activities carried on, by or on behalf of

vehicle emissions, movement of controlled waste, national
pollutant inventory and used packaging.

Demonstration that the activity will be undertaken in line with the
principles of ecologically sustainable development, and that
impacts and risks resulting from these activities relevant to NEPM
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Requirement

Application to Activity

Administering Authority

the Commonwealth and Commonwealth
authorities;

. to protect, restore and enhance the
quality of the environment in Australia,
having regard to the need to maintain
ecologically sustainable development;
and

3 to ensure that the community has access
to relevant and meaningful information
about pollution.

national objectives are ALARP and acceptable is provided in Section
5.6.

and Greenhouse Gas

designed, constructed, installed, operated,
modified and decommissioned in Commonwealth

waters, are required to be conducted in accordance with Accepted

Navigation Act 2012 Regulates international ship and seafarer safety, | All ships involved in petroleum activities in Australian waters are AMSA
shipping aspects of protecting the marine | required to abide to the requirements under this Act.
environ.ment and the actions of seafarers in | goyeral Marine Orders (MO) are enacted under this Act which relate
Australian waters. to offshore petroleum activities, including:
It gives effect to the relevant international | , 0 21; safety of navigation and emergency procedures
conventions (MARPOL 73/78, COLREGS 1972) . .
relating to maritime issues to which Australia is a * MO 30: Prevention of collisions
signatory. e MO 31: Vessel surveys and certification
The Act also has subordinate legislation contained | ¢ MO 59: Offshore industry vessel operations
in Regulations and Marine Orders. Sections 5.5, 5.6,5.7,6.2 and 6.3 detail the requirements applicable
to vessel activities.
Offshore Petroleum The Act addresses all licensing, health, safety, | The OPGGS Act provides the regulatory framework for all offshore NOPSEMA
and Greenhouse Gas environmental and royalty issues for offshore | petroleum exploration and production activities in Commonwealth
Storage Act 2006 petroleum  exploration and development | waters, to ensure that these activities are carried out:
(OPGGS Act) TELIES extending beyond the three-nautical | ,  cqnsistent with the principles of ecologically sustainable
OPGGS(E)R mile limit. development as set out in section 3A of the EPBC Act.
Part 2 of the OPGGS(E)R specifies th.at. an EPmust | g4 that environmental impacts and risks of the activity are
be ‘p‘re.:pared for any petroleu‘m ey and.that reduced to ALARP and are of an acceptable level.
activities are undertaken in an ecologically . . . o .
aEEEkE menner endl D FesseEne Wil en De.m?nstratlon thaF the actnw?y will be undertaken in line v‘wth the
accepted EP principles of ecologically sustainable development, and that impacts
and risks resulting from these activities are ALARP and acceptable is
provided in Section 5 and Section 6.
Offshore Petroleum These Regulations ensure that facilities are | All offshore petroleum exploration activities in Commonwealth NOPSEMA
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Requirement
Storage (Safety)
Regulations 2009

waters only in accordance with safety cases that
have been accepted by the Safety Authority. They
also provide for hazard risk identification, analysis
and monitoring.

Application to Activity

safety case. As such environmental components described within
this EP are required to be conducted safely.

Demonstration that the activity will be undertaken in line with safe
operating procedures is provided in Section 6.2 and 6.4.4.

Administering Authority

(Prevention of
Pollution from Ships)
Act 1983

from pollution by oil and other harmful substances
discharged from ships in Australian waters. It also
invokes certain requirements of the MARPOL
Convention such as those relating to discharge of
noxious liquid substances, sewage, garbage and air
pollution.

required to abide to the requirements under this Act.

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

e MO Part 91: Marine Pollution Prevention — Qil

e MO Part 93: Marine Pollution Prevention — Noxious Liquid
Substances

Ozone Protection and | The Act to provides for measures to protect the | Ozone depleting gases are commonly used as refrigerants in DoEE
Synthetic Greenhouse | ozone layer and to minimise emissions of Synthetic | refrigeration and air conditioning equipment and also in other uses
Gas Management Act | Greenhouse Gases.The specific objectives of this | including fire protection, foam blowing and aerosols, and for
1989 (and associated act are to: medical uses.
regulations) . control the manufacture, import, export, | Demonstration that the activity will be undertaken in line with the
use and disposal of substances that | Actand considered ALARP and acceptable is provided in Section 5.6.
deplete ozone in the stratosphere and
contribute to climate change;
3 achieve a faster and greater reduction in
the levels of production and use of ozone
depleting substances than are required
under the Montreal Protocol; and
o promote responsible management and
handling of ozone depleting substances
and synthetic greenhouse gases to
minimise  their impact on the
atmosphere.
Protection of the Sea An Act authorises the Commonwealth to take | This Act gives AMSA appropriate powers to intervene in shipping AMSA
(Powers of measures for the purpose of protecting the sea | operations to protect the Australian coastline.
Intervention) Act 1981 fr_om pollution by o.iI and other noxious substances | pemonstration that the activity will be undertaken in line with the
discharged from ships, and for related purposes. Act and considered ALARP and acceptable is provided in section
6.4.4.
Protection of the Sea The Act aims to protect the marine environment | All ships involved in petroleum activities in Australian waters are AMSA
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Requirement

Application to Activity

Administering Authority

Requires ships greater than 400 gross tonnes to
have pollution emergency plans in place and
provides for emergency discharges from ships.

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

e MO Part 95: Marine Pollution Prevention — Garbage
e MO Part 96: Marine Pollution Prevention — Sewage
e MO Part 97: Marine Pollution Prevention — Air Pollution

e MO Part 98: Marine Pollution Prevention — Anti-fouling
Systems.

Section 5.7 and Section 6.3 detail the requirements applicable to
vessel activities.

Protection of the Sea
(Harmful Antifouling
Systems) Act 2006

The Act aims to protect the marine environment
from the effects of harmful anti-fouling systems.

Under this Act, it is an offence to engage in
negligent conduct that results in a harmful anti-
fouling compound being applied to a ship.

This Act requires Australian ships to hold ‘anti-
fouling certificates’, if they meet certain criteria.

All ships involved in offshore petroleum activities in Australian
waters are required to abide to the requirements under this Act.

The Marine Order MO 98: Marine Pollution Prevention — Anti-
fouling Systems is enacted under this Act.

Section 6.3 details the requirements applicable to vessel activities.

AMSA

Table 1-5: Recovery Plans,

Relevant Plan/Advice

canutus (Red Knot)

Approved Conservation Advice for Calidris

Applicable Management Advice

Threat Abatement Plans and Species Conservation Advices

Conservation advice provides management actions that can be undertaken to ensure the conservation of the Red Knot.

Marine pollution: Evaluate risk of oil spillimpact from the Ironbark Exploration Drilling Program to nest locations and, if required,
appropriate mitigation measures are implemented (Section 3.3.4).

Approved Conservation Advice for Calidris
ferruginea (Curlew Sandpiper)

Conservation advice provides management actions that can be undertaken to ensure the conservation of the Curlew Sandpiper.

Marine pollution: Evaluate risk of oil spill impact from the Ironbark Exploration Drilling Program to nest locations and, if required,
appropriate mitigation measures are implemented (Section 3.3.4).

(baueri))

Approved Conservation Advice for Limosa
lapponica bauera (Bar-tailed Godwit

Conservation advice provides management actions that can be undertaken to ensure the conservation of the Bar-tailed Godwit.

Marine pollution: Evaluate risk of oil spill impact from the Ironbark Exploration Drilling Program to nest locations and, if required,
appropriate mitigation measures are implemented (Section 3.3.4).

(northern siberian))

Approved Conservation Advice for Limosa
lapponica menzbieri (Bar-tailed Godwit Bar-tailed Godwit.

Conservation advice provides management actions that can be undertaken to ensure the conservation of the Northern Siberian
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Relevant Plan/Advice Applicable Management Advice

Marine pollution: Evaluate risk of oil spill impact from the Ironbark Exploration Drilling Program to nest locations and, if required,
appropriate mitigation measures are implemented (Section 6.4.4 and Section 6.4.5.4).

National recovery plan for threatened
albatrosses and giant petrels 2011-2016

The overall objective of this recovery plan is to ensure the long term survival and recovery of albatross and giant petrel
populations breeding and foraging in Australian jurisdiction by reducing or eliminating human related threats at sea and on land.

Marine pollution: Evaluate risk of oil spill impact from the Ironbark Exploration Drilling Program to nest locations and, if
required, appropriate mitigation measures are implemented (Section 6.4.4 and Section 6.4.5.4).

Approved Conservation Advice for
Numenius madagascariensis (Eastern
Curlew)

Conservation advice provides management actions that can be undertaken to ensure the conservation of the Eastern Curlew.

Marine pollution: Evaluate risk of oil spillimpact from the Ironbark Exploration Drilling Program to nest locations and, if required,
appropriate mitigation measures are implemented (Section 6.4.4 and Section 6.4.5.4).

Approved Conservation Advice for

Papasula abbotti (Abbott’s Booby)

Conservation advice provides management actions that can be undertaken to ensure the conservation of the Abbot’s Booby.

Marine pollution: Evaluate risk of oil spillimpact from the Ironbark Exploration Drilling Program to nest locations and, if required,
appropriate mitigation measures are implemented (Section 6.4.4 and Section 6.4.5.4).

Approved Conservation Advice for Sternula
nereis nereis (Australian Fairy Tern)

Conservation advice provides management actions that can be undertaken to ensure the conservation of the Australian Fairy
Tern.

Main identified potential threat identified to be relevant to the Ironbark Exploration Drilling Program:

e Qil spills — Evaluate risk of oil spill impact from the Ironbark Exploration Drilling Program to nest locations and, if required,
appropriate mitigation measures are implemented (Section 6.4.4 and Section 6.4.5.4).

Recovery Plan for the Grey Nurse Shark
(Carcharias taurus)

The overarching objective of this recovery plan is to assist the recovery of the grey nurse shark in the wild, throughout its range
in Australian waters.

Threat identified to be relevant to the Ironbark Exploration Drilling Program s:

e None identified

Recovery Plan for the White Shark
(Carcharodon carcharias)

The overarching objective of this recovery plan is to assist the recovery of the white shark in the wild throughout its range in
Australian waters.

Threats identified to be relevant to the Ironbark Exploration Drilling Program:

e None identified.

Approved Conservation Advice for

Rhincodon typus (Whale Shark)

Conservation advice provides threat abatement activities that can be undertaken to ensure the conservation of the Whale Shark.
Threats identified to be relevant to the Ironbark Exploration Drilling Program:

e Vessel strike (Section 6.2.3),

e Habitat disruption from mineral exploration, production and transportation (Section 5.3),

e Marine debris (Section 6.4.1).
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Relevant Plan/Advice Applicable Management Advice

Sawfish and River Sharks Multispecies
Recovery Plan

Approved Conservation Advice for Pristis
clavate (Dwarf Sawfish)

Approved Conservation Advice for Green
Sawfish

Conservation advice provides threat abatement activities that can be undertaken to ensure the conservation of Sawfish.
Threats identified to be relevant to the Ironbark Exploration Drilling Program:

e None identified.

Recovery Plan for Marine Turtles in
Australia, 2017-2027

The long-term recovery objective for marine turtles is to minimise anthropogenic threats to allow for the conservation status of
marine turtles to improve so that they can be removed from the EPBC Act threatened species list.

Threats identified to be relevant to the Ironbark Exploration Drilling Program:
e Chemical and terrestrial discharge (Section 5.7 and Section 6.4)

e Marine debris (Section 6.4.1),

e Light pollution (Section 5.4),

e Habitat modification (Section 6.2.3),

e Vessel strike (Section 6.2.3),

e Noise interference (Section 5.5),

e Vessel disturbance (Section 5.5 and Section 6.2.3).

Approved Conservation Advice for
Dermochelys coriacea (Leatherback Turtle)

See above for Recovery Plan for Marine Turtles in Australia, 2017-2027.

Conservation Management Plan for the
Blue Whale, 2015-2025

The long-term recovery objective for blue whales is to minimise anthropogenic threats to allow for their conservation status to
improve so that they can be removed from the EPBC Act threatened species list.

Threats identified to be relevant to the Ironbark Exploration Drilling Program:

e Noise interference: Evaluate risk of noise impacts and, if required, appropriate mitigation measures are implemented
(Section 5.5).

e Vessel disturbance: Evaluate risk of vessel strikes and, if required, appropriate mitigation measures are implemented
(Section 5.5 and Section 6.2.3).

Approved Conservation Advice for

Balaenoptera borealis (Sei Whale)

Conservation advice provides threat abatement activities that can be undertaken to ensure the conservation of the Sei Whale.
Threats identified to be relevant to the Ironbark Exploration Drilling Program:

e Noise disturbance: Evaluate risk of noise impacts and, if required, appropriate mitigation measures are implemented
(Section 5.5).

e Vessel strike: Evaluate risk of vessel strikes and, if required, appropriate mitigation measures are implemented (Section
6.2.3).
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Relevant Plan/Advice Applicable Management Advice

Approved Conservation Advice for | Conservation advice provides threat abatement activities that can be undertaken to ensure the conservation of the Fin Whale.
Balaenoptera physalus (Fin Whale) Threats identified to be relevant to the Ironbark Exploration Drilling Program:
e Noise disturbance: Evaluate risk of noise impacts and, if required, appropriate mitigation measures are implemented
(Section 5.5)
e Vessel strike: Evaluate risk of vessel strikes and, if required, appropriate mitigation measures are implemented (Section
6.2.3).
Approved Conservation Advice for | Conservation advice provides threat abatement activities that can be undertaken to ensure the conservation of the Humpback
Megaptera  novaeangliae  (Humpback | Whale.
Whale) Threats identified to be relevant to the Ironbark Exploration Drilling Program:
e Noise interference: Evaluate risk of noise impacts to cetaceans and, if required, appropriate mitigation measures are
implemented (Section 5.5)
e Vessel strike: Evaluate risk of vessel strikes and, if required, appropriate mitigation measures are implemented (Section
6.2.3).
Approved Conservation Advice for | Conservation advice provides management actions that can be undertaken to ensure the conservation of the Short-nosed
Aipysurus apraefrontalis (Short-nosed | Seasnake.
Seasnake) 0Oil and gas exploration activities have coincided with the species’ decline, although potential impacts from these activities on

sea snakes have not been quantified.
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2 Activity Description

In accordance with OPGGS(E)R Regulation 13(1) and OPGGSR Regulation 15(1)(c) this section provides
a description of the petroleum activity, including:

. The proposed location of the drilling activity;
. An outline of the operational details of the drilling activity; and
. Additional information relevant to the consideration of potential environmental impacts and

risks including an outline of the Ironbark prospect characteristics and credible worst-case
discharges (WCD).

2.1 Overview
2.1.1 Activity Location

This EP provides for exploration drilling and associated activities (as described in Section 2.3, and
thereafter referred to the ‘drilling activities’ or the ‘Ironbark Exploration Drilling Program’) for a single
exploration well in the Carnarvon Basin off Western Australia’s north-west coast, in an area where
hydrocarbon exploration and production is well established (Figure 1-1).

The proposed well is located in Commonwealth waters and has a water depth of approximately 300 m.
Indicative coordinates for the Ironbark-1 exploration well are provided in Table 2-1.

Table 2-1: Ironbark-1 Exploration Well Indicative Coordinates

Planned well Longitude (E) Latitude (S) Approximate water depth

Ironbark-1 116° 04' 35.80 19°09' 34.01" ~300 m

2.1.2 Operational Area

The “Operational Area” for the drilling activities is defined as the area within 10.5 km of the indicative
well location; this area is defined to encompass both the 500m petroleum safety zone around the
MODU (when on location) and support activities such as anchoring and resupply, which typically fall
within 2 km of a well location. The transit activities of the MODU and support vessels outside this area
is outside the scope of this EP and is managed under the Commonwealth Navigation Act 2012 (Section
1.4).

2.1.3 Activity Timeframe

Drilling activities are planned to commence in Q3 of 2020, although depending on MODU availability,
may commence between Q2 of 2020 and Q2 2021. Drilling activities are expected to take
approximately 90-100 days (excluding weather and operational delays). Drilling and support activities
will typically be conducted on a 24-hour basis. Activity is complete upon MODU moving outside the
well location on tight tow.

2.2 Ironbark Prospect Characteristics

The properties of the Ironbark hydrocarbon prospect are discussed in the following subsections.
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2.2.1 Hydrocarbon Composition

Given the absence of successful exploration wells penetrating the targeted formation at comparable
depths, analogue reservoir data has been used to provide an indication of the expected hydrocarbon
properties for the Ironbark-1 exploration well.

The Ironbark prospect is targeting multiple objectives within the Triassic Mungaroo Formation, which
has been intensively explored at comparably shallower depths and includes the Gorgon, Julimar—
Brunello, lago, Goodwyn, Perseus and North Rankin gas fields. All of these fields are known to produce
gas condensate. Goodwyn is the closest penetration on the reservoirs targeted by the drilling activities.
Although the Goodwyn analogue occurs in shallower reservoirs, and the Ironbark prospect sits on a
deeper fault block, the targeted prospect has been assessed to be otherwise geologically similar to
those reservoirs producing hydrocarbons similar to the Goodwyn gas condensate.

Goodwyn 10 PVT has therefore been chosen as a suitable analogue given its proximity to the Ironbark
prospect and indicative well location. The physical characteristics of the expected condensate (using
the Goodwyn 10 PVT lab results as an analogue) are provided in Table 2-2.

Table 2-2: Expected Physical Characteristics of the Ironbark Hydrocarbon

Parameter Hydrocarbon properties

Density @ 25 °C 773.1 kg/m3
Dynamic Viscosity @ 21.1°C 0.912 cP
Wax content (%) 4.8%
Pour Point (°C) -30°C

" Volatile (<180°C) 62.0%

é o :3; Semi-volatile (180-265°C) 22.0%

%ﬂ 5 &\Et Low Volatility (265-380°C) 13.6%

@ Residual (>380°C) 2.4%
API 51.5

2.2.2 Flow Rate

Based upon the proposed well design and expected reservoir characteristics, BP has estimated the
potential flow rate during a credible worst-case discharge due to a total loss of well control (a well
blowout). Whilst the likelihood of a blowout during well construction is very low, using a worst-case
credible spill scenario enables an environmentally conservative estimate to be made of the potential
impacts associated with the Ironbark-1 exploration drilling program.

The Ironbark-1 estimates were derived following internal guidance consistent with the “Guidance for
complying with BOEM NTL No. 2010-N06 on Worst Case Discharge for Offshore Wells” prepared by
the Society of Petroleum Engineers. Assuming that the well is flowing through unobstructed 12 %4”
open hole and 13 5/8” casing string, it is estimated that the initial flowrate is 79,480 bbl/day
(condensate rate), 1,236 bbl/day (water rate) and 883 MMscf/day (gas rate). Such flow rates would
result in a total condensate spill volume of 6.267 MMstb (or 996,327.7 m3) based on an 83-day release
duration corresponding to the time required to complete relief well drilling based on this well design.

Page 13 of 357



AUO0O01-HS-PLN-600-00001_Rev.A03 Ironbark Environment Plan

2.3 Exploration Drilling Activity Description

This section outlines the planned drilling activities that have the potential to result in environmental
aspects and impacts or risks to receptors.

2.3.1 MODU Positioning

The Ironbark exploration well is proposed to be drilled by a MODU. The MODU selected to complete
the activities within this EP will be towed to location and anchored over the well site. Anchors may
be placed on the seabed and tested by the support vessels before the MODU arrives on site.

Up to twelve anchors, run from the corners of the main deck of the MODU, will be set in place by
support vessels. Anchoring operations consist of running and setting of rig anchors (typically weighing
12-15 t each and having a footprint of approximately 30 m? each). Anchors are attached to either wire,
chain or a combination of both (typically 85 mm / R5 chain) at around 1,500 m — 2,000 m from the
drilling location. The exact anchor spread will be dependent on the preliminary mooring analysis
conducted during the planning phase of the drilling program, but will conform with the Australian
Petroleum Production and Exploration Association (APPEA) MODU Mooring in Australia Tropical
Waters Guideline.

Anchors may be fitted with acoustic transponders to monitor anchor position and seabed penetration
during MODU positioning. If transponders are used they will typically be attached to clump weights
and then lowered onto the seabed; the clump weights remain on the seabed after the transponders
are retrieved. Transponders generate a ping type sound signal within a frequency range of 7 to 60 kHz,
with a sound pressure level of 174 dBre 1 uPa @ 1 m RMS (Ward et al. 2001 cited in Seiche 2008).

2.3.2 MODU Operations
The MODU is fitted with various equipment to support operations including:

e Power generation systems supplied by diesel engines;

o Fuel oil storage;

e Cooling water and freshwater systems;

e Drainage, effluent and waste systems; and

e Solids control equipment used in drilling to separate the solids and drilling fluids (this may
include shale shakers, centrifuging systems and cuttings driers).

e Remotely operated vehicle (ROV), which may be deployed to perform visual surveys,
manipulate subsea valves, transfer or position subsea equipment and in response to an
incident.

2.3.3 Well Design and Drilling Methodology

An indicative overview of the drilling design and methodology is described in this section. This process
is subject to change, depending on individual well design requirements and the final location of the
well. Well schematics are provided in the Well Operations Management Plan (WOMP) submitted to
NOPSEMA for assessment prior to drilling.

Once the MODU has been safely positioned (Section 2.3.1) drilling operations will commence. The well
construction scope comprises standard industry exploration drilling activities including open-water
riserless top-hole drilling, casing running and cementing operations, installation and use of a Blow Out
Preventer (BOP) for well control, use of specialist data acquisition tools for formation evaluation,
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installation of verified barriers to isolate Distinct Permeable Zones (DPZs) and permanent well
abandonment.

The Ironbark-1 well will be constructed in stages. After each hole section has been drilled to a planned
depth or geological reference point tubular steel (casing strings) will be run and cemented in place to
provide essential structural support and in some cases also isolate permeable formations that are
differently pressured.

The first two hole sections will be drilled in open-water. Once the wellhead is installed the MODU will
connect a conduit, known as a marine riser. As is standard industry practice whilst drilling riser-less,
small pieces of the drilled formation known as cuttings are dispersed at the seabed. These cuttings
are removed from the wellbore by pumping through the drill string and fluid exiting the bit carries the
drilled material up the annulus to the seabed.

Drilling fluid, which is composed of a base fluid plus additives e.g. weighting agents, viscosifiers, is
commonly referred to as drilling mud. Several base fluids are available for use in drilling activities
including water as well as non-aqueous fluids. Drill fluids are used for multiple purposes during
standard drilling operations including, but not limited to (Hindwood et al 1994):

e Carrying cuttings to the surface

e Supplying hydraulic power to the bit

e Exerting a hydrostatic head to help prevent caving or sloughing of the formation
e Preventing flow of formation fluids into the borehole, or blowouts

e Suspension of cuttings and weight material such as barite when circulation is interrupted, as
when adding a new joint of drill pipe

e Limiting fluid loss into permeable formations (formation of filter cake)

The drilling methodology proposed uses a combination of sea water with high-viscosity gel sweeps
during riser-less drilling activities, water-based muds (WBM), and synthetic based muds (SBM) as
outlined in Table 2-3 and Table 2-4. Where practicable the use of seawater or WBM is planned because
it is considered the most environmentally benign. However, in the deeper portion of the Ironbark-1
well it is anticipated that SBM will be required to meet the technical challenges posed by the downhole
conditions. Where this is necessary the SBM formulation will be engineered to minimise potential
environmental impacts and managed using a chemical selection process (Section 7.3).

Once the first hole section has been drilled a string of casing referred to as the conductor is installed.
On Ironbark-1 a 36” conductor will be cemented in place inside a 42” hole. Cement will be pumped
into the annulus between the conductor and drilled formation (Section 2.3.6). As per standard industry
practice, to create a solid structural foundation for the well an excess volume of cement is pumped to
ensure that seawater is fully displaced, cement contamination levels remain low and any formation
wash-outs are compensated for.

Next a 22" casing string, referred to as the surface casing, will be cemented in a 26” hole using a
process similar to that outlined above. Once the surface casing is installed the BOP can be run on the
marine riser and connected to the wellhead. Once the riser is installed, drilling cuttings and fluids are
returned to the MODU where the drilling fluids will be separated using solids control equipment.
Whilst drilling the remaining portion of the well, drilling fluid will be recirculated, conditioned and re-
used. During the 17 1/2”x22” and 16 1/2” sections, where WBM is planned to be used, the cuttings
will be discharged close to the water’s surface (via a chute which discharges below the water line).
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Throughout the 12 1/4” and 8 1/2” prognosed reservoir intervals the cuttings will be dried prior to
discharge to limit discharges of entrained SBM. No discharges of whole SBM are planned during
normal well operations to minimise potential environmental impact.

Wireline data acquisition, including VSP (Section 2.3.7), is planned to evaluate the drilled formations
and verify the presence and quantity of hydrocarbons. Following this, permanent barriers will be
installed to isolate any identified DPZs from each other and the marine environment. In preparation
for removing the riser the well will be displaced to seawater to avoid discharging SBM. Shallow
portions of the casing strings will then be removed along with the wellhead as part of the well
abandonment (Section 2.3.8).

Only one major SBM pit cleaning exercise is anticipated during planned well operations, which is
during the well abandonment phase. Note that if the non-aqueous fluid content (e.g. SBM residue) of
pit cleaning waste fluids is not <1% v/v oil, the waste water will not be discharged overboard. Prior to
discharging, all fluids will be tested to confirm that the threshold has been met. Similarly, in the event
of deteriorating weather conditions, it may be necessary to suspend the well and displace the riser
contents to seawater, in preparation for potentially unlatching from the well. Any fluid used to
displace the riser contents will also only be discharged if the fluid meets the <1% v/v oil threshold
when tested.

Once operations are complete the MODU anchors will be recovered, a post operation ROV survey
conducted (Section 2.3.9) and the MODU towed off location.

Table 2-3 Indicative Drilling Methodology

Approximate Hole Casing  Cuttings Volume  Estimated Fluid  Cuttings  Fluid Type to Drill
depth below length Size (m3) Volume Discharge Section
seabed (m) (m) discharged Location
42” 84 84 36" 100 2,100 m32 Seabed Seawater with
high-viscosity gel
sweeps
26” 1284 1,200 22" 535 Seabed Seawater with
high-viscosity gel
sweeps
17 2809 1,525 18” 430 890 m3 Surface WBM
1/211
x 22”
16 4054 1,245 13 195 1215 m3 Surface WBM
1/2" 5/8"
12 4979 926 95/8” 60 10.5 m3°¢ Surface SBM
1/4"
8 5370° 390 N/A 13 3mic Surface SBM
1/211

2 total volume of seawater with viscous sweeps released during riserless drilling is in the order of 2,100 m3 assuming 100 bbls
of sweeps is added approximately every 15 m whilst drilling riserless and an additional 150 % hole volume is pumped after
reaching the target depth of the 42” and 26" sections.

bThe additional volume associated with another 145 m of drilling (geological uncertainty) would be ~5m?in a 8 1/2" hole,
which may take in the order of 15 hours of additional drilling. Based on extensive modelling studies the judgement of RPS is
that the potential additional drill cuttings volume resulting from drilling to a deeper depth will not materially increase the
footprint on the seabed.

¢ Estimated fluid discharge is based upon amount of SBM discharged to the environment as residual oil-on-cuttings. At the
end of drilling, all the recovered SBM will be returned to the vendor for reuse i.e. no planned discharge of whole SBM.
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Contingent drilling activities such as re-spudding the well or side-tracking may be required if surface
casing strings do not reach their planned setting depth. This could be a result of bore hole instability,
where the borehole does not maintain its size and shape which can result in structural integrity issues.

Contingent drilling activities may also include the use of lost circulation materials in the event of

downhole fluid losses to the formation. Lost circulation occurs when the drill bit encounters natural

fissures in the rock formations, and drilling fluids flow into these spaces rather than circulate back to

the rig. In both cases, these contigent drilling activities are undertaken to maintain well control.

The Ironbark drilling team estimates the probability of having to respud 1 in 10, based on a review of
the offset wells on either side of the Ironbark prospect.

Some contingent drilling activities may generate additional volumes of drilling fluids and cuttings to

be discharged (Table 2-4).

Table 2-4 Contingent Drilling Activities

Abnormal Condition

Contingent
Drilling Activity

Process

Additional Discharges

issues when drilling 17
1/2”"x22”, 16 1/2”, 12 1/4”
or contingency 8 1/2”
sections.

bore away from an original
well-bore, typically having
isolated the original
motherbore.

Operational or technical | Well re-spud Move the MODU and begin | Increase in the volume of fluids and
issues when drilling the 42” to drill a new well in a | cuttings discharged i.e. maximum
or 26” sections suitable, safe location | additional discharge equal to double
within the immediate area | the estimate of fluids and cuttings
of the original well. Well | discharged during the 42” and 26”
construction issues | sections.
resulting in a re-spud
generally occur during riser-
less  operations  when
response or remediation
options are more limited.
Operational or technical | Side track Drilling a secondary well- | Increase in the volume of fluids and

cuttings discharged i.e. maximum
additional discharge equal to
doubling the estimate of fluids and
cuttings discharged for the relevant
hole sections.

Lost circulation.

When drilling fluid
preferentially flows into
exposed geological
formations  instead  of
returning up the annulus.

Use of lost
circulation
materials (LCM)

Use of insoluable or fibrous
fluid additives, bridging
agents such as ground
calcium carbonate, or in
extreme cases cement.

Potential for additional cement
discharges. Quantities will be
dependent on the scenario

encountered. For example, when
using cement to respond to severe
lost circulation it may be possible to
continue drilling ahead by drilling out
the cement in the wellbore, however
in other scenarios it may be
necessary to side-track.

During a lost circulation event it is
expected that the volume of drilling
fluid and cuttings discharged from
surface would remain consistent with
normal drilling operations.

2.3.5

Blow-Out Preventer Installation and Function Testing

A blow-out preventer (BOP) is used for parts of the drilling program to provide additional well control

and prevent unplanned release of fluids from the wellbore. BOPs consist of a series of hydraulically-
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operated valves and sealing mechanisms, such as ram preventers and annular preventers, that can be
quickly closed to isolate the well if required. Whilst the configuration and size of the BOP vary between
MODUs and well requirements, the BOP system will comprise ‘rams’ including annular rams designed
to seal around the tubular components in the well; as well as blind-shear rams that have the capability
to sever the drill pipe and in some cases casing strings. To ensure redundancy within the system, valves
can be operated remotely from either the MODU, or via intervention using remotely operated vehicles
(ROV).

The BOP is pressure tested frequently (at least every 21 days) and function tested (at least once every
7 days or as operations allow), as per API Standard 53, to ensure that it is in good operating condition
during use. During these function and pressure tests, a small volume of water-based control fluids
(such as Castrol Transaqua HT2 and Stack Magic Eco F) is released to the environment. Indicatively,
3.1 m?of diluted control fluid (at a concentration of 3-5%) is released per function test and 1.5 m* per
pressure test is released to the environment.

2.3.6 Cementing Operations

After a string of casing or a liner has been positioned in the well, spacer fluid is pumped to flush drilling
fluids and remove filter cake to allow a good cement bond to be formed between the steel casing and
the formation. Following the spacer fluid, a cement slurry is pumped down the inside of the casing (or
liner). Drilling fluid is typically then pumped into the casing with a wiper plug to displace the cement
out of the bottom of the casing and up into the annular space between the casing and the borehole
wall. Once the cement has cured, the casing and sealing elements are pressure tested.

When cementing top-hole sections (without a riser in place), the spacer fluid is displaced by the
cement slurry and discharged directly to the seabed at the mudline: resulting in a release of
approximately 8 m? of spacer fluid. Once the riser is installed, approximately 8 m* of spacer fluid is
anticipated to be discharged from the surface after each cement activity.

Upon completion of each cementing activity, the cementing head and blending tanks are cleaned
which results in a release of cement-contaminated water to the ocean: approximately 3 m3 (20 bbls)
per cement activity, depending on the volume left over within the cement unit pipework. Flushing
and cleaning of the cement mixing equipment and lines is a necessary operation to prevent plugging
of the equipment by cement.

In the event that the cement slurry is mixed incorrectly, it may not be possible or appropriate to use
the slurry as a well barrier. This would result in the cement being discharged to sea. In the worst case,
the entire volume discharged would be in the order of 90 m? (550 bbls).

The bulk dry cement may be transported in dry bulk storage tanks to the MODU via project support
vessels. During transfer the holding tanks are vented, which may result in small volumes of dry cement
being discharged. Additionally, prior to commencement of cementing operations, the cementing unit
may be tested and result in a discharge of a volume up to 16 m? of cement slurry to the sea.

The bulk cement inventory is managed and only shipped prior to planned cement jobs, to minimise
the risk of cement degradation during storage. Unused excess bulk dry cement will be utilised by the
subsequent operator on the MODU if possible. Alternatively, excess bulk dry cement will be mixed
with water and discharged below the water line at the well location.
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The potential volume of cement slurry resulting from the disposal of excess bulk dry cement is
assumed to be within the worst-case cement slurry discharge volume of 90 m? (in the event cement
slurry is mixed incorrectly and requires disposal).

2.3.7 Formation Evaluation - VSP

A standard data acquisition program is planned for the evaluation of the Ironbark well. During the
drilling phase there will be both mudlogging (surface cuttings and gas) and logging while drilling (LWD
- down hole petrophysical logs such as GR-Res-Sonic Neutron Density) data sets collected for the entire
well. In a success case, additional wireline logs will be run at Target Depth (TD - where hydrocarbon
reservoirs are predicted to be located) to further evaluate formation and fluids. These wireline logs
may include Nuclear Magnetic Resonance (NMR), Elemental Capture Spectroscopy sonde (ECS),
images, downhole pressures and fluids, rotary sidewall cores and vertical seismic profiling (VSP). Of
these activities, only VSP is associated with additional emissions. VSP is a routine activity conducted
as part of exploration drilling activities to provide detailed information regarding geological structures
and stratigraphy in the vicinity of the well. VSP operations involve deploying an acoustic sound source
from the MODU or support vessel, while a number of receivers are positioned at different levels within
the drilled hole to measure the travel time.

For this drilling program, VSP sound sources are anticipated to have a volume of 512 cubic inches and
expected sound pressure level of 227 dB re 1 uPa @ 1 m RMS. Sound sources are generally positioned
at 5 to 10 m water depth. VSP operations are typically of short duration. Specific details of the VSP
program will depend on the geological target and the objectives of the VSP operation. VSP operations
are generally undertaken over a period of 24 hours.

2.3.8 Well Plugging and Abandonment

After completing the drilling activity and gathering the required logging data, BP will plug and
permanently abandon the Ironbark-1 exploration well. A summary of the abandonment methodology
is included in the following subsections.

2.3.8.1 Isolation of identified permeable zones

Once sufficient information has been gathered to evaluate the target formation, a permanent
reservoir barrier will be installed and verified adjacent to identified natural geological seals, meeting
the requirements of Qil and Gas United Kingdom (OGUK) Well Decommissioning Guidelines (OGUK,
2018). If required, annular cement will first be verified and/or remediated prior to isolating the
wellbore. Cement will then be placed in the wellbore adjacent to the verified annulus cement and
identified geological seals to form a lateral barrier. Once the cement has hardened, the barrier will be
verified using weight and/or pressure tests. The SBM volume recovered will be shipped back to shore
for re-use. Any contaminated SBM will be segregated and shipped to shore for reconditioning or
disposal.

Any additional over-pressured, permeable zones that have been identified during well construction
will also be isolated during the well abandonment process.

After installing and verifying all the well barriers for permanent abandonment the well will be
displaced to seawater.
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2.3.8.2 Casing removal

To facilitate removing the wellhead a shallow portion of the 13 5/8” casing is first required to be
removed. This casing cutting operation is expected to result in the generation of approximately 30 kg
of metal shavings. These will be returned to the MODU via the riser and recovered for disposal through
the cuttings treatment equipment.

2.3.8.3 Removal of BOP stack

Once all of the permanent abandonment barriers have been installed and successfully tested, the
marine riser with the attached BOP is disconnected and both are recovered back to the MODU. Prior
to disconnecting the marine riser and BOP from the wellhead, the riser and BOP will be flushed and
displaced to seawater.

2.3.8.4 Removal of surface casing and wellhead

A wellhead cutting tool is then landed onto the wellhead to sever the casing just below the seabed
(~1.5m below the seabed). This requires cutting the 22” casing and the 36” conductor strings. Metal
shavings (approximately 420 kg) generated during cutting will remain within the wellbore below
seabed, although it is anticipated that some material will disperse to the seabed in close proximity to
the well location. Based upon previous wellhead removal, the typical time to cut wellhead is in the
order of three to seven hours.

2.3.8.5 Recovery of wellhead
The wellhead will be recovered to the MODU immediately following wellhead severance.

If the wellhead cannot be removed whilst the MODU is on location, BP will submit a proposed revision
to the EP to remove the wellhead at a later date.

2.3.9 Post Operation ROV survey

Once the wellhead is removed, an ROV is deployed from the MODU to conduct a post operation survey
that involves a 70 m radius visual check from the wellhead location. This survey records the condition
of the seabed at the completion of the program to ensure that no dropped objects or subsea
equipment intended for removal remain on the seabed.

2.3.10 Summary of Drilling Discharges

A summary of the drilling and well abandonment discharges estimated for the Ironbark-1 exploration
well is provided in Table 2-5.

Table 2-5: Summary of Drilling Emissions and Discharges

Estimated Discharge location  Activity Description

Volume @
Drill cuttings and | 635 m3 cuttings Subsurface Riserless drilling | During the initial well construction
high-viscosity gel | 5100 m3 fluid stage, prior to a conduit (riser) being in
sweeps place to transport cuttings back to the

MODU, the cuttings are deposited
around the well location. Fluids used
during these sections are generally,
inert and water-based with low toxicity

Drill cuttings and | 625 m3 cuttings Surface Drilling Water based drilling fluids are fluids in
water-based which water or saltwater is the major
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Estimated
Volume ?

Discharge location

Activity

Description

drilling fluid

(WBM)

2105 m3 fluid

liqguid phase. General categories of
water-base muds are fresh water,
seawater, brine.

Drill cuttings and | 73 m3 cuttings Surface Drilling Non-aqueous drilling fluids are fluids in
non-agqueous 13.5 m3 fluid which synthetic fluids are in continuous
drilling fluid liquid phase.

(sBM) No non-aqueous  drilling  fluid
discharges are planned however it is
recognised that some fluid will be
entrained on dried drilled cuttings
which are planned to be discharged. It
is estimated that up to 13.5 m3 of non-
aqueous drilling fluid may be
discharged as fluid entrained on
discharged cuttings.

Cementing 8 m3 per cement | Subsurface Cementing Drilling fluids are often incompatible

spacer fluid activity (riserless operations with cement slurries, so a spacer fluid,

cementing which is compatible with both systems,
operations) is used to separate the two.

Surface

(cementing post-

riser installation)

Cement 3 m3 per cement | Surface Cementing Cleaning of the surface cementing

contaminated activity operations equipment and blending tanks after

water each cement job results in a release of
water containing traces of cement

BOP fluid 3.1m3 diluted | Subsurface BOP Installation | Operating the BOP results in small

control fluid per and Function | volumes of water-based control fluids

function test; Testing being released to the environment.

and

1.5m3 pressure

test fluid - per

pressure test

Metal shavings 420 kg metal | Subsurface Well Plug and | The wellhead protrudes above the

shavings Abandonment seabed and once cemented in place
enables the BOP to be connected to the
well. Removal of the wellhead (or
severing of the wellhead) requires a
mechanical cutting tool to be run into
the well. Cutting through the 22” and
36” casing strings to remove the
wellhead results in the generation of
metal shavings. The majority of these
shavings are expected to remain inside
the wellbore beneath the seabed.

Atmospheric Emissions based | Surface Power The energy needed on offshore drilling

emissions on usage of generation rigs is usually supplied by diesel

30,000 m®> MDO engines. Typically these engines use
by MODU 20-30 m3 diesel fuel per day,
depending on the operations

performed (IPIECA 2013).

@ Volumes listed do not include an allowance for contingency operations.
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2.4 Support Operations

The MODU will be supported by two or three dynamically positioned (DP) vessels, including anchor
handling, tow and support (AHTS) vessels. The vessels will be fuelled with marine diesel oil (MDO)
and be either stationary or operating at slow speeds while undertaking activities within the
Operational Area including:

. Towing the MODU to/from well location;

o Supporting mooring and BOP running operations;

J Providing standby for the MODU (one vessel on location at all times performing a number of
duties such as vessel interaction sentry and standby during helicopter take-off / landing);

o Transfer provisions (food, bulk materials*, fuel), equipment and wastes to and from the
MODU and shore base; and

J Facilitate site and equipment inspections / surveys before and after MODU arrival.

* Different materials required for the drilling program will be transferred from support vessels to the MODU in dry or liquid
bulk.

Cement, barite and bentonite are transported as dry bulk to the MODU by support vessels and
pneumatically blown to the MODU storage tanks using compressed air. The dry bulk storage tanks on
the MODU vent excess compressed air to atmosphere. This venting process carries small amounts of
solids, which is discharged below the MODU. Based upon previous programs it is estimated that during
each transfer a loss in the order of 0.1% is expected to be recorded. In volume terms that equates to
a conservative estimate of approximately 1mT for the drilling program.

Liquid bulk SBM will be transferred from support vessels onto the MODU via hoses. It is expected that
the transfer of approximately 635 m® of SBM may require 1-2 vessels depending on capacity — where
number of hose transfers will be dependent on the available pit space/vessel capacity and weather
conditions. Base oil will also be transferred to allow dilution treatments of the whole mud.

The MODU is serviced by helicopters, with an expected flight frequency of 10 times per week (on
average). Helicopters will primarily be used for passenger transfers/crew changes and minor supplies
and may also be used in the event of an emergency evacuation.

ROVs will also be used to support drilling activities. This may include during equipment deployment,
monitoring and retrieval and during BOP activation under emergency conditions. Hydraulic systems
on the ROVs are closed systems and not designed to release hydraulic fluid. These ROVs are intended
to be parked on the deck of the vessels and/or MODU and are unlikely to be temporarily parked on
the seabed during operations.
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3 Description of the Environment

3.1 Regulatory Context

OPGGS(E)R define ‘environment’ as the ecosystems and their constituent parts; natural and physical
resources; qualities and characteristics of areas; the heritage value of places; and includes the social,
economic and cultural features of those matters. In accordance with the OPGGS(E)R, the EP describes
the ecological (Sections 3.2 and 3.3) and social (Section 3.4) components of the environment relevant
to the activity.

A greater level of detail is provided for those particular values and sensitivities as defined by
Regulation 13(3) of the OPGGS(E)R which include:

a) the world heritage values of a declared World Heritage property within the meaning of the
EPBC Act;

b) the national heritage values of a National Heritage place within the meaning of that Act;

c) the ecological character of a declared Ramsar wetland within the meaning of that Act;

d) the presence of a listed threatened species or listed threatened ecological community within
the meaning of that Act;

e) the presence of a listed migratory species within the meaning of that Act;

f) any values and sensitivities that exist in, or in relation to, part or all of:
i a Commonwealth marine area within the meaning of that Act; or
ii. Commonwealth land within the meaning of that Act.

With regards to 13(3)(d) and (e) more detail has been provided where threatened or migratory species
have a spatially defined biologically important area (BIA) or habitat critical to survival — as they are
spatially defined areas where aggregations of individuals of a regionally significant species are known
to display biologically important behaviours such as breeding, foraging, resting or migration.

With regards to 13(3)(f) more detail has been provided for:

e Key Ecological Features (KEFs) as they are considered as conservation values under a
Commonwealth Marine Area, and
e  Australian Marine Parks (AMPs) as they are enacted under the EPBC Act.

Under the OPGGS(E)R, the EP must describe the Environment that May Be Affected (EMBA), including
details of the particular values and sensitivities (if any) within that environment. Identified values and
sensitivities must include, but are not necessarily limited to, the matters protected under Part 3 of the
EPBC Act. A protected matters search report for the EMBA is provided in Appendix A.

3.2 Environment that May Be Affected
3.2.1 Definition

The Ironbark Exploration Drilling Program is planned in Permit WA-359-P, located in Commonwealth
waters approx. 170 km offshore from Karratha. The planned exploration well is located within the
IMCRA Northwest Transition bioregion (Section 3.2.8.1).

The EMBA for the Ironbark Exploration Drilling Program has been defined as an area where a change
to ambient environmental conditions may potentially occur as a result of planned activities or
unplanned events. It is noted that a change does not always imply that an adverse impact will occur;
for example, only in the event a change to ambient environmental conditions is sustained over a
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particular exposure value or over a consistent period of time, a subsequent impact may occur. The
EMBA for the Ironbark Exploration Drilling Program extends between the Western Australian (WA) -
Northern Territory (NT) border and the south-west corner of WA to the south-western edge of the
Economic Exclusion Zone (EEZ) surrounding the external Territory of Cocos (Keeling) Islands (Section
3.2.6).

For the purposes of the EP, the EMBA associated with the Ironbark Exploration Drilling Program has
been further split into sub-areas that are used to support the impact and risk evaluations, as presented
inin Table 3-1.

Table 3-1: Description of Ironbark Exploration Drilling Program EMBA Sub-Areas

Ironbark Exploration Description

Drilling EMBA Sub-Areas

EMBA The extent of the EMBA for the Ironbark Exploration Drilling Program is based on the results
of stochastic oil spill modelling of a highly conservative LOWC scenario (refer to Section 6.4.5).
This represents the largest spatial extent of potential changes to ambient environment
conditions from an aspect resulting from the proposed activity.

The EMBA encompasses the cumulative extent of a total of 300 seasonal spill simulations
using ‘low’ exposure values for each of the modelled oil components (1 g/m? floating, 10 ppb
dissolved and entrained, 10 g/m? shoreline) and includes all probabilities of exposure. This
modelled area of exposure was then smoothed and simplified (i.e. additional areas were
incorporated, including all coastal areas, irrespective of modelling results) to define the outer
boundary of the EMBA.

The EMBA does not represent the reach of an individual spill event.

Operational Area This area has been defined to include the extent of all planned activities and is the area
relevant to the impact and risk assessments for all planned activites and unplanned events,
with the exception of accidental hydrocarbon releases.

The Operational Area has been defined as a 10.5 km area extending around the indicative
well location.

Hydrocarbon Exposure This area has been defined to include the worst-case extent of predicted hydrocarbon
Area exposure resulting from planned activities, and the area relevant to the risk assessment for
unplanned hydrocarbon releases.

The Hydrocarbon Exposure Area has been defined based on the outcomes of stochastic
modelling (i.e. it is the cumulative extent of a total of 300 seasonal model simulations) using
moderate/high exposure values for each of the modelled oil components (10 g/m? floating,
50 ppb dissolved, 100 ppb entrained, 10 g/m? shoreline) and includes all probabilities of
exposurel.

Descriptions of the ecological, social, economic and cultural environments, their associated values and
sensitivities, and their presence in each of the above areas, are described in the following sections.
Threatened species recovery plans, threat abatement plans and species conservation advices relevant
to the receptors identified in this section are detailed in Table 1-5.

1 The identification of values and sensitivities (including an EPBC protected matters search) has been completed using the
outer extent of modelled exposures at the moderate and high exposure thresholds as defined by NOPSEMA (2019).
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Figure 3-1: Environment that May Be Affected
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3.2.2 Regional Context

Regional descriptions relevant to the EMBA sub-areas as shown in Table 3-2 are provided in the
sections below.

Table 3-2: Relevant regions to the Ironbark Exploration Drilling Program EMBA Sub-areas

Marine region EMBA Operational Area Hydrocarbon Exposure Area
North marine region X - X
South-west marine region X - X
Christmas Island Territory X - X
Cocos (Keeling) Island X - -
Territory

Outside Australian EEZ X - X
North-west marine region X X X
Northwest Transition X X X
Northwest Shelf Province X - X
Northwest Province X - X
Central Western Shelf X - X
Transition

Central Western Transition X - X
Timor Province X - X
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Figure 3-2: IMCRA Provincial Bioregions
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3.2.3 North Marine Region

The North Marine Region comprises Commonwealth waters from west Cape York Peninsula to the
Northern Territory—Western Australia border. The region covers approximately 625,689 km? of
tropical waters in the Gulf of Carpentaria and Arafura and Timor seas, and abuts the coastal waters of
Queensland and the Northern Territory.

The Region is characterised by a wide continental shelf with water depths generally less than 70 m,
although water depths range from approximately 10 metres to a maximum known depth of 357 m.
The Van Diemen Rise, characterised by complex geomorphology with features including shelves,
shoals, banks, terraces and valleys like the Malita Shelf Valley, provides a significant connection
between the Joseph Bonaparte Gulf and the Timor Trough. Other geomorphological features include:
a series of shallow canyons approximately 80—100 m deep and 20 km wide that lead into the Arafura
Depression; numerous limestone pinnacles up to tens of kilometres in length and width; the Arafura
Shelf, an area of continental shelf up to 350 km wide and mostly 50-80 m deep that is characterised
by sea-floor features such as canyons, terraces; submerged patch and barrier reefs that form a broken
margin around the perimeter of the Gulf of Carpentaria and provide complex habitats in an otherwise
largely featureless basin; and the Gulf of Carpentaria coastal zone—waters up to 20 m deep that are
characterised by comparatively high levels of productivity and biodiversity driven by nutrient inflow
from rivers and the Gulf of Carpentaria Gyre.

The Region has currents driven largely by strong winds and tides, with only minor influences from
oceanographic currents such as the Indonesian Throughflow and the South Equatorial Current, and a
complex weather cycles and a tropical monsoonal climate, with high temperatures, heavy seasonal
yet variable rainfall and cyclones, alternated with extended rain-free periods.

By global standards, the marine environment of the North Marine Region is known for its high diversity
of tropical species but relatively low endemism (i.e. species that are found nowhere else in the world)
in contrast with the relatively isolated southern Australian marine fauna, which has high species
endemism. Regions particularly rich in biodiversity include the Gulf of Carpentaria coastal zone,
plateaux and saddle north-west of the Wellesley Islands, and the submerged coral reefs of the Gulf of
Carpentaria.

3.2.4 South-west Marine Region

The South-west Marine Region comprises Commonwealth waters from the eastern end of Kangaroo
Island in South Australia to Shark Bay in Western Australia. The region spans approximately 1.3 million
km? of temperate and subtropical waters and abuts the coastal waters of South Australia and Western
Australia.

The main physical features of the region include a narrow continental shelf on the west coast from
the subtropics to temperate waters off south-west Western Australia, with a wide continental shelf
dominated by sandy carbonate sediments of marine origin (i.e. crushed shells from snails and other
small animals and calcareous algae) in the Great Australian Bight. There is high wave energy on the
continental shelf around the whole region.

Depths vary throughout the Region, with islands and reefs in both subtropical (Houtman Abrolhos
Islands) and temperate waters (e.g. Recherche Archipelago), and a steep, muddy continental slope
which include many canyons; the most significant being the Perth Canyon, the Albany canyon group
and the canyons near Kangaroo Island. Deeper waters can be found, including large tracts of poorly
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understood abyssal plains at depths greater than 4,000 m, the Diamantina Fracture Zone, a rugged
area of steep mountains and troughs off south-west Australia at depths greater than 4,000 m, and the
Naturaliste Plateau, an extension of Australia’s continental mass that provides deep-water habitat at
depths of 2,000-5,000 m.

By global standards, the marine environment of the South-west Marine Region has high biodiversity
and large numbers of species native to the region (known as endemism). Particular hotspots for
biodiversity are the Houtman Abrolhos Islands, the overlap between tropical and temperate fauna
along the west coast, the Recherche Archipelago and the soft sediment ecosystems in the Great
Australian Bight.

3.2.5 Christmas Island Territory

Christmas Island an external territory located in the Indian Ocean, part of the Indian Ocean Territories
(10T). The Island has an area of 137.4 km? and includes the Christmas Island National Park (135 km?).

The Island's 80 km coastline is an almost continuous sea cliff reaching heights of up to 20 m. The Island
is surrounded by a coral reef. There is virtually no coastal shelf and with depths reaching about 500
metres within 200 metres of the shore. The climate is tropical and temperatures range from 21 °C to
32 °C. Humidity is around 80-90 percent and south-east trade winds provide pleasant weather for
most of the year. However, during the wet season between November and April, it is common for
some storm activity to occur producing a swell in seas around the Island. The average rainfall is
approximately 2000 mm per annum.

The Island's close proximity to South-East Asia and the equator has resulted in a diverse range of flora
and fauna. There are 411 recorded plant species on Christmas Island and approximately 18 of these
are native. The land crabs and sea birds are the most noticeable animals on the island. The island is a
focal point for seabirds of various species, with eight species or subspecies of seabirds nesting on the
island. The endemic Christmas Island Frigatebird (listed as endangered) has three well-defined nesting
areas.

3.2.6 Cocos (Keeling) Islands Territory

The Cocos (Keeling) Islands is an external territory located in the Indian Ocean, part of the Indian
Ocean Territories (IOT). There are 27 coral islands in the group with a total land area of approximately
15.6 square kilometres. Apart from North Keeling Island, which is 30 kilometres from the main group,
the Islands form a horseshoe-shaped atoll surrounding a lagoon. North Keeling Island was declared a
National Park in 1995.

The Cocos (Keeling) Islands' atolls are horseshoe shaped coral atolls, affected by prevailing winds and
oceans. Coral sand beaches are to the seaward and mudflats can be found on the lagoon side. The
northern atoll consists of North Keeling Island, where the island and the marine area extending 1.5km
around the Island form the Pulu Keeling National Park. It is an important example of an atoll in its
natural state and supports an internationally significant seabird rookery. It is also home to land crabs,
turtles, and a range of flora.

The climate is tropical with high humidity. Temperatures range from 23 °C to 30 °C. The average
rainfall is 2000 mm per annum falling mainly from January to August. The south-east trade winds blow
most of the year producing pleasant weather conditions.

The marine environment supports a wide range of corals, fish, molluscs, crustaceans and other species.
Turtles, manta rays, reef sharks and common dolphins are regularly sighted.
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3.2.7 Outside of Australia’s Exclusive Economic Zone

The section of Australia’s Exclusive Economic Zone (EEZ) located offshore Western Australia extends
to 200 nautical miles from the territorial sea limit along the mainland and Australia’s Indian Ocean
Territories. Australia’s EEZ shares boundaries with:

e International waters, to the west and south of the WA section of the EEZ. International waters
are managed under the United Nations Law of the Sea Convention (UNCLOS), administered
by the International Maritime Organisation (IMO).

e the Joint Petroleum Development Area (JPDA) in the Timor Sea, along the northern edge of
the EEZ. The JPDA is regulated by the National Petroleum Authority (Autoridade Nacional do
Petrdleo) of Timor-Leste on behalf of the Government of Australia and the Government of
Timor-Leste.

e Indonesia to the north west. This boundary is defined in accordance with the Perth Treaty
negotiated with the Republic of Indonesia.

Indonesia has the second longest coastline in the world at 95,181 km and has the greatest coral reef
area of any country in the world totalling 51,020 km?.

Central and eastern Indonesia lies within the Coral Triangle, an area of significant marine biodiversity.
Over 70% of all reef-building coral species are found in Indonesia. Among the threats to Indonesia’s
reefs are direct human impacts such as overfishing and destructive fishing practices, such as blasting
and poisoning, as well as indirect threats from coastal development and pollution from land-based
sources.

To manage environmental sensitivities within its waters, Indonesia has established a large network of
marine protected areas (MPA). MPAs relevant to the Ironbark Exploration Drilling Program are listed
in Table 3-3.

Table 3-3 Indonesian Marine Protected Areas relevant to the Ironbark Exploration Drilling Program

Protection Hydrocarbon  Operational
Category / Exposure Area
Listing Area
Lombok Tengah District Marine Conservation Area IUCN Category VI X - -
KKPD Kabupaten Lombok Barat Marine Recreation Park IUCN Category VI X - -
Nusa Penida Marine Recreation Park / District Marine | IUCN Category VI X - -

Conservation Area

Bangko-bangko Nature Recreation Park IUCN Category V X - -
Teluk Maumere Nature Recreation Park IUCN Category V X - -
KKPD Selat Pantar Dan Perairan Sekitarnya Kabupaten | IUCN Category IV X - -

Alor Marine Nature Reserve

KKPD Kabupaten Gunung Kidul Marine Nature Reserve IUCN Category IV X - -
KKPD Kabupaten Flores Timur Marine Nature Reserve IUCN Category IV X - -
Pulau Rambut Wildlife Reserve IUCN Category IV X - -
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Protection Hydrocarbon  Operational

Category / Exposure AVE]
Listing Area

Pulau Lembata Marine Protected Areas IUCN  category X - -
not reported

Pulau Sempu Nature Reserve IUCN Category lll X - -
Pulau Nusa Barung Wildlife Reserve IUCN Category lll X - -
KKPN Laut Sawu Marine National Park IUCN Category Il X - -
Meru Betiri National Park IUCN Category I X - -
Komodo National Park IUCN Category I X - -

World Heritage
Site

UNESCO-MAB
Biosphere
Reserve

X = Present in area; - = not present in area

3.2.8 North-west Marine Region

The North-west Marine Region (NWMR) comprises Commonwealth waters from the Western
Australian — Northern Territory border to Kalbarri, south of Shark Bay. It covers some 1.07 million km?
of tropical and sub-tropical waters.

Those parts of the Region adjacent to the Kimberley and Pilbara include thousands of square
kilometres of shallow continental shelf (about 30 percent of the total Region), although Australia’s
narrowest shelf margin is also to be found within the Region at Ningaloo Reef. Over 60 percent of the
seafloor in the Region is continental slope, of which extensive terraces and plateaux make up a large
proportion. Those parts of the Argo and Cuvier abyssal plains that are included within the Region
comprise about 10 percent of the Region’s total area. Overall, the Region is relatively shallow with
more than 50 percent of the Region having water depths of less than 500 m. The deepest parts of the
Argo and Cuvier abyssal plains within the Region, however, reach water depths of almost 6000 m.

The Region is characterised by shallow-water tropical marine ecosystems. While in general endemism
is not particularly high by Australian standards, the Region is home to significant populations of
internationally threatened species.

3.2.8.1 North-west Transition

The North-west Transition covers an area of 184,424 km? and encompass a range of water depths,
from the shelf break (200 m depth) over the continental slope, to depths of more than 1,000 m. The
majority of the NWT Province occurs on the continental slope, with smaller areas in the north-west of
the bioregion located on the Argo Abyssal Plain and continental rise (DEWHA, 2008a).

The vast majority of the North-west Transition is located on the continental shelf with water depths
generally in the range 10-100 m. The provincial bioregion has a complex seafloor topography with a
diversity of features including submerged terraces, carbonate banks, pinnacles, reefs and sand banks.
The carbonate banks and pinnacles of the Joseph Bonaparte Gulf are distinctly different in morphology
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and character to other parts of the Region, and are believed to support a high diversity of marine
species.

The biological communities are typical of Indo-west Pacific tropical flora and fauna, and occur across
a range of soft-bottom and harder substrate habitats. The inshore waters off the Kimberley are where
the Western Australian population of humpback whales mate and give birth. The Northwest Shelf
Transition is important for commercial fisheries, defence, and the petroleum industry.

3.2.8.2 North-west Shelf Province

The North-west Shelf Province covers an area of 238,759 km? and is located primarily on the
continental shelf between North West Cape and Cape Bougainville. As such, about half the bioregion
has water depths of only 50-100 m, with maximum depths reaching only 200 m. The bioregion varies
in width from approximately 50 km at Exmouth Gulf to more than 250 km off Cape Leveque.

The bioregion is a dynamic oceanographic environment, influenced by strong tides, cyclonic storms,
long-period swells and internal tides. Its waters derive from the Indonesian Throughflow, are warm
and oligotrophic, and circulate throughout the bioregion via branches of the South Equatorial and
Eastern Gyral Currents.

Fish communities are diverse, with both benthic and pelagic fish communities represented. Humpback
whales migrate through the bioregion and Exmouth Gulf is an important resting area, particularly for
mothers and calves on their southern migration. Several important seabird breeding sites are located
in the region (outside of Commonwealth waters), including Eighty Mile Beach, the Lacepede Islands,
and Montebello and Barrow islands. The bioregion is important for the petroleum industry,
commercial fishing operations, and shipping, with nationally significant ports of Dampier and Port
Hedland present.

3.2.8.3 Northwest Province

The Northwest Province covers an area of 178,651 km? offshore between Exmouth and Port Headland.
It consists entirely of continental slope, with water depths ranging from 1,000-3,000m.

The dominant geomorphic feature is the Exmouth Plateau, while the Montebello Trough and Swan
Canyon are also important features. It contains the steepest shelf break in the Marine Region along
the Cape Range Peninsula near Ningaloo Reef. Circulation and recirculation (via the South Equatorial
Current) of Indonesian Throughflow waters comprise the dominant surface flow. The predominantly
southward moving surface waters consolidate along the narrow shelf break adjacent to Cape Range
Peninsula to form the Leeuwin Current, a significant feature of this bioregion and those further south.

The canyons in this bioregion probably channel currents onto the Exmouth Plateau and certainly onto
the shelf along Ningaloo Reef, resulting in enhanced localised biological production. The Northwest
Province represents the beginning of a transition between tropical and temperate marine species.
High endemism in demersal fish communities on the slope is also evident in this provincial bioregion.
Commercial fishing and petroleum are important industries in some parts of the bioregion.

3.2.8.4 Central Western Shelf Transition

The Central Western Shelf Transition is the smallest provincial bioregion in the North-west Marine
Region, covering an area of 9698 km?, and is located entirely on the continental shelf between North
West Cape and Coral Bay. The maximum water depth in the bioregion is 100 m.
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Although both the Leeuwin Current and the Leeuwin Undercurrent occur on the adjacent slope, this
bioregion is strongly influenced by the interactions between these currents and the nearshore,
northward flowing Ningaloo Current.

The bioregion is located within a significant biogeographic transition between tropical and temperate
species. A large proportion of the bioregion is covered by the Ningaloo Marine Park, and Ningaloo
Reef is an area of high biodiversity with over 200 species of coral and more than 460 species of reef
fish. Marine turtles, dugongs and dolphins frequently visit the reef lagoon and whale sharks and manta
rays visit the outer reef. Commercial fishing and petroleum are the major industries in the bioregion.

3.2.8.5 Central Western Transition

The Central Western Transition Province covers an area of 162,891 km? of the continental slope and
abyss between Shark Bay and North West Cape. The major geomorphic features of the bioregion are
the Wallaby Saddle, Carnarvon Terrace, the Cuvier Abyssal Plain and the Cloates and Cape Range
Canyons. Almost half the bioregion has water depths of more than 4000 m, with the maximum water
depth in the bioregion recorded at 5330m, and the proximity of deep ocean areas to the continental
slope and shelf may have resulted in distinctive biological communities.

The Leeuwin Current, flowing south along the slope, is the dominant oceanographic feature.
Interactions between the Leeuwin Current, Leeuwin Undercurrent and the nearshore Ningaloo
Current facilitate vertical mixing of water layers and are believed to be associated with sporadic bursts
in productivity (particularly during summer). The level of endemism within demersal fish communities
on the slope is less than in the bioregions further north. This bioregion is also within the biogeographic
transition between tropical and temperate marine species. The major industries in the bioregion are
commercial fishing and petroleum.

3.2.8.6 Timor Province

The Timor Province covers almost 15 percent of the North-west Marine Region, predominantly
covering the continental slope and abyss between Broome and Cape Bougainville. Water depth ranges
from about 200 m near the shelf break to 5,920 m over the Argo Abyssal Plain. In addition to the Argo
Abyssal Plain, the major geomorphic features are the Scott Plateau, the Ashmore Terrace, part of the
Rowley Terrace and the Bowers Canyon. Ashmore Reef, Cartier Island, Seringapatam Reef and Scott
Reef are important features of the provincial bioregion.

The bioregion is dominated by the warm, oligotrophic waters of the Indonesian Throughflow. The
thermocline in the water column in this bioregion is particularly pronounced and is associated with
the generation of internal tides, an important oceanographic feature of this bioregion. The variety of
geomorphic features in the Timor Province, together with the variation in bathymetry, results in
several distinct habitats and biological communities, many of which are in close proximity to each
other. The reefs and islands of the bioregion are regarded as particular hotspots for biodiversity. A
high level of endemicity exists in demersal fish communities of the continental slope in the Timor
Province and two distinct communities have been identified; one associated with the upper slope, the
other with the mid slope. The bioregion is important for the petroleum industry, and commercial
fisheries operate within it.
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3.3 Detailed Receptor Descriptions

3.3.1 Plankton

Phytoplankton are dependent on oceanographic processes (e.g. currents and vertical mixing), that
supply nutrients needed for photosynthesis. Thus, phytoplankton biomass is typically variable
(spatially and temporally), but greatest in areas of upwelling, or in shallow waters where nutrient
levels are high. Offshore phytoplankton communities in the region are characterised by smaller taxa
(e.g. cyanobacteria), while shelf waters are dominated by larger taxa such as diatoms (Hanson et al.
2007).

Phytoplankton species rapidly multiply in response to bursts in nutrient availability and are
subsequently consumed by zooplankton, that are in turn consumed by small pelagic fish. Higher order
tertiary consumers, including squid, mackerel and seabirds, feed on small pelagic fish. Scavengers such
as crabs, shrimps and demersal sharks, and fish species such as queenfish, mackerel, king salmon and
barramundi may also be common (Brewer et al. 2007).

Primary productivity of the North-west Marine Region is generally low and appears to be largely driven
by offshore influences (Brewer et al. 2007), with periodic upwelling events and cyclonic influences
driving coastal productivity with nutrient recycling and advection. Within the region, peak primary
productivity along the shelf edge occurs in late summer/early autumn. Variation in productivity can
also be linked to higher biologically productive period in the area (e.g. mass coral spawning events).

Zooplankton is the faunal component of plankton, comprised of small protozoa, crustaceans (e.g. krill)
and the eggs and larvae from larger animals. Zooplankton includes species that drift with the currents
and also those that are motile. The inshore ichthyoplankton assemblages are characterised by shallow
reef fishes such as blennies (family Blenniidae), damselfish (family Pomacentridae) and north-west
snappers (family Lethrinidae), while offshore assemblages are dominated by deepwater and pelagic
taxa such as tuna (family Scombridae) and lanternfish (family Myctophidae) (Beckley, Muhling, &
Gaughan, 2009). Some of these taxa are commercially and recreationally important species in the
region.

3.3.2 Benthic Habitats and Communities

3.3.2.1 Seabed Geomorphology and Substrate

The Operational Area is located on the continental slope of the Northwest Transition bioregion,
characterised by a relatively featureless seabed. Sediments on the continental slope are expected to
comprise very soft sandy clay/silt with the CAMRIS Marine Benthic Substrate Database indicating
sediments are comprised of mud and calcareous clay (CSIRO, 2017).

Preliminary geophysical data and photographic records from grab samples taken during site surveys
in the Operational Area of the Ironbark-1 well suggest that the seabed is devoid of any features. There
are some low relief furrows but no areas of hard seafloor or distinct sediment facies change. The
sediment in the area comprises a mixture of sand, clay and shell gravel.

The closest distinctive seabed feature within the EMBA is the presence of several terraces and steps
on the continental shelf which reflect changes in sea level that occurred over the last 100,000 years.
The most prominent of these features occurs as an escarpment at a depth of 125 metres, designated
as the “Ancient Coastline at 125 m Depth Contour” Key Ecological Feature (KEF) (Section 3.4.3).
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The EMBA is also characterised by the presence of several other features, including offshore and
nearshore reefs (e.g. Scott Reef, Ashmore Reef, Rowley Shoals, Ningaloo Reef), canyons (e.g. Cape
Range, Cloates, Carnarvon, Perth), trenches (e.g. Sunda), pinnacles (e.g. Bonaparte basin) and
seamounts (Vening Meinesz seamounts near Christmas Island). The majority of these features are
designated as KEFs or afforded some level of protection under Commonwealth legislation (e.g Marine
Park, Heritage listing), and therefore described in further detail in subsequent sections.

The Sunda trench extends approximately 3,200 km along the southwestern and southern Indonesian
archipelago. Maximum depth recorded in the trench is 7,450 metres, the deepest point in the Indian
Ocean. The Sunda trench is known as an active volcanic and seismic zone.

Seamounts are extinct submarine volcanoes that are conically shaped and often flat-topped. They rise
abruptly from the abyssal plain to heights at least 1,000 metres above the ocean floor. The Vening
Meinesz seamounts range from the Ninetyeast Ridge to the Sunda Trench, encompassing the seabed
surrounding the Cocos (Keeling) Islands and Christmas Island.
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Figure 3-3: Seabed geomorphology
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The EMBA overlaps areas of continental shelf, slope and abyssal plain in the Indian Ocean. The
Operational Area (located in water depths of 245 - 365 m) is located on the upper slope area (water
depths of 225 — 500 m) of the continental slope. Studies completed within the region indicate that
benthic composition in deep water habitats is generally lower in abundance than shallow water
habitats of the region (DEWHA, 2008a). Gage (1996) reported that the density of benthic fauna tends
to be lower in deep water sediments (>200 m) than in shallower coastal sediments, but the diversity
of communities may be similar.

3.3.2.2 Coral

Corals are generally divided into two broad groups: the zooxanthellate (‘reef-building’, ‘hermatypic’
or ‘hard’) corals, which contain symbiotic microalgae (zooxanthellae) that enhance growth and allow
the coral to secrete large amounts of calcium carbonate; and the azooxanthellate (‘ahermatypic’ or
‘soft’) corals, which are generally smaller and often solitary (Tzioumis and Keable, 2007). Hard corals
are generally found in shallower (<50 m) waters while the soft corals are found at most depths,
particularly those below 50 m (Tzioumis and Keable, 2007).

The shallower waters within the continental shelf contain an extensive array of small barrier and
fringing reefs, including important sites such as Ningaloo Reef and Dampier Archipelago. Corals are
also known to occur in shallow areas around some of the Pilbara inshore islands. The region is also
characterised by the presence of large offshore reef systems, including the Rowley Shoals, Scott and
Seringapatam reefs and Ashmore Reef.

The Ningaloo Reef is the largest fringing coral reef in Australia and is over 300 km in length, forming a
discontinuous barrier enclosing a lagoon (CALM, 2005). The Ningaloo Reef is a complex ecosystem
with high species diversity (CALM, 2005). Within Ningaloo Reef there is a high diversity of hard corals
with at least 217 species representing 54 genera of hermatypic (reef building) corals recorded (CALM,
2005). Corals are the most important reef building organisms, and provide food, settlement substrate
and shelter for a wide variety of other marine flora and fauna. Coral communities are also important
for protection of coastlines through accumulation and cementation of sediments and dissipation of
wave energy.

3.3.2.3 Macrophytes
Macrophyte are aquatic plants which include both seagrass and macroalgae.
Seagrass

Seagrass are marine flowering plants, with about 30 species found in Australian waters (Huisman
2000). Seagrass generally grows in soft sediments within intertidal and shallow subtidal waters where
there is sufficient light and are common in sheltered coastal areas such as bays, lees of islands and
fringing coastal reefs (McClatchie et al., 2006; McLeay et al., 2003). Seagrass meadows are important
in stabilising seabed sediments, and providing nursery grounds for fish and crustaceans, and a
protective habitat for the juvenile fish and invertebrates species (Huisman, 2000; Kirkman, 1997).
Seagrasses also provide important habitat for fish and dugongs within the Northwest Shelf Province
(DEWHA, 2008a).

Western Australia has the highest diversity of seagrasses in the world, with 25 species represented.
These are generally divided into temperate and tropical distributions, with Shark Bay representing the
biogeographical overlap. 12 species are represented in the tropics (Thalassia hemoprichii,
Thalassodendron ciliatum, Enhalus acoroides, Halophila ovalis, Halodule uninervis, Halophila minor,
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Cymodocea angustata, Syringodium isoetifolium, Cymodocea serrulata, Halophila spinulosa, Halodule
pinifolia and Halophila decipiens), one of which is endemic (Cymodocea angustata).

Seagrass meadows are mostly found in the sheltered bays along the southern mainland coast of the
Kimberley region, as well as along the coast between Shark Bay and Augusta. Montebello and Barrow
Islands contain sparse seagrass habitat (McMahon et al., 2017), however the closest known key areas
of seagrass habitat to the Ironbark Exploration Drilling Program is the Ningaloo reef area.

Macroalgae

Macroalgae communities are generally found on intertidal and shallow subtidal rocky substrates.
Macroalgal systems are an important source of food and shelter for many ocean species; including in
their unattached drift or wrack forms (McClatchie et al., 2006). Brown algae are typically the most
visually dominant and form canopy layers (McClatchie et al., 2006). The principal physical factors
affecting the presence and growth of macroalgae include temperature, nutrients, water motion, light,
salinity, substrate, sedimentation and pollution (Sanderson, 1997). Macroalgae habitat is known to
occur within the nearshore areas surrounding some of the Pilbara inshore islands, including Muiron
Islands. Glomar Shoal and Rankin Bank, which are geographically isolated from other similar features
in the Pilbara region, also support macroalgal habitat (Wahab et al., 2018).
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Figure 3-4: Benthic substrates
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Figure 3-5: Benthic habitats and communities
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3.3.3 Coastal Communities

This section describes the biological communities that live within the coastal zone; these communities
include wetlands and other intertidal flora/vegetation such as saltmarsh or mangroves. A variety of
fauna (e.g. birds) also form a part of these coastal communities.

3.3.3.1 Monsoon Vine Thickets

The Monsoon vine thickets on the coastal sand dunes of Dampier Peninsula ecological communities
represents certain occurrences of monsoon vine thickets in the southwest Kimberley region of
Western Australia.

Dampier Monsoon Vine Thickets are considered a rainforest subset ranging from semi-deciduous vine
thickets to closed semi-deciduous vine forest. The ecological community contains deciduous, semi-
deciduous and evergreen perennial flora species. Patches in the higher rainfall zone (e.g. Cape Borda
and Cape Leveque) tend to be the most species rich and can extend onto pindan soils, particularly in
the lee of dunes. These patches tend to have a denser canopy and be characterised by co-dominant
evergreen tree species in the overstorey. The ground layer is often sparse or absent. Patches of the
ecological community in the lower rainfall zone, as well as those generally situated on low dunes and
other exposed locations, are mostly depauperate in evergreen trees and have a more open canopy
and shrubby structure (DSEWPC, 2013).

The ecological community provides an important habitat for a number of plant species. For example,
the vine Parsonsia kimberleyensis is at the southern-most limit of its range within the ecological
community along with Glycosmis sp. and the deciduous shrub Croton habrophyllus (Kenneally et al.,
1996). The small tree, Vitex glabrata (bush currant) is only known to occur on the Dampier Peninsula
in the ecological community (Black et al., 2010).

Compared to the adjacent open vegetation occurring over the majority of the Dampier Peninsula, the
relatively dense, closed canopy of the Dampier Monsoon Vine Thickets provides a shady and humid
microclimate. This relatively moist environment provides refuge for animals particularly during the
dry season when fires in the landscape are more frequent (Johnstone and Burbidge, 1991; Kendrick
and Rolf, 1991; Price, 2004). The abundance of fruiting plants within the ecological community also
provides relatively rich food resources for many taxa. No fauna are known to be endemic to the
ecological community on a national scale, but some species are endemic at a regional level and many
species occur both in the ecological community and surrounding vegetation types.

3.3.3.2 Sedgelands

Sedgelands in Holocene dune swales occurs in linear damplands and occasionally sumplands, between
Holocene dunes. Typical and common native species are the shrubs Acacia rostellifera, Acacia saligna,
Xanthorrhoea preissii, the sedges Baumea juncea, Ficinia nodosa, Lepidosperma gladiatum, and the
grass Poa porphyroclados. Several exotic weeds are found in this community but generally at low cover
values (DEC, 2011).

Water regime is the primary abiotic determinant influencing characteristics of wetland plant
communities. Depth, timing and duration of flooding and length of the dry period all affect vegetation
composition and distribution (Froend et al., 2004). The sedgelands in the damplands and sumplands
of the Holocene dune swales have relatively specific water regime requirements to maintain current
biology, but are tolerant of seasonal and longer-term variations that reflect natural climatic patterns.
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3.3.3.3 Thrombolite (Microbialite) Community of the Coastal Brackish Lake (Lake Clifton)

Microbialites are discrete organosedimentary structures formed by the activities of specific microbial
communities that occur at the bottom (benthic stratum) of certain agqueous ecosystems. Here,
cyanobacteria and eukaryotic microalgae photosynthesise and precipitate calcium carbonate
(limestone) from the surrounding water, leading to the formation of rock-like structures (Moore et al.,
1983; Moore, 1990).

The Lake Clifton thrombolite community is restricted to Lake Clifton, which occurs within the South
West Natural Resource Management Region. Lake Clifton is situated within the Yalgorup National Park,
and is the northernmost lake in the Peel-Yalgorup Lakes System, which consists of several hypersaline
and brackish lakes (Commander, 1988; Moore, 1990).

The Lake Clifton thrombolite community occurs on a relict foredune plain of Holocene age sands. The
main known occurrence of the ecological community is a stretch, approximately 15 kilometres long
and up to 15 metres wide, along the north-eastern shoreline of Lake Clifton. There are other small
clusters of thrombolites within the Lake, also at the northern end. The thrombolites cover a total area
of approximately four square kilometres (Moore, 1990). This structure is the largest known example
of a living, non-marine microbialite reef in the southern hemisphere.

3.3.3.4 Mangroves and Saltmarshes
Mangroves

Mangroves grow in intertidal mud and sand, with specially adapted aerial roots (pneumatophores)
that provide for gas exchange during low tide (McClatchie et al., 2006). Mangrove forests can help
stabilise coastal sediments, provide a nursery ground for many species of fish and crustacean, and
provide shelter or nesting areas for seabirds (McClatchie et al., 2006). The mangroves along the Pilbara
coast are known to provide important nursery habitat for many marine fish species and support prawn
and crab (e.g. coral, blue and swimmer crab) fisheries (DEWHA, 2008a). Coastal mangrove (and
associated algal mat habitat) are sites of nitrogen fixation and nutrient recycling, providing nutrients
in shallower waters that are transported across the shelf via currents and tides (DEWHA, 2008a).

Saltmarshes are terrestrial halophytic (salt-adapted) ecosystems that mostly occur in the upper-
intertidal zone. They are typically dominated by dense stands of halophytic plants such as herbs,
grasses and low shrubs. The diversity of saltmarsh plant species increases with increasing latitude (in
contrast to mangroves). The vegetation in these environments is essential to the stability of the
saltmarsh, as they trap and bind sediments. The sediments are generally sandy silts and clays, and can
often have high organic material content. Saltmarshes provide a habitat for a wide range of both
marine and terrestrial fauna, including infauna and epifaunal invertebrates, fish and birds.

Subtropical and Temperate Coastal Saltmarsh

The Subtropical and Temperate Coastal Saltmarsh ecological community occurs within a relatively
narrow margin of the Australian coastline, within the subtropical and temperate climatic zones south
of the South-east Queensland IBRA bioregion boundary at 23° 37' latitude along the east coast and
south of (and including) Shark Bay at 26° on the west coast (DSEWPC, 2013).

The physical environment for the ecological community is coastal areas under regular or intermittent
tidal influence. In southern latitudes saltmarsh is often the main vegetation-type in the intertidal zone
and commonly occurs in association with estuaries (Adam, 2002; Fairweather, 2011). It is typically
restricted to the upper intertidal environment, occurring in areas within the astronomical tidal limit,

Page 42 of 357



AUO001-HS-PLN-600-00001_Rev.A03 Ironbark Environment Plan

often between the elevation of the mean high tide and the mean spring tide (Saintilan et al., 2009).
The Coastal Saltmarsh ecological community may also include areas that have groundwater
connectivity to tidal water bodies.

The Coastal Saltmarsh ecological community consists mainly of salt-tolerant vegetation (halophytes)
including: grasses, herbs, sedges, rushes and shrubs. Succulent herbs, shrubs and grasses generally
dominate and vegetation is generally of less than 0.5 m height (with the exception of some reeds and
sedges) (Adam, 1990). Many species of non-vascular plants are also found in saltmarsh, including
epiphytic algae, diatoms and cyanobacterial mats (Adam, 2002; Fotheringham and Coleman, 2008;
Green et al., 2012; Millar, 2012).

The ecological community is inhabited by a wide range of infaunal and epifaunal invertebrates, and
low-tide and high-tide visitors such as prawns, fish and birds (Adam, 2002; Saintilan and Rogers, 2013).
It often constitutes important nursery habitat for fish and prawn species. The dominant marine
residents are benthic invertebrates, including molluscs and crabs that rely on the sediments, vascular
plants, and algae, as providers of food and habitat across the intertidal landscape (Ross et al., 2009).

3.3.3.5 Wetlands

Seven Wetlands of International Importance (Ramsar Wetland) and 18 wetlands of national
importance have been identified within the EMBA; the closest wetlands to the Ironbark Exploration
Drilling Program include Eighty Mile Beach (Ramsar & National), approximately 400 km from the
indicative well location; and Leslie Saltfields (National), approximately 308 km away. None of the
marine/coastal wetlands occur within either the Operational Area.

A summary description of the ecological character of the seven Ramsar wetlands is provided in
Table 3-5.

Table 3-4: Wetland habitats relevant to the Ironbark Exploration Drilling Program

Wetland EMBA Operational Area Hydrocarbon Exposure Area

International Importance

Eighty-mile Beach X - -

Ashmore Reef Commonwealth X - X
Marine Reserve

Hosnies Spring X - -
Peel-Yalgorup system X - -
Roebuck bay X - _
The Dales, Christmas Island X - -
Vasse-Wonnerup system X - -

National Importance

The Dales, Christmas Island X - -

Ashmore Reef X - X
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Wetland EMBA Operational Area Hydrocarbon Exposure Area ‘

De Grey River X - -
Eighty-mile Beach System X - -
Exmouth Gulf East X - -
Hamelin Pool X - -
Lake MaclLeod X - -
Learmonth Air Weapons Range — X - X

Saline Coastal Flats

Leslie (Port Hedland) Saltfields X - -
System

Mermaid Reef X - X
Murchison River (Lower Reaches) X - _
Peel-Harvey Estuary X - -
Prince Regent River System X - -
Roebuck Bay X - -
Shark Bay East X - -
Swan-Canning Estuary X - -
Vasse-Wonnerup Wetland System X - -
Yampi Sound Training Area X - -

X = present in the area; - = not present in the area

Table 3-5: Summary of the ecological character of Ramsar wetlands

Eighty-mile Beach

Eighty-mile Beach is a large (220 km) linear sand coast. The boundary of the Ramsar site along the beach is defined by
the tide, extending from Mean Low Water to 40 m above Mean High Water. The intertidal zone is comprised of a large
expanse of intertidal mudflats (up to 4 km wide at the lowest tides) and a narrow strip at the landward edge of coarser
quartz sands. The site is bounded by coastal dunes to the east. The discontinuous linear floodplain immediately inland
of the frontal sand dunes, are predominantly outside the Ramsar boundary.

The following summary of ecosystem components, processes and services has been extracted from Hale and Butcher
2009.

Ecosystem components and processes

e  (Climate: Semi-arid monsoonal with a prolonged dry period, >80% of rainfall in the wet season (December to
March). High inter-annual variability. High occurrence of tropical cyclones.
e  The Beach:
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Ecosystem services

- Geomorphology: Extensive intertidal mudflats comprised of fine-grained sediments. Site is backed by steep
dunes comprised of calcareous sand.

- Hydrology: Macro-tidal regime. No significant surface water inflows. Groundwater interactions unknown
(knowledge gap).

- Primary production and nutrient cycling: Data deficient, but organic material deposited from ocean currents
driving the system through bacterial or microphytobenthos driven primary production.

- Invertebrates: Large numbers and diversity of invetebrates within the intertidal mudflat areas.

- Fish: Data deficient, but anecdotal evidence of marine fish (including sharks and rays) using inundated
mudflats.

- Waterbirds: Significant site for stop-over and feeding by migratory shorebirds. Regularly supports >200,000
shorebirds during summer and >20,000 during winter. High diveristy with 97 species of waterbird recorded
from the beach. Regularly supports >1% of the flyway population of 20 species.

- Marine turtles: Significant breeding site for the Flatback Turtle.

Mandora Salt Marsh:

- Geomorphology: Wetland formation dominated by alluvial processes. Wetlands were once a part of an
ancient estuary. Freshwater springs have been dated at 7,000 years old.

- Hydrology: Walyarta, East Lake and the surrounding intermittently inundated paperbark thickets are
inundated by rainfall and local runoff. Extensive inundation occurs following large cyclonic events. Salt
Creek and the Mound springs are groundwater fed systems through the Broome Sandstone Aquifer.

- Water quality: Most wetlands are alkaline reflecting the influence of soils and groundwater. Salinity is
variable, mound springs are fresh, Salt Creek hyper-saline and Walyarta variable with inundation. Nutrient
concentrations in groundwater and groundwater fed systems are high.

- Primary production and nutrient cycling: Data deficient. However evidence of boom and bust cycle at
Walyarta with seasonal inundation.

- Vegetation: Inland mangroves (Avicennia marina) lining Salt Creek are one of only two occurrences of inland
mangroves in Australia. Paperbark thickets dominated by the saltwater paperbark (Melaleuca alsophila)
extend across the site on clay soils which retain moisture longer than the surrounding landscape. Samphire
(Tecticornia spp.) occurs around the margins of the large lakes. Freshwater aquatic vegetation occurs at
Walyarta when inundated and at the mound spring sites year round.

- Invertebrates: Data limited, but potentially unique species.

- Waterbirds: Significant site for waterbirds and waterbird breeding, particularly during extensive inundation
events. 66 waterbirds recorded. Supports >1% of the population of at least two species. Breeding recorded
for at least 24 species.

Provisioning service—Freshwater: The freshwater springs at Mandora Salt Marsh provide drinking water for
livestock.

Provisioning service—Genetic resources: Plausible, but as yet no documented uses.

Regulating service— Climate regulation: Plausible, but data deficient.

Regulating service—Biological control of pests: Evidence that many of the shorebirds feed on the adjacent pastrol
land and that the incidence of 2.88 million Oriental Pratincole coincided with locusts in almost plague
proportions, upon which the birds fed.
Cultural Services—Recreation and tourism: The beach portion of the site is important for recreational fishing,
tourism, bird watching and shell collecting.
Cultural Services—Spiritual and inspirational: Spiritually significant for the Karajarri and Nyangumarta and contain
a number of specific culturally significant sites. The site has inspirational, aesthetic and existence values at
regional, state and national levels.
Cultural Services—Scientific and educational: Mandora Salt Marsh and Eighty-mile Beach have been the site of a
number of significant scientific investigations. In addition, Eighty-mile Beach is a significant site for migratory
shorebird monitoring and is currently part of the Shorebirds 2020 program.
Supporting services: As evidenced by the listing of the Eighty-mile Beach Ramsar site as a wetland of international
importance. The system provides a wide range of biodiveristy related ecological services critical for the ecological
character of the site including

- containing a diveristy of wetland types

- supporting significant numbers of migratory shorebirds

- supporting significant wetland bird breeding

- supporting flatback turtle breeding.

Ashmore Reef Commonwealth Marine Reserve
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Ashmore Reef Commonwealth Marine Reserve is located in the Indian Ocean on the edge of Australia's North West
Shelf, 610 km north of Broome and 840 km west of Darwin. The Reserve is in Australia's External Territory of Ashmore
and Cartier Islands. It is the largest of only three emergent oceanic reefs present within the north-eastern Indian
Ocean. The Reserve is comprised of numerous marine habitats and supports a regionally important and diverse range of
species.

The following summary of ecosystem components, processes and services has been extracted from Hale and Butcher
2013.

Ecosystem components and processes

e  Climate: Arid tropical monsoonal climate. Located outside the main belt of tropical cyclones in the Timor Sea.

e Geomprhic setting: Located in an area of high oil and gas reserves, with active hydrocarbon seeps. Geomorphic
groups within the site include reef slope, reef crest, reef flat, back reef sands, lagoons and islands.

e Tides and currents: Strong seasonal influences of the Indonesian Throughflow and Holloway currents. Internal
waves are a feature of the region and Ashmore Reef may act to break these resulting in increased nutrients from
the bottom waters. High energy environment with spring tides over 4.5 m and large flushing on tidal cycles.

e Water quality: Seasonal variations in temperature and salinity in ocean and lagoon water. Water calrity, turbidity
and other water quality parameters remain a knowledge gap.

e  Vegetation: Five speces of seagrass recorded with Thalassia hemprichii dominant, comprising over 85% of total
cover. Total cover of 470 ha, over 3,000 ha of macroalgae, mostly on reed slope and crest areas. Algae dominated
by turf and coralline algae with fleshy macroalage comprising typically less than 10% of total algae cover.

e  Marine invertebrates: Ashmore Reef has a diversity of marine invertebrates including hard and soft corals,
molluscs, echinoderms and crustaceans. 275 species of hard coral, covering an area of around 700 ha. 39 taxa of
soft coral, covering an area of around 300 ha. Total coral ocver was low around the time of listing following the
1998 bleaching event but recovered in recent years to baseline levels. Over 600 species of mollusc, including two
endemic species. Over 180 species of echinoderm, including 18 species of sea cucumber. Sea cucumber density is
highly variable, but on average exceeds 30 per hectare. 99 species of decapod crustacean.

e  Fish: Over 750 species of fish, including five species of fish and three species of shark listed as threatened.
Predominantly shallow water, benthic taxa that are common throughout the Indo-Pacific. Density of small reef
fishes is arounf 20,000 to 40,000 per hectare. Low density of sharks (less than one per hectare).

e  Seasnakes: Prior to listing there was a high diversity and population, peaking in 1998 with an estimated total
population of 40,000 snakes in the site. However, by time of listing in 2002 the site was on a trajectory of decline
and diversity and abundance was low.

e Turtles: Three species of marine turtle: green (Chelonia mydas), hawksbill (Eretmochelyis imbricata) and
loggerhead (Caretta caretta) all of which are listed threatened species. Green turtles are the most abundant, with
a total estimated population of around 10,000. Nesting by two species; green turtles and hawskbill turtles.

e  Seabirds and shorebirds: Ashmore Reef supports an abundance and diversity of wetland birds. 72 species of
wetland dependent bird recorded within the Ramsar site. 47 species listed under international migratory
agreements. Average of around 48,000 seabirds and shorebirds annually. Six species are regulary recorded in
numbers greater >1% of the population. Nesting of 20 species, 14 of which regulary breed in the site.

e Dugong: Small but significant population, that may breed within the site. Data deficicent.

Ecosystem services

e Provisioning services—Freshwater: Indonesian fishers use the freshwater lens at West Island.

e Cultural services—Recreation and tourism: Althought remote and access is controlled, the site is important for
passive recreation such as diving and bird watching.

e Cultural services—Cultural heritage anf identity: Ashmore Reef has been regularly visted and fished by Indonesians
since the early 18th century. West Island contains some archaeological artefacts and graves.

e  Cultural services—Scientific and educational: The reef has high value for scientific research because it currently
recieved relatively low use and is ecologically unique within the bioregion.

e  Supporting services—Near-natural wetland types: Ashmore Reef supports a number of largely unmodified wetland
types.

e Supporting services—Biodiversity: Ashmore Reef is a hotspot of biodiveristy within the Timor Province bioregion.
Highest biodiversity of reef building corals (275 species from 56 genera). Highest diveristy of soft corals (39 taxa).
More than 600 species of mollusc. Over 180 species of echinoderm, including 13 species of sea cucumber. Nearly
100 species of decapod crustacean. Over 750 species of finfish. High diversity of seasnakes.

e Supporting services—Physical habitat: The site supports large breeding colonies of seabirds.

e  Supporting services—Priority wetland species: The Ramsar site supports 47 species of shorebirds listed under
international migratory bird treaties.
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e  Supporting services—Threatened species: Ashmore Reef supports 62 species listed as threatened at the national
and/or international level.

Hosnies Spring

Christmas Island is an Australian External Territory located in the Indian Ocean approximately 2,800 km west of Darwin
and 500 km south of Jakarta, Indonesia. The Island is approximately 13,500 ha in size, 63% of which is National Park,
including two Ramsar wetlands: Hosnies Spring and The Dales. Christmas Island National Park is managed by Parks
Australia.

Hosnies Spring is a small area of shallow freshwater streams and seepages, 20-45 m above sea-level on the shore
terrace of the east coast of the island. The Ramsar site consists of a stand of two species of mangroves of the usually
tidal genus Bruguiera. The Ramsar site includes surrounding terrestrial areas with rainforest grading to coastal scrub and
includes an area of shoreline and coral reef.

The following summary of ecosystem components, processes and services has been extracted from Hale and Butcher
2010.

Ecosystem components and processes

e  Climate: Warm tropical climatic zone. High rainfall (200 mm per year), warm to hot year-round.

e Geomorphic setting: Site is located within the shore terrace on an area of gravel overlying phosphoric soils. Spring
is situated at the base of the inland cliffs where spring water flows over a limestone flowstone.

e  Water quality: Limited information (two snap shot surveys only). Typical of limestone karst systems with alkaline
conditions and relativelty high concentrations of calcium. Trace elements and metals are all low. Nitrogen is
predominatly in the form of nitrate. High concentrations of sulphate result in a sulphurous odour.

e Hydrological regime: Groundwater dominant. Source of Hosnies Spring in perched, unconfined aquifer that
discharges where impermeable volcanic rocks are close to the surface. Flow rate is not known but expected ot be
low. Spring is perenial.

e  Mangroves: Stand of mangroves from the genus Bruguiera covers the majority of the wetland. Comprises a range
of size classes with evidence of active regeneration. A number of very large trees (large than typical for the
species), with the largest tree measuring 82 cm diameter at breast height and exceeding 40 m. Between 300 and
600 trees in total (>2.5 cm diameter at breast height) and a density between 10 and 20 trees per 100 m2.

e Land Crabs: Supports a large population of at least three species: red crabs (Gecarcoidea natalis); robber crabs
(Birgus latros) and blue crabs (Discoplax hirtipes).

Ecosystem services

e  Cultural services—Recreation and tourism: While the site is open to the public, tourism is not promoted at the site.
Rather, the site is managed to provide a limited number of visitors an opportunity to visit a unique wetland that is
largely undisturbed by humans.

e  Cultural services—Scientific and educational: The unique nature of the site and the pristine condition, provide
excellent opportunities for research.

e Supporting services—Supports near-nature wetland types: The spring at the Ramsar site is in near-natural
condition and significant within the bioregion. It is the only area on Christmas Island that supports freshwater
mangroves.

e Supporting services—Biodiversity: Supports a variety of wetland species, communities and habitats including
marine, terrestrial and freshwater dependent species.

e  Supporting services—Food webs: Interactions between land crabs and mangroves form an important food web at
the site.

e  Supporting services—Distinct wetland species: Blue crabs are reliant on the few permanent freshwater sites on
Christmas Island (including Hosnies Spring) for reproduction, and for survival in the dry season.

e  Supporting services—Ecological connectivity: Red crab migrate from the plateau to the ocean to breed each year.

Peel-Yalgorup system

The Peel-Yalgorup wetland system, in south-western Australia, is located approximately 80 km south of Perth within the
Swan Coastal Plain bioregion. The 26,000 ha site includes shallow estuarine waters, saline, brackish and freshwater
wetlands of the Peel Inlet, Harvey Estuary, several lake systems including Lake McLarty and Lake Mealup and the
Yalgorup National Park.
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The following summary of ecosystem components, processes and services has been extracted from Hale and Butcher
2007.

Ecosystem components and processes

e Peel-Harvey Estuary

- Geomorphology: Shallow bar-built estuary. Narrow connection to the Indian Ocean (Mandurah Channel).
Organic sediments (black ooze).

- Hydrology: Highly seasonal freshwater inflows from direct precipitation and rivers. Limited tidal exchange
with the Indian Ocean. Limited groundwater inflows.

- Water Quality: High concentrations of nutrients (eutrophic) from catchment. Seasonal variability in salinity.
Stratification and deoxygenation of bottom waters.

- Acid Sulfide Soils: Monosulphidic black ooze. Exposed via dredging.

- Phytoplankton: Winter diatom blooms. Spring Nodularia blooms in the Harvey Estuary.

- Benthic Plants: Excessive growth of green macroalgae (Cladophora and/or Chaetomorpha) in the Peel Inlet.
Smotherin of seagrass.

- Littoral Vegetation: Samphire communities around the shorelines. Paperbark communities in the Harvey
River delta.

- Invertebrates: Commercially sugnificant taxa include blue swimmer crabs and western king prawns. Diverse
communities in the estuary and the intertidal zones

- Fish: Estuarine and marine species. Migratory route for some species.

- Birds: High diveristy and abundance of waterbirds. Regulary supports >20,000 waterbirds (maximum
recorded 150,000 individuals). Breeding recorded for 12 species. Regulary supports >1% of the population
of 11 species.

e  Yalgorup Lakes

- Geomorphology: Shallow depressional wetlands. No defined surface water inflow or outflow channels.

- Hydrology: Highly seasonal freshwater infl ows predominantly from groundwater. No surface water
outflows.

- Water quality: Brackish to hypersaline conditions. Seasonal salinity cycles. Low nutrient concentrations.
Some lakes exhibit stratification. Highly alkaline (calcium and bicarbonate).

- Benthic microbial community: Thrombolites in Lake Clifton. Cyanobacterial algal mats across the sediment
surface in some lakes.

- Flora: Small buffer zones. Some areas of paperbark communities.

- Fauna: Significant site for waterbirds. Large numbers of Shelduck and Black Swans annually. 1% of
population of Banded Stilt, Red-necked Stint, Hooded Plover, Shelduck and Musk Duck. Breeding of eight
species.

e  Lakes Mclarty and Mealup

- Geomorphology: Shallow depressional wetlands. No defined surface water inflow or outflow channels.

- Hydrology: Highly seasonal freshwater inflows predominantly from groundwater. No natural surface water
outflows (although there are drains present).

- Water quality: Fresh to brackish conditions. Alkaline.

- Flora: Typha across parts of each lake. Sedges on the margins. Paperbark community at higher elevations.

- Fauna: Important habitat for freshwater invertebrates. Provides habitat for a large diversity and number of
waterbirds. Breeding recorded for 12 species of waterbird.

Ecosystem services

®  Provisioning services—Wetland products: Commercial fisheries for a number of species of fish, as well as prawns
and crabs.

e Regulating services—Pollution control and detoxification: Peel Inlet and Harvey Estuary act as sinks for nutrients
from the catchment and a mechanism for discharges to the sea.

®  Regulating services—Climate regulation: Data defi cient — plausible but not documented.
Regulating service—Flood control: Site acts as a reciever for drainage water from the surrounding floodplain.

e  Cultural services—Recreation and tourism: The Peel Inlet and Harvey Estuary are important recreational fisheries.
Passive recreational activities such as bird watching occur both in the estuarine and wetland areas within the site.
The Peel Inlet and Harvey Estuary are important for water based recreational activities and water sports such as
boating.

®  Cultural services—Spiritual and inspirational: Wetlands and estuarine areas are spiritually significant for the
Nyoongar and contain a number of specific culturally significant sites. The site has inspirational, aesthetic and
existence values at regional, state and national levels.
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e  Cultural services—Scientific and educational: The Peel Inlet and Harvey Estuary are the sites for long-term
monitoring dating back several decades. Lake Clifton represents one of very few places at which thrombolites can
be studied.

e  Supporting services—Biodiveristy: As evidence by the listing of the Peel-Yalgorup site as a wetland of international
importance. The system provides a wide range of biodiveristy values including:

- supporting a wide range of ecological communities

- supporting a number of regionally, nationally and internationally threatened species
- supporting a high diveristy of species (flora and fauna)

- supporting a bioregionally unique community (thrombolites).

e  Supporting services—Nutrient cycling: The Peel-Yalgorup system plays a large role in the recyling and discharge of
nutrients from the surrounding catchment. Carbon sequestration — data defi cient but plausible.

Roebuck bay

The Roebuck Bay Ramsar site comprises 34,119 ha, mostly occupied by intertidal mudflats. Waters more than 6 m deep
at low tide are excluded from the site, which stretches from Campsite (a location on the northern shore of Roebuck Bay)
east of the town of Broome, to south of Sandy Point. The soft bottom intertidal mudflats of the northern and eastern
shores of Roebuck Bay, and high tide roosts at Bush and Sandy Points are the most biologically significant parts of the
site, which was listed for several reasons including, most notably, outstanding shorebird values.

The following summary of ecosystem components, processes and services has been extracted from Bennelongia 2009.
Ecosystem components and processes

e  Climate: The climate of the Broome region is semi-arid, monsoonal with a distinct wet (October to February) and
dry season (March to September). Cyclonic flooding during the summer wet season results in periodic inundation
of Roebuck Plains and drainage of freshwater off the Plains and through the mangroves.

®  Ocean currents: The Indonesian Flowthrough flows westwards from the Pacific to the Indian Ocean. This in turn
provides a mass of warm water to the Leeuwin current off Western Australia as it sweeps south along the west
coast and east along the south coast.

e  Tidal variation: Tides in the vicinity of Broome have a very large range (9.5 m), thus exchange through the Bay is
high, tidal velocities are relatively high and large mudflats have developed.

e  Geomorphology: A megascale irregular curved embayment that contains a wide expanse of intertidal mud and
sand flats indented by microscale linear tidal creeks.

e  Sediment structure: Three main sediment provinces have been identified: northern sands province, eastern silt
and clay province and southern sands province.

e  Hydrology: The Broome Sandstone contains the most utilised (Broome water supply) and hence most threatened
groundwater resource in the Canning Basin. The Broome Sandstone is generally an unconfined aquifer recharged
by direct infiltration from rainfall. The Broome sandstone will be discharging groundwater to the surface or
subsurface at the margins of the Roebuck plains and tidal creek systems. There will also be deep submarine
groundwater discharge occurring at or below the low tide mark and within Roebuck deeps. The Broome
Sandstone will be discharging groundwater to the coupled Roebuck Bay/Roebuck Plains system from all landward
directions. This may create freshwater dependant ecological niches which could be threatened by regional water
use or pollution. Roebuck Plains produces large amounts of sheetwash into the bay after large cyclonic events or
prolonged wet season rains. This will be an important vector for nutrients, organic carbon and freshwater into the
bay.

e  Water quality: Water quality appears poor, with TP levels, although there is limited information available from
similar marine systems for comparison. Consideration has been given to the impact of urban run-off into the
marine ecosystem. Agricultural activities may influence water quality from rangeland run-off during flood events.

e Littoral vegetation: Along the sea edge there are mangrove communities. Mangrove detritus is a major source of
energy for animals in the mangal and, perhaps, some mudflat species. Behind the mangal is an extensive plain of
saline grassland that rises to the pindan plains typical of the western desert. Samphire occurs in the wetter zones.
On beach dunes spinifex dominates.

e  Plankton and diatoms: Stable isotopes of carbon and nitrogen have shown that plankton and diatoms are a major
source of energy for shellfish in the Bay.

e  Benthic invertebrates: Roebuck Bay has one of the most diverse arrays of benthic invertebrate infauna for any
intertidal ecosystem. Species numbers are dominated by polychaetes. There is a rich assemblage of bivalves that
provide an important source of accessible food for shorebirds. The average density of macrobenthic fauna is
around 1287 animals per square metre.

Page 49 of 357



AUO001-HS-PLN-600-00001_Rev.A03 Ironbark Environment Plan

e  Birds: The bay provides important food resources and refuge for migrating arctic shorebirds. A total of 43 species
of waterbirds are recorded for the Bay including 22 species listed in migratory bird agreements.

®  Fish: The mudflats and mangrove creeks are nurseries for at least 4 fish species, for commercial prawn species
and for mudcrabs

e  Marine fauna: Dugongs have been regular and important inhabitants of Roebuck Bay. Earlier records show
evidence of Dugongs feeding on extensive seagrass beds in 1986. Loggerhead Turtles and Green Turtles regularly
use the Ramsar site as a seasonal feeding area and as a transit area on migration. Flatback Turtles regularly nest in
small numbers around Cape Villaret during the summer months.

Ecosystem services

e Provisioning services—Wetland products: Commercial and recreational fisheries for a number of species of fish,
prawns and crabs. Aboriginal people continue to make extensive use of the Bay's natural resources.

o  Regulating Services—Pollution control and detoxification: No data

e  Regulating Services—Climate regulation: No data

e  Cultural service—Recreation and tourism: Major tourism and bird-watching venue. Broome is an important
destination for national and international tourism. Active recreational fishing and crabbing activities, boating,
hovercraft.

®  Cultural services—Spiritual and inspirational: Site has inspirational and aesthetic values that are both regional and
nationally recognised through travel to Broome. Roebuck Bay is spiritually significant to Aboriginal people
belonging to the Yawuru and Jukun groups and contains a number of specific culturally significant sites.

e  Cultural services—Scientific and educational: Many scientific research programs, especially on shorebirds and
mudflat invertebrates, have been based at Roebuck Bay. they have often involved Broome Bird Observatory, near
Fall Point.

e  Supporting Services—Biodiveristy: Key location in global flyway for migratory waders. Nursery values for prawns
and fish. Seagrass beds for Dugong.

The Dales, Christmas Island

Christmas Island is an Australian External Territory located in the Indian Ocean approximately 2,800 km west of Darwin
and 500 km south of Jakarta, Indonesia. The Island is approximately 13,500 ha in size and contains two Ramsar
wetlands: The Dales and Hosnies Spring.

The Dales Ramsar site covers 583 ha and is located on the western coastline of Christmas Island. The western boundary
of the Ramsar site extends 50 m seaward from the low water mark and incorporates part of the coast. The Dales are
located within the Christmas Island National Park which is managed by Parks Australia. The Ramsar site has a near-
pristine system of seven watercourses. The Dales includes permanent and perennial streams, permanent springs, and
include the majority of surface water on the Island.

The following summary of ecosystem components, processes and services has been extracted from Butcher and Hale
2010.

Ecosystem components and processes

e  Climate: Warm tropical climatic zone. High rainfall (2,000 mm per year); warm to hot year-round.

e  Geomorphic setting: Site is located within the shore terrace on an area of gravel overlying phosphoric soils.
Springs are situated at the base of the inland cliffs where spring water flows over a limestone flowstone. The
island is a karstic landscape with key geomorphic features including the terrace formations, sea cliffs, and caves
and other karst features such as tufa at Hugh’s Dale.

e Hydrology: Karstic drainage system of groundwater and surface ephemeral stream flow post heavy rainfall events
during the wet season. Spring outflow of groundwater at three of the Dales is permanent.

e  Water quality: Limited site-specific data; information from one survey in 2003 for Hugh’s Dale may provide
baseline data for time of listing. Water quality is good, with higher concentrations of some trace metals and major
ions compared to upstream reference sites, due to the presence of volcanic rocks and significant crab
populations.

e  Terrestrial vegetation: Limited site-specific data; descriptions of the vegetation are limited. General descriptions
for vegetation associations indicate five major associations, with tall rainforest the dominant type.

e  Coral reef: The coral reef is limited and dominated by abiotic habitat and hard corals of low diversity.

e Fish: Community predominantly of Indo-Pacific origin. Endemism is low, but a number of species are at the
western extent of their range at Christmas Island and there is evidence of hybridisation. One endemic freshwater
species recorded from the site.
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e Invertebrates (non-crabs): The site supports a low diversity of benthic marine invertebrates, but may also support
anchialine fauna although no site specific data has been sourced to confirm this.

e  Land crabs: All 20 species of land crab occur within the boundary of the site. The Dales provide a major migration
pathway for crabs to and from the ocean during spawning. The site is important for blue crabs in particular.

e  Water birds: Eleven waterbirds, including nine endemic species, one nationally listed vulnerable and one
endangered species are found at the site. The site supports breeding seabirds including Abbott’s booby and red-
footed booby.

Ecosystem services

e  Cultural services—Recreation and tourism: The Dales is a popular recreational area for both tourists and locals.
Two timber board walks have been installed at No. 1 Dale and Hugh’s Dale. The Dales is the most popular sight
seeing destination on the island with the waterfall at Hugh’s Dale being the greatest attraction.

e  Cultural services—science and education: Parks Australia undertakes and supports a range of research programs
across the National Park, many of which are directly relevant to The Dales. For example, research investigations
include impacts of the yellow crazy ant, land crab ecology and the Abbott’s booby.

e Supporting services—food webs: Crab spawning provides a rich food supply to marine biota including whale
sharks. In addition the land crabs play a significant role in the energy dynamics of the forest affecting seedling
recruitment and ultimately the structure of the forest. The invasion of the yellow crazy ant has significantly
affected trophic relationships on Christmas Island.

e  Supporting services—Provides physical habitat (for breeding waterbirds): Terrestrial vegetation provides roosting
and breeding sites for several species of waterbirds.

e Supporting services—Biodiversity: Supports a variety of wetland species, communities and habitats including
marine, terrestrial and freshwater dependent species.

e  Supporting services—Special ecological, physical or geomorphic features: Provides critical habitat for the blue
crabs and freshwater crabs, provides examples of karst features such as tufa deposits at the Hugh'’s Dale
waterfall, and possibly anchialine cave communities.

e Supporting services—Distinct or unique wetland species: Red crabs are considered keystone species on the island.

e  Supporting services—Threatened wetland species, habitats and ecosystems: The Dales Ramsar site supports
nesting sites for the endangered Abbott’s booby. The Christmas Island frigatebird has also been recorded from
the site.

e  Supporting services—Priority wetland services: Christmas Island supports a number of vagrant species listed under
various international agreements.

e  Supporting services—Supports near-natural wetland types: Springs and karst systems are representative of the
bioregion and considered in near natural condition at the time of listing.

e  Supporting services—Ecological connectivity: The streams of The Dales provide critical migration pathways for
downward migration of red, blue and robber crabs and return pathways for juvenile blue crabs in particular.

Vasse-Wonnerup system

The Vasse-Wonnerup System Ramsar wetland is situated in the Perth Basin, southwestern Western Australia. It is an
extensive, shallow, nutrient-enriched wetland system of highly varied salinities. Large areas of the wetland dry out in
late summer. The site is located on a narrow, flat plain separated from the ocean by a narrow system of low dunes. The
system is comprised of two former estuaries: the Vasse and Wonnerup Lagoons, with inflows of seawater managed by
floodgates (weirs) since early 1900s. Water in the Vasse-Wonnerup System is fresh in winter and becomes saline in
summer due to leakage past the floodgates and, since 1988, some seawater being allowed to enter.

The following summary of ecosystem components, processes and services has been extracted from WRM 2007.
Ecosystem components and processes

e  Geomorphology: Broad, shallow basin with large seasonal variation in area of inundation. Seasonally closed
estuary.

e  Soil type: Sandy; poor nutrient retention; acid sulphate soils; sedimentation and erosion.

e Hydrology: Significant groundwater-dependent ecosystem. Seasonal freshwater surface water inflows. The
seasonal shallow and partial drying of the estuary attracts waterbirds which feed on exposed mud flats and the
spatial distribution of birds will change as waters retreat and more foraging areas are made available.

e  Water quality: Seasonal variation in salinity (fresh to brackish during winter, becoming saline during summer).
Vasse-Wonnerup is highly nutrient enriched (eutrophic) due to run-off. Hypoxic (low oxygen) or anoxic (zero
oxygen) conditions are typically associated with severe algal blooms and/or high rates of microbial activity.
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e Phytoplankton and aquatic macrophytes: The lower Vasse River and estuary reaches experience frequent
phytoplankton, cyanobacterial and macroalgal blooms associated with the high nutrient loads.

e  Vegetation: Large areas of low samphire (Sarcocornia blackiana, Halosarcia pergranulata), fringed by taller mixed
samphire, sea rush (Juncus kraussii) and sedges (Lepidosperma cf. leptostachyum, Carex divisa). Some occurrence
of remnant paperbark (Melaleuca rhaphiophylla, M. hamulos, M. cuticularis) woodlands.

e Habitat connectivity: International and national migratory bird species. Tuart forest ecosystem or with the marine
ecosystem of Geographe Bay.

e Invertebrates: No comprehensive surveys of the freshwater or estuarine invertebrate communities. Based on
available information, communities of zooplankton and macroinverebrates expected to include amphipods, water
boatment, aquatic snails, midges and other insects, mussels, prawns, crabs and crayfish.

e  Fish: Mixture of freshwater, estuarine and marine species. All of the native freshwater species recorded are
south-west regional endemics. Eight of the nine marine species that regularly occur within the Vasse-Wonnerup
Site, are known to use the estuaries as nursery areas

e Waterbirds: One of the most significant coastal habitats for waterbirds in the southwest of Western Australia. At
least 17 migratory species (mostly shorebirds) under international protection. The Site supports peak numbers of
25,000-35,000 waterbirds in most years, of which some 12,000 are waterfowl (ducks and swans).

Ecosystem services

e  Cultural services—Recreation and tourism: Recreational fishing, bushwalking and nature observation.

e  Cultural services—Spiritual and inspirational: Aesthetic values, cultural heritage (historical and archaeological),
spiritual and religious (sacred sites), sense of place, educational values.

e  Support services—Maintenance of hydrological stability: Flood control for protection of agricultural land and built
assets.

e  Support services—Sediment and nutrient retention and water purification: Sediment and nutrient deposition.
Removal and dilution of wastewaters from irrigation areas and urban areas.

e  Support services—Food web: Nutirent and crabon cycling; primary production.

e  Support services—Ecological value (waterbirds): Supports high abundance (>20,000) and richness (>60 species) of
waterbirds. Supports significant proportions (=1%) of the relevant Ramsar populations of Black-winged Stilt, Red-
necked Avocet, Australian Shelduck and Australiasian Shoveler. Supports the largest known regular breeding
colony of Black Swan in the State (50-150 pairs).
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Figure 3-6: Mangrove and Saltmarsh Habitat
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3.3.4 Seabirds and Shorebirds

There are multiple species (or species habitat) of seabirds and shorebirds that may occur within the
EMBA. The presence of most species, particularly within the Operational Area, are expected to be of
a transitory nature only due to the absence of Biologically important areas? (BIAs). However, some
species within the EMBA were identified as displaying important behaviour (e.g. breeding, roosting,
foraging), some recognised as BIAs. Those closest seabird and shorebird BIA to the Ironbark
Exploration Drilling Program is the breeding BIA for the wedge-tailed shearwater, approximately 50
km away.

The northwestern coastline of WA and islands provide important refuge for several seabird and
shorebird species. For migratory shorebirds, the rocky shores, sandy beaches, saltmarshes, intertidal
flats and mangroves are important feeding and resting habitat during spring and summer (DBCA, 2017).
Migratory seabirds, including terns and shearwaters, use the islands for nesting (DBCA, 2017). Island
habitats are important for seabirds as they provide relatively undisturbed roosting and nesting
habitats close to oceanic foraging grounds. Oystercatchers, red-capped plovers and beach stone-
curlews are among the species that have resident populations; these shorebirds are present
throughout the year and nest along the coast and on offshore islands (DBCA, 2017).

The wedge-tailed shearwater is a migratory visitor to WA; estimates indicate more than one million
shearwaters migrate to the Pilbara islands each year (DBCA, 2017). The wedge-tailed shearwater will
excavate burrows on vegetated islands for nesting. Known breeding locations in the North-west
Marine Region include Forestier Island (Sable Island), Bedout Island, Dampier Archipelago, Passage
Island, Lowendal Island, islands off Barrow Island (Mushroom, Double and Boodie Islands), islands in
the Onslow area (including Airlie, Bessieres, Serrurier, North and South Muiron and Locker Islands),
islands in Freycinet Estuary, and south Shark Bay (Slope, Friday, Lefebre, Charlie, Freycinet, Double
and Baudin Islands) (DEWHA, 2008a).

The fairy, lesser crested and roseate terns may have both a resident sub-population and a migratory
population present in the Pilbara (DBCA, 2017). These tern species nest in open areas, typically sand
scrapes/depressions on the sandy beaches of offshore islands. The tern species are known to nest
within the region of the Ningaloo Marine Park, Muiron and Sunday islands (CALM, 2005). The
Montebello Islands support the largest breeding population of roseate terns in WA (DEWHA, 2008a).

Caspian terns, little terns, and ospreys have also been known to breed on Serrurier Island and
neighbouring inshore islands (DEWHA, 2008a).

Bedout Island (offshore from Port Hedland) supports one of the largest colonies of brown booby in
WA; the masked booby, lesser frigatebird, roseate tern and common noddy also breed in the area
(DEWHA, 2008a).

Tropicbird species spend most of their lives at sea, typically found in tropical and subtropical seas
around northern Australia. A small sand cay at Bedwell Island, within Clerke Reef in Rowley Shoals
Marine Park, is one of very few breeding areas in Western Australia for the Red-tailed tropicbird.

2 Biologically important areas are spatially defined areas where aggregations of individuals of a species are known to display
biologically important behaviour such as breeding, foraging, resting or migration.
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Table 3-6: Seabird and shorebird species or species habitat relevant the Ironbark Exploration Drilling

Program

EPBC Status
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Acrocephalus orientalis Oriental Reed-Warbler x(W) X KO - KO

Actitis hypoleucos Common Sandpiper x(W) X KO MO KO

Anous minutus Black Noddy X KO - BKO

Anous stolidus Common Noddy x(M) X BKO MO | BKO

Anous tenuirostris melanops Australian Lesser Noddy Vv X BKO - BKO
Anseranas semipalmata Magpie Goose X MO - -

Apus pacificus Fork-tailed Swift x(M) X LO - LO

Ardea alba Great Egret X BKO - KO

Ardea ibis Cattle Egret X MO - MO

Ardenna carneipes Flesh-footed Shearwater x(M) X FLO - FLO

Ardenna pacifica Wedge-tailed Shearwater x(M) X BKO - BKO
Arenaria interpres Ruddy Turnstone x(W) X RKO - -
Botaurus poiciloptilus Australasian Bittern E KO - -

Calidris acuminata Sharp-tailed Sandpiper x(W) X RKO MO KO
Calidris alba Sanderling x(W) X RKO - -

Calidris canutus Red Knot E x(W) X KO MO KO

Calidris ferruginea Curlew Sandpiper CE x(W) X KO - KO

Calidris melanotos Pectoral Sandpiper x(W) X KO MO MO
Calidris ruficollis Red-necked Stint x(W) X RKO - -
Calidris subminuta Long-toed Stint x(W) X RKO - -
Calidris tenuirostris Great Knot CE x(W) X RKO - -

Calonectris leucomelas Streaked Shearwater x(M) X KO LO KO

Catharacta skua Great Skua X MO - MO
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Charadrius bicinctus Double-banded Plover x(W) X RKO - -
Charadrius dubius Little Ringed Plover x(W) X RKO - -
Charadrius leschenaultii Greater Sand Plover x(W) X RKO - -
Charadrius mongolus Lesser Sand Plover x(W) X RKO - -
Charadrius ruficapillus Red-capped Plover X RKO - -
Charadrius veredus Oriental Plover x(W) X RKO - MO
Chrysococcyx osculans Black-eared Cuckoo X KO - KO
Diomedea amsterdamensis Amsterdam Albatross x(M) X LO - MO
Diomedea dabbenena Tristan Albatross x(M) X LO - -
Diomedea epomophora Southern Royal Albatross x(M) X FLO -
Diomedea exulans Wandering Albatross x(M) X FLO - MO
Diomedea sanfordi Northern Royal Albatross x(M) X FLO - -
Eudyptula minor Little Penguin X BKO - -
Fregata ariel Lesser Frigatebird x(M) X BKO LO BKO
Fregata andrewsi Christmas Island x(M) X BKO FKO
Frigatebird
Fregata minor Great Frigatebird x(M) X BKO MO | BKO
Gallinago megala Swinhoe's Snipe x(W) X RLO - -
Gallinago stenura Pin-tailed Snipe x(W) X RLO - -
Glareola maldivarum Oriental Pratincole x(W) X RKO - MO
Haliaeetus leucogaster White-bellied Sea-Eagle X BKO - KO
Halobaena caerulea Blue Petrel X MO - -
Heteroscelus brevipes Grey-tailed Tattler X RKO - -
Himantopus himantopus Pied Stilt X RKO - -
Hirundo daurica Red-rumped Swallow X KO - MO
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Hirundo rustica Barn Swallow x(T) X KO - KO
Hydroprogne caspia Caspian Tern x(M) X BKO - BKO
Larus novaehollandiae Silver Gull X BKO - BKO
Larus pacificus Pacific Gull X BKO - BKO
Limicola falcinellus Broad-billed Sandpiper x(W) X RKO - -
Limnodromus semipalmatus Asian Dowitcher x(W) X RKO 