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Acronyms and Abbreviations

Acronym Definition

3-D three-dimensional

AFZ Australian Fishing Zone

ALARP as low as reasonably practicable
AMP Australian marine park

AMSA Australian Maritime Safety Authority
AMSL above mean sea level

API American Petroleum Institute

Basel Convention

Control of Transboundary Movements of Hazardous Wastes and their
Disposal, 1972

AWS Australian Whale Sanctuary
BIA biologically important area
BMSL below mean sea level

Bonn Convention

Convention on the Conservation of Migratory Species of Wild Animals

bpd barrel per day

BSL below sea level

BTEX benzene, toluene, ethylbenzene and xylene

CAES Catch and Effort System

CAMBA Agreement between the Government of Australia and the Government of
the People's Republic of China for the Protection of Migratory Birds and
their Environment

CAPEX capital expenditure

CHa methane

CMP Conservation Management Plan

co carbon monoxide

CO2 carbon dioxide

CO2-e carbon dioxide equivalent

cP centipoise, a unit of dynamic viscosity, equal to one hundredth of a poise

CPP central processing platform

CSIRO Commonwealth Scientific and Industrial Research Organisation

DAWE Department of Agriculture, Water and the Environment

DEWHA Department of Environment, Water, Heritage and the Arts (now
Department of the Environment and Energy)

DISER Department of Industry, Science , Energy and Resources

DMIRS Department of Mines, Industry Regulation and Safety
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Acronym Definition

DPIRD Department of Primary Industries and Regional Development

DRS Delayed Recovery Scenario

DSEWPaC Department of Sustainability, Environment, Water, Population and
Communities (now Department of Agriculture Water and the Environment)

DTM disconnectable turret mooring

EMBA environment that may be affected

ENSO El Nifio-Southern Oscillation

EP Environment Plan

EPBC Act Environment Protection and Biodiversity Conservation Act 1999

EPO environmental performance outcome

ESD ecologically sustainable development

FEED front-end engineering and design

FID final investment decision

FPSO floating production, storage and offloading (facility)

FSO floating storage and offloading (facility)

GBSS gravity-based support structure

GHG greenhouse gas

H&S health and safety

HFC hydrofluorocarbon

HFO heavy fuel oil

IFO intermediate fuel oil

IMF Interim Managed Facility

IMMR inspection, monitoring, maintenance and repair

IMO International Maritime Organization

IMS invasive marine species

IPCC Intergovernmental Panel on Climate Change

IUCN International Union for the Conservation of Nature

JAMBA Agreement between the Government of Australia and the Government of
Japan for the Protection of Migratory Birds in Danger of Extinction and their
Environment

KEF key ecological feature

KSTB thousand standard barrels

London Convention Prevention of Marine Pollution by Dumping of Wastes and Other Matter

LNG liqguefied natural gas

LPG liquefied petroleum gas
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Acronym Definition

ug millionth of a gram

pm millionth of a metre, or thousandth of a millimetre

m3 cubic metre

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

MARPOL Convention modified by the Protocol of 1978

MDO marine diesel oil

MGO marine gas oil

MMbbl million barrels

MMscf million standard cubic feet

MMscfd million standard cubic feet per day

MNES matter of national environmental significance

MODU mobile offshore drilling unit

MSL mean sea level

MtCO2-e million tonnes of carbon dioxide equivalent

NA not applicable

NAF non-aqueous fluid

NDC Nationally Determined Contribution

NGER National Greenhouse and Energy Reporting

NGER Act National Greenhouse and Energy Reporting Act 2007

nm nautical mile, a unit of length used in air, marine, and space navigation and
for the definition of territorial waters; equal to 1,852 m

N20 nitrous oxide

NOPSEMA National Offshore Petroleum Safety and Environmental Management
Authority

NOPTA National Offshore Petroleum Titles Administrator

NOx nitrogen oxides

NWS North West Shelf

NZE Net zero emissions by 2050

oW oil in water

oocC Oil on cuttings

OPEP Oil Pollution Emergency Plan

OPEX operating expense

OPGGS (E) Regulations

Offshore Petroleum and Greenhouse Gas Storage (Environment)
Regulations 2009
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Acronym Definition
OPGGS (RMA) Offshore Petroleum and Greenhouse Gas Storage (Resource Management
Regulations Administration) Regulations 2011

OPGGS (S) Regulations

Offshore Petroleum and Greenhouse Gas Storage (Safety) Regulations 2009

OPGGS Act Offshore Petroleum and Greenhouse Gas Storage Act 2006
OoPP Offshore Project Proposal

PAH polycyclic aromatic hydrocarbon

PEC perfluorocarbon

PK peak sound pressure level

PM2s particulate matter less than or equal to 2.5 microns in diameter
PM1o particulate matter less than or equal to 10 microns in diameter
PMST Protected Matters Search Tool

ppb part per billion

ppt part per thousand

PTS permanent threshold shift

PW produced water

RAAF Royal Australian Air Force

Ramsar, Ramsar

Convention on Wetlands of International Importance

Convention

RO reverse osmosis

ROKAMBA Agreement between the Government of Australia and the Government of
the Republic of Korea on the Protection of Migratory Birds

ROV remotely operated vehicle

SBM synthetic based mud

SDS Sustainable Development Scenario

SEL sound exposure level

SEL24h cumulative 24-hour sound exposure level - a cumulative metric that reflects
the measured dose impact of noise levels over 24 hours based on the
assumption that an animal is consistently exposed to such noise levels at a
fixed position

SPL sound pressure level

STEPS Stated Policies Scenario

TEC threatened ecological community

TTS temporary threshold shift

VOC volatile organic compound

WAFIC Western Australian Fishing Industry Council

WBM water-based mud
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Acronym Definition
WHA World Heritage Area
WHP wellhead platform
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Executive Summary
ES-1. Introduction

Project Overview and Location

Santos WA Northwest Pty Ltd (Santos) proposes to develop petroleum resources in the Bedout Sub-
basin, located in Commonwealth waters approximately 140 km offshore from Port Hedland, Western
Australia (Figure 0-1).

The Dorado Development will develop the oil resources of the Dorado field and potential future
tiebacks and will require gas reinjection to enhance oil recovery. There is potential for a second
phase of development to recover and export the gas.

Phase 1 of the Dorado Development (Dorado Phase 1) will produce oil from the Dorado field and
potentially from future tiebacks. In this phase, the recovered gas will be reinjected to the Dorado
reservoir to enhance liquids recovery. Dorado Phase 1 will be designed for liquid handling rates of
100 thousand standard barrels per day (KSTB/d) and gas reinjection capacity of 235 million standard
cubic feet per day (MMscf/d). With the inclusion of future tiebacks, Dorado Phase 1 will export a
volume of up to 350 million barrels (MMbbl) of liquids over 20 years.

Dorado Phase 1 will contribute to meeting the world’s future needs for oil resources, and will also
bolster energy security for Australia in the wake of global energy supply shocks following the global
pandemic and the Russia-Ukraine conflict.

Based on global energy studies and forecasts, oil plays a major role in the energy mix for a
sustainable energy future and currently is forecast to provide the main source of energy for the
transport sector into the future. Even under the most aggressive accelerated energy transition
scenarios, including the IEA Net Zero by 2050 scenario, there remains a requirement for investment
in oil and gas production to maintain sufficient supply through the transition.

Future gas production is subject to future exploration and investment decisions and would be
executed as Phase 2 of the Dorado Development. The exploration and appraisal activities in the
Bedout Basin are undertaken via separate environment plans and approvals. Should Phase 2 of the
Dorado Development progress it would require separate assessment under environment regulatory
approval processes if considered commercially and technically viable. The recovered gas will be
exported for onshore processing to supply either domestic and/or international markets.

This offshore project proposal (OPP) has been submitted to the National Offshore Petroleum Safety
and Environmental Management Authority (NOPSEMA) for assessment under Part 1A of the Offshore
Petroleum and Greenhouse Gas Storage (Environment) Regulations 2009 (OPGGS (E) Regulations).
This OPP outlines Santos’ commitment to undertaking Dorado Phase 1 in a manner that ensures
environmental impacts and risks are acceptable.

The oil resources that will be developed lie within petroleum titles WA-437-P and WA-438-P. The
Dorado Phase 1 development will consist of:

a wellhead platform (WHP) with up to sixteen wells (production and gas injection);
a floating production, storage and offloading (FPSO) facility;

subsea flowlines and umbilicals between the WHP and the FPSO facility; and
potential future tiebacks.

+ 4+ + o+
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This OPP for Dorado Phase 1 includes potential for future tiebacks (noting that prospects have not
yet been appraised) within the Project Area to augment Dorado field oil production. These tiebacks
will connect to the Dorado WHP or FPSO.

All planned petroleum activities, including the future tiebacks, will take place within the Project Area
defined for the Dorado Development (Figure 0-1) and will include:
+ site surveys;
drilling;
vertical seismic profiling (drilling and 3-D);
construction and installation;
commissioning;
operations and facilities maintenance; and
decommissioning of infrastructure and plug and abandonment of wells.

+ 4+ + + o+ o+

The proposed locations of the Dorado FPSO and WHP are approximately 143 km and 145 km north of
the town of Port Hedland respectively. Future tiebacks, if developed, will be located within the
Project Area. Water depths in the Project Area range between approximately 70 and 120 m.

Dorado Phase 1 is intended to operate for a life of 20 years (inclusive of potential future tiebacks),
commencing operations as early as 2027. The Dorado Phase 1 infrastructure will be decommissioned
at the end of the commercial life of the project in accordance with legislative requirements.
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Purpose of the Dorado Development Offshore Project Proposal
The purpose of the Dorado Development OPP is to:

+ provide a whole-of-project assessment of the environmental impacts and risks of Dorado
Phase 1;

+ define and demonstrate the acceptable levels of environmental impacts and risks for Dorado
Phase 1;

+ provide relevant information to the public and an opportunity for the public to comment on
Dorado Phase 1; and

+ meet the regulatory requirements of the OPGGS (E) Regulations.

Information about the Proponent

Santos WA Northwest Pty Ltd (Santos), as operator of the Dorado Joint Venture, is the proponent for
the Dorado Development OPP. An Australian company founded in 1954, Santos is one of the leading
independent oil and gas producers in the Asia-Pacific region, supplying the energy needs of homes,
businesses and major industries across Australia and Asia.

Santos originated in the Cooper Basin; has extensive exploration and production acreage in Australia,
as well as extensive infrastructure; and is committed to supplying domestic markets, unlocking
resources, and driving value and performance. Santos is dedicated to being the safest oil and gas
operator in Australia and preventing harm to people and the environment.

ES-2. Relevant Requirements

Dorado Phase 1 lies entirely within Commonwealth waters and hence lies within the jurisdiction of
the Australian Government. The two key pieces of Commonwealth legislation that apply to the
environmental approval of Dorado Phase 1 are the:

+  Offshore Petroleum and Greenhouse Gas Storage Act 2006 (OPGGS Act) and subsidiary
regulations; and
+ Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act).

Other relevant requirements that apply to the environmental approval of Dorado Phase 1 include:

+ additional Commonwealth legislation;
+ international agreements and conventions; and
+ policy, advice and guidelines.

Santos has applied the above relevant requirements to the environmental impact assessment and
management of Dorado Phase 1.

Offshore Petroleum and Greenhouse Gas Storage Act 2006

The OPGGS Act provides the regulatory framework for petroleum exploration and recovery and the
injection and storage of greenhouse gas (GHG) substances in Commonwealth waters. The OPP is
required under subsidiary OPGGS (E) Regulations.

The OPGGS (E) Regulations are the principal regulations for the environmental management of
petroleum activities in Commonwealth waters. In addition to the OPP, the OPGGS (E) Regulations
also require Santos to have in place accepted Environment Plans (EPs) and Oil Pollution Emergency
Plans (OPEPs) for the petroleum activities within the scope of Dorado Phase 1.
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Environment Protection and Biodiversity Conservation Act 1999

The EPBC Act and supporting regulations provide for the protection of the environment and
conservation of biodiversity in Australia (including Commonwealth waters) specific to matters of
national environment significance (MNES). Amendments to the OPGGS Act and OPGGS (E)
Regulations in February 2014 require matters protected under Part 3 of the EPBC Act to be
considered in the Dorado Development OPP.

ES-3. Description of the Environment

The OPP describes the physical, biological and socio-economic environment that may be affected
(EMBA) from planned and unplanned events associated with the Dorado Phase 1 activities, including
MNES protected under the EPBC Act. This description informs the assessment of environmental
impacts and risks.

The outer boundary of the EMBA is the worst-case and largest spatial extent where unplanned
hydrocarbon releases from Dorado Phase 1 activities could have an environmental consequence. The
EMBA is based on the cumulative extent of 300 stochastic model simulations for all exposure
probabilities, using the ‘low’ exposure values for each modelled oil component, that is 1 gram per
square metre (g/m?) floating oil, 10 parts per billion (ppb) dissolved and entrained oil and 10 g/m? for
oil on shoreline. All planned activities will occur within the Project Area (Figure 0-1).

Environmental Studies

Santos commissioned a range of environmental studies to better understand the existing
environment within and surrounding the Project Area. These studies are described in subsequent
sections and include:

benthic habitat surveys;
benthic habitat modelling;
sediment quality surveys; and
water quality surveys.

+ + o+ o+

Results of these studies supported the assessment of environmental impacts and risks.

Physical Environment

The seabed within the Project Area is generally flat and featureless, which is consistent with much of
the mid-continental shelf in the North West Shelf (NWS) region. There are no known bathymetric
features, such as reefs, shoals or banks, within the Project Area.

Water movement in the Project Area is dominated by strong tidal regimes, as such the water
movement is regular and predictable, in a northwest and southeast direction. There is relatively little
variation in this pattern throughout the year, with little apparent influence of the mesoscale
currents, such as the Holloway Current, which typically occur on the outer continental shelf in water
depths more than 100 m. Tides in the Project Area are semidiurnal (two high and two low tides per
day), with slight diurnal inequality. The tidal range in the region is large, with the maximum tidal
range at the port of Port Hedland in excess of 7 m. This large tidal range accounts for the strength of
tidal currents observed in the Project Area. In the EMBA beyond the Project Area, mesoscale
currents, such as the Holloway and Leeuwin currents, play an important role in water movements.
Smaller-scale water movements, such as tidal and wind-driven currents, are superimposed over
these mesoscale currents.

Santos Ltd | Dorado Development Offshore Project Proposal Page 28 of 897



Santos

Water and sediment quality within the Project Area is high, with little evidence of contamination.
Turbidity levels in surface waters are low, with increased levels of turbidity near the seabed likely
due to sediment resuspension by currents at the seabed. Concentrations of metals and hydrocarbons
in water and sediments were below the recommended guideline values for slightly to moderately
disturbed marine systems, with many of the concentrations below the laboratory limits of reporting.
Sediments in the Project Area were characterised as varying grades of sand — ranging from slightly
gravelly muddy sand to gravelly sand.

The climate of the Project Area is arid and tropical, experiencing high summer temperatures and
periodic tropical cyclones in summer. Rainfall in the region is low, although intense rainfall may occur
during the passage of summer tropical cyclones and thunderstorms. The summer and winter seasons
fall into the periods September to March and May to July, respectively. Winters are characterised by
clear skies, fine weather, predominantly strong east to southeast winds and infrequent rain. Summer
winds are more variable, with strong southwesterlies dominating. Transitional wind periods, during
which either pattern may predominate, can be experienced in April, May and September of each
year.

The Project Area is remote from potential sources of atmospheric pollutants, and air quality in the
Project Area is high.

Biological Environment

Benthic habitat within the Project Area consists of bare sediments and hard substrate areas that
typically have a low or no cover of epibenthic biota. These habitats were homogenous throughout
the surveyed area and are well represented outside the Project Area.

Habitats within the Project Area can be described as the following:

+ Areas of flat, silty sand and silty mud that are sparsely populated with epibiota and support a
low to medium density of tube worms, scattered sea pens, crinoids and anemones;
bioturbation by small fish and invertebrates also occurs;

+ Areas of low, probably mobile, sand waves supporting very little epibiota other than
occasional sea pens and worm tubes; and

+ Exposed hard substrates supporting a low to medium density of filter-feeding assemblages
generally dominated by small gorgonians, sea whips, soft corals and sponges.

No key ecological features (KEF) occur within the Project Area. A range of other communities and
habitats occur within the EMBA beyond the Project Area, including:

+ benthic habitats, such as:
- bare substrate;
- reefs, shoals and banks;
- seagrasses; and
- macroalgae.
+ coastal habitats, such as:
- mangroves;
- intertidal sand and mudflats;
- intertidal platforms;
- sandy beaches; and
- rocky shorelines.
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A number of threatened or migratory species listed under the EPBC Act were listed within the Project
Area and EMBA, including:

+ 13 fishes (including sharks) (10 within the Project Area and another three within the EMBA
beyond the Project Area);

+ 16 marine mammals (seven within the Project Area and another nine within the EMBA
beyond the Project Area);

+ nine reptiles (five within the Project Area and another four within the EMBA beyond the
Project Area); and

+ 76 birds (10 within the Project Area and another three within the EMBA beyond the Project
Area).

Socio-economic Environment

No protected areas overlap the Project Area, although a number occur within the EMBA beyond the
Project Area, including:

18 Commonwealth Australian marine marks (AMPs);

14 Western Australian marine protected areas;

14 Western Australian terrestrial protected areas; and

six wetlands of international importance (Ramsar wetlands).

+ o+ + o+

Nine Western Australian—managed fisheries overlap the Project Area, with the Pilbara Interim Trawl
Fishery the most active within the Project Area. Three Commonwealth-managed fisheries overlap the
Project Area, none of which have notable historic fishing effort within the Project Area. Numerous
Western Australian and Commonwealth-managed fisheries overlap the EMBA beyond the Project
Area. No aquaculture activities occur within the Project Area, but aquaculture occurs within the
EMBA beyond the Project Area.

No World, Commonwealth or national heritage properties occur within the Project Area. Several
heritage properties occur within the EMBA beyond the Project Area, including:

+ two World Heritage Places (Ningaloo Coast and Shark Bay);
+ eight Commonwealth heritage places; and
+ nine national heritage places.

No Aboriginal heritage sites occur within the Project Area. Numerous Aboriginal heritage places
registered under the Western Australian Aboriginal Heritage Act 1972 occur along the coastline
within the EMBA beyond the Project Area, predominantly along the Dampier Peninsula.

No tourism activities occur within the Project Area, but they do occur throughout the EMBA beyond
the Project Area.

The maritime industry within the Project Area consists primarily of commercial shipping, with a
shipping fairway for commercial vessels transiting to and from Port Hedland overlapping the Project
Area. Maritime industry within the EMBA includes shipping, ports, and petroleum exploration and
production.

There are no designated Department of Defence exercise areas overlapping the Project Area.

ES-4. Acceptable Levels of Impacts and Risks

The OPGGS (E) Regulations require that Santos demonstrate the environmental impacts and risks
associated with Dorado Phase 1 are of an acceptable level. Santos has defined acceptable levels of
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impacts and risks for the environmental receptors that may credibly be impacted by Dorado Phase 1
to address this requirement. The predicted environmental impacts and risks from all aspects of
Dorado Phase 1 were then compared to the predefined acceptable levels to evaluate whether the
impacts and risks were below the acceptable level.

The following criteria were considered by Santos when developing receptor-specific acceptable levels
of impacts and risks:

the environmental value of the receptor;

the principles of ecologically sustainable development;
relevant requirements;

internal context; and

external context.

+ 4+ + o+ o+

ES-5. Analysis of Alternatives

The petroleum resources within the Project Area could be developed using numerous field
development concepts, each concept could be implemented using different types of production
facilities, and each alternative has relative advantages and disadvantages.

In progressing the Dorado Development, Santos has considered a range of alternatives to inform
development concepts and to understand the feasibility of alternative field development concepts.
The assessment process used by Santos involved a multidisciplinary evaluation of concept and design
alternatives across five criteria: technical feasibility, health and safety (H&S), environment, economic,
and societal. After identifying that technically and commercially viable alternatives existed, Santos
started identifying the preferred Dorado Development concept. The development concept to
develop the oil resource (‘liquids only’) was selected as it enables the use of LPG-rich gas reinjection,
which is required to enhance the volume of recoverable liquids from the Dorado field. It will be
implemented via a wellhead platform and FPSO to achieve the early development of the resource
and maximise the recovery of the liquids resource. This is Dorado Phase 1. Adopting the gas
reinjection concept also preserves the potential for a future gas export development (Dorado Phase
2), subject to separate approvals, including an OPP, once the oil resource has been recovered and the
recoverable gas resources are well understood.

After selection of the preferred field development concept, Santos considered and assessed a wide
range of facilities, installation and construction methods, field gas management, produced water
management and mooring design alternatives. These are detailed in the OPP.

The alternatives analysis process used and described in the OPP will be continued through the
detailed design and engineering stages of the project.

ES-6. Description of the Project

The Dorado Development will develop the oil resources identified in the Bedout Sub-basin, with
initial production being the light oil from the Caley reservoir, the main target reservoir, and
condensate from the Baxter, Crespin and Milne reservoirs (which underlie the Caley). Collectively,
these resources make up the Dorado reservoir and are termed the Dorado field, will produce Dorado
oil, and are the foundation for Dorado Phase 1. The key characteristics of the proposed Dorado Phase
1 development are summarised in Table 0-1. The current development concept shown in Figure 0-2
comprises:

+ A not normally manned wellhead platform (Dorado WHP) with provision for 16 wells (oil/gas
production and gas reinjection) drilled from a single drill centre on the WHP. Gas will be
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reinjected via the wells (located on the WHP) into the reservoir to enhance oil recovery. The
WHP will be remotely powered and operated from the FPSO;

+ Infield flowlines approximately 2.2-km in length to transport the hydrocarbons and
associated production fluids and an umbilical to provide chemicals, power and
communications between the Dorado WHP and the FPSO;

+ An FPSO connected to the seabed via a disconnectable turret mooring (DTM). The FPSO will
include accommodation and processing facilities and will allow for the storage and offloading
of the hydrocarbons via an offtake tanker; and

+ The future development of prospects identified in the Project Area (targeting the Archer
Formation) as tiebacks to either the Dorado WHP or the FPSO to augment oil production for
the project life. The characteristics of these future tieback reservoirs are expected to be
similar to that of the Dorado field (i.e. from the Archer Formation, yielding similar products).

The Dorado field and future tiebacks are expected to produce hydrocarbons over the operating life of
the facilities (20 years). At the end of the commercial lifetime, Dorado Phase 1 infrastructure will be
decommissioned in accordance with standard industry practices and relevant legislation at the time
of decommissioning.

Table 0-1: Key characteristics of the Dorado Phase 1 development

Project Element Number, Extent, or Range

Project Area The Dorado Development Project Area is spatially defined in Figure 6-4.

A maximum total of 38 wells, being a combination of oil and gas development
wells and gas reinjection wells, located within the Project Area, will be
comprised of:

+ Up to 16 wells with dry trees on the Dorado WHP, being:
- 6xoil production;
Wells - 2xgas production;
- 2xgas reinjection; and
- Up to 6 additional wells that are a combination of production and gas
reinjection wells.
+ Up to 22 wells will be future tie-backs located within the project area, with
the breakdown of production and gas reinjection wells to be determined by
the tieback reservoir characteristics.

A maximum of three (3) not normally manned WHPs, comprising:

+  One gravity based not normally manned WHP located in the Dorado field, in

WHPs the vicinity of the site described in Table 6-2, with 16 slots for production
and gas reinjection wells.

+ Up to an additional two (2) not normally manned WHP’s located in the
project area.

One (1) FPSO located at the Dorado field, in the vicinity of the site described in
Table 6-2, moored by a DTM system used for processing and treatment of the
recovered liquids for export, reservoir gas for power generation, pilot flare, and

FPSO facility gas reinjection.

FPSO connected to the WHP via flowlines (initially two hydrocarbon production
and one gas reinjection), an umbilical and risers.
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Project Element Number, Extent, or Range
Future tie-backs -
L Comprising flowlines, umbilical’s and potentially manifolds depending on the tie-
pipelines and subsea o .
back concept, providing for two future tie-backs.
systems
Dorado Phase 1 Light oil and condensate as described in Section 6.4, with a total volume of 350
hydrocarbons MMbbls over 20 years.
. . Project life is presented in Table 0-2, including operation of the FPSO for a 20-
Project life .
year period.
Not to Scale
Offtake tanker
WHP Topside

FPSO [Hull & Topsidel

Offloading hose and reel

Jacket
DTM (Disconnectable Turret Mooring)

SE:; Subsea Buoy

Mooring Chain

Tether
Base

Umbilical

Legend

Qil Production Flowline
Gas Ingection Flowlineg
——— Umbilical Line

Upsatea 24 Famnuary 2021 FSe1451

Santos PROPOSED DORADO FIELD DEVELOPMENT SCHEMATIC

Figure 0-2: Proposed Dorado Phase 1 Field Development Concept

Vessels transiting to and from the Project Area are not considered a petroleum activity: they fall
under other maritime legislation, including the Commonwealth Navigation Act 2012, and therefore
are excluded from the scope of this OPP. In addition, helicopter activities outside a petroleum safety
zone are also not defined as petroleum activities.

Development Schedule
The indicative timeframes and development schedule of key activities are presented in Table 0-2.

Table 0-2: Indicative Dorado Phase 1 schedule

Activity Approximate Timing Approximate Duration
Dorado WHP installation and FPSO Approximately 18 to 24 months 3 to 6 months
mooring installation (including piling) post FID
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Activity

Approximate Timing Approximate Duration

Dorado reservoir wells drilling (up to16)

Approximately 18 to 24 months 24 months
post FID following Dorado WHP

installation

for start-up)

FPSO arrival and commissioning (ready

Approximately 4 years post-FID 3 months prior to the

ready for start-up date

Production Operations commence

2027 (pending FID timing) 20 years

Future tieback well drilling (up to 22)

Within the 20-year operating life of Dorado Phase 1

Decommissioning

At the end of the commercial lifetime of Dorado Phase 1
(expected to be approximately 2047 at the earliest).

Project Stages

The key activities within these project stages are summarised in Table 0-3. Future tiebacks are
expected to involve components of the same key stages and activities as those of the Dorado WHP
and FPSO development. The Dorado WHP and FPSO locations will remain unchanged for Dorado

Phase 1.
Table 0-3: Project stages and key activities

Project Stage Key Activities
Installation of the + Transport and installation of Dorado WHP substructure
Dorado WHP and + Transport and installation of Dorado WHP topsides
FPSO mooring piles | Transport, piling and installation and of FPSO mooring piles
Development Drilling of oil/gas production and gas reinjection wells
drilling Well testing
Installation of + Installation of subsea system, including flowlines, MWA, risers, manifolds and
subsea equipment umbilicals
and connections Transport, installation and mooring of the DTM
'between Transport, piling and installation of FPSO mooring piles (optional if not completed
infrastructure at time of WHP installation activities)
Hook-up of FPSO + Sail away and connection of the FPSO to the DTM and FPSO hook-up
Commissioning + Commissioning, testing and monitoring of systems and equipment on the Dorado

WHP and FPSO topsides

+ Commissioning of the flowlines and umbilicals (e.g. hydrotesting and dewatering)

Operations and Dorado WHP and FPSO operations
maintenance Planned maintenance and shutdown campaigns

Periodic product offtake by offloading tankers temporarily connected to the FPSO

for transport to market

+ Well interventions activities
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Project Stage Key Activities

+  Drilling of infill wells at the Dorado WHP

+ Vertical seismic profiling (drilling and 3-D)

Future tiebacks + Development of reservoirs (currently identified as prospects) within the Dorado
Development Project Area. Key activities associated with these future
developments may include:

- Site surveys

- Drilling of additional wells (with the potential installation of subsea trees)
- Installation and commissioning of subsea flowlines or pipelines, WHPs or

manifolds (if subsea development) and umbilicals from the additional wells
to the Dorado WHP or FPSO

Decommissioning Flush flowlines and WHP from FPSO

Disconnection of the FPSO and sail away for offsite decommissioning or reuse

+
+
+ Plugging and abandonment of the production and gas reinjection wells
+ Disconnection and decommissioning of the Dorado WHP

+

Decommissioning of the subsea system

ES-7. Evaluation of Environmental Impacts and Risks

Santos has undertaken environmental impact and risk assessments for Dorado Phase 1 in accordance
with the Santos’ Risk Management General Procedure and risk management processes specific to
Santos’ offshore operations.

Santos operates under an overarching Risk Management Policy, which is underpinned by Santos’
health, safety and environment management processes. The key steps of Santos’ process for
assessing environmental impacts and risks for this OPP are shown in Figure 0-3.

The impact or risk for each activity and associated hazards was assessed following the application of
controls. For planned events, only the consequence of the impact was assessed. Likelihood was not
assessed, as the occurrence of planned events is effectively certain. The consequence for planned
events was based on all controls functioning effectively. For unplanned events, the environmental
residual risk of the event was determined based on the likelihood and consequence of the events.
The likelihood of an unplanned event occurring was based on all controls functioning effectively. The
consequence was based on a worst-case event occurring with all controls having failed. This provides
a conservative approach to assessing consequence, as the likelihood of a worst-case event with the
failure of all controls is remote.

The resulting consequence (planned events) or residual risk (unplanned events) was then compared
to Santos’ acceptable levels of impact and risk, including receptor-specific acceptable levels of
impact. If the impact or residual risk was determined to not be acceptable, additional controls were
applied and the impact or risk was assessed again. This process was repeated until each impact or
residual risk was reduced to an acceptable level. The impacts and risks resulting from planned events
along with key controls are provided in Table 0-4. The impacts and risks resulting from unplanned
events are provided in Table 0-5, along with the key controls.
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Start assessment

l

Describe the activity and identify the hazards arising from
the activity

v

Identify environmental values and sensitivities that will be
impacted, or are at risk of being impacted

'

Determine the nature and scale of impacts and risks

y

Apply control measures to reduce impacts and risks \ S—

!

Assess impacts (planned events - based on consequence
only) and risks (unplanned events - based on likelihood
and consequence) with controls applied

!

Is the impact or
risk acceptable?

i Yes

Assessment
complete

Figure 0-3: Environmental impact and risk assessment process

Cumulative Impact Assessment

In addition to assessing each aspect and its associated hazards independently, Santos has also
undertaken a cumulative impact assessment. This cumulative impact assessment considered
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potential synergistic impacts on environmental values and sensitivities from all aspects of Dorado
Phase 1 and third-party activities. The cumulative impact assessment was only undertaken for
planned events. No consideration of cumulative impacts from unplanned events was made, as these
events are not expected to occur during Dorado Phase 1.

All cumulative impacts were assessed against the acceptable levels of impact defined for Dorado
Phase 1 and found to be acceptable.

ES-8. Environmental Performance Framework

Santos will ensure that environmental impacts and risks will be maintained within acceptable levels
and that environmental performance outcomes (EPOs) will be achieved by implementing an
environmental performance framework. The OPGGS (E) Regulations require that Santos develop and
implement EPs for all petroleum activities within the scope of this OPP. Each EP must be assessed
and accepted by NOPSEMA prior to Santos commencing the petroleum activities. EPs for activities
within the scope of this OPP may not be submitted until this OPP has been accepted by NOPSEMA.
The effective application of EPOs will be demonstrated through the implementation of subsequent
EPs.

EPs will contain EPOs (these are the EPOs that will be accepted as part of this OPP), environmental
performance standards, measurement criteria and a detailed implementation strategy. The EPOs in
the EPs will maintain an equivalent level of environmental performance than that stated in this OPP.

Santos will have an Emergency Response Plan in place to address all credible operational risks and
scenarios. The plan will provide procedural guidance specific to the activity to control, coordinate
and respond to an emergency or incident, including hydrocarbon spills.

The OPGGS (E) Regulations require the implementation strategy in an EP to contain an OPEP. The
OPEP must include adequate arrangements for responding to oil pollution that may arise from the
petroleum activities considered in the EP, as well as testing arrangements to ensure ongoing
capability. The arrangements must be tested at least every 12 months, as well as when they are
introduced or modified.
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Summary of the assessment of planned environmental impacts and risks from Dorado Phase 1

Santos

Environmental Performance Outcome

Benthic Habitats

Localised smothering and
loss of habitat.

Marine Fauna
(benthic
infauna)

Oxygen degradation and
bioaccumulation of
contaminants in benthic
infauna.

EPO2A: Direct impacts to benthic habitats
from Dorado Phase 1 will be limited to
less than 2% of the Project Area and less
than 5% within a single ecotype within the
Project Area.

EPO3A: No mortality or significant?
impacts to EPBC Act listed threatened,
migratory or cetacean species as a result
of Dorado Phase 1 discharge of drilling
fluids and cuttings.

CM3: Drilling fluids inventory will be developed and tracked to reduce discharge of excess
powders, brines, and drilling fluids.

CMA4: Drill cuttings will be processed on the mobile offshore drilling rig (MODU) to recover
drilling fluids and reduce residual fluids content prior to overboard discharge.

CM5: An assessment of drill cuttings and fluids discharges will be undertaken prior to
drilling future tieback wells to ensure impacts to environmental values and sensitivities
are within acceptable levels.

CM6: Benthic habitat surveys will be undertaken prior to drilling at future tieback
locations to identify and avoid sensitive benthic habitat.

Aspect Receptor Potential Impacts (EPO) Control Measure (CM) Consequence

Discharges- Water Quality Localised decrease in EPO1A: Impacts to sediment quality and CM1.: All wells to be drilled using water-based mud (WBM), with non-aqueous fluid (NAF)/ Minor — I

Drilling Fluids and water quality during water quality as a result of Dorado Phase synthetic based mud (SBM) only to be used where technical requirements preclude the Detectable but insignificant
Cuttings drilling operations. 1 drilling fluids and cuttings discharges use of WBM. change to local population,
Disch.arges Sediment Deposition of drill cuttings res.tt.'iFted to a 1 km radius from Dorado CM2: Santos chemical selection process will be implemented to select drilling chemicals, industry or ecosystem factors.
(Section 7.2.1) Quality during drilling operations. facilities. muds and fluids with low environmental risk, while meeting technical requirements. Localised effect

Discharges-
Produced Water
Discharge

(Section 7.2.2)

Water Quality

Localised decrease in
water quality during the
operational stage of the
Dorado Development.

Sediment
Quality

Deposition of very small
guantities of precipitated
solids during the
operational stage of
Dorado Phase 1.

Marine Fauna

Bioaccumulation of
contaminants in marine
fauna.

EPO3B: No mortality or significant?
impacts to EPBC Act listed threatened,
migratory or cetacean species as a result
of Dorado Phase 1 discharge of produced
water (PW).

EPOA4A: Limit adverse impacts to the
values and ecological integrity to the
commonwealth marine area by ensuring a
99 % species protection level (based on
ANZG 2018) for water quality is achieved
outside of the PW mixing zone boundary?.

EPO5A Limit adverse impacts to the
values and ecological integrity to the
commonwealth marine area by ensuring
ANZG 2018 sediment quality guideline
values are not exceeded outside the PW
mixing zone?.

EPOG6A: Dorado Phase 1 is managed so
that seafood caught within the project
area remains safe for human
consumption.

CM7: PW treatment system to meet OIW discharge standards:
+ Less than 30 mg/L OIW during steady state operations averaged over 24 h

+ between 30 mg/L and 100 mg/L OIW averaged over 24 h during the initial start-up
period and for commissioning of future tieback (up to 6 months after first oil)

CM8: Adaptive PW management plan including:
+ PW modelling,
+ in-field environmental monitoring to verify predicted mixing zone modelling,

+ in-field environmental monitoring to assess potential impacts against ANZG 2018
water quality and sediment quality guidelines,

PW chemical characterisation,
PW ecotoxicity testing,

+ tiered management system in response to off-specification water (e.g. storage
onboard and retreatment prior to discharge),

+ studies to verify whether bioaccumulation of toxicants in biota attributable to the
discharge of PW,

+ adaptive management triggers and mitigative measures in response to results of
bioaccumulation studies,

+ adopt changes in relevant legislative requirements and updates to ANZG to PW
discharges.

Minor — I

Detectable but insignificant
change to local population,
industry or ecosystem factors.
Localised effect

1 As defined by the Commonwealth marine environment significant impact criteria in Matters of National Environmental Significance - Significant impact guidelines 1.1. Environment Protection and Biodiversity Conservation Act 1999 (Department of the Environment 2013).

2 Produced water mixing zone determined to be 1000 m from the FPSO during a <30 mg/L PW discharge.
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Environmental Performance Outcome

(Section 7.2.3)

locations.

Sediment
Quality

Minor increase in
concentrations of
contaminants, nutrients
and organic carbon in
sediments, along with a
small increase in
biochemical oxygen
nutrients around
wastewater discharge
locations.

Marine Fauna

Potential behavioural
disturbance in close
proximity to the discharge
and bioaccumulation of
contaminants in marine
fauna.

of Dorado Phase 1 discharge of
wastewater.

EPO7A: Dorado Phase 1 routine planned
wastewater discharges compliant with
relevant established industry standard
environmental discharge limits

Act 2012, Protection of the Sea (Prevention of Pollution) Act 1983 and subsequent Marine
Order requirements (as appropriate for vessel classification):

+ Marine Order 91 (Marine Pollution Prevention — Qil), which implements Annex | of
MARPOL 73/78, including (as required by vessel class):

+  Machinery space bilge/oily water shall have International Maritime Organization
(IMO)-approved oil filtering equipment (oil/water separator) with an on-line
monitoring device to measure OIW content to be less than 15 ppm prior to
discharge.

+ A deck drainage system capable of controlling the content of discharges for
areas of high risk of fuel/oil/grease or hazardous chemical contamination.

+  Valid International Qil Pollution Prevention Certificate.

+ Marine Order 95 (Marine Pollution Prevention — Garbage), which implements Annex
V of MARPOL 73/78, including:

+  Garbage management plan in place.
+  Garbage record book maintained onboard.

+ Marine Order 96 (Marine Pollution Prevention — Sewage), which implements Annex
IV of MARPOL 73/78, including (as required by vessel class):

+ avalid International Sewage Pollution Prevention Certificate,
+ an IMO-approved sewage treatment plant, or

+ asewage comminuting and disinfecting system, or

+

a sewage holding tank sized appropriately to contain all generated waste (black
and grey water), and

+ discharge of sewage will occur at a moderate rate while vessel is proceeding (at
more than 4 knots).

Aspect Receptor Potential Impacts (EPO) Control Measure (CM) Consequence
CM9: Santos chemical selection process will be implemented to select chemicals with low
environmental risk, while meeting technical requirements.
Discharges- Water Quality Localised decrease in EPO3C: No mortality or significant® CM9: Santos chemical selection process will be implemented to select chemicals with low Minor -1l
Wastewater water quality around impacts to EPBC act listed threatened, environmental risk, while meeting technical requirements. Detectable but insignificant
Discharges wastewater discharge migratory or cetacean species as a result CM10: All wastewater discharges will comply with relevant MARPOL 73/78, Navigation change to local population,

industry or ecosystem factors.
Localised effect

Emissions —
Artificial Light

(Section 7.2.4)

Plankton

Fish

Marine
Mammals

Reptiles

Birds

Potential changes in
behaviour, such as
attraction, avoidance and
disorientation, of marine
fauna.

EPO3D: No mortality or significant?
impacts to EPBC Act listed threatened,
migratory or cetacean species as a result
of Dorado Phase 1 artificial light
emissions.

EPOS8A: Artificial light emissions do not
result in the displacement of marine
turtles from habitat critical to their
survival.

CM11: Align lighting design on Dorado Development facilities (e.g. WHP, FPSO) with light
design described in National Light Pollution Guidelines for Wildlife including Marine
Turtles, Seabirds and Migratory Shorebirds (Commonwealth of Australia 2020), including:
+ Using minimum number and intensity of lighting to meet operational requirements
(e.g. safety, navigation etc.),
+ Adapting lighting for colour, intensity and timing where practicable, and
+ Using non-reflective, dark-coloured surfaces where practicable (i.e. where safety is
not compromised).
CM12: Manage lighting on vessels to reduce light spill to the environment where
practicable.
CM13: Implement adaptive management (e.g. shielding, retrofitting with lower intensity
lights etc.) of artificial light emissions if there is a moderate environment incident
resulting from light emissions.

Minor — I

Detectable but insignificant
change to local population,
industry or ecosystem factors.
Localised effect

3 As defined by the Commonwealth marine environment significant impact criteria in Matters of National Environmental Significance - Significant impact guidelines 1.1. Environment Protection and Biodiversity Conservation Act 1999 (Department of the Environment 2013).
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Environmental Performance Outcome

Greenhouse Gas
(Section 7.2.6)

Environment

of climate change have been
modelled by Commonwealth
Scientific and Industrial
Research Organisation
(CSIRO). The modelling
indicates that temperatures
will increase across Australia;
rainfall patterns will change
significantly; and extreme
events, such as droughts,
floods and wildfires, will
become more common.
These changes are likely to
impact on individual species,
ecosystems and ecosystem
services, such as food and

emissions managed in accordance with the
Safeguard Mechanism benchmark baseline
set by the Clean Energy Regulator, in
support of meeting the Australian
Government’s Paris Agreement Nationally
Determined Contribution of net zero
emissions by 2050.

EPO14A: As the Paris Agreement is the
most comprehensive global agreement to
seek to limit global temperature rise as
specified in Article 2 of the Agreement and
no significant® impacts to the environment
globally, including in Australia, Dorado

CM21: Optimise facility design to reduce Dorado Phase 1 Scope 1 GHG emissions to ALARP
and acceptable.

CM22: The vapour recovery system on the Dorado FPSO will be designed to capture low
pressure, continuous sources of vented gas that would otherwise be sent to flare, and
direct them to be reinjected with the produced gas.

CM23: Design facilities in a manner that can accommodate the adoption of economically
and technically viable emission reduction technologies that may become available during
the operating life of the facilities.

CM24: During routine operations, reinject produced gas (other than safety flare and fuel
gas) to recover liquids.

CM25: Embed fugitive emissions surveillance and management into facilities operations
and maintenance.

CM26: Undertake fuel and flare analysis, baselining and forecasting throughout Dorado
Development operational life.

Aspect Receptor Potential Impacts (EPO) Control Measure (CM) Consequence
CM14: Flaring limited to operation of the flare pilot during steady state operations.
Emissions- Marine Potential permanent EPO3E: No mortality or significant? CM15: Vessels movements and helicopter flights comply with Part 8 of EPBC Regulations Minor — I
Acoustic Mammals threshold shift (PTS), impacts to EPBC Act listed, threatened, for interacting with cetaceans. Detectable but insignificant
Emissions temporary threshold shift migratory or cetacean species as a result CM16: Implement Santos’ Protected Marine Fauna Interaction and Sighting Procedure. change to local population,
(Section 7.2.5) (TTS), behavioural impacts of Dorado Phase 1 acoustic emissions. CM17: Undertake acoustic emissions modelling for piling, 3D VSP and drilling VSP industry or ecosystem factors.
and masking. EPO9A Undertake Dorado phase 1insuch | jctivities for potential future tiebacks. Localised effect
: ; . that noise in biologicall N - . .
Fishes Potential mortal injury, ? mantnert a nOIS_ﬁ Ln 0 oglcad\i CM18: Implement mitigation measures for drilling VSP and 3-D VSP activities aligned with
recoverable injury, TTSand | 'MPOF in arj.as \INI € mtanfie i) g EPBC Act Policy Statement 2.1 - Interaction between offshore seismic exploration and
behavioural disturbance. prev?n any displacement o . reatene whales (Department of the Environment, Water, Heritage and the Arts 2008a), including:
species as per EPBC Act species
Reptiles Potential PTS, TTS and conservation requirements. + development of low-power and shutdown zones,
behavioural disturbance. EPO10A No impacts from Dorado Phase 1 + marine fauna observers,
acoustic emissions to pre-existing + pre-start visual observations,
commercial fish stocks that occur within + soft-start procedures,
the project area that could be subject to + stop work procedures, and
isti f fishing effort. ) . -
existing or future fishing effort + night-time and low visibility procedures.
EPO11A: No injury to pygmy blue whales CM19: Implement mitigation measures for piling activities, including:
in a pygmy blue whale BIA.
) ] o + marine fauna observers,
EPO12A: noise generating activities of isual ob .
Dorado Phase 1 are managed in such a *+ pre-startvisual observations,
manner to prevent PTS and reduce the + soft-start procedures,
risk of TTS and biologically important + stop work procedures, and
the Commonwealth marine area. CM20: Where future activity specific acoustic emissions modelling results indicate PTS,
TTS envelopes overlap with a pygmy blue whale BIA, related impulsive noise generating
activities will not occur during corresponding peak migration periods.
Emissions- Australian Potential impacts as a result EPO13A: Dorado Phase 1 Scope 1 GHG CM14: Flaring limited to operation of the flare pilot during steady state operations. Minor — Il

Detectable but insignificant
change to local population,
industry or ecosystem factors.
Localised effect

4 As defined by the Commonwealth marine environment significant impact criteria in Matters of National Environmental Significance - Significant impact guidelines 1.1. Environment Protection and Biodiversity Conservation Act 1999 (Department of the Environment 2013)

5 As defined by the significant impact criteria in Matters of National Environmental Significance - Significant impact guidelines 1.1. Environment Protection and Biodiversity Conservation Act 1999 (Department of the Environment 2013).
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water availability. Within
decades, environments
across Australia may be
substantially different (CSIRO
and Bureau of Meteorology
2015).

Phase 1 oil is only sold to customers from
countries that have:

+ anet-zero emissions by 2050 (NZE)
commitment; and/or

+ are signatories to the Paris
Agreement and have Nationally
Determined Contributions (NDC) in
place to reduce or offset GHG
emissions.

CM27: Establish annual setting of energy efficiency improvements and targets throughout
the life of Dorado Phase 1 facilities.
CM28: Throughout the life of Dorado Phase 1 facilities undertake optimisation of energy
efficiency through periodic opportunity identification workshops or studies, evaluation
and implementation.
CM29: Dorado Phase 1 will report on Scope 1 GHG emissions as required per the National
Greenhouse and Energy Reporting (NGER) Scheme.
CM30: Dorado Phase 1 will comply with the requirements of the Safeguard Mechanism,
including purchase and/or surrender of Australian carbon credit units for any emissions
above the baseline for the year, to support achievement of Australia’s NDC emissions
targets.
CM31: Dorado Phase 1 will implement a GHG management plan that incorporates an
adaptive management approach that facilitates a continuous cycle of monitoring,
evaluating, and implementing improvements to minimise GHG emission to ALARP and
acceptable levels over the life of field operations including:

+  Evaluation of emissions monitoring data and ensuring the implemented controls
deliver predicted emission reductions;

+  Seeking new and relevant data/information from external sources relevant to GHG
emission management including Commonwealth legislation or policy;

+  Ensuring effectiveness of internal processes and procedures to reduce and manage
GHG emissions;

+ Responding to changes from detailed engineering outcomes; and
+ Implementing corrective actions identified from the above.

CM32: Dorado Phase 1 will limit sales to customers from countries that have a NZE
commitment or are signatories to the Paris Agreement, and will cease to supply customers
in countries that withdraw from the Paris Agreement or NZE commitments.

CM33: Regular monitoring of Dorado Phase 1 customer country compliance with NZE or
NDC emissions targets (Article 4) through the Paris Agreement monitoring and assurance
mechanisms:

+ the enhanced transparency framework 5-yearly reporting (Article 13)

+  the 5-yearly Global Stocktake (Article 14); and

+ implementation and compliance committee annual reporting (Article 15).

CM34: If results of CM33 identify gaps in customer country compliance against NZE or NDC

emissions targets, Dorado will cease to supply those customers or take mitigation actions
to offset their Dorado Phase 1 product emissions.

Emissions-
Atmospheric
Emissions

(Section 7.2.7)

Air Quality

Change in air quality.

EPO15A: No significant® impacts to air
quality throughout the life of Dorado
Phase 1.

CM14: Flaring limited to operation of the flare pilot during steady state operations.
CM21: Optimise facility design to reduce Dorado Phase 1 Scope 1 GHG emissions to
ALARP and acceptable.

CM22: The vapour recovery system on the Dorado FPSO will be designed to capture low
pressure, continuous sources of vented gas that would otherwise be sent to flare, and
direct them to be reinjected with the produced gas.

Santos

6 As defined by the Commonwealth marine environment significant impact criteria in Matters of National Environmental Significance - Significant impact guidelines 1.1. Environment Protection and Biodiversity Conservation Act 1999 (Department of the Environment 2013).
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CM23: Design facilities in a manner that can accommodate the adoption of economically
and technically viable emission reduction technologies that may become available during
the operating life of the facilities.

CM25: Embed fugitive emissions surveillance and management into facilities operations
and maintenance.

CM35: The MODU, vessels, and FPSO will comply with MARPOL Annex VI (Prevention of
Air Pollution from Ships), the Navigation Act 2012, the Protection of the Sea (Prevention of
Pollution from Ships) Act 1983 and subsequent Marine Orders, which require vessels to
have a valid International Air Pollution Prevention Certificate (for vessels more than 400
tonnage) and to use low-sulphur fuel.

CM36: Ozone-depleting substances onboard vessels and the facilities will comply with
relevant MARPOL 73/78 (Annex VI - air pollution), Navigation Act 2012, Protection of the
Sea (Prevention of Pollution) Act 1983 and subsequent Marine Order requirements (as
appropriate for vessel classification).

CM37: Measure, monitor or estimate facility fuel and flare emissions (in accordance with
the National Pollutant Inventory) to inform and optimise management practices and
minimise environmental impact of emissions.

CM38: National Pollutant Inventory reporting records (or contemporary requirements at
the time of the activities) will be complied with during the project.

Santos
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Environmental Performance Outcome

Authority (AMSA) fairways, Santos will engage with relevant authorities to facilitate the
development of these tiebacks in an acceptable way.

CM43: The WHP, FPSO and MODU(s) will maintain navigation aids to facilitate
identification by other users (e.g. radar response beacons).

CM44: A 500-m exclusion zone will be established and maintained around all drilling and
installation activities.

CMA45: Santos will consult with relevant commercial fishers and the Western Australian
Fishing Industry Council to establish the required gazetted Petroleum Safety Zone,
Exclusion Zone and Cautionary Zones for Dorado Development facilities.

CMA46: Decommissioning of Dorado Phase 1 facilities will be carried out in accordance
with regulatory requirements per Section 572 (3) of the OPGGS Act.

CMA47: exclusion zones/petroleum safety zones will be limited to the minimum area
necessary to exercise rights and perform duties under project specific petroleum titles.

CMA48: residual impacts to other marine users of the environment are managed to not
interfere with their rights.

Aspect Receptor Potential Impacts Control Measure (CM) Consequence
(EPO)
Physical Commerecial Displacement of other EPO16A: No adverse interactions’ CM39: All project vessels operating within the Project Area will adhere to the navigation Minor -1l
Presence- Fisheries users from exclusion zones | between Santos’ activities and other safety requirements including: Detectable but insignificant
Interactions with :;V'th'n 'FhetPlrloigct}O(\jrgﬁ' maritime users within the Project Area. + International Regulations for Preventing Collisions at Sea 1972, change to local population,
Other Users uring installation/drilling ) . . - .
operations EPO17A: The installation and drilling + Chapter 5 of International Convention for the Safety of Life at Sea 1974, industry or ecosystem factors.
(Section 7.2.8) operations, production operations and _ ) . — ) Localised effect
decommissioning activities of the project + International Convention on Standards of Training, Certification and Watchkeeping
Exclusion of other users will be managed in a manner that does for Seafarers 1978,
from the gazetted PSZ not interfere with other marine users + the Navigation Act 2012 and any subsequent Marine Orders that specify standards
during production within the Project Area to a greater extent for crew training and competency, navigation, communication, and safety measures.
operations than is necessary for the reasonable
P exercise of the r:/ghts and performance of CMA40: The Australian Hydrographic Service will be advised of project activities and
the duties of Santos under the Dorado installed infrastructure to facilitate issuing Notices to Mariners and maintaining nautical
petroleum titles charts prior to commencement of installation or drilling activities and operations.
EPO18A Decommissioning of Dorado CMA41: Santos will undertake consultation with relevant persons for all petroleum
facilities in compliance with Section 572 activities within the scope of Dorado Phase 1 in accordance with the OPGGS (E)
Maritime (3) of the OPGGS Act 2009. Regulations.
industry CMA42: Should potential future tiebacks overlap within Australian Maritime Safety

Physical Presence
— Seabed
Disturbance

(Section 7.2.9)

Water Quality

Temporary, localised
decrease in water quality
during installation and
removal of components on
the seabed.

Sediment
Quality

Localised, minor
modification of sediment
characteristics, such as
geological origin and
particle size distribution.

EPO2B: Direct impacts to benthic habitats
from Dorado Phase 1 will be limited to
less than 2% of the Project Area and less
than 5% within a single ecotype within the
Project Area.

EPO18B Decommissioning of Dorado
facilities in compliance with Section 572
(3) of the OPGGS Act 2009

CM49: Decommissioning of Dorado Phase 1 facilities will be carried out in accordance
with regulatory requirements per Section 572 (3) of the OPGGS Act.

CM50: Seabed footprint to be reduced within the limits of technical requirements and
practicability, as well as safety constraints.

CM51: Undertake benthic habitat surveys for future tieback locations and proposed
subsea infrastructure corridors prior to development to identify and avoid sensitive
benthic habitat where practicable within technical and safety constraints.

Minor — I

Detectable but insignificant
change to local population,
industry or ecosystem factors.
Localised effect

7 Whether an interaction constitutes an adverse interaction will be determined on a case by case basis. Examples of adverse interactions may include substantiated complaints by other marine users to Santos or NOPSEMA, vessel collisions, or damage to unsupervised fishing

equipment (e.g. traps). Interactions where other users have not taken reasonable measures to avoid the interaction (e.g. third-party vessel not adhering to standard maritime requirements or ignoring advice provided during consultation) are not considered to be adverse.
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Benthic Habitats

Localised, minor
modification of benthic
habitats from the
introduction of artificial
hard substrates.

Fishes

Increased fish diversity and
abundance due to
modification of benthic
habitats.

Fisheries

Potential enhanced
recruitment of targeted
species and increased
catches.

EPO3F: No mortality or significant®
impacts to EPBC act listed threatened and
migratory species as a result of Dorado
Phase 1 seabed disturbance.

EPO19A: Impacts to sediment quality and
water quality as a result of seabed
disturbance from Dorado Phase 1
restricted to a 1 km radius from Dorado
facilities

Santos

8 As defined by the Commonwealth marine environment significant impact criteria in Matters of National Environmental Significance - Significant impact guidelines 1.1. Environment Protection and Biodiversity Conservation Act 1999 (Department of the Environment 2013).
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Table 0-5:

Summary of the assessment of unplanned environmental impacts and risks from Dorado Phase 1

Santos

Environmental Performance

Residual

pollution.

Communities
and Habitats

Potential widespread
impacts to benthic and
coastal communities and
habitats from hydrocarbon

pollution.
Fishes Potential acute and
. chronic toxic effects.
Marine
Mammals
Reptiles
Birds

Potential impacts to the
natural and socio-
economic values of marine
and coastal protection
areas.

Protected Areas

Potential temporary
closure of fisheries due to
hydrocarbon pollution.

Fisheries

Potential loss of cultural
values of heritage sites.

Heritage

Tourism Potential impacts to
tourism through loss of
nature-based tourism
resources due to

hydrocarbon pollution.

reservoir fluids to the marine
environment due to a LOWC, or
failure of a flowline or FPSO
cargo tank.

EPO22A Undertake Dorado
Phase 1 in a manner that will
prevent an accidental release of
MDO/MGO or HFO to the
marine environment due to
vessel collision, failure of a
storage tank or release during
refuelling.

EPO23A In an event of an
unplanned release of chemicals
or hydrocarbons, spill response
control measures will be
implemented in accordance
with an accepted EP/OPEP.

+ well designs that consider reservoir characteristics.

CM53: All project vessels operating within the Project Area will adhere to the
navigation safety requirements including:

+ International Regulations for Preventing Collisions at Sea 1972,
+ Chapter 5 of International Convention for the Safety of Life at Sea 1974,

+ International Convention on Standards of Training, Certification and
Watchkeeping for Seafarers 1978,

+ the Navigation Act 2012 and any subsequent Marine Orders that specify
standards for crew training and competency, navigation, communication,
and safety measures.

CM54: The Australian Hydrographic Service will be advised of project activities
and installed infrastructure to facilitate issuing Notices to Mariners and
maintaining nautical charts prior to commencement of installation or drilling
activities and operations.

CM55: All project vessels subject to Santos’” marine assurance procedures.
CM56: All offtake tankers subject to Santos’ tanker vetting procedures.
CM57: Bunkering procedures to manage the transfers of fuel that include:

+ weather limits on bunkering operations,

+ bunkering equipment specifications and inspections,

+ visual observations during transfers, and

+ emergency shutdowns.

CM58: Santos will undertake consultation with relevant persons for all petroleum
activities within the scope of Dorado Phase 1 in accordance with the OPGGS (E)
Regulations.

CM59: The WHP, FPSO and MODU(s) will maintain navigation aids to facilitate
identification by other users (e.g. radar response beacons).

CM®60: Should potential future tiebacks overlap within AMSA fairways Santos will
engage with relevant authorities to facilitate the development of these tiebacks
in an acceptable way.

CM61: A 500-m exclusion zone will be established and maintained around all
drilling and installation activities.

CM62: Santos will consult with relevant commercial fishers and the Western

Australian Fishing Industry Council to establish the required gazetted Petroleum
Safety Zone, Exclusion Zone and Cautionary Zones for Dorado Development.

Aspect Receptor Potential Impacts Control Measure (CM Likelihood Consequence
- - - Outcome (EPO) (cm) E
Accidental Water Quality Potential widespread EPO20A Undertake Dorado CM9 Santos chemical selection process will be implemented to select chemicals Unlikely — B Major -IV
Release — decrease in water quality Phase 1 in a manner that will with low environmental risk, while meeting technical requirements. + Large-scale
Hydrocarbon and from hydrocarbon prevent unplanned discharge of CM52: Accepted well operations management plans in place for all wells impact to
Chemical Spills pollution. chemicals or hydrocarbons to detailing: Environmental
Section 7.3.1 the marine environment. . . .
( ) Sediment Potential localised + blowout preventer installation and testing, Value(s) of
; ; ; EPO21A Undertake Dorado conservation
Quality decrease in water quality , . + competency of the drillers engaged, N
from hydrocarbon Phase 1 in a manner that will significance
prevent an accidental release of + monitoring of wellbore progress and drilling fluid balance, and + Moderate

scale surface
water impact
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Aspect

Receptor

Potential Impacts

Environmental Performance
Outcome (EPO)

Control Measure (CM)

Likelihood

Consequence

Residual
Risk

CM63: FPSO will be designed, constructed and operated to Santos’ specified
requirements, including:

+ double-hulled construction,
+ cyclone and adverse weather avoidance procedures, and
+ structural integrity inspection regime.

CM®64: Oil-spill modelling and environmental risk assessments for the Dorado
Phase 1 Eps and OPEPs will consider the full range of worst-case scenario LOWC
consequences based on the best available oil-spill modelling.

CMG65: During Development Well drilling and drilling of tieback wells, a
simultaneous production and drilling (SIMOPS) workshop will be completed, and
a procedure developed to manage and mitigate any additional risks due to
concurrent activities.

CM66: Accepted EP/OPEPs in place for all Dorado Development activities.

CMG67: All vessels involved in the project will have a valid Shipboard Oil Pollution
Emergency Plan or Shipboard Marine Pollution Emergency Plan (as appropriate
for vessel classification).

CM68: Source control emergency response plans in place for all drilling activities.

CM69: Emergency response capability (including equipment, personnel
contracts, MOUs) will be maintained in accordance with approved SOPEPS
accepted EPs and OPEPs.

Accidental
Release — Loss of
Solid Material

(Section 7.3.2)

Benthic Habitat

Modification of benthic
habitats from accidental
loss of solid material.

Marine Fauna

Injury or mortality of
marine fauna due to
ingestion of or
entanglement with lost
solid material.

EPO3G: No mortality or
significant® impacts to EPBC act
listed threatened migratory or
cetacean species as a result of
Dorado Phase 1 loss of solid
material.

EPO24A: No significant impacts®
to benthic habitats and
communities.

EPO25A Undertake the Dorado
Phase 1 in a manner that will
prevent an unplanned discharge
of solid waste to the marine
environment.

EPO26A Undertake the Dorado
Phase 1 in a manner that will
prevent unplanned seabed
disturbance.

CM10: All wastewater discharges will comply with relevant MARPOL 73/78,
Navigation Act 2012, Protection of the Sea (Prevention of Pollution) Act 1983 and
subsequent Marine Order requirements (as appropriate for vessel classification):

+ Marine Order 95 (Marine Pollution Prevention — Garbage), which
implements Annex V of MARPOL 73/78, including:

+ garbage management plan in place.
+ garbage record book maintained onboard.
CM?70: Crane and lifting operations will comply with the following:
+ lifting equipment will be inspected and certified,
+ preventative maintenance will be carried out, and
+ lifting operators will be competent and qualified.

CM71: Objects dropped overboard will be recovered where practicable to
mitigate the environmental consequences from objects remaining in the marine
environment, unless the environmental consequences are minor or safety risks
are disproportionate to the environmental consequences.

CM72: Waste management procedures will include:

Occasional
-D

Minor -1l

Detectable but
insignificant
change to
local
population,
industry or
ecosystem
factors.
Localised
effect

Low

9 As defined by the Commonwealth marine environment significant impact criteria in Matters of National Environmental Significance - Significant impact guidelines 1.1. Environment Protection and Biodiversity Conservation Act 1999 (Department of the Environment 2013).
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to a whale (i.e. no approach zone),

Environmental Performance Residual
Aspect Receptor Potential Impacts Control Measure (CM) Likelihood Consequence .
Outcome (EPO) Risk
+ classification of wastes, including segregation of wastes into recyclable and
non-recyclable materials,
appropriate storage of wastes, and
transportation and disposal of wastes by a licenced waste contractor at
licenced waste management facilities in accordance with waste
classifications.
CM73: After completion of the drilling and installation stages a site clean-up
activity will be undertaken to identify and remove, if safe, any dropped objects or
solid materials that may have been lost.
Physical Presence Benthic Habitats Change in ecosystem EPO27A: Undertake Dorado CM74: Ballast water exchange operations will comply with the International Unlikely (b) Minor -1l
—Introduction of dynamics. Phase 1 in a manner that will Convention for the Control and Management of Ships’ Ballast Water and Detectable but
Invasive Marine revent the introduction, Sediments 2004 (as appropriate to vessel class), Australian Ballast Water i cionifi
i KEF Changes to the functions, P : ( ) pprop ) X insignificant
Species (IMS) interests or activities of establishment and spread of Management Requirements (Department of Agriculture, Water and the change to
: IMS in the natural environment Environment 2020), Protection of the Sea (Harmful Anti-fouling Systems) Act
(Section 7.3.3) other users. local
attributable to the 2006 and Biosecurity Act 2015, including: population,
Fisheries Reduction in fishery development. + all ballast water exchanges conducted more than 12 nautical miles (nm) industry or
resource stocks. EPO28A: No significant®’ from land, and ecosystem
impacts to benthic habitats 'and + Vessel Ballast Water Management Plan stipulating that ballast water factors.
communities, KEF and exploited exchange records will be maintained. Localised
fisheries resource stocks within . . . effect
the Proiect Area CM75: Implementation of Dorado FPSO Biofouling Management Plan when the
) ' FPSO sails to the Project Area from international waters (such as when it first
hooks up or comes back from dry dock) and as per the anti-fouling and in-water
cleaning guidelines (Department of the Environment and New Zealand Ministry
for Primary Industries 2015).
CM76: Compliance with Santos IMS Management Plan.
CM77: Biofouling management for vessels will be in accordance with the IMO
Guidelines for the control and management of ships’ biofouling to minimise the
transfer of invasive aquatic species (Marine Environment Protection Committee
2011).
CM78: Compliance with the International Convention on the Control of Harmful
Anti-fouling Systems on Ships 2001, including vessels (of appropriate class) having
a valid International Anti-fouling Systems Certificate.
CM79: Fisheries will be provided with information on the timing, nature and scale
of aspects of Dorado Phase 1 through Santos’ consultation activities.
Physical Presence Marine Injury, EPO29A: No vessel or helicopter | CM16: Implement Santos’ Protected Marine Fauna Interaction and Sighting Unlikely — B Minor -1l
—Interactions with Mammals disturbance/mortality to interactions within the Dorado Procedure. Detectable but
marine Fauna Fishes marine fauna. Phase 1 Project operational CM80: Vessels within the designated Project operational area will adhere to the insignificant
(Section 7.3.4) area with EPBC Act listed requirements of the EPBC Regulations Part 8.1 — Interacting with cetaceans change to
Reptiles threatened, migratory or (except in emergency conditions or when manoeuvring is not possible), which local
cetacean species. include: population,
+ implement a caution zone of 150 m for dolphins and 300 m for whales, industry or
+ vessels will not knowingly approach closer than 50 m to a dolphin and 100 m ;acosystem
actors.

10 As defined by the Commonwealth marine environment significant impact criteria in Matters of National Environmental Significance - Significant impact guidelines 1.1. Environment Protection and Biodiversity Conservation Act 1999 (Department of the Environment 2013).
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Aspect

Receptor

Potential Impacts

Environmental Performance
Outcome (EPO)

Control Measure (CM)

Likelihood

+ make sure a vessel does not drift or approach within 50 m of a dolphin or
100 m of a whale,
+ vessels will not knowingly travel more than 6 knots within the caution zone
of a dolphin or whale, and
+ there will not knowingly be no more than three vessels within 300 m of a
whale (i.e. caution zone).
CM81: Helicopters within the designated Project operational area will adhere to
the requirements of the EPBC Regulations Part 8.1 — Interacting with cetaceans
(except in emergency conditions or when manoeuvring is not possible), which
includes:

+ not operating the helicopter at a height lower than 1 650 feet or within a
horizontal radius of 500 metres of a cetacean
+ not allowing the aircraft to approach a cetacean from head on
CM82: If a Part 13 Permit for the disturbance of listed migratory birds is required
under the EPBC Act a Santos Bird Management Plan will be developed and
implemented.

Residual
Consequence )

Risk
Localised
effect
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ES-9. Stakeholder Consultation

To complement the NOPSEMA assessment process for OPPs and provide stakeholders with sufficient
time to consider Dorado Phase 1, Santos will adopt a phased consultation approach for this OPP:

+ Phase 1 Consultation — prior to publication of the OPP by NOPSEMA (NOPSEMA Stage 1
Assessment);

+ Phase 2 Consultation — during formal public comment period on the OPP;
Phase 3 Consultation — after the public comment period and prior to resubmission of the OPP
to NOPSEMA (NOPSEMA Stage 2 Assessment); and

+ Phase 4 Consultation — ongoing consultation post OPP acceptance to support preparation of
EPs and operations.

Santos will consider all feedback provided by stakeholders and, where relevant, incorporate
information provided by stakeholders into the environmental management of the Dorado
Development.
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1 Introduction

This document is the offshore project proposal (OPP) for the development of oil resources in the
Bedout Sub-basin, located in Commonwealth waters approximately 140 km offshore from Port
Hedland, Western Australia (Figure 1-1). Development of these resources is referred to within this
OPP as the Dorado Development.

The Dorado Development will be developed through several phases: a first phase of oil production,
including future tiebacks to augment oil production and export, and potentially a second phase for
gas production:

+ Dorado Phase 1 — oil production from the Dorado field and future tiebacks to augment oil
production. In this phase recovered gas will be reinjected to the Dorado reservoir to enhance
oil recovery. Dorado Phase 1 will be designed for liquid handling rates of 100 thousand
standard barrels per day (KSTB/d) and gas reinjection capacity of 235 million standard cubic
feet per day (MMscf/d). Dorado Phase 1 includes provision for future tiebacks with a total
export volume of 350 million barrels (MMbbl) over 20 years.

+ Dorado Phase 2 — future gas production. Recovered gas will be exported to either domestic
gas and/or liquefied natural gas (LNG) facilities and will be optimised based on discovered
resources in the Bedout Sub-basin at that time. Phase 2 will be subject to future exploration
and investment decisions and separately assessed under environment regulatory approval
processes.

This OPP seeks approval for Dorado Phase 1 only and has been prepared by Santos WA Northwest
Pty Ltd, which is the proponent for the development. Santos WA Northwest Pty Ltd is a 100%-owned
subsidiary of Santos Energy Limited (Santos). This OPP has been submitted to the National Offshore
Petroleum Safety and Environmental Management Authority (NOPSEMA) for assessment under Part
1A of the Offshore Petroleum and Greenhouse Gas Storage (Environment) Regulations 2009 (OPGGS
(E) Regulations), specifically its suitability for publication under Regulation 5C. This OPP outlines
Santos’ commitment to undertaking Dorado Phase 1 in a manner that ensures environmental
impacts and risks are acceptable.

Dorado Phase 1 will contribute to meeting the world’s future needs for oil resources, and will also
bolster energy security for Australia in the wake of global energy supply shocks following the global
pandemic and the Russia-Ukraine conflict.

Based on global energy studies and forecasts, oil plays a major role in the energy mix for a
sustainable energy future and currently is forecast to provide the main source of energy for the
transport sector into the future (Section 7.2.6.5). Even under the most aggressive accelerated energy
transition scenarios, including the IEA Net Zero by 2050 scenario, there remains a requirement for
investment in oil and gas production to maintain sufficient supply through the transition (refer to
Figure 1-1 and Section 7.2.6.5).
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Oil Natural gas

Figure 1-1: Total Energy Supply under Accelerated Energy Transition Scenarios; SDS — IEA
Sustainable Development Scenario; NZE — IEA Net Zero Emissions by 2050 Scenario;
ACCS - IHS Markit Accelerated CCS Scenario (Source: Santos 2022 Climate Change
Report)

1.1 Project Overview and Location

The oil resources that will be developed lie within petroleum titles WA-437-P and WA-438-P. The
foundation development of Dorado Phase 1 will consist of:

+ awellhead platform (WHP) with up to 16 wells (production and gas injection);
+ afloating production, storage and offloading (FPSO) facility; and
+ subsea flowlines and umbilicals between the WHP and the FPSO.

This OPP for Dorado Phase 1 includes potential for future tiebacks to augment oil production. These
tiebacks will connect to the Dorado WHP and FPSO. Each tieback may consist of a well or series of
wells connected to the Dorado Phase 1 infrastructure by subsea risers, flowlines and umbilicals.
Tieback wells may be subsea or connected to additional WHPs or subsea facilities, such as a subsea
gathering system.

Exploration activities and appraisal drilling within the Bedout Sub-basin are excluded activities from
the scope of this OPP. The NOPSEMA accepted Bedout Basin Multi-Well Drilling Environment Plan
(Bedout Multi-Well Drilling Environment Plan - SO-00-BI-20003) includes for drilling of up to 8 wells
(exploration and/or appraisal) in permit areas WA-437-P, WA-438-P, specifically within 2 operational
areas located within the Dorado Phase 1 Project Area. Exploration drilling of the prospects identified
within the Project Area as future tiebacks within this OPP (refer Figure 1-2) will be drilled using this
accepted Environment Plan.

All planned petroleum activities, including the future tiebacks, will take place within the Dorado
Development Project Area (Figure 1-1) and include:

drilling;

construction and installation;
commissioning;

operations; and
decommissioning.

+ 4+ + + o+
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The proposed locations of the FPSO and WHP are approximately 143 km and 145 km north of the
town of Port Hedland respectively. Water depths for the Dorado Development range between
approximately 70 and 120 m (Figure 1-2).
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Oil will be produced and gas will be reinjected into the reservoirs to enhance oil recovery. Produced
water (PW) will be discharged overboard after being treated onboard the FPSO. Construction of
Dorado Phase 1 facilities in construction yards is scheduled to commence 12 months post FID.
Dorado Phase 1 is intended to operate for a life of 20 years commencing operations in 2027. Dorado
Phase 1 infrastructure will be decommissioned at the end of the commercial life of the project in
accordance with Section 572 of the Offshore Petroleum and Greenhouse Gas Storage Act 2006
(OPGGS Act) and Australia’s international obligations to remove disused installations and structures.

Potential prospects that could be future tie-backs, if exploration is successful and the reservoir
commercially viable are shown on Figure 1-2. The hydrocarbons produced from future tie-backs are
yet to be confirmed. As the potentially targeted prospects (within the Project Area) were generated
by the same petroleum system within the Bedout Sub-basin, the hydrocarbon reservoir properties,
geochemistry and pressures of the future tie-backs will be comparable to the Dorado reservoir
hydrocarbons sourced from the Caley, Baxter, Crespin and Milne formations, as presented in the
Bedout Basin Multi-Well Drilling Environment Plan (the plan under which exploration wells in future
prospects will be drilled) which has been accepted by NOPSEMA. The hydrocarbons from any future
tie-back wells will be processed on the FPSO located at Dorado, and gas not required for safety flare
and energy supply will be re-injected. The timing of future tie-backs is currently unknown, but if tie-
backs are to occur it will be within the proposed 20 year life of Phase 1 of the development.

A detailed description of the activities and timing of Dorado Phase 1 is provided in Section 6.

1.2 Purpose of the Dorado Development Offshore Project Proposal

The Dorado Development is a new petroleum activity in Commonwealth waters that will recover
petroleum, as defined by the OPGGS (E) Regulations. The regulations require that an OPP be
assessed and accepted by NOPSEMA prior to Santos undertaking any of the petroleum activities
within the scope of the Dorado Development OPP. All petroleum activities within the scope of
Dorado Phase 1 also require that an Environment Plan (EP) accepted by NOPSEMA be in place prior
to commencing the activities.

The purpose of the Dorado Development OPP is to:

+ provide a whole-of-project assessment of the environmental impacts and risks of Dorado
Phase 1;

+ define and demonstrate the acceptable levels of environmental impacts and risks for Dorado
Phase 1;

+ provide relevant information to the public and an opportunity for the public to comment on
Dorado Phase 1; and

+ meet the regulatory requirements of the OPGGS (E) Regulations.

NOPSEMA’s assessment process for the OPP considers the potential environmental impacts and risks
of petroleum activities conducted over the entire duration of Dorado Phase 1. The staged
assessment process shown in Figure 1-3 includes a public comment period prior to NOPSEMA's
acceptance. Santos is required to demonstrate in the OPP that all environmental impacts and risks
from Dorado Phase 1 are at an acceptable level. A detailed description of the OPP assessment
process is provided in Section 2.2.

NOPSEMA became the sole Commonwealth regulator for environmental management of offshore
petroleum activities in 2014 after streamlining of regulatory processes under the OPGGS Act and the
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). The effect of the
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streamlining is that offshore petroleum activities in Commonwealth waters only require approval by
NOPSEMA under the OPGGS Act and no longer require separate approval by the Minister for the
Environment under the EPBC Act. The amendments require matters of national environmental
significance (MNES) to be addressed in NOPSEMA'’s assessments of offshore petroleum development
approvals as part of the Commonwealth streamlined environmental approvals process. Therefore,
the OPP process under the OPGGS (E) Regulations supersedes the Commonwealth referral process
under the EPBC Act and replaces the requirement to prepare environmental approvals for
submission to the Department of Agriculture, Water and the Environment (DAWE) for petroleum
development activities in Commonwealth waters. This OPP addresses the EPBC Act requirements for
Dorado Phase 1, including those outlined in the EPBC Act management plans, recovery plans and
conservation advice.
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Figure 1-3: Assessment process flow chart for the Dorado Development OPP
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1.3 Structure of the Dorado Development Offshore Project Proposal

The OPP has been prepared to align with NOPSEMA's current OPP content requirements (N-04790-
GN-1663, Rev 4) (NOPSEMA March 2019a). The structure of the Dorado Development OPP for Phase
1is outlined in Table 1-1. This structure is aligned to the processes that Santos uses to assess
environmental risks and impacts, the requirements of the OPGGS (E) Regulations and NOPSEMA'’s
content requirements for OPPs (NOPSEMA 2019a). Mapping of the OPP content to the requirements
of the OPGGS (E) Regulations is provided in Section 2.

Table 1-1: Descriptions of Dorado Development OPP sections

Section Title

Description of Section Content

Executive Summary

A summary of the content in the Dorado Development OPP. It allows
readers to become familiar with the key information contained in the OPP.

1 - Introduction

An introduction to the Dorado Development (Phase 1 and potential future
Phase 2), and the OPP assessment process. It also provides information on
Santos as the project’s proponent.

2 — Relevant
Requirements

A summary of legislation and other requirements that Santos must comply
with during Phase 1 of the Dorado Development. Many of these
requirements are references in the environmental management measures
that Santos has committed to implementing during Phase 1.

3 — Description of the
Environment

A description of the environmental values and sensitivities that will be
affected or are at risk of being affected by Dorado Phase 1. These values
and sensitivities are considered in the evaluation of environmental impacts
and risks.

4 — Acceptable Levels of
Impacts and Risks

A description of the acceptable levels of environmental impacts and risks
specific to environmental values and sensitivities. Santos must demonstrate
that the impacts and risks from Dorado Phase 1 are consistent with these
acceptable levels of environmental impacts and risks.

5 — Analysis of
Alternatives

Comparative assessments of the feasible alternatives to Santos’
development concept for the Dorado Development. The comparative
assessments considered environmental, technical, economic, safety and
social criteria for each feasible alternative.

6 — Description of the
Project

A description of Dorado Phase 1. The description summarises all of the
petroleum activities and facilities within the scope of the Dorado
Development OPP. The proposed timing and location of all activities is
provided in this section.

7 - Evaluation of
Environmental Impacts
and Risks

Environmental impact and risk assessments for all of the aspects of Dorado
Phase 1. This section includes demonstrations that all environmental
impacts and risks will be managed to an acceptable level. The section also
contains controls that will be implemented to manage environmental
impacts and risks.

8 — Environmental
Performance
Framework

A description of the systems and processes that Santos will apply during
Dorado Phase 1 to meet the levels of environmental performance outlined
in the Dorado Development OPP.
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Section Title Description of Section Content

9 — Consultation A description of the consultation Santos has undertaken in relation to the
OPP and other activities within the Bedout Sub-basin. Guidance on making
public comment on the OPP is provided in this section.

10 - References A bibliography of the literature cited within the Dorado Development OPP.

1.4 Information about the Proponent

Santos WA Northwest Pty Ltd (Santos), as operator of the Dorado Joint Venture, is the proponent for
the Dorado Development OPP. An Australian company founded in 1954, Santos is one of the leading
independent oil and gas producers in the Asia-Pacific region, supplying the energy needs of homes,
businesses and major industries across Australia and Asia.

Santos began in the Cooper Basin; has extensive exploration and production acreage in Australia, as
well as extensive infrastructure; and is committed to supplying domestic markets, unlocking
resources and driving value and performance. Santos is committed to being the safest oil and gas
company wherever we have a presence and preventing harm to people and the environment.

The Dorado Development is a joint venture between Santos and Australian oil and gas exploration
company Carnarvon Energy Pty Ltd.

As required by Regulation 5A (5)(a), Santos’ name and contact details are provided in Table 1-2.

Table 1-2: Proponent’s name and contact details

Name Santos WA Northwest Pty Ltd, which is a 100%-owned subsidiary of Santos
Energy Limited

Address Level 7, 100 St Georges Terrace, Perth, Western Australia 6000

Website https://www.santos.com/

Email Offshore.environment.admin@santos.com

Telephone +61 8 6218 7100

Facsimile +61 8 6218 7200

2 Relevant Requirements

Identifying and complying with relevant requirements, such as legislation, standards and guidelines,
is an integral part of the Santos management system. The system obliges Santos to ensure that
relevant environmental management requirements are identified and met when undertaking Dorado
Phase 1.

The OPGGS (E) Regulations require Santos to describe the requirements that apply to Dorado Phase
1, along with how they will be met in this OPP. These requirements have been considered by Santos
in developing the environmental management measures that will be applied to Dorado Phase 1. This
section provides an overview of the relevant legislation, standards and guidelines that are applicable
to the environmental management of Dorado Phase 1. These include:

+ Commonwealth policy — Section 2.1;
+ Commonwealth legislation — Section 2.2;
+ international agreements and conventions — Section 2.3; and
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+ guidelines — Section 2.4.

The following sections describe the items in each of the categories above. Each item is briefly
described, along with its relevance to Dorado Phase 1.

Why isn’t the Dorado Development being assessed under the
EPBC Act?

NOPSEMA became the sole Commonwealth regulator for environmental management of offshore
petroleum activities in 2014 after streamlining of regulatory processes under the OPGGS Act and
the EPBC Act.

Prior to the streamlining arrangements, Phase 1 of the Dorado Development would have been
referred for assessment, and assessed, under the EPBC Act by DAWE. It would also require EPs
accepted by NOPSEMA in accordance with the OPGGS (E) Regulations for all of the petroleum
activities within the scope of the Dorado Development. The Australian Government recognised
there was duplication of regulatory effort under the two Acts, resulting in an administrative
burden on proponents. This was the rationale for the streamlining of offshore petroleum industry
environmental approvals.

The effect of streamlining is that offshore petroleum activities in Commonwealth waters only
require approval by NOPSEMA under the OPGGS Act and no longer require separate approval by
the Minister for the Environment under the EPBC Act. As such, the Dorado Development is
subject to the OPP assessment process under the OPGGS (E) Regulations and is not assessed
under the referral and assessment process under the EPBC Act.

The Program by which the streamlining arrangements are implemented has been endorsed by

the Minister for the Environment. The Program outlines the commitments and undertaking of
NOPSEMA to ensure adequate protection of matters protected under Part 3 of the EPBC Act.
NOPSEMA consider the policy framework established by DAWE, along with the range of
publications made under the EPBC Act in relation to matters protected under Part 3 of the Act
(e.g. recovery plans and conservation advice).

2.1 Commonwealth Policy

2.1.1 Australian Offshore Petroleum Development Policy

The Australian Government has a long-standing policy of encouraging investment in, and
development of, petroleum resources in Commonwealth waters. The policy is implemented through:

the identification and release of prospective petroleum acreage;
applications to explore petroleum acreage;

granting of petroleum titles;

regulation of petroleum activities; and

surrender of petroleum titles.

+ o+ + o+ o+

Dorado Phase 1 and associated activities are shown within this policy framework in Figure 2-1.

The exploration titles within the Project Area (WA-437-P and WA-438-P) were granted in 2009. These
titles oblige the titleholder to explore for and develop petroleum resources. Exploration activities
(e.g. seismic data acquisition and processing, exploration wells etc.) have been undertaken since the
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initial grant of these titles and have subsequently discovered the hydrocarbon resources that will be
developed.

Implementation of Commonwealth policy on developing offshore petroleum resources includes an
independent regulator (NOPSEMA) and a petroleum titles administrator (the National Offshore
Petroleum Titles Administrator (NOPTA))

NOPSEMA perform a range of functions under the OPGGS Act and subsidiary regulations, including:

providing advice;
assessment;
inspection,
investigation; and
enforcement.

+ 4+ 4+ + o+

NOPTA provides advice and recommendations to the Joint Authorities and responsible
Commonwealth minister, administers petroleum titles and manages data.
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Figure 2-1: Application of Commonwealth petroleum policy in relation to the oil resources in the
Dorado Development Project Area
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2.1.2 Australia’s Oceans Policy
Australia’s Oceans Policy was introduced in 1998. The policy has a number of aims, including:

exercising and protecting Australia’s rights over its marine jurisdictions;
meeting its obligations under the United Nations Conventions on the Law of the Sea 1982,
which was ratified in 1994;
understanding and protecting the marine environment; and

+ promoting ecologically sustainable economic development and establishing integrated
planning and management.

Under the Oceans Policy, a nationally representative system of Australian marine parks (AMPs) has
been established. These are based on the principles of multiple-use and ecologically sustainable
development (ESD). This policy has been implemented through the EPBC Act, as outlined in the
Strategic Plan of Action for the National Representative System of Marine Protected Areas (Task
Force on Marine Protected Areas 1998).

2.1.3 Climate Change Policy

As a party to the Paris Agreement, Australia sets commitments in the form of Nationally Determined
Contributions (NDC) to reduce greenhouse gas (GHG) emissions, most recently updated in 2022:

+ Reduce 43% below 2005 levels by 2030 and reach net zero emissions by 2050.

Australian Government climate change policy and its relevance to management of Dorado GHG
emissions is discussed further in Section 7.2.6.

2.2 Commonwealth Legislation

Dorado Phase 1 is located wholly within Commonwealth waters and is therefore subject to
Commonwealth legislation. Two key Commonwealth Acts (and subsidiary legislation) are relevant to
the environmental management of Dorado Phase 1:

+ the OPGGS Act; and
+ the EPBC Act.

The relevance of these Acts and subsidiary legislation to Dorado Phase 1 is considered in Section
2.2.1 and Section 2.2.2. Additional Commonwealth legislation that is applicable to Dorado Phase 1 is
considered in Section 2.2.3.

2.2.1 Offshore Petroleum and Greenhouse Gas Storage Act 2006

The OPGGS Act provides the regulatory framework for petroleum exploration and recovery and the
injection and storage of GHG substances in Commonwealth waters. The Act provides for the granting
of petroleum and GHG titles and licences and the establishment of an independent safety and
environmental regulator (NOPSEMA) and titles administrator (NOPTA). The Act also provides for the
“polluter pays” principle in the event of an oil spill. The Act requires titleholders to maintain
adequate financial assurance arrangements (e.g. insurance) for liabilities that may arise from an oil
spill.

Several subsidiary regulations made under the OPGGS Act are relevant to the environmental
management of Dorado Phase 1:

+ OPGGS (E) Regulations;
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+ Offshore Petroleum and Greenhouse Gas Storage (Resource Management and
Administration) Regulations 2011 (OPGGS (RMA) Regulations); and

+  Offshore Petroleum and Greenhouse Gas Storage (Safety) Regulations 2009 (OPGGS (S)
Regulations).

Section 572 of the OPGGS Act places duties on titleholders in relation to the maintenance and
removal of structures, equipment and property brought onto title. Decommissioning of the Dorado
facilities to meet the requirements of Section 572 of the OPGGS Act is addressed in Section 6.7.7.

2.2.1.1 Offshore Petroleum and Greenhouse Gas Storage (Environment) Regulations
2009

The OPGGS (E) Regulations are the principle legislative instrument for the environmental
management of petroleum activities in Commonwealth waters. The object of the OPGGS (E)
Regulations is to ensure that petroleum activities in Commonwealth waters are carried outin a
manner:

consistent with the principles of ESD set out in section 3A of the EPBC Act;
by which the environmental impacts and risks of the activity will be reduced to as low as
reasonably practicable (ALARP); and

+ by which the environmental impacts and risks of the activity will be at an acceptable level.

The OPGGS (E) Regulations include requirements for Santos to consider MNES defined in Part 3 of
the EPBC Act; refer to Section 2.2.2 for a description of Matters of National Environmental
Significance.

2.2.1.1.1 Offshore Project Proposal

The OPGGS (E) Regulations require that Santos submit an OPP to NOPSEMA for assessment of
Dorado Phase 1. The Dorado Development OPP must undergo a two-stage assessment process and
public comment period before it can be accepted. The OPP must be accepted prior to Santos
submitting any EPs (and Qil Pollution Emergency Plans (OPEPs)) for activities within the scope of
Dorado Phase 1. The OPP must demonstrate that all environmental impacts and risks are of an
acceptable level. (Unlike EPs, the OPP is not required to demonstrate that all environmental impacts
and risks are managed to ALARP.)

The OPGGS (E) Regulations specify the content requirements for the Dorado Development OPP. This
includes consideration of all relevant environmental values and sensitivities that may credibly be
affected by Dorado Phase 1. This includes MNES protected under Part 3 of the EPBC Act.

Regulation 5A of the OPGGS (E) Regulations states the requirements for an OPP. Table 2-1 outlines
and maps these requirements to the sections of the Dorado Development OPP that fulfil each
requirement.

Table 2-1: OPGGS (E) Regulations regarding OPP requirements and the corresponding sections of
the Dorado Development OPP

OPGGS (E) Relevant

Regulations Regulation Text Sections of

Reference the OPP

5A (5)(a) The proposal must: Section 1.4
+  Include the proponent’s name and contact details.
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OPGGS (E) Relevant
Regulations Regulation Text Sections of
Reference the OPP
5A (5)(b) Include a summary of the project, including the following: Section 6
+ adescription of each activity that is part of the project;
+  thelocation or locations of each activity,
+  aproposed timetable for carrying out the project,
+ adescription of the facilities that are proposed to be used to
undertake each activity, and
+  adescription of the actions proposed to be taken, following
completion of the project, in relation to the facilities.
5A (5)(c) Describe the existing environment that may be affected by the project. Section 3
and 5 (5)(d) Include details of the particular relevant values and sensitivities (if any) of
that environment.
5A (5)(e) Set out the environmental performance outcomes for the project. Section 8
5A (5)(f) Describe any feasible alternative to the project, or an activity that is part Section 5
of the project, including:
+  acomparison of the environmental impacts and risks arising from
the project or activity and the alternative; and
+ an explanation, in adequate detail, of why the alternative was not
preferred.
5A (6) Without limiting paragraph (5)(d), particular relevant values and Section 3
sensitivities may include any of the following:
+  the world heritage values of a declared World Heritage property
within the meaning of the EPBC Act,
+  the national heritage values of a National Heritage place within the
meaning of that Act,
+  the ecological character of a declared Ramsar wetland within the
meaning of that Act,
+  the presence of a listed threatened species or listed threatened
ecological community within the meaning of that Act,
+  the presence of a listed migratory species within the meaning of
that Act, and
+ 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.
5A (7) The proposal must: Section 2
+  describe the requirements, including legislative requirements, that
apply to the project and are relevant to the environmental
management of the project, and
+ describe how these requirements will be met.
5A (8) The proposal must include: Section 7
+  details of the environmental impacts and risks for the project, and
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OPGGS (E) Relevant
Regulations Regulation Text Sections of
Reference the OPP

+  an evaluation of all the impacts and risks, appropriate to the nature
and scale of each impact or risk.

2.2.1.1.2 Environment Plans

The OPGGS (E) Regulations require Santos to submit an EP (or EPs) to NOPSEMA for assessment of all
petroleum activities within the scope of the Dorado Development OPP. An EP for a petroleum activity
within the scope of the OPP may not be submitted prior to NOPSEMA accepting the OPP. EPs for
petroleum activities must be accepted by NOPSEMA prior to commencing the activity.

EPs are required to demonstrate that environmental impacts and risks from petroleum activities are
managed to a level that is acceptable. EPs are also required to demonstrate that environmental
impacts and risks are managed to a level that is ALARP. All environmental sensitivities that may
credibly be affected by the petroleum activities must be considered in the EP, including MNES
protected under Part 3 of the EPBC Act.

EPs for activities within the scope of the accepted Dorado Development OPP must ensure that the
level of performance of the environmental management of the activity is as good as or better than
the levels stated in the accepted OPP.

The OPGGS (E) Regulations require Santos to consult with all relevant persons when preparing an EP
for activities within the scope of the Dorado Development OPP. This requirement is in addition to the
public comment period of the OPP. Refer to Section 9 for further information on Santos’ consultation
practices.

2.2.1.1.3 OQil Pollution Emergency Plans

Environment Plans are required to include an Oil Pollution Emergency Plan (OPEP). The OPEP is
required to include adequate arrangements for responding to an oil spill. This includes testing of the
response arrangements and environmental monitoring of impacts to the environment from spilled
oil. Based on the nature and scale of the credible spill scenarios outlined in the EP and OPEP,
response strategies are assessed as potentially applicable for combatting a spill through a Net
Environment Benefit Assessment. Potential spill response strategies assessed may include:

Source Control;

In-situ Burning;

Monitor and Evaluate;

Chemical Dispersion;

Offshore Containment and Recovery;
Mechanical Dispersion;

Protection and Deflection;

Shoreline Clean-up;

Oiled Wildlife Response; and
Scientific Monitoring.

+ + + + + + + + 4+ +
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2.2.1.2 Offshore Petroleum and Greenhouse Gas Storage (Resource Management and
Administration) Regulations 2011

The OPGGS (RMA) Regulations are intended to ensure that petroleum activities in Commonwealth
waters:

+ are carried out in accordance with good oilfield practice;
+ optimise the long-term recovery of petroleum; and
+ reduce risks to well integrity to ALARP.

The OPGGS (RMA) Regulations also ensure that information on petroleum exploration activities,
discoveries, production and operations are provided in a timely manner to the administrators of the
OPGGS Act.

The OPGGS (RMA) Regulations require Santos to have in place an accepted Field Development Plan
for Dorado Phase 1 and an accepted Well Operations Management Plan in place for Dorado
Development wells.

2.2.1.3 Offshore Petroleum and Greenhouse Gas Storage (Safety) Regulations 2009

The OPGGS (S) Regulations are intended to ensure that offshore facilities undertaking petroleum
activities protect the health and safety of people undertaking these activities. The OPGGS (S)
Regulations require:

+ validation of the design, construction, operation and decommissioning of facilities
undertaking petroleum activities;

+ safety cases that provide for management of safety risks, including major accident events, for
petroleum facilities; and

+ diving safety management systems.

While intended to protect the health and safety of personnel, many management measures
considered in validation of facilities and safety cases also protect the environment by preventing
uncontrolled releases of hydrocarbons.

2.2.2 Environment Protection and Biodiversity Conservation Act 1999

The EPBC Act and supporting regulations provide for the protection of the environment and
conservation of biodiversity in Australia (including Commonwealth waters). Amendments to the
OPGGS Act and OPGGS (E) Regulations made in February 2014 require matters protected under Part
3 of the EPBC Act to be considered in the Dorado Development OPP. NOPSEMA became the sole
environmental regulator in Commonwealth waters following these streamlining arrangements.
Matters of National Environmental Significance (MNES) protected under Part 3 of the EPBC Act
include:

+ the world heritage values of a declared World Heritage property within the meaning of the
EPBC Act;
the national heritage values of a National Heritage place within the meaning of that Act;
the ecological character of a declared Ramsar wetland within the meaning of that Act;

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

+ the presence of a listed migratory species within the meaning of that Act; and
any values and sensitivities that exist in, or in relation to, part or all of:
- a Commonwealth marine area within the meaning of that Act; or
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- Commonwealth land within the meaning of that Act.

The EPBC Act also gives effect to several international conventions for the protection of migratory
species to which Australia is a signatory, including:

+ the Convention on the Conservation of Migratory Species of Wild Animals (commonly
referred to as the Bonn Convention);

+ the Agreement between the Government of Australia and the Government of Japan for the
Protection of Migratory Birds in Danger of Extinction and their Environment (commonly
referred to as JAMBA);

+ the Agreement between the Government of Australia and the Government of the People's
Republic of China for the Protection of Migratory Birds and their Environment (commonly
referred to as CAMBA);

+ the Agreement between the Government of Australia and the Government of the Republic of
Korea on the Protection of Migratory Birds (commonly referred to as ROKAMBA);

+ the Convention on Wetlands of International Importance (commonly referred to as the
Ramsar Convention); and

+ the Agreement on the Conservation of Albatrosses and Petrels.

Environmental values and sensitivities, including matters protected under Part 3 of the EPBC Act, are
described in Section 3. These descriptions inform the assessment of environmental impacts and risks
in Section 7.

Why isn’t the Dorado Development being assessed under the
EPBC Act?

NOPSEMA became the sole Commonwealth regulator for environmental management of offshore
petroleum activities in 2014 after streamlining of regulatory processes under the OPGGS Act and
the EPBC Act.

Prior to the streamlining arrangements, Phase 1 of the Dorado Development would have been
referred for assessment, and assessed, under the EPBC Act by DAWE. It would also require EPs
accepted by NOPSEMA in accordance with the OPGGS (E) Regulations for all of the petroleum
activities within the scope of the Dorado Development. The Australian Government recognised
there was duplication of regulatory effort under the two Acts, resulting in an administrative
burden on proponents. This was the rationale for the streamlining of offshore petroleum industry

environmental approvals.

The effect of streamlining is that offshore petroleum activities in Commonwealth waters only
require approval by NOPSEMA under the OPGGS Act and no longer require separate approval by
the Minister for the Environment under the EPBC Act. As such, the Dorado Development is
subject to the OPP assessment process under the OPGGS (E) Regulations and is not assessed
under the referral and assessment process under the EPBC Act.

The Program by which the streamlining arrangements are implemented has been endorsed by
the Minister for the Environment. The Program outlines the commitments and undertaking of
NOPSEMA to ensure adequate protection of matters protected under Part 3 of the EPBC Act.
NOPSEMA consider the policy framework established by DAWE, along with the range of
publications made under the EPBC Act in relation to matters protected under Part 3 of the Act
(e.g. recovery plans and conservation advice).

Santos Ltd | Dorado Development Offshore Project Proposal Page 67 of 897



Santos

Does an OPP provide the same level of environmental assessment and
protection as the EPBC Act?

There are a range of features of the environmental approvals process for offshore petroleum
activities that ensure the level of environmental assessment and protection is equivalent to, or
better than, that provided for under the EPBC Act.

The commitments under the streamlining arrangements require NOPSEMA to ensure adequate
protection of matters listed under Part 3 of the EPBC Act. NOPSEMA must consider publications
made under the EPBC Act in relation to matters protected under Part 3 of the Act. This includes
material published by the Commonwealth intended to protect threatened and migratory species,
such as conservation advice and recovery plans. This requirement is aligned to the decision-
making process for assessments under the EPBC Act.

The OPP assessment process reflects the level of transparency and opportunity for public
comment that is provided for through Environmental Impact Statement/Public Environmental
Review assessments under the EPBC Act. Santos must respond to all comments made during the
public comment period — this is the same standard applied to the EPBC Act process.

The OPGGS (E) Regulations require EPs also be accepted by NOPSEMA for all petroleum activities
within the scope of the Dorado Development OPP. The levels of environmental performance in
the EPs must be as good as, or better than, the levels committed to in this OPP. This in an
important link between environmental management of specific activities and the overarching
environmental assessment in the OPP.

NOPSEMA are the environmental regulator for offshore petroleum activities. NOPSEMA has a
range of powers relating to assessment, inspection and enforcement. NOPSEMA frequently
inspects the environmental performance of petroleum titleholders to verify compliance with
environmental commitments. NOPSEMA can undertake enforcement actions, such as issuing
directions, and can require a titleholder to cease an activity.

As described above, there is a clear intention for the OPP assessment process to provide the
same, or better, level of environmental assessment and protection. The OPGGS (E) Regulations
provide for an independent regulator with strong powers to assess, inspect and enforce
environmental performance. This provides the Australian public with the confidence that the OPP
assessment process delivers the same, or better, protection than the EPBC Act assessment
process.

2.2.2.1 Principles of Ecologically Sustainable Development

NOPSEMA considers the principles of ESD defined in the EPBC Act when assessing the environmental
performance outcomes (EPOs) in an OPP. These principles are:

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

+ if there are threats of serious or irreversible environmental damage, lack of full scientific
certainty should not be used as a reason for postponing measures to prevent environmental
degradation;
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+ the principle of intergenerational equity-- that the present generation should ensure that the
health, diversity and productivity of the environment is maintained or enhanced for the
benefit of future generations;

+ the conservation of biological diversity and ecological integrity should be a fundamental
consideration in decision-making; and

+ improved valuation, pricing and incentive mechanisms should be promoted.

Santos has considered these principles when developing acceptable levels of environmental impacts
and risks. Refer to Section 4 for further information.

2.2.2.2 Environment Protection and Biodiversity Conservation Act Policy Statements

A number of policy statements have been made that give practical advice to the application of the
EPBC Act. Relevant policies include:

+ ‘indirect consequences’ of an action: Section 527E of the EPBC Act; and
EPBC Policy Statement 2.1 Interaction between offshore seismic exploration and whales:
Industry guidelines.

2.2.2.3 Marine Bioregional Plans

A series of marine bioregional plans have been developed for each of the marine regions within
Commonwealth waters. The plans describe the conservation values within each region, identify
pressures affecting conservation values and outline regional priorities, strategies and actions. The
objectives of these plans are to:

conserve biodiversity and maintain ecosystem health;

ensure the recovery and protection of threatened species; and

improve the understanding of the region’s biodiversity and ecosystems and the pressures
they face.

The Project Area and the spatial extent of all planned impacts from Dorado Phase 1 lie entirely within
the North-west Marine Region. The Marine bioregional plan for the North-west Marine Region
(Department of Sustainability, Environment, Water, Population and Communities (DSEWPaC) 2012a)
has been considered when describing the existing environment and the assessment of environmental
impacts and risks from Dorado Phase 1.

Modelling studies indicate some worst-case credible unplanned hydrocarbon spills may impact upon
environmental sensitivities in the South-west Marine Region. The Marine bioregional plan for the
South-west Marine Region (DSEWPaC 2012b) has been considered when describing the existing
environment and the assessment of environmental risks of some worst-case unplanned hydrocarbon
spill scenarios.

2.2.2.4 Australian Marine Park Management Plans

The EPBC Act provides for the declaration of AMPs based on the International Union for the
Conservation of Nature (IUCN) principles and guidelines for categorising protected areas. Australia
has established a network of AMPs throughout Commonwealth waters, and these are managed
under a series of region-based management plans. These plans detail the management objectives of
the AMPs, the environmental values within each of the AMPs and the activities that area permissible
within the zones of the AMPs. AMPs are part of the Commonwealth marine environment, which is an
MNES.
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Australian IUCN Reserve Management Principles (Environment Australia 2002) for each category are
set out in the EPBC Regulations. The planned petroleum activities considered within this OPP will not
credibly impact any AMPs. Some worst-case credible unplanned hydrocarbon spill scenarios may
impact upon several AMPs within the North-west and South-west marine bioregions. Both the North-
west Marine Parks Network Management Plan 2018 (Director of National Parks 2018a) and the
South-west Marine Parks Network Management Plan 2018 (Director of National Parks 2018b)
identify oil pollution as a pressure on the values of these AMPs. Santos has considered these plans
when developing acceptable levels of environmental impacts and risks and controls to prevent
hydrocarbon spills in the Dorado Development OPP.

2.2.2.4.1 Australian Whale Sanctuary

The EPBC Act established the Australian Whale Sanctuary (AWS) (from 3 nm extending 200 nm from
the coast) in 1999 giving high levels of protection to all Cetaceans (45 species of whales, dolphins and
a porpoise) in Commonwealth waters. This protection extends to all anthropogenic threats to
cetaceans and is not limited to potential impacts from any one sector.

Under the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) all cetaceans
(whales, dolphins and porpoises) are protected in Australian waters:

+ the AWS includes all Commonwealth waters from the three nautical mile state waters limit
out to the boundary of the Exclusive Economic Zone (i.e. out to 200 nautical miles and
further in some places);

+ within the AWS it is an offence to kill, injure or interfere with a cetacean. Severe penalties
apply to anyone convicted of such offences; and

+ all states and territories also protect whales and dolphins within their waters.

The AWS comprises the Commonwealth marine area, beyond the coastal waters of each state and
the Northern Territory. It includes all of Australia's Exclusive Economic Zone (EEZ).
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Santos

EPBC Management plans for threatened species that may be affected by Dorado Phase 1

waters with a view to:

+  Improving the population status
leading t the removal of the
sawfish and river shark species
from the threatened species list
of the EPBC Act

All Vertebrate Threat abatement N/A There are four main objectives: Marine debris No explicit management actions for
Fauna . ) non-fisheries related industries (note
plan for the impacts of + Contrlblljte to the !ong-term that management actions in the plan
marine debris on prevention of the incidence of L
harmful marine debris relate largely to management of fishing
the vertebrate wildlife of - , waste (for example ‘ghost’ gear), and
Australia’s coasts and + Rem9ve existing har.mful marine State and Commonwealth
oceans (DoEE 2018) Ss\t/)irrlcsnﬁgz;the marine management through regulation.
+  Mitigate the impacts of harmful
marine debris on marine species
and ecological communities
+  Monitor the quantities, origins
and impacts of marine debris
and assess the effectiveness of
management arrangements
over time for the strategic
reduction of debris.
Sawfish and River Sawfish and river shark N/A The primary objective of this recovery | Habitat Identify risks to important sawfish and
Sharks multispecies recovery plan is to assist the recovery of degradation / river shark habitat and measures
plan (CoA 2015) sawfish and river sharks in Australian | modification needed to reduce those risks.
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+  Ensuring that anthropogenic
activities do not hinder recovery
in the near future, or impact on
the conservation status of the
species in the future.

The specific objectives of the
recovery plan (relevant to industry)
are:

+  Objective 5: Reduce and, where
possible, eliminate adverse
impacts of habitat degradation
and modification on sawfish and
river shark species.

+  Objective 6: Reduce and, where
possible, eliminate any adverse
impacts of marine debris on
sawfish and river shark species
noting the linkages with the
Threat Abatement Plan for the
Impact of Marine Debris on
Vertebrate Marine Life.

Santos

Great White Shark
(Carcharodon
carcharias)

Recovery Plan for the
White Shark
(Carcharodon carcharias)
(DSEWPC, 2013)

Vulnerable

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 with a view to:

+  Improving the population status
leading to future removal of the

Habitat
degradation /
modification

No explicit relevant management
actions; habitat modification identified
as a threat.

Climate change

No explicit relevant management
actions; climate change identified as a
threat.
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white shark from the threatened
species list of the EPBC Act

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

The specific objectives of the
recovery plan (relevant to industry)
are:

+  Objective 7: Continue to identify
and protect habitat critical to
the survival of the white shark
and minimise the impact of
threatening processes within
these areas.

Grey Nurse Shark
(Carcharias taurus
— west coast
population)

Recovery Plan for the
Grey Nurse

Shark (Carcharias taurus)
(DOE 2014)

Vulnerable

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, with a view to:

+  Improving the population status

+  Ensuring that anthropogenic
activities do not hinder the
recovery of the grey nurse shark

Pollution and

Review and assess the potential threat

disease of introduced species, pathogens and
pollutants.

Habitat Review the level and spatial extent of

degradation / protection measures at key

modification aggregation sites to ensure appropriate

levels of protection, and a consistent
approach to the designation and
implementation of protective
measures, are applied.
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Use Biologically Important Areas (BIA)
to help inform the development of
appropriate conservation measures,
including through the application of
advice in the marine bioregional plans
on the types of actions which are likely
to have a significant impact on the
species and updating such
conservation measures as new
information becomes available.

Climate change

No explicit relevant management
actions; climate change identified as a
threat.

Northern River Approved Conservation Endangered No explicit relevant objectives Habitat Implement measures to reduce
Shark (Glyphis Advice for Glyphis degradation / adverse impacts of habitat degradation
garricki) garricki (northern river modification and/or
shark) (DoE 2014)
Modification.
Marine Debris No explicit relevant management
actions; marine debris identified as a
threat.
Dwarf Sawfish Approved Conservation Vulnerable No explicit relevant objectives Habitat No explicit relevant management
(Pristis clavata) Advice for Pristis clavate degradation / actions; habitat loss, disturbance and
(Dwarf Sawfish) (DEWHA modification modification identified as threats.

2009)
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for the Whale Shark
(DEH 2005a) ceased to
be in effect from 1
October 2015]

whale shark within the Indian Ocean
and Southeast Asian region to enable

population growth so that the species
can be removed from the threatened
species list of the EPBC Act.

Freshwater Sawfish | Approved Conservation Vulnerable No explicit relevant objectives Habitat Implement measures to reduce
(Pristis pristis) Advice for Pristis pristis degradation / adverse impacts of habitat degradation
(Largetooth Sawfish) modification and/or modification.
(DoE 2014).
Green Sawfish Approved conservation Vulnerable No explicit relevant objectives Habitat No explicit relevant management
(Pristis zijsron) advice for Green Sawfish degradation / actions; habitat loss, disturbance and
modification modification identified as threats.
(DEWHA 2008)
Whale Shark Conservation advice Vulnerable To maintain existing levels of Habitat Implement measures to reduce
(Rhinocodon typus) | Rhincodon typus (Whale protection for the whale shark in degradation / adverse impacts of habitat degradation
Shark) (DoE 2015) Australia while working to increase modification and/or modification.
the level of protection afforded to the
[Note the Recovery plan Vessel Minimise offshore developments and

disturbance

transit time of large vessels in areas
close to marine features likely to
correlate with Whale Shark
aggregations along the northward
migration route that follows the
northern Western Australian coastline
along the 200 m isobath (as set out in
the Conservation Values Atlas, DoE,
2014).

Marine debris

No explicit relevant management
actions; marine debris identified as a
threat.
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Climate change No explicit relevant management
actions; climate change identified as
threat.

Seabirds Draft Wildlife N/A Seabirds and their habitats are Habitat No explicit relevant management
Conservation Plan for protected and managed in Australia. degradation / actions; identified as a threat.
Seabirds (CoA 2019) modification
Anthropogenic Ensure all areas of important habitat
) for seabirds are considered in the
disturbance
development assessment process.
Manage the effects of anthropogenic
disturbance to seabird breeding and
roosting areas.

Climate Change | No explicit relevant management
actions; identified as a threat.

Invasive species | Ensure seabirds are protected from the
adverse effects of invasive species.

Pollution Enhance contingency plans to prevent

(marine debris, and/or respond to environmental

light, water) emergencies that have an impact on
seabirds and their habitats.

Migratory Wildlife Conservation N/A Anthropogenic threats to migratory Habitat No explicit relevant management
Shorebirds Plan for Migratory shorebirds in Australia are minimised | degradation / actions; identified as a threat.
Shorebirds (DoEE 2015) or, where possible, eliminated. modification
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Anthropogenic
disturbance

Investigate the significance of
cumulative impacts on migratory
shorebird habitat and populations in
Australia.

Ensure all areas important to migratory
shorebirds in Australia continue to be
considered in development assessment
processes (specifically for coastal
developments).

Climate change

Investigate the impacts of climate
change on migratory shorebird habitat
and populations in Australia.

Albatrosses and
Giant Petrels

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

(DSEWPaC 2011)

N/A

Overall objective:

+

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.

Specific objectives:

+

Land-based threats to the
survival and breeding success of
albatrosses and giant petrels

Pollution

No explicit management actions;
marine pollution recognised as a
threat.

Climate change

Where climate change is identified as
having the potential for significant
negative impacts on Australian
populations of seabirds:

+  Appropriate monitoring strategies
are implemented to fill
information gaps

+  Mitigation actions are identified
and adopted where feasible and
appropriate.
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breeding within areas under
Australian jurisdiction are
quantified and reduced.

+  Marine-based threats to the
survival and breeding success of
albatrosses and giant petrels
foraging in waters under
Australian jurisdiction are
quantified and reduced.

Santos

Australian Lesser Conservation Advice Vulnerable No explicit relevant objectives Habitat No explicit relevant management
Noddy (Anous Anous tenuirostris degradation / actions; oil pollution recognised as a
tenuirostris melanops Australian threat.
melanops) lesser noddy (DoE 2015) Modification (oil
spills)
Red Knot (Calidris Conservation Advice Red | Endangered No explicit relevant objectives Habitat No explicit relevant management
canutus) Knot (Calidris canutus) degradation / actions; oil pollution recognised as a
(DOE 2016) threat.
modification
Climate change No explicit relevant management
actions; climate change recognised as a
threat.
Curlew Sandpiper Conservation Advice Critically Australian Objective: Habitat No explicit relevant management
(Calidris ferruginea) | Curlew Sandpiper Endangered degradation/ actions; oil pollution recognised as a
(Calidris ferruginea) + ReduFe disturban.ce at. key modification (oil | threat.
(DOE 2015) roosting and feeding sites pollution)
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Great Knot (Calidris | Conservation Advice Critically No explicit relevant objectives Habitat Identifies research priorities and the
tenuirostris) Great Knot (Calidris Endangered degradation/ need for actions to prevent destruction
tenuirostris) (DOE 2016) modification (oil | of key breeding and migratory staging
pollution) sites.
Cape Barren Goose | Approved Conservation Vulnerable No explicit relevant objectives Habitat No explicit relevant management
(Cereopsis Advice for Cereopsis degradation/ actions; habitat loss, disturbance and
novaehollandiae novaehollandiae grisea modification modification recognised as a threat.
grisea) (Cape Barren Goose
(south-western)) Disease No explicit management actions;
(DEWHA 2008) disease, fungi and parasites recognised
as a threat.
Greater Sand Conservation Advice Vulnerable No explicit relevant objectives Habitat Identifies research priorities and the
Plover (Charadrius Greater Sand Plover degradation/ need for actions to prevent destruction
leschenaultia) (Charadrius modification (oil | of key breeding and migratory staging
leschenaultii) (DOE 2016) pollution) sites
Lesser Sand Plover | Conservation Advice Endangered No explicit relevant objectives Habitat Outlines research and survey priorities
(Charadrius Lesser Sand Plover degradation/ and recommends habitat restoration/
mongolus) (Charadrius mongolus) modification (oil | maintenance.
(DOE 2016) pollution)
Christmas Island Conservation Advice for Endangered Long-term Objective: Disease Undertake a risk assessment to
Frigatebird the Christmas Island determine the most likely source of a
(Fregata andrewsi) | Frigatebird — Fregata + Toreduce anthropoge!wic threats new avian disease so that any changes
andrewsi (DAWE 2020) to allow the conseryatlon status to procedure are targeted.
of Fregata andrewsi (the
Christmas Island Frigatebird) to | yapjtat Preventing activities in habitat critical
improve so that it can be degradation/ to the survival that will remove nesting
removed from the threatened modification and roosting habitat.

species list of the Environment
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Protection and Biodiversity
Conservation Act 1999 (EPBC
Act).

Short-term Objectives:

+  The extent and quality of habitat
critical to the survival of the
Christmas Island Frigatebird is
maintained or improved.

+  Anthropogenic threats to
Christmas Island Frigatebird are
demonstrably reduced.

Santos

Preventing activities in buffer areas
identified in Map 1 that may disturb
nesting and roosting birds

Pollution

No explicit management actions;
marine pollution recognised as a
threat.

Marine debris

No explicit relevant management
actions; marine debris recognised as a
threat.

menzbieri)

godwit (northern
Siberian) (DoE 2016)

Blue Petrel Conservation Advice Vulnerable No explicit relevant objectives Habitat No explicit relevant management
(Halobaena Halobaena caerulea blue degradation / actions; habitat loss, disturbance and
caerulea) petrel (DoE 2015) modification modification recognised as a threat.
Bar-tailed Godwit Conservation Advice Vulnerable No explicit relevant objectives Habitat No explicit relevant management
(baueri) (Limosa Limosa lapponica baueri degradation / actions; oil pollutions recognised as a
lapponica baueri) (Bar-tailed Godwit modification threat.

(Western Alaskan)) (DoE

2016)
Northern Siberian Conservation Advice Critically No explicit relevant objectives Habitat No explicit relevant management
Bar-tailed Godwit Limosa lapponica Endangered degradation / actions; oil pollutions recognised as a
(Limosa lapponica menzbieri Bar-tailed modification threat.
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(Papasula abbotti)

the Abbott's Booby -
Papasula abbotti (DAWE
2020)

+  Toreduce anthropogenic threats
to allow the conservation status
of Papasula abbotti (Abbott’s
Booby) to improve so that it can
be removed from the
threatened species list of the
Environment Protection and
Biodiversity Conservation Act
1999 (EPBC Act).

Short-term Objectives:

+  The extent and quality of habitat
critical to the survival of
Abbott’s Booby is maintained or
improved.

Eastern Curlew Conservation Advice for | Critically Australian objectives: Habitat No explicit relevant management
(Numenius Numenius Endangered ) ) ] degradation / actions; habitat loss and degradation
madagascariensis) | madagascariensis + Ach|e|ve.a stable or increasing modification recognised as a threat.
(Eastern Curlew) (DoE population.
2015) +  Maintain and enhance
important habitat.
+  Reduce disturbance at key
roosting and feeding sites.
Fairy Prion Conservation Advice Vulnerable No explicit relevant objectives Habitat No explicit management actions;
(Pachyptila turtur Fairy Prion (Pachyptila degradation / habitat loss, disturbance and
subantarctica) turtur subantarctica) Modification modification recognised as a threat.
(DOE 2015)
Abbott’s Booby Conservation Advice for | Endangered Long-term Objective: Climate change | Develop and implement a response

plan to enhance the adaptation of
Abbott’s Booby to climate change.

Disease

No explicit management actions;
disease recognised as a threat.

Marine debris

No explicit management actions;
marine debris recognised as a threat.
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+  Anthropogenic threats to
Abbott’s Booby are
demonstrably reduced.

Christmas Island Conservation Advice Endangered No explicit relevant objectives Oil Spills No explicit management actions; oil
White-tailed Phaethon lepturus fulvus spills recognised as a threat.
Tropicbird white-tailed tropicbird
(Phaethon lepturus | (Christmas Island) (DOE
fulvus) 2014)
Soft-plumaged Conservation Advice Vulnerable No explicit relevant objectives Habitat No explicit management actions;
Petrel (Pterodroma | Pterodroma Mollis soft- degradation / habitat loss, disturbance and
mollis) plumaged petrel (DoE Modification modification recognised as a threat.
2015) (wetlands)
Australian Painted Approved Conservation Endangered No explicit relevant objectives Habitat Habitat recovery actions are a priority.
Snipe (Rostratula Advice Australian degradation /
australis) Painted Snipe Modification
(Rostratula australis) (wetlands)
(DSEWPC 2013)
Australian Fairy Conservation Advice for | Vulnerable No explicit relevant objectives Habitat Ensure appropriate oil spill contingency
Tern (Sternula Sterna nereis nereis degradation / plans are in place for the subspecies’
nereis nereis) (Fairy Tern) (DSEWPaC modification (oil | breeding sites that are vulnerable to oil
2011) pollution) spills.
Shy Albatross Conservation Advice Endangered Conservation Advice refers to the Climate change No explicit management actions;
(Thalassarche Thalassarche cauta Shy objectives set out in the National climate change recognised as a threat.
cauta) Albatross (DAWE 2020) Recovery Plan for Threatened

Disease

No explicit management actions;
disease recognised as a threat.
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Albatrosses and Giant Petrels 2011-
2016 (DSEWPaC 2011).

Marine debris

No explicit management actions;
marine debris recognised as a threat.

Marine Turtles

Recovery plan for
Marine Turtles in
Australia (DoEE 2017)

N/A

Long-term recovery objective:

+

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.

Interim objective 3:

+

Anthropogenic threats are
demonstrably minimised.

Habitat
degradation /
modification

Manage anthropogenic activities to
ensure marine turtles are not displaced
from identified habitat critical to the
survival.

Manage anthropogenic activities in
Biologically Important Areas to ensure
that biologically important behaviour
can continue.

Vessel
disturbance

Vessel interactions identified as a
threat; no specific management
actions in relation to vessels prescribed
in the plan.

Light pollution

Minimise light pollution:

+  Artificial light within or adjacent
to habitat critical to the survival
of marine turtles will be managed
such that marine turtles are not
displaced from these habitats.

+  Develop and implement best
practice light management
guidelines for existing and future
developments adjacent to marine
turtle nesting beaches.
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+ Identify the cumulative impact on
turtles from multiple sources of
onshore and offshore light
pollution.

Pollution
(persistent toxic
pollutants)

Minimise chemical and terrestrial
discharge.

Climate change

Adaptively manage turtle stocks to
reduce risk and build resilience to
climate change and variability:

+  Continue to meet Australia’s
international commitments to
address the causes of climate
change.

+ Identify, test and implement
climate-based adaptation
measures.

Marine debris

Reduce the impacts from marine
debris:

+  Support the implementation of
the EPBC Act Threat Abatement
Plan for the impacts of marine
debris on vertebrate marine life.

Noise
interference

Assess and address anthropogenic
noise:
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+  Understand the impacts of
anthropogenic noise on marine
turtle behaviour and biology.

Turtle) (DEWHA 2008)

Disease and No explicit management actions;
pathogens disease and pathogens recognised as a
threat.
Short-nosed Approved Conservation Critically No explicit relevant objectives Habitat Monitor known populations to identify
Seasnake Advice for Aipysurus Endangered degradation / key threats.
(Aipysurus apraefrontalis modification ) )
apraefrontalis) (Shortnosed Seasnake) Erlsure there' is no anthropogenic .
(DSEWPaC 2011) disturbance in areas where the species
occurs, excluding necessary actions to
manage the conservation of the
species.
Leaf-scaled Approved Conservation Critically No explicit relevant objectives Habitat Ensure there is no disturbance in areas
Seasnake Advice for Aipysurus Endangered degradation / where the Leaf-scaled Sea Snake
(Aipysurus foliosquama (leaf-scaled modification occurs, excluding necessary actions to
foliosquama) sea snake) (DSEWPaC manage the conservation of the
2011) species.
Leatherback Turtle | Approved Conservation Endangered No explicit relevant objectives Vessel No explicit relevant management
(Dermochelys Advice for Dermochelys disturbance actions; vessel strikes identified as a
coriacea) coriacea (Leatherback threat.

Marine debris

No explicit relevant management
actions; marine debris identified as a
threat.
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Climate change

No explicit relevant management
actions; climate change identified as a
threat.

Sei Whale
(Balaenoptera
borealis)

Conservation Advice
Balaenoptera borealis
sei whale (DoE 2015)

Vulnerable

There is insufficient data on sei
whales in Australian waters to
determine abundance estimates,

or an increase or decline in the
population, and the full extent of
their distribution in Australian

waters is uncertain. To implement a
range of Conservation Management
Actions research

needs to be undertaken as a priority
to define the spatial and temporal
distribution of sei whales

and further define biologically
important areas so that adaptive
management and additional

mitigation measures can be
implemented if necessary (ie: within
defined foraging or breeding

areas).

Noise
interference

Once the spatial and temporal
distribution (including biologically
important areas) of Fin Whales is
further defined, assess the impacts of
increasing anthropogenic noise
(including seismic surveys, port
expansion, and coastal development).

Climate change
impacts

Understanding impacts of climate
variability and change:

+  Continue to meet Australia’s
international commitments to
reduce greenhouse gas emissions
and regulate the krill fishery in
Antarctica.

Vessel
disturbance

Minimising vessel collisions:

+  Develop a national vessel strike
strategy that investigates the risk
of vessel strikes on Sei Whales
and also identifies potential
mitigation measures.

+  Ensure all vessel strike incidents
are reported in the National
Vessel Strike Database.
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musculus) and
Pygmy Blue Whale
(Balaenoptera
musculus
brevicauda)

Management Plan for
the Blue Whale: A
Recovery Plan under the
Environment Protection
and Biodiversity
Conservation Act 1999
(DOE 2015)

minimise anthropogenic threats to
allow the conservation status of the
Blue Whale to improve so that it can
be removed from the threatened
species list under the EPBC Act.

interference and
anthropogenic
noise

Pollution No explicit relevant management
(persistent toxic | actions; pollution identified as a threat.
pollutants)

Blue (Balaenoptera | Conservation Endangered The long-term recovery objective is to | Noise Assess and address anthropogenic

noise: shipping, industrial and seismic
noise.

Anthropogenic noise in biologically
important areas will be managed such
that any blue whale continues to utilise
the area without injury and is not
displaced from a foraging area.

Ensure EPBC Act Policy Statement
2.1— Interaction between offshore
seismic exploration and whales
(Department of the Environment,
Water, Heritage and the Arts 2008a) is
applied to all seismic surveys
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Guidance on key terms
within the Blue Whale
Conservation
management plan
(DAWE, 2021)

Vessel
disturbance

Santos

Minimise vessel collisions:

+

Develop a national vessel strike
strategy that investigates the risk
of vessel strike on blue whales
and also identifies potential
mitigation measures.

Ensure all vessel strike incidents
are reported in the National Ship
Strike Database.

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

Climate change
impacts

Understanding impacts of climate
variability and change:

+

Continue to meet Australia’s
international commitments to
reduce greenhouse gas emissions
and regulate the krill fishery in
Antarctica.

Fin Whale
(Balaenoptera
physalus)

Conservation Advice
Balaenoptera physalus
fin whale (DoE 2015)

Vulnerable

No explicit relevant objectives

Noise
interference

Once the spatial and temporal

distribution (including biologically
important areas) of Fin Whales is
further defined, assess the impacts of
increasing anthropogenic noise
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(including seismic surveys, port
expansion, and coastal development).

Vessel
disturbance

Develop a national vessel strike
strategy that investigates the risk of
vessel strikes on Fin Whales and
identifies potential mitigation
measures.

Ensure all vessel strike incidents are
reported in the National Vessel Strike
Database.

Climate change
impacts

Understanding impacts of climate
variability and change:

+  Continue to meet Australia’s
international commitments to
reduce greenhouse gas emissions
and regulate the krill fishery in

Southern Right

australis)

Whale (Eubalaena

Conservation
Management Plan for
the Southern Right
Whale. A Recovery Plan
under the Environment
Protection and
Biodiversity
Conservation Act 1999

Endangered

Long term recovery objective:

+  To minimise anthropogenic
threats to allow the
conservation status of the
southern right whale to improve
so that it can be removed from

Antarctica.
Noise Assess and address anthropogenic
interference noise: shipping, industrial and seismic
noise.
Vessel Address vessel collisions:

disturbance

+  Develop a national ship strike
strategy that quantifies vessel
movements within the
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2011-2021 (DSEWPC
2012)

the threatened species list
under the EPBC Act

Interim Recovery Objective 5:

+  Anthropogenic threats are
demonstrably minimised

distribution ranges of southern
right whales and outlines
appropriate mitigation measures
that reduce impacts from vessel
collisions.

Climate change

Assess impacts of climate variability
and change.

Continue to meet Australia’s
international commitments to reduce
greenhouse gas emissions and regulate
the krill fishery in Antarctica.

Marine debris

No explicit relevant management
actions; entanglement in marine debris
identified as a threat.

Australian Sea Lion
(Neophoca cinerea)

Conservation Advice
Neophoca cinerea
Australian Sea Lion
(DAWE 2020)

Endangered

Primary conservation actions:

+  Mitigate the impacts of marine
debris on Australian Sea Lions

+  Improve understanding of the
threats posed to Australian Sea
Lion populations, including
cumulative impacts.

Habitat
degradation /
pollution

Require all vessels to have oil spill
mitigation measures in place, and
implement jurisdictional oil spill
response strategies as required.

Protect all sea lion habitat from habitat
degradation due to onshore and
offshore

developments.
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Noise pollution

Monitor and mitigate impacts
(including cumulative impacts) of
human interactions on Australian Sea
Lion colonies.

Control access to breeding colonies to
minimise the impacts of disturbance on

Australian Sea Lions.

Marine debris

Assess the impacts of marine debris on
Australian Sea Lion populations and
identify the sources of marine debris
which have an impact.

Develop and implement measures to
mitigate the impacts of marine debris
on the species (including reducing the
amount of these marine debris
entering the oceans), noting linkages
with the Threat Abatement Plan for the
Impact of Marine Debris on Vertebrate
Marine Life.

Climate change

Review and adjust management
measures to address the threats from
disease/parasites and prey depletion, if
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it is demonstrated that increased
temperatures compound these threats.

Disease and
parasites

Improve human wastewater
management to minimise dispersal of
bacteria, parasites

and pollutants into the marine
environment.
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2.2.2.5 Recovery Plans

The EPBC Act provides for the development of recovery plans for species listed as threatened under
the EPBC Act. Recovery plans are intended to ensure the recovery of threatened species by setting
recovery objectives. These objectives are informed by:

descriptions of the state of the threatened species in Australia and globally;

identification of threats to the species; and

identification of actions by which these threats may be mitigated and the recovery objectives
achieved.

A number of threatened species have been identified as potentially occurring within the
environment that may be affected (EMBA) by the planned and unplanned activities of Dorado Phase
1. Santos has considered the recovery plans (Table 2-2) in place for these species when describing
the existing environment and assessing the environmental impacts and risks from Dorado Phase 1.

2.2.2.6 Conservation Advice

Conservation advice for threatened species and communities may be published under the EPBC Act.
This advice is developed in consultation with the Threatened Species Scientific Committee.
Conservation advice:

+ describes the threatened species, including its distribution, habitat and conservation status;
describes threats to the recovery of the species; and
outlines research priorities and conservation actions to prevent further decline of the
threatened species.

A number of threatened species have been identified as potentially occurring within the EMBA and
that may be affected by the planned and unplanned activities of Dorado Phase 1. Conservation
advice in relation to these species is summarised in Table 2-2. Santos has considered the
conservation advice in place for these species when describing the existing environment and
assessing the environmental impacts and risks from Dorado Phase 1.

2.2.2.7 Wildlife Conservation Plans

Wildlife conservation plans may be made under the EPBC Act for the protection, conservation and
management of species protected under the Act.

Wildlife conservation plans relevant to the Dorado Development OPP are:

+  Wildlife conservation plan for migratory shorebirds (Commonwealth of Australia 2015c); and
+  Wildlife Conservation Plan for Seabirds (DCCEEW 2022).

These plans apply to a number of seabirds and migratory shorebirds (listed as migratory under the
EPBC Act). The objectives of these plans is to protect important habitat, address knowledge gaps and
reduce anthropogenic risks to seabirds and migratory shorebirds.

2.2.2.8 Threat Abatement Plans

Threat abatement plans may be made under the EPBC Act for threatening processes on native
species and ecological communities. These plans describe objectives for the mitigation of threatening
processes and the actions intended to achieve these objectives.
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One threat abatement plan is relevant to the Dorado Development OPP — the Threat abatement plan
for the impacts of marine debris on the vertebrate wildlife of Australia's coasts and oceans
(Commonwealth of Australia 2018). Relevant objective and actions from this plan are described in
Section 3.3.3.3 . The assessment of environmental impacts and risks from Dorado Phase 1 presented
in Section 7 includes controls to prevent the release of debris to the marine environment.

2.2.3 Additional Relevant Commonwealth Legislation

In addition to the OPGGS Act and the EPBC Act, a range of other legislation is relevant to the
environmental management of Dorado Phase 1. These are listed in Table 2-3 along with a description
of their relevance to Dorado Phase 1.
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EPBC Act and subsidiary legislation)

Legislation

Description

Relevance to Dorado Phase 1

Air Navigation Act 1920

This Act is responsible for managing navigation within
the avian environment.

Helicopter and other aircraft activities occurring throughout all
phases of the project are required to abide to the requirements
under this Act.

Australian Heritage Council
Act 2003

This Act identifies and protects areas of heritage value,
including those listed on the World Heritage List,
National Heritage List and the Commonwealth Heritage
List (all of which are MNES under the EPBC Act).

Heritage values protected under the Act may be impacted by
Dorado Phase 1 (Section 3.4.4). These values are considered in the
assessment of environmental impacts and risks (Section 7). No
impacts to heritage values will occur as a result of the planned
activities within the scope of Dorado Phase 1.

Australian Jobs Act 2013

This Act ensure Australian entities have full, fair and
reasonable opportunity to supply key goods or services
to the Dorado Development. The Act requires
proponents to create Australian Industry Participation
Plans for projects where the capital expenditure
(CAPEX) is $500 million dollars or more. The plans are
assessed by the Department of Industry, Science,
Energy and Resources (DISER). Proponents must report
to DISER on the implementation of an accepted plan.

Santos has an approved Australian Industry Participation Plan for
the Dorado Development and for the Operations Phase of the
Dorado Development. The summaries are published here:

https://www.industry.gov.au/sites/default/files/aip/aip-dorado-
project summary-7feb20.pdf

https://www.industry.gov.au/sites/default/files/aip/aip-dorado-
operations summary-7feb20.pdf

Australian Maritime Safety
Authority Act 1990

The Act aims to:

+ promote maritime safety;
+  protect the marine environment from:

- pollution from ships and
- other environmental damage caused by
shipping; and
+  provide for a national search and rescue service.

The authority responsible for applying the Act is AMSA.

The Act applies to offshore petroleum activities that have the
potential to affect maritime safety and/or result in environmental
damage, including pollution associated with the operation of
vessels. This is also relevant to oil spills from vessels during
petroleum activities.
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Legislation

Description

Relevance to Dorado Phase 1

Australian Radiation
Protection and Nuclear Safety
Act 1998

This Act aims at protecting the health and safety of
people and the environment from radiation effects.

The use of radioactive material during formation evaluation must
comply with the Act.

Biosecurity Act 2015

This Act and its supporting legislation are intended to
manage the risk of pests and diseases entering
Australian territory. The Act creates requirements
intended to reduce the risk of the introduction of
invasive marine species (IMS). The Act gives effect to
the International Convention for the Control and
Management of Ships’ Ballast Water and Sediment
2004.

Controls to reduce the risk of the introduction of IMS as a result of
Dorado Phase 1 are provided in Section 7.3.3. These controls are
consistent with the requirements of the Act.

Environment Protection (Sea
Dumping) Act 1981

This Act prevents pollution of the sea by prohibiting
the discharge of controlled materials to the sea. The
Act gives effect to the Convention on the Prevention of
Marine Pollution by Dumping of Wastes and Other
Matter (commonly referred to as the London
Convention) under Commonwealth law.

The assessment of environmental impacts and risks from Dorado
Phase 1 presented in Section 7.3.1 includes controls to prevent the
release of controlled materials to the marine environment. Any
planned dumping of controlled materials arising from Dorado Phase
1 (e.g. decommissioning in situ) will be done in accordance with a
sea dumping permit granted under the Act.

Environment Protection and
Biodiversity Conservation
Regulations 2000: 8.1

Provides regulations for operating aircraft and vessels
in the vicinity of cetaceans.

All aircraft and vessels to operate at required distances from
cetaceans. The requirements are detailed in the Australian National
Guidelines for Whale and Dolphin Watching (DoE 2017)

Hazardous Waste (Regulation
of Exports and Imports) Act
1989

This Act regulates the export, import and transport of
hazardous waste to ensure that hazardous waste is
managed appropriately so that human health and the
environment are protected from the harmful effects of
the waste. The Act gives effect to the Basel Convention
on the Control of Transboundary Movements of
Hazardous Wastes and their Disposal, 1972 (commonly
referred to as the Basel Convention) under
Commonwealth law.

Dorado Phase 1 will comply with the requirements of the Act for
the export, import and transport of hazardous waste. These
requirements will be included in the waste management
arrangements applied during Dorado Phase 1.
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Legislation

Description

Relevance to Dorado Phase 1

National Environment
Protection (National Pollutant
Inventory) Measure 1998
(established under the
National Environment
Protection Council Act 1994)

This measure provides the framework for the
development and establishment of the National
Pollutant Inventory, which provides publicly available
information on the types and amounts of numerous
toxic substances being emitted into the Australian
environment. These substances have been identified as
important due to their possible effect on human health
and the environment.

Dorado Phase 1 will comply with the National Pollutant Inventory
National Environment Protection Measure through the reporting of
relevant National Pollutant Inventory substances.

National Greenhouse and
Energy Reporting Act 2007

National Greenhouse and
Energy Reporting (Safeguard
Mechanism) Rule 2015

The Act provides a single, national framework for the
reporting and distribution of information related to
GHG emissions, GHG projects, energy production and
energy consumption. Reporting obligations are
imposed upon corporations that meet emissions or
energy thresholds.

The Act includes National Greenhouse and Energy
Reporting (NGER) requirements and the Safeguard
Mechanism requirements.

Santos will report GHG emissions associated with Dorado Phase 1 in
accordance with the NGER requirements.

Navigation Act 2012,
Marine Order 21 (Safety and
emergency arrangements)
2016,

Marine Order 27 (Safety of
navigation and radio
equipment) 2016

Marine order 28 (Operations
standards and procedures),

Marine Order 30 (Prevention
of Collisions) 2009,

This Act and subsidiary Marine Orders give effect to
several international conventions relating to maritime
safety to which Australia is a signatory, including:

+ International Convention for the Safety of Life at
Sea 1974,

+ International Convention on Standards of Training,
Certification and Watchkeeping for Seafarers 1978,
and

+ International Regulations for Preventing Collisions
at Sea 1972.

The Act regulates vessel crew, vessel survey and

certification, occupational health and safety, passengers,

All vessels and facilities undertaking activities within the scope of
Dorado Phase 1 will comply with the requirements of the Act. These
requirements reduce the risk of accidents and unplanned
interactions with other users of the marine environment in the
Project Area.
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Legislation

Description

Relevance to Dorado Phase 1

Marine Order 47 (Offshore
Industry Units),

Marine Order 60 (Floating
offshore facilities),

Marine Order 71 (Masters
and Deck Officers) 2014.

personnel qualifications and welfare, vessel construction
standards, handling of cargoes, marine pollution
prevention, and monitoring and enforcement activities.

Ozone Protection and
Synthetic Greenhouse Gas
Management Act 1989

The Act and subsidiary regulations protect the
environment by regulating emissions of ozone-
depleting substances and synthetic greenhouse gases.
Manufacturing, importing and exporting of ozone-
depleting substances and synthetic greenhouse gases
and products containing these gases are controlled
under the Act and subsidiary regulations. The Act gives
effect to several international conventions to which
Australia is a signatory:

+ the Vienna Convention for the Protection of the
Ozone Layer,

+  the Montreal Protocol on Substances that Deplete
the Ozone Layer, and

+  United Nations Framework Convention on Climate
Change and its Kyoto Protocol.

Dorado Phase 1 will adhere to restrictions on import and use of
ozone-depleting substances and synthetic greenhouse gases.

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

Marine Order 98 (Marine
pollution — anti-fouling
systems)

The Act and subsidiary Marine Order prohibit the use
of organotin compounds in anti-fouling coatings on
ships. These compounds have been shown to result in
deformations and sex changes in molluscs. The Act and
subsidiary Marine Order give effect to the Convention
on the Control of Harmful Anti-fouling Systems on
Ships.

All vessels undertaking activities within the scope of Dorado Phase 1
are required comply with the requirements of the Act and
subsidiary Marine Order.
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Legislation

Description

Relevance to Dorado Phase 1

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

Marine Order 91 (Marine
pollution prevention — oil)
2014,

Marine Order 93 (Marine
pollution prevention —
noxious liquid substances)
2014,

Marine Order 94 (Marine
pollution prevention —
packaged harmful substances)
2014,

Marine Order 95 (Marine
pollution prevention —
garbage) 2018,

Marine Order 96 (Marine
pollution prevention —
sewage) 2018, and

Marine Order 97 (Marine

pollution prevention — air
pollution) 2013

The Act controls discharges from ships to protect the
sea from pollution. This includes regulation of
discharges of oil or oily mixtures, noxious liquid
substances, packaged harmful substances, sewage and
garbage to the sea. The Act imposes a duty to report
certain incidents involving prohibited discharges and to
maintain record books and management plans.

The Act and subsidiary Marine Orders enact the
International Convention for the Prevention of
Pollution from Ships, 1973 as modified by the Protocol
of 1978 (commonly referred to as the MARPOL 73/78
Convention).

All vessels undertaking activities within the scope of Dorado Phase 1
are required comply with the requirements of the Act.

Underwater Cultural Heritage
Act 2019

This Act protects shipwrecks and associated relics in
Commonwealth waters that are more than 75 years
old. The Act aims to ensure that historic shipwrecks are
protected for their heritage values and maintained for
recreational, scientific and educational purposes.

Santos will ensure that Dorado Phase 1 does not impact upon
cultural heritage properties protected under the Act. No
underwater cultural heritage properties have been identified within
the Project Area.
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2.3 International Agreements and Conventions

Australia is signatory to several international conventions and agreements that are relevant to the
environmental management of Dorado Phase 1. These are typically implemented by Commonwealth
legislation detailed in Section 2.2.3. International agreements and conventions relevant to Dorado
Phase 1 are provided in Table 2-4. Refer to Table 2-3 for the legislation giving effect to the
agreements and conventions in Table 2-4 and their relevance to Dorado Phase 1.
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Table 2-4: Summary of relevant international agreements and conventions

International Agreement / Convention

Description

Agreement between the Government of Australia and
the Government of Japan for the Protection of
Migratory Birds in Danger of Extinction and their
Environment, 1974 (commonly referred to as JAMBA)

JAMBA provides for cooperation between Japan and Australia to minimise harm to major areas used by
birds that migrate between the two countries. The EPBC Act gives effect to JAMBA by listing migratory
birds recognised by the agreement as migratory under the EPBC Act. Migratory species are MNES.

Agreement between the Government of Australia and
the Government of the People’s Republic of China for
the Protection of Migratory Birds and their

Environment, 1986 (commonly referred to as CAMBA)

CAMBA provides for cooperation between China and Australia to minimise harm to major areas used by
birds that migrate between the two countries. The EPBC Act gives effect to CAMBA by listing migratory
birds recognised by the agreement as migratory under the EPBC Act. Migratory species are MNES.

Agreement between the Government of Australia and
the Government of the Republic of Korea for the
Protection of Migratory Birds and their Environment,
2002 (commonly referred to as ROKAMBA)

ROKAMBA provides for cooperation between the Republic of Korea and Australia to minimise harm to
major areas used by birds that migrate between the two countries. The EPBC Act gives effect to
ROKAMBA by listing migratory birds recognised by the agreement as migratory under the EPBC Act.
Migratory species are MNES.

Convention on the Conservation of Migratory Species
of Wild Animals, 1979 (Bonn Convention)

The Bonn Convention aims to conserve migratory species within their migratory ranges. The Bonn
Convention provides specific protection for migratory species threatened with extinction or requiring
international cooperation to conserve effectively. The EPBC Act gives effect to the Bonn Convention
through listing species as migratory under Part 3 of the Act. Migratory species are MNES.

Convention on Wetlands of International Importance
(Ramsar Convention)

The Ramsar Convention provides for the conservation and sustainable use of wetlands. The EPBC Act
gives effect to the Ramsar Convention by providing specific protection for wetlands recognised by the
Convention under Part 3 of the EPBC Act. These wetlands are termed “wetlands of international
importance” and are MNES.

International Convention for the Control and
Management of Ships’ Ballast Water and Sediment,
2004

The Convention aims to prevent the spread of harmful aquatic organisms from one region to another
via ballast water and sediment. The Biosecurity Act 2015 gives effect to the Convention.

Convention on the Prevention of Marine Pollution by
Dumping of Wastes and Other Matter, 1972 (London
Convention)

The London Convention is an agreement to control pollution of the sea by dumping. The Environment
Protection (Sea Dumping) Act 1981 gives effect to the London Convention.
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International Agreement / Convention

Description

The Basel Convention on the Control of Transboundary
Movements of Hazardous Wastes and their Disposal,
1972 (Basel Convention)

The Basel Convention reduces the movement of hazardous wastes (excluding radioactive wastes)
between nations, particularly from developed to less developed countries. The Hazardous Waste
(Regulation of Exports and Imports) Act 1989 gives effect to the convention.

International Convention for the Safety of Life at Sea
1974

The International Convention for the Safety of Life at Sea 1974 sets minimum safety standards for
construction, equipment and operation of merchant ships. The convention requires signatory flag
states to ensure that ships flagged by them comply with these standards as a minimum. The Navigation
Act 2012 and subsidiary Marine Orders give effect to the convention.

International Convention on Standards of Training,
Certification and Watchkeeping for Seafarers, 1978

The International Convention on Standards of Training, Certification and Watchkeeping for Seafarers
1978 sets out minimum standards for masters, officers and watch personnel on merchant vessels. The
Navigation Act 2012 and subsidiary Marine Orders give effect to the convention.

International Regulations for Preventing Collisions at
Sea 1972

The International Regulations for Preventing Collisions at Sea 1972 outline internationally recognised
navigation rules to be used by vessels at sea to avoid collisions. The regulations are published by the
International Maritime Organization (IMO). The Navigation Act 2012 and subsidiary Marine Orders give
effect to the regulations.

United Nations Framework Convention on Climate
Change 1992

The United Nations Framework Convention on Climate Change is an international environmental treaty
addressing climate change. The convention seeks the stabilisation of greenhouse gas concentrations in

the atmosphere at a level that would prevent dangerous anthropogenic (human-induced) interference

with the earth's climate system. Such a level should be achieved within a timeframe sufficient to allow

ecosystems to adapt naturally to climate change, to ensure that food production is not threatened and
to enable economic development to proceed in a sustainable manner.

Kyoto Protocol

The Kyoto Protocol is an international treaty that extends the 1992 United Nations Framework
Convention on Climate Change, which commits state parties to reduce greenhouse gas emissions,
based on the scientific consensus that global warming is occurring and that human-made CO, emissions
are driving it.

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

The convention prohibits the use of harmful organotins in anti-fouling paints used on ships and
establishes a mechanism to prevent the potential future use of other harmful substances in anti-fouling
systems. The Protection of the Sea (Harmful Anti-fouling Systems) Act 2006 and subsidiary Marine
Order give effect to the Convention.
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International Agreement / Convention

Description

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

The convention prohibits the use of harmful organotins in anti-fouling paints used on ships and
establishes a mechanism to prevent the potential future use of other harmful substances in anti-fouling
systems. The Protection of the Sea (Harmful Anti-fouling Systems) Act 2006 and subsidiary Marine
Order gives effect to the Convention.

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

MARPOL 73/78s aim to minimise pollution of the sea from ships. All ships flagged under countries that
are signatories to MARPOL 73/78 are subject to its requirements, regardless of where they sail.
Member nations are responsible for vessels registered on their national ship registry. Several Annexes
apply directly to offshore petroleum activities:

MARPOL 73/78 Annex | (Prevention of pollution by oil),
MARPOL 73/78 Annex Il (Control of pollution by noxious liquid substances in bulk),

MARPOL 73/78 Annex lll (Prevention of pollution by harmful substances carried by sea in packaged
form),

MARPOL 73/78 Annex IV (Pollution by sewage from ships),
MARPOL 73/78 Annex V (Pollution by garbage from ships), and
MARPOL 73/78 Annex VI (Prevention of air pollution from ships).

The Protection of the Sea (Prevention of Pollution from Ships) Act 1983 and subsidiary Marine Orders
give effect to MARPOL 73/78.

The Paris Agreement

Article 2 of the Paris Agreement aims to limit global temperature increase to well below 2 C while
pursuing efforts to limit the temperature increase to 1.5 C. As a party to the Paris Agreement, the
Australian Government has developed local policy, legislation, regulation and a suite of initiatives and
programs in support of meeting its commitments under the Paris Agreement. Santos will be required to
comply with all applicable Commonwealth legislation.

The Minamata Convention on Mercury

The Minamata Convention on Mercury requires parties to address adverse effects of mercury to
protect human health and the environment. Australia is a signatory and ratified the Minamata
Convention on Mercury on 7t December 2021.

Mercury releases associated with the Oil and Gas industry are proposed to be tabled at Conference of
Parties 5 in 2023. The Minamata Convention on Mercury is applicable to all stages of the Dorado
Development lifecycle and Santos will be required to comply.
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2.4 Guidelines

Applicable guidelines for Dorado Phase 1 are summarised in Table 2-5. While guidelines do not
typically have force under legislation, they are often considered to be consistent with good practice.
Santos has considered the guidelines in Table 2-5 in the environmental management of Dorado

Phase 1.
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Santos

Guidelines, standards and codes of practice

Guidelines, Standards and Codes

Description

Relevance to Dorado Phase 1

Australian and New Zealand
guidelines for fresh and marine
water quality (Commonwealth of
Australia and New Zealand
Government 2018)

The guidelines provide a comprehensive set of tools for the
assessment and management of ambient water and sediment
quality in a range of water resource types.

Several aspects of Dorado Phase 1 may result in
changes to water quality within the Project Area.
Santos will use the methods and guideline
concentrations for potential toxicants in the
guideline when assessing environmental impacts
and risks from Dorado Phase 1.

Australian Ballast Water
Management Requirements
(Department of Agriculture,
Water and the Environment
2020)

The requirements state the obligations on vessel operators to
manage ballast water and ballast sediment when operating in
Australian waters.

Vessels undertaking Dorado Phase 1 will carry
ballast water. All vessels undertaking Dorado
Phase 1 will be required to comply with the
requirements.

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

The code outlines example environmental objectives for petroleum
activities in Australia. This is intended to be align with objective-
based, rather than proscriptive, environmental management.

Santos recognises the environmental objectives
and will align the environmental management of
Dorado Phase 1 with the code.

EPBC Act Policy Statement 2.1 —
Interactions between offshore
seismic activities and whales
(Department of the Environment,
Water, Heritage and the Arts
2008a)

This policy statement provides advice on reducing the risk of
acoustic disturbance from seismic sources to whales. The policy
statement also provides advice to operators conducting seismic
surveys on their legal responsibilities under the EPBC Act.

Exploration seismic surveys are beyond the scope
of the activities considered in the Dorado
Development OPP. Vertical seismic profiling of
wells may be undertaken, which will require a
seismic source. Santos will align the environmental
management of vertical seismic profiling with the
policy statement, where relevant.

National biofouling management
guidelines for the petroleum
production and exploration
industry (Marine Pest Sectoral
Committee 2018)

The guidelines provide voluntary biofouling management advice to
the offshore petroleum industry. The guidelines are intended to
reduce the risk of translocation of IMS.

Vessels undertaking Dorado Phase 1 may have low
levels of biofouling. Santos will align management
of biofouling on vessels, facilities and equipment
with the guidelines.
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Guidelines, Standards and Codes

Description

Relevance to Dorado Phase 1

National Light Pollution
Guidelines for Wildlife
(Commonwealth of Australia
2020)

The guidelines outline a process for managing potential impacts of
artificial lighting on fauna that may be sensitive to light pollution.

Dorado Phase 1 will emit artificial light into the
environment. Santos will consider the advice
provided by the guidelines when designing and
operating Dorado Phase 1.

NOPSEMA Offshore Project
Proposal Content Requirements
Guidance Note (NOPSEMA 2020a)

The guidance note assists proponents in preparing an OPP in
accordance with the OPGGS (E) Regulations by providing an
overview of the content requirements of an OPP

Santos has developed the Dorado Development
OPP in accordance with the guidance note.

Offshore Installations —
Biosecurity Guide (Department of
Agriculture and Water Resources
2020)

This document provides the offshore petroleum industry with
guidance on Australian biosecurity requirements.

The vessels and petroleum facilities within the
scope of Dorado Phase 1 will be subject to the
requirements of this biosecurity guideline.

NOPSEMA Bulletins - Oil Spill
Modelling (NOPSEMA 2019b)

The guidance note primarily gives advice relating to the application
of stochastic modelling to support risk evaluations, but also has
application to the use of deterministic modelling in response
planning.

Santos has undertaken the oil spill modelling in
accordance with the guidance note.

NOPSEMA Policy — Section 572
Maintenance and removal of
property (NOPSEMA 2020b)

This policy outlines NOPSEMA expectation of what is to be included
in an OPP submitted to NOPSEMA for acceptance.

Santos has included the required information in
the OPP.

NOPSEMA Information paper -
Reducing marine pest biosecurity
risks through good practice
biofouling management
(NOPSEMA 2021)

This information paper clarifies the biosecurity requirements
relevant to offshore activities, provides coordinated good practice
advice that is consistent with the expectations of all jurisdictions
responsible for regulating biofouling management within the
Australian marine environment to the boundary of the Economic
Exclusion Zone and/or over the continental shelf of Australia
(Australian waters) and supports the industry’s contribution to
marine pest risk management consistent with objective 1 of
Australia’s National Strategic Plan for Marine Pest Biosecurity (2018-

Santos has complied with the relevant biosecurity
requirements including adopting requirements
that may apply to the movement of vessels into
and between commonwealth and state
jurisdiction.
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2023) — ‘Minimise the risk of marine pest introduction,
establishment and spread’.
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3 Description of the Environment

3.1 Introduction

This section describes the physical, biological and socio-economic characteristics of the EMBA by
planned and unplanned Dorado Phase 1 activities. It describes the environmental values and
sensitivities, including MNES protected under the EPBC Act. The section informs the evaluation of
credible environmental impacts and risks from Dorado Phase 1 presented in Section 7.

3.1.1 Environment that May Be Affected

The EMBA is determined by the combined spatial extent of impacts and risks of the planned and
unplanned Dorado Phase 1 activities. All planned activities will occur within the Project Area. Santos
has used several methods for determining the spatial extent of the EMBA from Dorado Phase 1,
including:

the location and design of the facilities that will be constructed;
the predicted characteristics and volumes of emissions and discharges; and
+ modelling studies of planned and unplanned emissions and discharges, including:
- drill cuttings and fluid discharges (Attachment 6);
- PW discharges (Attachment 7);
- credible worst-case hydrocarbon spills (Attachment 8);
- artificial light emissions (Attachment 9);
- underwater acoustic emissions (Attachment 10, Attachment 14); and
- GHG emissions (Attachment 12).

Further information on the items listed above is available in Section 6 and Section 7.

While the EMBA represents the largest possible spatial extent that could be contacted by any of the
worst-case spill events modelled, an actual spill event is more accurately represented by only one of
the simulations from the stochastic modelling, resulting in a much smaller spatial footprint in the
event of an actual spill. The description of the EMBA also considers the nature and scale of the
environmental impacts and risks of Dorado Phase 1. Additional detail has been provided in describing
environmental values and sensitivities that are predicted to be impacted by planned activities.
Impacts to these values and sensitivities are almost certain to occur as a result of Dorado Phase 1
and can be predicted with a relatively high degree of certainty.

Impacts to environmental values and sensitivities from unplanned activities are unlikely to occur.
Santos invests significant effort to prevent unplanned activities, such as hydrocarbon spills, from
occurring. Environmental values and sensitivities that have a relatively low probability of being
impacted by unplanned activities are described in sufficient detail to inform the assessment of the
impacts and risks from the unplanned activity. Examples of such environmental values and
sensitivities include far-field receptors within the EMBA predicted by worst-case credible
hydrocarbon spill modelling. Such values and sensitivities are described in sufficient detail to inform
the assessment of environmental risks from unplanned activities. However, the level of detail of the
description may be less than that provided for environmental values and sensitivities that will be
impacted by planned activities.

The outer boundary of the description of the EMBA was derived from the results of stochastic
modelling of the worst-case credible hydrocarbon spill scenarios that may occur from all activities

Santos Ltd | Dorado Development Offshore Project Proposal Page 108 of 897



Santos

during the Dorado Development. Santos has identified a Loss of well control as the worst-case type
of credible oil release scenario that could potentially occur during the activity. A loss of well control
incident may discharge directly to the sea surface or at the seabed, depending on the type of failure
that occurs. Each stage of the development may have other spill scenarios (refer to Table 7-69 and
Table 7-70) that result in smaller spills than the worst-case credible spills used to inform the EMBA.
Santos has used a combination of Loss of well control spill scenarios defined as the worst case
credible for the Dorado Activity, whereby all other spill scenarios fit within this. These spill scenarios
drive the EMBA and associated environmental impacts and risks described in Section 7.

The worst-case spill scenarios include:

+ Aloss of well control from the Dorado Development (refer to Table 7-69); and
+ Aloss of well control from Future Tieback Reservoirs (Table 7-70).

The low exposure values are used as a predictive tool to set the outer boundaries of EMBAs and may
not necessarily result in ecologically significant impacts. To inform the evaluation of potential
environmental consequences of a hydrocarbon release (impact assessment), modelling is undertaken
using higher exposure values (the concentrations at which environmental consequences may result).
This boundary was based on the concentrations of hydrocarbons that may result in impacts and risks
to biological receptors derived from the oil spill modelling bulletin published by NOPSEMA (2019b).
Two worst-case credible spill scenarios, the subsea and topsides loss of well containment scenarios
(from the Dorado Reservoir), account for the outer boundary of the EMBA (Section 7.3.1). The
largest EMBA is determined by the extent of the entrained hydrocarbon as a result of a loss of well
control event. Modelling results indicate the spatial extents of potential impacts from other worst-
case credible spill scenarios are considerably smaller than the two worst-case loss of well
containment scenarios. Hydrocarbon spill modelling studies are provided in Attachment 8 and
considered in Section 7.3.1. The EMBA for both the low threshold and moderate threshold is shown
in Figure 3-1. A low exposure threshold, which approximates a range of socio-economic effects, is
considered to provide a conservative extent of potential impacts. Biological impacts are expected to
occur within the moderate and high exposure values which represent a subset of the EMBASs.

Exploration drilling of the prospects identified within the Project Area as future tiebacks within this
OPP (refer Figure 1-2) are proposed to be drilled under separate environment plans for exploration
and appraisal drilling activities including the NOPSEMA accepted Bedout Basin Multi-Well Drilling
Environment Plan (Bedout Multi-Well Drilling Environment Plan). The EMBA associated with the
subsea and topsides loss of well containment scenario at the Bedout Apus-1 well location was
compared with the Dorado Development EMBA. The EMBA defined in the Bedout Basin Multi-Well
Drilling Environment Plan, has a smaller spatial extent when compared to the Dorado Development
EMBA, excepting for the southern extent, which extends further south and east around the southern
coast of Western Australia.

3.1.2 Dorado Development Environmental Studies

Santos commissioned a range of studies to better understand the EMBA within the Project Area.
These are described in subsequent sections and include:

benthic habitat surveys (Attachment 2);
benthic habitat modelling (Attachment 3);
sediment quality survey (Attachment 4); and
water quality survey (Attachment 5).

+ 4+ + o+
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Dorado Phase 1 environmental studies’ boundaries and sampling locations are shown in Figure 3-2.

Santos has also undertaken, and continues to undertake, studies within the Project Area to inform
the design of Dorado Phase 1, such as meteorological, oceanographic, geotechnical and geophysical
studies. Results from these studies have informed the engineering design, and they have also been
considered where their results inform the assessment of environmental impacts and risks from
Dorado Phase 1.

3.1.2.1 Benthic Habitat Survey

Santos commissioned RPS to conduct a benthic habitat survey within and around the Project Area in
December 2019. This sampling was conducted in conjunction with sediment and water quality
sampling. The benthic habitat survey was designed by CSIRO, RPS and Santos to representatively
sample the range of ecotypes (habitat types), with targeted sampling around the Dorado WHP and
FPSO locations. The survey design focused on representation of the ecotypes identified by CSIRO in
preliminary modelling and which lie within the Project Area. The survey report is provided as
Attachment 2.

The benthic habitat survey included the following sampling methods:

+ benthic video transects completed by a remotely operated vehicle (ROV). A total of 39 sites
were surveyed at water depth between 75 and 138 m below sea level (BSL). Benthic habitats
and biota were described by an experienced marine biologist during each transect; and

+ infaunal samples were collected using a 0.25-m? van Veen grab from five sites across the
Dorado Phase 1 baseline survey area.

Habitat characterisation was completed using CSIRO’s Tappity software, which records data on
benthic substrates, habitats and biota using predetermined descriptors. These descriptors were used
by CSIRO to complete the ecotype modelling of the benthic habitat within the Dorado Phase 1
baseline survey area (Attachment 3). In addition to the Tappity descriptors, handwritten field notes
were collected to provide benthic habitat and community descriptions prior to analyses completed
by CSIRO.

3.1.2.2 Habitat Modelling

Santos commissioned CSIRO to undertake habitat modelling to predict the types and distributions of
benthic habitats and biological assemblages within and around the Project Area. CSIRO used
historical data sets (primarily fish trawl catch and benthic imagery), public databases of fish and
marine invertebrate biodiversity, recent environmental surveys and bio geophysical environmental
data to inform the modelling.

The habitat model produced by CSIRO (Attachment 3) provided predictions of the spatial patterns
and composition of biological assemblages (ecotypes) in and around the proposed Project Area.
Substrate types, topography and benthic habitats were also described based on historical and recent
observations of the seabed. In addition, the report provided a description of the fish and
invertebrate biodiversity of the Project Area and its surrounds in the context of the North West Shelf
(NWS) region.

3.1.2.3 Sediment Quality

Santos commissioned RPS to undertake sediment quality sampling within and around the Project
Area (Attachment 4). Sediment quality sampling was conducted in conjunction with the benthic

Santos Ltd | Dorado Development Offshore Project Proposal Page 110 of 897



Santos

habitat survey and water quality sampling. Sediment samples were collected using a van Veen grab
at 14 locations, and the sediments were analysed for:

metals;

hydrocarbons;

tributyltin;

naturally occurring radioactive material;
nutrients; and

particle size distribution.

+ 4+ 4+ + + o+
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3.1.2.4 Water Quality

Santos commissioned RPS to undertake water quality sampling within, and around, the Project Area
(Attachment 5). Water quality sampling was conducted in conjunction with the benthic habitat
survey and sediment quality sampling. Water quality sampling was undertaken at 15 sites, with the
following parameters sampled:

depth (pressure);

salinity (conductivity);

water temperature;

pH;

dissolved oxygen;

turbidity;

photosynthetically-active radiation;
chlorophyll a;

total suspended solids;

metals and metalloids;

naturally occurring radioactive material; and
hydrocarbons.

+ + + + + + 4+ + + + + o+

3.2 Physical Environment

3.2.1 Bathymetry

The seabed within the Project Area is generally flat and featureless (Figure 3-3), which is consistent
with much of the mid-continental shelf in the NWS region. The northern part of the Project Area
features relatively complex bathymetry, which corresponds to the relic shoreline from changes in sea
level during the last 100,000 years. This relic shoreline was identified as a key ecological feature (KEF)
—the Ancient Coastline at 125 m — in the Marine bioregional plan for the North-west Marine Region
(DSEWPaC 2012a).

There are no known bathymetric features, such as reefs, shoals or banks, within the Project Area.
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3.2.2 Climate

The climate of the Project Area is arid and tropical, experiencing high summer temperatures and
periodic tropical cyclones in summer (Figure 3-4). Long-term average daily maximum air
temperatures range from 33.7°C in March to 25.1 C in July; long-term average daily minimum
temperatures range from 27.7°C in March to 19.6°C in July (Figure 3-4). Rainfall in the region is low,

although intense rainfall may occur during the passage of summer tropical cyclones and
thunderstorms.
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Figure 3-4: Average daily maximum and minimum temperatures and average monthly rainfall in
the Dorado Project Area

The summer and winter seasons fall into the periods September to March and May to July,
respectively. Winters are characterised by clear skies, fine weather, predominantly strong east to
southeast winds and infrequent rain. Summer winds are more variable, with strong southwesterlies
dominating. Transitional wind periods, during which either pattern may predominate, can be
experienced in April, May and September of each year (Figure 3-5).
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Tropical cyclones generate the most significant storm conditions in the area. These clockwise-
spiralling storms have generated wind speeds of 50 to 120 knots. Tropical cyclones passing over the
NWS region typically develop in the eastern Indian Ocean, Timor Sea and Arafura Sea during the
summer months. Three to four cyclones per year are typical, with the official cyclone season being
November through to April (Bureau of Meteorology n.d.).

3.2.3 Oceanography

Water movement in the Project Area is dominated by strong tidal regimes, which result in very
regular, predictable water movement along a northwest and southeast axis (Figure 3-7). There is
relatively little variation in this pattern throughout the year, with little apparent influence of
mesoscale currents (such as the Holloway Current), which typically occur on the outer continental
shelf in water depths greater than 100 m. Tides in the Project Area are semidiurnal (two high and
two low tides per day), with slight diurnal inequality. The tidal range in the region is large, with the
maximum tidal range at the Port of Port Hedland in excess of 7 m (Pilbara Ports Authority n.d.). This
large tidal range accounts for the strength of tidal currents observed in the Project Area.

Waves in the Project Area include locally generated wind waves and oceanic swell. Locally generated
wind waves vary in wave height and period, based on the winds that generated the waves and the
available fetch. Non-cyclonic significant wave heights in the Project Area may reach up to 6 m;
cyclonic wave heights may reach up to 10 m (RPS 2019). Oceanic swell in the region is generated by
distant storms, primarily in the southern Indian Ocean, although other sources, such as monsoonal-
and cyclone-generated swell, may also contribute to swell in the Project Area (RPS 2019).

Figure 3-6 presents the water temperature profiles measured in December 2019 (RPS 2020b).
Waters within the Project Area are stratified during summer months, with a relatively warm, well-
mixed surface layer extending between the sea surface and approximately 25 m water depth. A
thermocline extends between approximately 25 m and 50 to 70 m, within which temperature
decreases approximately 4.5 C (RPS 2020b). Water temperatures between the base of the
thermocline and the seabed decrease at a lower rate. Thermal stratification is expected to reduce in
winter months due to the reduction in heating of surface waters, with the strong tidal currents
resulting in mixing of the water column.
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Figure 3-6: Water temperature profiles from water quality sampling locations within the Project Area (RPS 2020b)
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In the EMBA beyond the Project Area, mesoscale currents, such as the Holloway and Leeuwin
currents, play an important role in water movements (Figure 3-8). These mesoscale currents
influence a range of biological processes, such as larval transport, which in turn can influence marine
ecosystems and fisheries within the EMBA. Smaller-scale water movements, such as tidal and wind-
driven currents, are superimposed over these mesoscale currents.

The Holloway Current transports relatively warm, low salinity water from tropical regions along the
NWS (Figure 3-8). The current flows to the southwest, along the outer continental shelf, with much
of the water mass transported by the current in water depths between 100 and 200 m (Bahmanpour
et al. 2016). Tropical water sources for the Holloway Current include tropical Pacific Ocean water
emanating from South East Asian seas (the Indonesian Throughflow) and Indian Ocean water via the
South Java Current (D’Adamo et al. 2007). The strength of the Holloway Current varies seasonally,
with maximum flow during autumn and winter (April to July); monsoon cycles are suggested to drive
this seasonal variability (Bahmanpour et al. 2016). The Holloway Current is a source of water for the
Leeuwin Current.

The Leeuwin Current commences around the North West Cape, where the continental shelf narrows
and its source waters consolidate (Figure 3-8). It flows southward along the edge of the continental
shelf and may extend across southern Australia waters, with its influence being observed as far as
waters off Tasmania. The Leeuwin Current is primarily a surface flow (up to 150 m deep). The
Leeuwin Current is strongest during winter and slackens during summer months (Cresswell 1991).
Interannual variation in the strength of the Leeuwin Current is influenced by the occurrence of El
Nifio and La Nifia phases of the El Nifio-Southern Oscillation (ENSQO) (Pearce and Phillips 1988). The
formation of meanders and eddies are also a feature of the Leeuwin Current (Waite et al. 2007).
These may advect large masses of water away from the Western Australian coastline into the Indian
Ocean. Northward-flowing wind-driven currents, such as the Ningaloo and Capes currents, may
develop during summer months (Pattiaratchi and Woo 2009). These counter currents flow between
the Leeuwin Current and the shore.
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Figure 3-8: Surface currents off Western Australia (Department of the Environment, Water,
Heritage and the Arts 2008b)

3.2.4 Water Quality

Results of water quality sampling in the Project Area showed that turbidity in surface waters was low,
with increased levels of turbidity near the seabed suggested to be the result of sediment
resuspension by currents near the seabed (RPS 2020b).

Concentrations of nutrients and photosynthetic pigments were relatively low compared to coastal
waters, with no evidence of eutrophication. Highest concentrations of chlorophyll a were recorded
midwater between 30 and 65 m BSL with low concentrations at surface or near seabed depths (RPS
2020b). Concentration of chlorophyll a in surface waters throughout the Project Area was below the
default guideline of 9 pg/L for chlorophyll a in slightly disturbed tropical Australian marine offshore
ecosystems (Australian and New Zealand Environment and Conservation Council and Agriculture and
Resource Management Council of Australia and New Zealand 2000a).

Dissolved oxygen levels were high (approximately 100% saturated) in well-mixed surface waters,
gradually declining through the thermocline to between approximately 60% (deeper sites) and 80%
(shallower sites) near the seabed within the Project Area (RPS 2020b).

Concentrations of metals and hydrocarbons in water were below the recommended trigger values
(where available) for slightly to moderately disturbed marine systems, with many analytes below the
laboratory limits of reporting (RPS 2020b). These results are consistent with naturally low levels of
contamination in mid-continental shelf waters (Wenziker et al. 2006), indicating low natural levels of
potential contaminants.
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Naturally occurring radioactive material concentration in the water was found to be low, with most
samples recording concentration below the limit of reporting (Attachment 5) and all samples found
to be one to two orders of magnitude lower than the trigger values presented in the guidelines for
drinking water (National Health and Medical Research Council and National Resource Management
Ministerial Council 2011). There are no trigger values for naturally occurring radioactive material in
the Australian and New Zealand guidelines for fresh and marine water quality (Commonwealth of
Australia and New Zealand Government 2018), and comparing the results to drinking water
guidelines is deemed acceptable as they are expected to be more stringent as they relate to human
health (Attachment 5).

3.2.5 Sediment Quality

Like water quality, results of environmental surveys by RPS (2020d) indicate sediment quality in the
Project Area is high, with little evidence of contamination. Concentrations of potential contaminants,
such as heavy metals, nutrients and hydrocarbons, were generally below the default guideline values
(where available) for toxicants in sediments provided in the Australian and New Zealand guidelines
for fresh and marine water quality (Commonwealth of Australia and New Zealand Government
2018).

Elevated concentrations of barium, which is a component of drilling muds, were recorded at one
sediment sampling site within the Project Area. This is likely to be due to historical drilling activity
(RPS 2020c). Barium is not considered to pose a high risk of inducing toxic effects; the Australian and
New Zealand guidelines for fresh and marine water quality (Commonwealth of Australia and New
Zealand Government 2018) does not specify a guideline value for barium in sediments.

Nutrient concentrations within the Project Area did not exhibit any clear spatial patterns, although a
trend for slightly increased concentrations of total Kjeldahl nitrogen and total organic carbon at sites
in the northern and western parts of the Project Area (RPS 2020c).

Sediments in the Project Area were characterised as varying grades of sand — ranging from slightly
gravelly muddy sand to gravelly sand (RPS 2020c). Sediments were relatively coarse in the southern
and south-eastern parts of the Project Area, becoming progressively finer to the north. This increase
of relatively fine sediment fractions correlates with increasing water depth (RPS 2020c). Sediment
particle sizes are likely to be a function of the water movement, with winnowing of relatively fine
sediments by water movement near the seabed likely to account for the pattern in sediment particle
sizes within the Project Area.

3.2.6 Air Quality

The Project Area is remote from potential sources of atmospheric pollutants, and air quality in the
Project Area is high. The mainland coast is more than 100 km from the proposed WHP and the
nearest town (Port Hedland) is approximately 145 km from the WHP.

Vessel traffic is the only known source of atmospheric pollutants in and around the Project Area.
There is a relatively high density of commercial shipping traffic through and around the Project Area
(Figure 3-28); primarily bulk iron ore carriers transiting to and from Port Hedland. Reductions in air
quality from shipping in the Project Area is localised and temporary.
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3.2.7 Underwater Acoustic Environment

Ambient underwater acoustic environments, or soundscapes, consist of cumulative contributions
from abiotic (geophonic e.g. sea state, wind speed, breaking waves, rainfall, earthquakes, sea ice
movements), biotic (biophonic e.g. vocalisations by marine mammals, fish and invertebrates,
conseqguences of behaviour) and man-made (anthrophonic e.g. vessel traffic, construction, oil and
gas activity) sound sources (Krause 2008).

Underwater sound was recorded near the proposed Dorado WHP and FPSO with an Autonomous
Multichannel Acoustic Recorder which was fitted with an M36 omnidirectional hydrophone (Lucke et
al. 2022) with the goal being to document baseline underwater sound conditions at the Dorado
Project Area. Recording took place between 16 December 2019 and 30 March 2020, a total of 105
days recording.

The dominant background geophonic contributor was tidal flow at low frequencies (10 — 100 Hz),
however, this is considered pseudo-noise that results from eddies and vortices forming as water
flows past the acoustic receiver. The most dominant biophonic contributor was fish choruses (100 —
1000 Hz) either showing a strong diurnal pattern, occurring for average of two hours at night or
occurring almost continuously with fluctuations following a lunar or seasonal rhythm. Reliably
detecting other sound sources is challenging if these sounds are fainter or completely overlap
temporally and in frequency band with tidal or fish noise. Acoustic signals of Omura’s whales, killer
whales, and dolphins were also detected. Vessels were detected throughout the entire recording
period, with a varying frequency from 0 to 4 vessel movements per day.

3.3 Biological Environment

The biological environment within the EMBA includes values and sensitivities, such as communities
and habitats, plankton, mammals, fishes, reptiles and birds. Each of these values and sensitivities is
described within this section.

Many of the species of fauna that may occur within the EMBA are listed as threatened or migratory
(or both). These species are protected under Part 3 of the EPBC Act and are MNES. Threatened
species typically have conservation advice published, which outlines threats to the species.
Threatened species may also have recovery plans, made under the EPBC Act, which outline actions
intended to assist in the recovery of threatened species. These advices and plans are considered
within this section where appropriate.

3.3.1 Communities and Habitats

3.3.1.1 Benthic Habitats

The Project Area is located within the North-West Marine Region approximately 120 km from Port
Hedland. Benthic habitat modelling completed by CSIRO, (Attachment 3) mapped three ecotypes
within the Project Area and four additional ecotypes outside the Project Area (Figure 3-9). The
ecotypes in the Project Area are characterised as soft bottom substrate of fine sediments (typically
more than 90% cover) with discrete areas of filter-feeder communities. The seabed is relatively flat in
topography throughout the Project Area, but hard reef substrate and complexity increase near the
ancient coastline feature (outside the Project Area).

Santos Ltd | Dorado Development Offshore Project Proposal Page 124 of 897



| | Santos

T
0'0"E 118°00"E 119°00"E 120°0°0°E

Location Map

19°0'0"S
i

Legend .
L 9 : Proposed WHP
‘groposed FPSO

¢ Proposed WHP Location
*  Proposed FPSO Location

D Project Area
& Dorado Field
m Prospects
Ecotype

- 1. Silty-sand substrate
- 2. Silty-sand and soft mud substrates

3. Variable substrates from silty-sand to
hard reef with steep depth gradients and
topographically complex terrain features

4. Variable substrate, predominantly silty-
sand or coarse sand but with significant
proportions of rubble

5. Variable substrate ranging from silty-sand
to rubble and stones

- 6. Variable sandy and hard reef substrate -

mostly less than 60 m depth North Turtle Island =
W e e | Gt m_» w_w tarey Pot
- Kilometres Little Turtle Island - E ]
N N 14/07/2021 MHMa6209 |
Santos DORADO DEVELOPMENT — BENTHIC HABITAT ECOTYPES WITHIN THE DORADO PROJECT AREA

Figure 3-9: Benthic habitat ecotypes within the Project Area
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3.3.1.1.1 Bare Substrate

Bare substrate habitats include sediments and hard substrate habitats that typically have a low or no
cover of epibenthic biota. This benthic habitat type comprises almost all of the benthic habitat within
the Project Area, with habitats composed largely of fine sediments (typically more than 90% cover)
with some areas of hard pavement reef, which may host filter-feeder communities, especially whip
corals, gorgonians and sponges (Keesing et al. 2020; RPS 2020d).

The benthic habitat survey identified both soft sediment (silt/sand sediment) and hard substrate
(low-relief hard substrate) habitats within the Project Area (RPS 2020d). These habitats were
homogenous throughout the baseline survey area and are well represented outside the baseline
survey area (Keesing et al. 2020; RPS 2020d).

Habitats within the Project Area can be described as the following:

+ areas of flat, silty sand and silty mud that are sparsely populated with epibiota and support a
low to medium density of tube worms. In addition, scattered sea pens, crinoids and
anemones, bioturbation by small fish and invertebrates were occasionally observed;

+ areas of low, probably mobile sand waves supporting very little epibiota other than
occasional sea pens and worm tubes; and

+ exposed hard substrates supported low- to medium-density filter-feeding assemblages that
were generally dominated by small gorgonians, sea whips, soft corals and sponges.

Transects completed over the WHP site indicated a relatively flat and featureless soft sediment area
(Figure 3-10), with no high conservation features or fish habitat identified within the site. The habitat
mapping has indicated that the area surrounding the WHP is of a similar habitat type and is likely to
continue well beyond the survey transects (RPS 2020d).

The proposed FPSO site can be inferred to be a combination of soft sediment and hard substrate
habitats and communities. Both of these habitat types and the associated assemblages are well
represented in the survey area; and while they have higher local environmental value, they are not
significant in the broader area and there are equivalent or better examples at other sites surveyed,
for example Site 21, which had extensive low- to medium-density filter-feeder communities (RPS
2020d).

Geophysical surveys have identified that the benthic habitats within the Project Area are dynamic
(e.g. seasonal storms) with the changing seabed periodically covering and uncovering new habitat
and communities (RPS 2020d). Communities within the Project Area did not appear to be well
established, and individuals appear to be small. Therefore, the benthic communities within the
Project Area are likely to have some resilience to disturbance from sediment movement and
persistence for recolonisation of hard substrate when available (RPS 2020d).

No high conservation significant ecological values, habitats, communities or species were identified
in the Project Area, and the habitats and communities are well represented in the local area and
region (RPS 2020d).
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Figure 3-10: Typical benthic habitat at the WHP site

3.3.1.1.2 Reefs, Shoals and Banks

Reefs, shoals and banks typically have a higher diversity and abundance of marine organisms than
the bare sediments. Reef habitats typically include reef-building corals, which may form highly
productive and structurally complex habitats. These in turn host diverse fauna assemblages, such as
fish and invertebrates.

There are no recognised reefs, shoals or banks within the Project Area. The seabed within the Project
Area typically receives insufficient light to support zooxanthellate reef-building corals and has limited
areas of hard substrate suitable for reef-building coral recruitment.

Several areas host extensive fringing coral reefs within the EMBA beyond the Project Area, including:

the Rowley Shoals;

the Dampier Archipelago;

Barrow, Lowendal and Montebello Islands; and
Ningaloo Reef.

+ o+ o+ o+

Many of the reefs within the EMBA beyond the Project Area are within Commonwealth or state
marine protected areas (Section 3.4.2), with Ningaloo Reef also lying within a World Heritage Area
(WHA) (Section 3.4.4.1).

The Rowley Shoals are three distinct reef systems (Mermaid, Clerke and Imperieuse Reefs)
approximately 30 to 40 km apart that rise vertically to the surface from depths of between 500 and
700 m. The nearest shoal, Imperieuse Reef, is approximately 147 km from the WHP (and 131 km
from the Project Area). The marine fauna of the Rowley Shoals is considered to be exceptionally rich
and diverse, including species typical of the oceanic coral reef communities of the Indo-West Pacific
(Bryce 2009; Department of the Environment, Water, Heritage and the Arts 2008b). As many of these
species are not found in the inshore tropical waters of northern Australia, such populations are of
regional significance (DSEWPaC 2012b).
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The Dampier Archipelago (approximately 230 km from the WHP) supports coral reefs in shallow
waters near islands and submerged pinnacles. The most significant coral reefs have formed along the
seaward slopes of Delambre Island, Hamersley Shoal, Sailfish Reef, Kendrew Island and northwest
Enderby Island (Department of Conservation and Land Management 2005). Surveys of the Dampier
Port and inner Mermaid Sound recorded approximately 120 coral species from 43 genera with coral
reefs dominated by acroporids and pocilloporids (Blakeway and Radford 2004).

The Montebello, Lowendal and Barrow Islands (approximately 360 km from the WHP) include 315
islands associated with extensive coral reefs, the most significant of which occur in the sheltered
waters on the eastern side of the islands. Examples of these significant reefs include Dugong Reef,
Batman Reef and reefs along the Lowendal Shelf (Department of Environment and Conservation
2007). Subtidal coral reef communities around the islands are highly diverse, with at least 150
species of hard corals recorded from fringing and patch coral reef areas (Department of Environment
and Conservation 2007).

Ningaloo Reef (approximately 560 km from the WHP) is unique in that it is the largest fringing reef in
Australia and is the only large reef found on the western side of a continent in the southern
hemisphere. Ningaloo Reef is comprised of a 300-km section of the coast that encompasses Red Bluff
to North West Cape and extends to Bundegi in Exmouth Gulf. Ningaloo Reef supports lagoonal,
intertidal and subtidal coral communities along its length. The reef is characterised by a high diversity
of hard corals with at least 217 species representing 54 genera of hermatypic (reef-building) corals
recorded to date (Veron and Marsh 1988). The most diverse coral communities are found in the
shallow, relatively clear-water, high-energy environment of the fringing barrier reef and low-energy
lagoonal areas to the west of North West Cape (Marine Parks and Reserves Authority and
Department of Conservation and Land Management 2005).

3.3.1.1.3 Islands

No islands or emergent reef systems are located within the Project Area. Several islands and
emergent reefs located within the EMBA in close proximity to the Project Area provide intertidal and
shoreline habitats for a variety of marine fauna and ecological communities. These islands and reefs
are summarised below.

Bedout Island is located 38 km south of the Project Area and is an A-class nature reserve. The island
is a low and undulating, 0.3-km? sandy cay on limestone bedrock, heavily vegetated with Spinifex
longifolius. Bedout Island supports breeding birds, such as masked booby, white-bellied sea eagle,
silver gull, crested tern and lesser crested tern (BirdLife International 2018). Burbidge et al. (1987)
report numbers of occupied nests of brown booby (approximately 10,000, one of the largest colonies
in Western Australia), masked booby (approximately 178) and lesser frigatebird (2,290) surveyed in
1984 on Bedout Island. Bedout Island is fringed by coral reef and provides seabird and turtle foraging
habitat.

North Turtle Island is located 71 km southwest of the Project Area and is an A-class nature reserve.
The island is fringed by coral reef and provides turtle and seabird nesting and foraging habitat (BHP,
2011; Davidson and Thomas-Dans, Landscope article, n.d).

Bedwell Island on Clerke Reef and Cunningham Island on Imperieuse Reef are located 163 km and
131 km respectively from the Project Area and consist of unvegetated sand cays about 2 mand 3.7 m
high respectively. Bedwell Island is home to one of only two colonies of red-tailed tropicbirds in
Western Australia (the other being located at Ashmore Reef and Cartier Island over 300 km
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northwest of the WA coast), along with several other bird species. Bedwell Island also provides
occasional nesting habitat for a small number of hawksbill and green turtles. Both Bedwell Island and
Cunningham Island are known resting sites for migratory birds (Department of Environment and
Conservation 2007).

Rowley Shoals is located 117 km from the Project Area and comprises three distinct reef systems,
Imperieuse Reef, Clerke Reef and Mermaid Reef, each located approximately 30 to 40 km apart.
Mermaid Reef includes low-lying sandy cays that are completely submerged at high tide and
therefore fall under Australian Government jurisdiction (Commonwealth waters). The other two
reefs, Clerke Reef and Imperieuse Reef, are emergent reefs with sandy islets above the high-water
mark and are managed as the WA Rowley Shoals Marine Park. The marine reef fauna of the Rowley
Shoals is considered to be exceptionally rich and diverse, including species typical of the oceanic
coral reef communities of the Indo-West Pacific. As many of these species are not found in the
inshore tropical waters of northern Australia, such populations are of regional significance (DSEWPaC
2012a).

3.3.1.1.4 Seagrass

Seagrasses are flowering plants (angiosperms) that grow on the seabed in shallow marine
environments. Seagrasses require sufficient photosynthetically active radiation for growth, which
restricts the distribution of seagrasses to relatively shallow waters due to the absorption of light
within the water column. Seagrasses provide a range of valuable ecological functions, including
primary production, habitat for biota, and sediment stabilisation. Seagrasses provide food for marine
fauna, such as green turtles and dugongs. Seagrasses also provide important nursery habitat, with
many animal species spending part of their lifecycle within seagrass meadows.

No seagrasses occur within the Project Area due to the water depth, although seagrasses are
widespread in the EMBA beyond the Project Area. Seagrasses in the Pilbara and Kimberley coastal
regions of the EMBA are typically small, ephemeral species, such as Halophila spp., Cymodocea spp.
and Syringodium spp. (McMahon et al. 2017). Many of these species have broad Indo-Pacific tropical
distributions in coastal waters, with the distributions of several species also extending along the
Western Australian coastline into subtropical and temperate waters. These species tend to be
adapted to disturbances, such as cyclones and grazing, and are considered to be pioneer or
colonising species that typically grow from seeds (Kilminster et al. 2015).

Seagrass species assemblages in temperate waters within the EMBA also include larger, more
persistent meadow-forming genera, such as Posidonia and Amphibolis. These genera tend to grow
more slowly than tropical species, are persistent in the environment and can form extensive
meadows (Kilminster et al. 2015). A notable example is the extensive seagrass meadows in Shark Bay
(850 km from the WHP), which are characterised by extensive seagrass assemblages dominated by
Amphibolis antarctica (Walker et al. 1988). These seagrass meadows support one of the largest
populations of dugongs in the world (Preen et al. 1997).

3.3.1.1.5 Macroalgae

Macroalgae are important contributors to primary production and nutrient cycling in the marine
environment, providing food and habitat for fauna, such as green turtles and dugongs (Arthur et al.
2008). Like seagrasses, macroalgae require sufficient photosynthetically active radiation for growth;
hence, the distribution of macroalgae is restricted by available light at the seabed. Some macroalgae,
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such as red algae, can tolerate lower levels of photosynthetically active radiation compared to
seagrasses and may occur over a wider range of water depths.

No macroalgae communities were observed within the Project Area. The water depths within the
Project Area do not allow sufficient light to reach the seabed to support macroalgal growth.
Macroalgae are widespread in coastal areas and reefs in the EMBA beyond the Project Area and are
very commonly found on reefs and intertidal platforms.

3.3.1.2 Coastal Habitats

No coastal habitats occur within the Project Area. All coastal habitats described within this section
occur within the EMBA for unplanned events.

3.3.1.2.1 Mangroves

Mangrove habitats are widely distributed in coastal environments throughout tropical and
subtropical EMBAs beyond the Project Area. Mangroves are important primary producers and have a
number of ecological and economic values, such as:

stabilisation of coastal sediments;

filtration of terrestrial run-off; and

breeding and nursery areas for juvenile fish and crustaceans, including commercially
important species.

Mangroves play an important role in connecting the terrestrial and marine environments (Alongi
2009). Numerous studies (e.g. Nagelkerken et al. 2000; Alongi 2002; Alongi 2009; Kathiresan and
Bingham 2001) have shown mangroves to be highly productive and an important breeding and
nursery areas for juvenile fish and crustaceans, including commercially important species (Kenyon et
al. 2004). They also provide habitat for many juvenile reef fish species. Mangroves also play an
important ecosystem role in nutrient cycling and carbon fixing (NOAA2010). The trees absorb carbon
dioxide from the atmosphere, and the organic matter — such as fallen leaves — forms nutrient-rich
sediments creating a peat layer that stores organic carbon (Alongi 2009; Ayukai 1998). The muddy
sediments that occur in mangrove forests are home to a variety of epibenthic, infaunal and
meiofaunal invertebrates (Kathiresan and Bingham 2001). Crustaceans known to inhabit the mud in
mangrove systems include fiddler crabs, mud crabs, shrimps and barnacles. Within the water
channels of estuaries, various finfish are found, from the smaller fish (such as gobies and
mudskippers, which are restricted to life in the mangroves) through to larger fish (such as
barramundi (Lates calcarifer) and the mangrove jack (Lutjanus argentimaculatus)). Mangroves and
their associated invertebrate-rich mudflats are also an important habitat for migratory shorebirds
from the northern hemisphere, as well as some avifauna that are restricted to mangroves as their
sole habitat (Garnet and Crowley 2000).

Substantial mangroves on the Western Australian coast range from Shark Bay to the Northern
Territory border. Shark Bay supports the southernmost area of substantial mangrove habitat in
Western Australia (Rule et al. 2012). The mangroves of Shark Bay comprise only one species, the
white mangrove (Avicennia marina); and these trees occur around the coastline in widely dispersed
and often isolated stands of varying size.

Mangroves occur along the mainland Pilbara coast and nearshore islands, particularly along estuaries
and river deltas, such as the Ashburton and Robe rivers. Relatively small stands of mangrove are also
found along the coastlines of some offshore islands within the EMBA, such as the Montebello Islands
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and Barrow Island. These arid-zone mangroves are unique and differ from tropical mangrove systems
by tending to be smaller and less productive as a result of high water and salinity stress
(Environmental Protection Authority 2001). The regional mangroves from Exmouth to Broome
(within the Central Western Shelf Transition and southern part of the Northwest Shelf Province)
represent Australia’s only ‘tropical-arid’ mangroves. The most significant stand of mangroves in the
Central Western Shelf Transition is Mangrove Bay on the western side of the Cape Range Peninsula in
the Ningaloo Marine Park. This small area of mangrove (37 ha) represents the largest area of
mangrove habitat within the Ningaloo Marine Park and is considered extremely important from a
biodiversity conservation perspective (Department of Conservation and Land Management 2005).

Extensive mangrove stands occur along the Kimberley coastline and progressively become more
typical of tropical mangrove systems with decreasing latitude.

3.3.1.2.2 Intertidal Sand and Mudflats

The Pilbara and Kimberley coastline experience a large tidal range and, as a result, host extensive
intertidal sand and mudflats. These habitats occur to some extent along much of the sandy beach
and mangrove shorelines in the region. Intertidal mudflats typically host a high abundance of
invertebrates, which provide food for fish during high tide. During low tide, these intertidal areas
provide foraging areas for shorebirds.

Significant areas of intertidal mudflats within the EMBA include Eighty Mile Beach and Roebuck Bay.
These wetlands are important for many species of migratory shorebirds as feeding and resting areas.
Both are recognised as Ramsar wetlands and listed under the EPBC Act as wetlands of international
importance (Section 3.4.2.4).

3.3.1.2.3 Intertidal Platforms

Intertidal platforms are areas of hard bedrock and/or limestone with or without a sediment veneer
of varying thickness. These platforms can vary from low to high relief and provide a habitat for a
diverse range of intertidal organisms. They are common features along shorelines throughout the
EMBA beyond the Project Area, both on the mainland coast and coastal islands. The large tidal range
and diurnal nature of the tidal regime in the Pilbara and Kimberley regions result in relatively large
intertidal platform habitat compared to areas with a smaller tidal range.

Notable areas of intertidal platform habitat within the EMBA include the Dampier Archipelago,
Barrow Island, the Montebello Islands, Lowendal Islands, the Ningaloo Coast and the Dampier
Peninsula. Much of the intertidal platform habitat within the EMBA lies within marine protected
areas (Section 3.4.2).

3.3.1.2.4 Sandy Beaches

Sandy beaches are areas within the intertidal zone where unconsolidated sediment has been
deposited (and eroded) by wave and tidal action. Sandy beaches can vary from low- to high-energy
zones; the energy experienced influences the beach profile due to varying rates of erosion and
accretion.

Sandy beaches are found throughout the EMBA and vary in length, width, gradient, sediment type,
composition, and grain size. Sandy beaches provide habitat to a variety of burrowing invertebrates
and subsequently provide foraging grounds for shorebirds (Section 3.3.6). Sandy beaches can also
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provide an important habitat for turtle nesting and breeding. Nature-based tourism and recreation
are also important socio-economic uses of sandy beaches (Section 3.4.5).

3.3.1.2.5 Rocky Shorelines

Rocky shores can include pebbles or cobbles, boulders, and rocky limestone cliffs (often at the
landward edge of reef platforms). Rocky outcrops typically consist of hard bedrock, but some of the
coastline has characteristic karsted limestone cliffs with an undercut notch.

Rocky shorelines are found across the EMBA and are often indicative of high-energy areas (wave
action) where sand deposition is limited or restricted. They are formed from limestone pavement
extending out from the beach into subtidal zones, for example along the Ningaloo Coast and North
West Cape; higher relief platforms (more than 0.5 m above the high water mark) are also present at
a number of headlands along the North West Cape.

3.3.1.3 Key Ecological Features

KEFs are elements of the Commonwealth marine environment that are considered to be of regional

importance for either a region’s biodiversity or its ecosystem function and integrity. KEFs meet one
or more of the following criteria (DSEWPaC 2012a):

a species, group of species or a community with a regionally important ecological role;

a species, group of species or a community that is nationally or regionally important for
biodiversity; and

+ an area or habitat that is nationally or regionally important for:
— enhanced or high biological productivity;
— aggregations of marine life; or
— biodiversity and endemism.
+ aunique seafloor feature with ecological properties of regional significance.

There are no KEFs within the Project Area; 19 KEFs occur in the EMBA beyond the Project Area. These
are shown in Figure 3-11 and Figure 3-12 and are described in Table 3-1.
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Table 3-1: Summary of KEFs within the EMBA (DSEWPaC 2012b; DSEWPaC 2012a)

Approx. Approximate

Distance Distance from Closest

KEF : Summary of Environmental Values
from WHP Project Area

(km) Boundary (km)

Ancient coastline at 125 m 23 0.17 Unique seafloor feature with ecological properties of regional significance

depth contour Parts of the ancient coastline, particularly where it exists as a rocky escarpment,

are thought to provide biologically important habitats in areas otherwise
dominated by soft sediments. The topographic complexity of these escarpments
may also facilitate vertical mixing of the water column, providing relatively
nutrient-rich local environments. 115 to 135 m water depth

Mermaid Reef and 138 108 High productivity and aggregations of marine life
Commonwealth waters
surrounding Rowley Shoals

The Rowley Shoals consist of three atoll reefs — Clerke, Imperieuse and Mermaid
Reef —that support 214 coral species and around 530 species of fish. The steep
changes in slope around the reef also attract a range of migratory pelagic species,
such as dolphins, tuna, billfish and sharks. The coral communities of Mermaid Reef
are an important feature (300 to 480 m water depth). The enhanced productivity
at the shoals is thought to be facilitated by the breaking of internal waves in the
waters surrounding the reefs, causing mixing and resuspension of nutrients from
water depths of 500 to 700 m into the photic zone.

Glomar Shoals 207 186 High productivity and aggregations of marine life

The Glomar Shoals are a submerged littoral feature located approximately 150 km
north of Dampier on the Rowley Shelf at depths of 33 to 77 m. While biological
data is limited, the fish of Glomar Shoals are believed to be a subset of reef-
dependent species. The shoals are known to be an important area for a number of
commercial and recreational fish species, such as Rankin cod, brown-striped
snapper, red emperor, crimson snapper, bream and yellow-spotted triggerfish.

Continental Slope Demersal 346 306 Communities with high species biodiversity and endemism

Fish Communities There is a high diversity of demersal fish assemblages on the Australian continental

slope from the North West Cape to the edge of the North Marine Region.
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Approx. Approximate

Distance Distance from Closest X

KEF : Summary of Environmental Values
from WHP Project Area

(km) Boundary (km)

Specifically, the continental slope between the North West Cape and the
Montebello Trough has more than 500 fish species, 76 of which are endemic,
which makes it the most diverse slope bioregion in the whole of Australia. 180 to
1,000 m water depth.

Exmouth Plateau 459 441 Unique seafloor feature with ecological properties of regional significance

Due to its large size, the plateau is thought to modify deep-water flow and be
associated with the generation of internal tides in the Exmouth region. These
oceanic processes may contribute to the upwelling of nutrients, which result in
areas of increased productivity.

The plateau ranges in depth between 800and 4,000 m and features valleys and
channels that support a range of benthic environments. These features are also
thought to provide conduits for the transport of sediment and other materials
from the plateau surface to deeper areas.

While the Exmouth Plateau has low habitat heterogeneity, it is likely to be an
important area of biodiversity as it provides an extended area for communities
adapted to depths of around 1,000 m.

Canyons linking the Cuvier 509 485 Unique seafloor features with ecological properties of regional significance

Abyssal Plain and the Cape The nutrient-rich and highly productive waters of this KEF are associated with
Range Peninsula aggregations of whale sharks, manta sharks and rays, humpback whales, sea
snakes, sharks, large predatory fish, and seabirds. The canyons are thought to
connect to the Commonwealth waters adjacent to Ningaloo Reef, as well as to the
Exmouth Plateau.

The KEF also supports unique seafloor features of a regional significance with
regards to both benthic and pelagic ecological habitats. 130 to 4,900 m water
depth.
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Approx. Approximate

Distance Distance from Closest X

KEF : Summary of Environmental Values
from WHP Project Area

(km) Boundary (km)

Canyons linking the Argo 512 480 High productivity and aggregations of marine life

Abyssal Plain with the Scott The Bowers and Oats canyons are major canyons on the slope between the Argo
Plateau Abyssal Plain and the Scott Plateau and deeply cut into the Scott Plateau at depths
of approximately 2,000 to 3,000 m. The ocean area above the canyons is thought
to be an area of moderately enhanced productivity, attracting aggregations of fish,
sharks, toothed whales and dolphins. Water depths 3,300 to 5,100 m.

Commonwealth waters 555 531 High productivity and aggregations of marine life

adjacent to Ningaloo Reef Ningaloo Reef is of global significance as it is the only coral reef in the world that
fringes the west coast of a continent and is a seasonal aggregation site for the
whale shark.

The high degree of interconnectivity with regional canyons and plateaus
contributes to the high levels of productivity and species richness of the Ningaloo
Reef. The reef supports aggregations and migration pathways of whale sharks,
manta rays, humpback whales, sea snakes, sharks, large predatory fish and
seabirds. The deep water biodiversity includes unique assemblages of sponge and
filter-feeder communities (compared with the Dampier Archipelago and Abrolhos
Islands) which are indicative of areas of potentially high and unique sponge
biodiversity. 30 to 700 m water depth.

Seringapatam Reef and 619 576 High productivity and aggregations of marine life

Commonwealth waters in The coral communities at Seringapatam and Scott Reefs play a key role in

the Scott Reef Complex maintaining species richness and aggregations of marine life. The reefs and the
waters surrounding them attract aggregations of marine life, including humpback
whales on their northerly migration, Bryde’s whales, pygmy blue whales, Antarctic
minke whales, dwarf minke whales, minke whales, dwarf sperm whales, spinner
dolphins and whale sharks. Green and hawksbill turtles nest during the summer
months on Sandy Islet on South Scott Reef. These species also internest and forage
in the surrounding waters.
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Scott Reef is a particularly biologically diverse system and includes more than 300
species of reef-building corals, approximately 400 mollusc species, 118 crustacean
species, 117 echinoderm species, around 720 fish species and several species of
sea snakes. 400 to 1,600 m water depth.

Ashmore Reef and Cartier 873 830 High productivity and aggregations of marine life

Island and surrounding Ashmore Reef (100 to 400 m water depth) is the largest of only three emergent
Commonwealth waters oceanic reefs present within the north-eastern Indian Ocean and is the only
oceanic reef in the region with vegetated islands. The emergent reefs are known
to provide areas of enhanced primary productivity in otherwise oligotrophic
environments (environments that offer little to sustain life).

Ashmore Reef and Cartier Islands and the surrounding Commonwealth waters are
regionally important for feeding and breeding aggregations of seabirds and
shorebirds and for other marine life. Ashmore Reef regularly supports more than
40,000 waterbirds (those ecologically dependent on wetlands) and is estimated to
support as many as 100,000 seabirds in a 12-month period.

The marine habitats supported by the reefs are nationally and internationally
significant, providing habitat for diverse and abundant marine reptile populations
(including feeding, nesting and internesting areas for green, hawksbill and
loggerhead turtles) and marine mammal populations (including dugongs).

Species at Ashmore Reef and Cartier Island include more than 225 reef-building
corals, 433 molluscs, 286 crustaceans, 192 echinoderms, and 709 species of fish.
Thirteen species of sea snakes occur in high numbers at Ashmore reef and Cartier
Island but are in decline.

Wallaby Saddle 1,057 1,031 High productivity and aggregations of marine life

The Wallaby Saddle is an abyssal geomorphic feature located on the upper
continental slope at a depth of 4,000 to 4,700 m. The feature connects the
northwest margin of the Wallaby Plateau with the margin of the Carnarvon

Santos Ltd | Dorado Devel t Offshore Project P |
antos | Dorado Development Offshore Project Proposa Page 138 of 897



Santos

Approx. Approximate

Distance Distance from Closest X

KEF : Summary of Environmental Values
from WHP Project Area

(km) Boundary (km)

Terrace. The Wallaby Saddle is situated within the Indian Ocean water mass and is
thus differentiated from systems to the north that are dominated by transitional
fronts or the Indonesian Throughflow. Little is known about the Wallaby Saddle;
however, the area is considered one of enhanced productivity and low habitat
diversity.

Western rock lobster 1,086 1,048 Presumed ecological role on the West Coast Continental Shelf

This species is the dominant large benthic invertebrate in the region. The lobster
plays an important trophic role in many of the inshore ecosystems of the South-
west Marine Region. Western rock lobsters are an important part of the food web
on the inner shelf, particularly as juveniles as they are preyed upon by octopus,
cuttlefish, baldchin groper, dhufish, pink snapper, wirrah cod and breaksea cod.
The high biomass of western rock lobsters and their vulnerability to predation
suggest that they are an important trophic pathway for a range of inshore species
that prey upon juvenile lobsters. 0 to 230m water depth.

Ancient coastline between 1,107 1,082 High productivity and aggregations of marine life, biodiversity and endemism

90 and 120 m depth This feature contains several terraces and steps reflecting a gradual increase in sea

level across the shelf that occurred during the Holocene. Some of these features
create escarpments of distinct elevation, creating topographic complexity through
the exposure of rocky substrates. The most prominent of these occurs close to the
middle of the continental shelf off the Great Australian Bight at a depth of 90 to
120 m, which provides a complex habitat for a number of species. The area has
important conservation value due to its potential for high productivity, biodiversity
and aggregations of marine life. Benthic biodiversity and productivity occur where
the ancient coastline forms a prominent escarpment of exposed hard substrates,
where it is dominated by sponge communities of significant biodiversity and
structural complexity.
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Commonwealth marine 1,128 1,104 High levels of biodiversity and endemism in benthic and pelagic habitats

environment surrounding the The Commonwealth marine environment surrounding the Houtman Abrolhos
Houtman Abrolhos Islands Islands (and adjacent shelf break) exhibits high levels of biodiversity and endemism
in benthic and pelagic habitats (0 to 20 m water depth). The Houtman Abrolhos
Islands and surrounding reefs support a unique mix of temperate and tropical
species, resulting from the southward transport of species by the Leeuwin Current
over thousands of years. The reefs are composed of 184 known species of corals
that support about 400 known species of demersal fish, 492 known species of
molluscs, 110 known species of sponges, 172 known species of echinoderms, and
234 known species of benthic algae. The Houtman Abrolhos Islands are the largest
seabird breeding station in the eastern Indian Ocean. They support more than one
million pairs of breeding seabirds. The Houtman Abrolhos Islands and surround
waters are also important areas for Australian sea lions for foraging and breeding.

Commonwealth marine 1,261 1,083 High productivity and aggregations of marine life

environment within and This KEF is composed of a chain of inshore lagoons of limestone reef (as deep as

adjacent to the west coast 30 m) extending along the Western Australian coast from south of Mandurah to
inshore lagoons Kalbarri. The mix of sheltered and exposed seabeds form a complex mosaic of
habitats. The lagoons are dominated by seagrass and epiphytic algae. Although
macroalgae (principally Ecklonia spp.) and seagrass appear to be the primary
sources of production, groundwater enrichment may supplement the supply of
nutrients to the lagoons. The lagoons are associated with high biodiversity and
endemism, containing a mix of tropical, subtropical and temperate flora and fauna.

Commonwealth marine 1,641 1,591 High productivity and aggregations of marine life

environment within and Geographe Bay is known for its extensive beds of tropical and temperate seagrass

adjacent to Geographe Bay that account for about 80% of benthic primary production in the area. This habitat
supports a diversity of species, many of them not found anywhere else. The bay
(15 to 45 m water depth) provides important nursery habitat for many species,
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including juvenile dusky whaler sharks. It is also an important resting area for
migrating humpback whales.
Cape Mentelle upwelling 1,654 1,633 High productivity and aggregation soft marine life

The Cape Mentelle upwelling (100 to 450 m water depth) draws relatively
nutrient-rich water from the base of the Leeuwin Current, up the continental slope
and onto the inner continental shelf, where it results in phytoplankton blooms at
the surface. The phytoplankton blooms provide the basis for an extended food
chain characterised by feeding aggregations of small pelagic fish, larger predatory
fish, seabirds, dolphins and sharks. The Cape Mentelle upwelling has a
disproportionate influence on the overall nutrient-poor nature of the region’s
water.
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3.3.1.4 Threatened Ecological Communities

Threatened ecological communities (TECs) are ecological communities that have been identified as
being threatened with extinction, typically by human activities. TECs are protected under the EPBC.

No TECs have been identified within the Project Area. One coastal TEC, Subtropical and Temperate
Coastal Saltmarsh, was identified within the EMBA beyond the Project Area. This TEC occurs within
the subtropical and temperate climatic zones and is present in coastal areas under regular or
intermittent tidal influences. This TEC occurs in Western Australia from the south coast up to the
southern part of Shark Bay. The community is made up of mainly salt-tolerant vegetation that
includes halophytes and a number of non-vascular plant species. The community is listed as
vulnerable under the EPBC Act.

3.3.2 Plankton

Plankton abundance and distribution is patchy, dynamic and strongly linked to localised and seasonal
productivity (Evans et al. 2017). Fluctuations in abundance and distribution occur both vertically and
horizontally in response to tidal cycles, seasonal variation (light, water temperature and chemistry,
currents and nutrients) and cyclonic events. As a key indicator for ecosystem health and change,
plankton distribution and abundance has been measured for over a century in Australia (Richardson
et al. 2015). The compilation of this data has been made publicly available through the Australian
Ocean Data Network (Australian Ocean Data Network 2017) and has been used in the Australia State
of the Environment 2016 report (Jackson et al. 2017) to nationally assess marine ecosystem health.
According to their findings, warming ocean temperatures have extended the distribution of tropical
phytoplankton species (which have a lower productivity) further south, resulting in a decline in
primary productivity in oceanic waters north of 35°S, especially the North West Shelf (Evans et al.
2017). Trends of primary productivity across Australia are, however, variable with southwestern
Australia experiencing an increase in productivity and northern Australia experiencing no change
between 2002 and 2016 (Evans et al. 2017).

Within the EMBA, peak primary productivity varies on a local and regional scale. For example, peak
phytoplankton biomass in waters surrounding Broome has been observed in May with a high
variability recorded in August, whereas recorded phytoplankton biomass in waters surrounding
Geographe Bay has been found to peak during winter and is localised close to the coast (Bloundeau-
Patissier et al. 2011). In general, these peaks are linked to mass coral spawning events, peaks in
zooplankton and fish larvae abundance and periodic upwelling. Regional upwelling is most common
close to the coast and where surface waters diverge. Despite the suppression of major upwelling
along the WA coast by the Leeuwin Current, known key upwelling regions include the Ningaloo
region (Hanson and McKinnon 2009)and Cape Mentelle (Pattiaratchi 2007). It is also expected that a
high abundance of plankton will occur within areas of localised upwelling in the EMBA where the
seabed disrupts the current flow.

In waters surrounding Indonesia, seasonal peaks in phytoplankton biomass are linked to monsoon-
related changes in wind. When the winds reverse direction (offshore vs. onshore), nutrient
concentrations decrease or increase because of the suppression or enhancement of upwelling
(National Aeronautics and Space Administration 2010). Annual variability of phytoplankton
productivity in waters surrounding Indonesia is heavily influenced by the El Nifio-Southern Oscillation
climate pattern (National Aeronautics and Space Administration 2017). For example, phytoplankton
productivity around Indonesia increases during El Nifio events.
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3.3.3 Marine Mammals

The Project Area is not recognised as a critical area for marine mammals; however, a number of
marine mammals were identified as potentially occurring within the Project Area. Most of these are
baleen whales, along with killer whales and bottlenose dolphins. While there are no recognised
critical habitats overlapping the WHP site, the closest biologically important areas (BIAs to the WHP
and Project Area are (refer Figure 3-13):

+ the humpback whale migration BIA, which lies approximately 26 km south and east of the
WHP at the closest point and slightly overlaps the Project Area;

+ pygmy blue whale migration BIA, which lies approximately 110 km northwest of the WHP at
the closest point and 86 km northwest of the Project Area; and

+ Pygmy blue whale distribution range, which overlaps the project area.

The humpback whale was de-listed as a threatened species (vulnerable) under the EPBC Act as of 26
Feb 2022 (DOE, 2022) and associated conservation advice and recovery plans are no longer in place.
As a result there are no specific requirements for the humpback whale migration BIA associated with
conservation advice or a conservation management plan.

The distribution range of pygmy blue whales is described as cosmopolitan in the conservation
management plan (CMP) for blue whales and has been designated as extending from the shorelines
of Western Australia to beyond the Continental Slope, shown as a layer in the National Conservation
Values Atlas. On this basis, the Project Area overlaps with the designated distribution range for
pygmy blue whales (Figure 3-13) but does not overlap the migratory or foraging BlAs. There are no
specific requirements associated with the distribution range described in the CMP, with the
precautionary approach applied to activities in or adjacent to foraging areas, and the adoption of
best practice adaptive management in the event pygmy blue whales are encountered to prevent
unacceptable impacts. The historical catch area (Figure 1, in the CMP) and satellite tagging and
passive acoustic data referred to in the CMP indicates that pygmy blue whales occupy the
continental slope rather than the continental shelf of the North West region. A recent publication by
Thums et al. (2022) on pygmy blue whale movement, distribution and important areas provides a
synthesis of 46 passive acoustic instruments between 2006 and 2019 and satellite tag deployments
between 2009 and 2021 and indicates extensive use of the continental slope during migration rather
than the shelf. The migration BIA for pygmy blue whales encompassed 79% of satellite tagging data,
with the majority of the remaining 21% due to presence to the west of the migratory BIA (Exmouth
plateau) and Indonesia. Only 7% of tagged pygmy blue whales occurred in shelf waters and these
were mostly to the south of Ningaloo. Analysis of the passive acoustic data also indicated minimal
shelf use. Figure 3-15 (adapted from Thums et al, 2022), shows the overlap of the Project Area and
tracking data.

Pygmy blue whales migrate as solitary animals or in small groups along the continental slope,
typically at depths between 500 m and 1000 m on the way to the Banda and Molucca seas near
Indonesia, where calving is understood to occur (Double et al., 2014). The northern migration
(Augusta to Derby) tends to pass along the shelf edge at depths of 500 m to 1000 m; moving closer to
the coast in the Exmouth - Montebello Islands area on southern migration. Northern migration
occurs April through July, peaking in May - June, whilst southern migration occurs October through
January, peaking in November — December.
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Many baleen whales that may occur within the EMBA have extensive ranges and undertake
predictable seasonal migrations between feeding areas in high latitudes and calving and breeding
areas in lower latitudes.

Some marine mammals identified within the EMBA, such as coastal dolphins and dugongs, have
strong habitat preferences. The ranges of these species are typically large; however, their habitat
preferences may result in locally high densities within their ranges interspersed with relatively low
densities of these species.

Temperate species of marine mammals, such as Australian sea lions and southern right whales, may
only be expected to occur within the southern part of the EMBA beyond the Project Area.

3.3.3.1 Threatened and Migratory Marine Mammals

A number of species of marine mammals listed as threatened or migratory under the EPBC Act were
identified as potentially occurring within the Project Area and the EMBA beyond the Project Area
based on Protected Matters Search Tool (PMST) data in Attachment 1. The full list of marine
mammals including the species that are classified as threatened or migratory are presented in Table
3-2 below. Omura’s whale (Balaenoptera omurai) is not currently listed under the EPBC Act but is
known to occur on the North West Shelf of WA.

Santos Ltd | Dorado Devel t Offshore Project P! |
| Dorado Developmen shore Project Proposa Page 144 of 897



Santos

Table 3-2: Marine mammal species that may occur within the Project Area and EMBA
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Balaenoptera Minke Whale The minke whale is a relatively small - - Cetacean - Species or
acutorostrta baleen whale that is distributed species habitat
worldwide. Feeding grounds for may occur
minke whales in the southern
hemisphere are around Antarctica,
with migration to lower latitudes
during winter months thought to
occur, although to a lesser extent
than other baleen whales. The most
northerly record in Australian
waters is approximately 21° S,
approximately the same latitude as
the North West Cape (Bannister et
al. 1996).
Balaenoptera Antarctic Minke The Antarctic minke whale is - Migratory Cetacean - Species or
bonaerensis Whale, Dark- distributed worldwide and has been species habitat

shoulder Minke
Whale

recorded off all Australian states,
feeding in cold waters and migrating
to warmer waters to breed. It is
thought that the Antarctic minke
whale migrates up the Western
Australian coast to approximately
20° S to feed and possibly breed
(Bannister et al. 1996).

likely to occur
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Balaenoptera Sei Whale Sei whales have a worldwide Vulnerable Migratory Cetacean Species or Foraging,
borealis oceanic distribution and is expected species habitat | feeding or
to migrate seasonally between low- likely to occur | related
latitude wintering areas and high- behaviour likely
latitude summer feeding grounds to occur
(Bannister et al. 1996; Prieto et al.
2012). Sei whales have been
infrequently recorded in Australian
waters (Bannister et al. 1996), which
could be due to the similarity in
appearance of sei whales and
Bryde’s whales leading to incorrect
recordings.
Balaenoptera Bryde's Whale The Bryde’s whale occurs in - Migratory Cetacean Species or Species or
edeni tropical and temperate waters species habitat | species habitat
(Bannister et al. 1996). Bryde’s may occur likely to occur
whales occur in both oceanic and
inshore waters with the only key
localities recognised in Western
Australia being in the Abrolhos
Islands and north of Shark Bay
(Bannister et al. 1996). Two forms
are recognised: inshore and
offshore Bryde’s whales. It appears
that the offshore form may
migrate seasonally, heading
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Scientific Name

Common Name

Description

Threatened Status

Migratory Status

Cetacean

Presence within the
Project Area (from
Attachment 1)

Presence within the
EMBA beyond the
Project Area (from
Attachment 1)

towards warmer tropical waters
during the winter; however,
behaviour of the offshore form in
the Indian Ocean is not well
documented. This species has been
detected within the Northwest
Province from mid-December to
mid-June, peaking in late February
to mid-April (RPS Environment and
Planning 2012).

Balaenoptera
musculus

Balaenoptera
musculus
brevicauda

Blue and Pygmy
Blue Whale

There are two recognised
subspecies of blue whale in the
Southern Hemisphere, both of
which are recorded in Australian
waters. These are the southern (or
"true”) blue whale (Balaenoptera
musculus) and the “pygmy” blue
whale (Balaenoptera musculus
brevicauda) (Commonwealth of
Australia 2015a). In general,
southern blue whales occur in
waters south of 60° S, and pygmy
blue whales occur in waters north of
55°S (i.e. not in the Antarctic). On
this basis, nearly all blue whales
likely to occur in the Project Area

Endangered

Migratory

Cetacean

Species or
species habitat
likely to occur

Foraging,
feeding or
related
behaviour
known to occur
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and known to occur in the EMBA are
pygmy blue whales.

Pygmy blue whales undertake
seasonal migration between
temperate or sub-Antarctic and
tropical waters (Double et al. 2014).
In the Northern marine region,
pygmy blue whales migrate along
the 500 to 1,000-m depth contour
on the edge of the slope. Sea noise
loggers and satellite tracking at
various locations along the Western
Australian coast have detected an
annual northbound migration past
Exmouth and the Montebello
Islands between April and August
and a southbound migration from
October to the end of January,
peaking in late November to early
December (Double et al. 2014;
McCauley and Duncan 2011;
McCauley and Jenner 2010). More
recently, a synthesis of existing and
new data on the distribution and
movement of pygmy blue whales by
Thums et al. (2022) concurred with
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these timings and migratory paths in
deeper waters of the continental
slope, to the west of the Project
Area.
Balaenoptera Fin Whale Like other baleen whales, fin whales| Vulnerable Migratory Cetacean Species or Foraging,
physalus migrate annually between high- species habitat | feeding or
latitude summer feeding grounds likely to occur | related
and lower-latitude over-wintering behaviour likely
areas (Bannister et al. 1996). Fin to occur
whales are thought to follow
oceanic migration paths and are not
commonly encountered in coastal or]
continental shelf waters. Antarctic
waters are important feeding
grounds for fin whales, but there are
no known mating or calving areas in
Australian waters (Morrice et al.
2004).
Berardius arnuxii Arnoux's Beaked Arnoux’s beaked whale (family - - Cetacean - Species or
Whale Ziphiidae) with a circum-Antarctic species habitat
distribution. It occurs in temperate, may occur
sub-Antarctic and Antarctic oceanic
waters. In Australia, it occurs south
of around 34° S (approximately Cape
Leeuwin), with no known key
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localities in Australian waters
(Bannister et al. 1996).
Caperea Pygmy Right The pygmy right whale is considered - Migratory Cetacean - Foraging,
marginata Whale the most elusive baleen whale; and feeding or
as a result, very little is known about related
the whale’s distribution in behaviour likely
Australian waters. Records of the to occur
pygmy right whale in Australian
waters are distributed between
32°Sand 47°S (Kemper 2002), far
south of the Project Area.
Delphinus Common The common dolphin has a - - Cetacean Species or Species or
delphis Dolphin, Short- cosmopolitan distribution and is species habitat | species habitat
beaked Common found in all ocean basins in warm- may occur may occur
Dolphin temperate and tropical waters. The
species is gregarious and is known
to congregate in large numbers
(thousands of individuals). The
species in not known to occur in
sub-Antarctic or Antarctic waters
(Bannister et al. 1996).
Dugong dugon Dugong Dugongs are distributed throughout - Migratory - - Breeding known
tropical coastal waters in the Indo- to occur
Pacific region. They occur along the
Western Australian coast
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throughout the Gascoyne, Pilbara
and Kimberley, with notable
populations in the following (Marsh
et al. 2002; Preen et al. 1997):

+ Ningaloo Marine Park (state
waters),

+ Exmouth Gulf, and
+ Shark Bay.

Dugong distribution is correlated
with seagrass habitats in which
dugong feed, although water
temperature has also been
correlated with dugong movements
and distribution (Preen 2004; Preen
et al. 1997).

Eubalaena
australis

Southern Right
Whale

The southern right whale occurs
primarily in waters between
approximately 20 and 60° S and
moves from high-latitude feeding
grounds in summer to warmer, low-
latitude coastal locations in winter
(Bannister et al. 1996). Southern
right whales aggregate in calving
areas along the south coast of
Western Australia, such as Doubtful

Santos
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Island Bay, east of Israelite Bay and
to a lesser extent Twilight Cove
(DSEWPaC 2012b). During the
calving season, between May and
November, female southern right
whales that are either pregnant or
with calf can be present in shallow
protected waters along the entire
southern Western Australian coast
up to approximately Two Rocks,
north of Perth. Sightings in more
northern waters are relatively rare;
however, they have been recorded
as far north as Exmouth (Bannister
et al. 1996).

Santos

Feresa attenuata

Pygmy Killer
Whale

The pygmy killer whale is a species
of oceanic dolphin. It is the smallest
cetacean species that includes
“whale” in the common name,
derived from some resemblance to
the orca, or killer whale. The species
has a wide distribution in tropical
and subtropical waters worldwide
(Bannister et al. 1996).

Species or
species habitat
may occur
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Scientific Name

Common Name

Description

Threatened Status

Migratory Status

Cetacean

Presence within the
Project Area (from
Attachment 1)

Presence within the
BA beyond the

Project Area (from

Attachment 1)

EM

Globicephala
macrorhynchus

Short-finned
Pilot Whale

The species is a large oceanic
dolphin that has been recorded in all
ocean basins in oceanic and
continental shelf waters. Short-
finned pilot whales form socially
cohesive groups and have been
recorded in mass strandings at
several locations around the world,
including most Australian states and
the Northern Territory (Bannister et
al. 1996).

Cetacean

Species or
species habitat
may occur

Globicephala
melas

Long-finned Pilot
Whale

Like the only other species in the
genus Globicephala, the short-
finned pilot whale, this species is a
large oceanic dolphin that has been
recorded in all ocean basins in
oceanic and continental shelf
waters. The species is widely
recorded in waters off southern
Australia and has been recorded
stranding in all Australian states, but
not the Northern Territory
(Bannister et al. 1996).

Cetacean

Species or
species habitat
may occur
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Grampus griseus Risso's Dolphin, Risso’s dolphin is found worldwide - - Cetacean Species or Species or
Grampus in tropical and temperate waters. species habitat | species habitat
Preferred habitat appears to be just may occur may occur
off the continental shelf where the
continental slope is steep. Records
in Australian waters occur from
southwestern Australia along the
south coast to Queensland
(Bannister et al. 1996).
Hyperoodon Southern The southern bottlenose whale is a - - Cetacean - Species or
planifrons Bottlenose species of beaked whale (family species habitat
Whale Ziphiidae) with a circumpolar may occur
distribution in the Southern Ocean,
accounting for most sightings of
beaked whales in Antarctic waters.
Sightings occur primarily south of
29° S (approximately south of
Geraldton) (Bannister et al. 1996).
Indopacetus Longman's The Longman’s beaked whale is a - - Cetacean - Species or
pacificus Beaked Whale species of beaked whale (family species habitat
Ziphiidae) that occurs in temperate, may occur

sub-Antarctic and Antarctic oceanic
waters (Bannister et al. 1996). The
species may be primarily oceanic,
like other beaked whale species.

Santos Ltd | Dorado Development Offshore Project Proposal

Page 154 of 897




Santos

§ o :EJ = % o £
5 3 £E £3E
Scientific Name Common Name Description E ‘:;. - § g g § § g *qc-;
5 e | § S3E | B33
L g |3 255 | 3Egs
= = : ££5 R
Kogia breviceps Pygmy Sperm The pygmy sperm whale has a - - Cetacean - Species or
Whale cosmopolitan distribution in tropical species habitat
and temperate waters worldwide. may occur
Relatively little is known about this
species compared to sperm whales,
due to its small size, inconspicuous
behaviour, and paucity of historical
whaling records. The species feeds
predominantly on pelagic squid in
open ocean and is less frequent on
continental shelf waters (Bannister
et al. 1996).
Kogia sima Dwarf Sperm Like the pygmy sperm whale, the - - Cetacean - Species or
Whale dwarf sperm whale has a species habitat
cosmopolitan distribution in tropical may occur
and temperate waters worldwide. It
is more likely to be frequenting
continental shelf and continental
slope waters than the pygmy sperm
whale. Squid are the main prey item
(Bannister et al. 1996).
Lagenodelphis Fraser's Dolphin, Fraser’s dolphin is a pelagic, oceanic - - Cetacean - Species or
hosei Sarawak Dolphin dolphin species found in all ocean species habitat
basins. The species is most may occur

commonly observed in oceanic and
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continental slope waters (more
than 1,000 m deep), and is relatively
rarely observed in continental shelf
waters. Fraser’s dolphin is typically
found in tropical and subtropical
waters and is relatively rare in
temperate waters (Bannister et al.
1996).

Lagenorhynchus
obscurus

Dusky Dolphin

The dusky dolphin’s distribution is
strongly linked to colder waters. In
Australia, the dusky dolphin has
been sighted in southern Australia
from Western Australia to Tasmania,
It is presumed to be primarily an
inshore species but has been known
to move further offshore, possibly
due to its desire for colder waters
(Gill et al. 2000). Dusky dolphins are
expected to be limited in their
distribution along the Western
Australian coastline due to the
presence of the southward-flowing
warm water of the Leeuwin Current.

Santos
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likely to occur
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Lissodelphis Southern Right The southern right whale dolphin is - - Cetacean - Species or
peronii Whale Dolphin an oceanic dolphin species species habitat
distributed throughout the Southern may occur
Ocean. It is the only dolphin species
in the southern hemisphere that
lacks a dorsal fin (similar to the
southern right whale, which is the
basis for the species’ common
name). The species is usually found
well offshore in ocean basins or
outer continental shelfs between
30° S and 65° S (Bannister et al.
1996).
Megaptera Humpback The species undertakes regular - Migratory Cetacean Breeding Breeding known
novaeangliae Whale seasonal migrations between known to to occur
feeding grounds in the Southern occur

Ocean and breeding and calving
grounds off northern Western
Australia, particularly Camden
Sound (Jenner et al. 2001).

From the North West Cape,
northbound humpback whales
travel along the edge of the
continental shelf passing to the west
of the Muiron, Barrow and
Montebello Islands, peaking in late
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Scientific Name

Common Name

Description

Threatened Status

Migratory Status

Cetacean

Presence within the
Project Area (from
Attachment 1)

Presence within the
EMBA beyond the
Project Area (from
Attachment 1)

July (Jenner et al. 2001). The
southern migratory route follows a
relatively narrow track between the
Dampier Archipelago and
Montebello Islands, south of the
Project Area. In particular, Exmouth
Gulf is where cow/calf pairs may
stay for up to two weeks during
September (Jenner et al. 2001).

Mesoplodon
bowdoini

Andrew's Beaked
Whale

Very little is known of Andrew’s
beaked whale, with very few
observations of this species in the
wild. Most information on the
species has been collected from
stranded individuals. Strandings
have been recorded in Chile, the
Falkland Islands, southern Australian
and southern New Zealand,
suggesting a circumpolar
distribution in the Southern Ocean
(Bannister et al. 1996).

Cetacean

Species or
species habitat
may occur

Mesoplodon
densirostris

Blainville's
Beaked Whale,
Dense-beaked
Whale

Blainville’s beaked whale is found in
tropical and subtropical waters in all
ocean basins. It is one of the most
widely distributed beaked whales.
The latitudinal range in Australia

Cetacean

Species or
species habitat
may occur
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Scientific Name

Common Name

Description

Threatened Status

Migratory Status

Cetacean

Presence within the
Project Area (from
Attachment 1)

Presence within the
EMBA beyond the
Project Area (from
Attachment 1)

may be extended by the warm
south-flowing Leeuwin and East
Australian currents (Bannister et al.
1996). Most sightings occur in
continental slope waters (more
than 200 m water depth), with
diving depths of more than 900 m
recorded (Baird et al. 2006),
indicating a preference for waters
much deeper than the continental
shelf.

Mesoplodon
ginkgodens

Gingko-toothed
Beaked Whale,
Gingko-toothed
Whale, Gingko
Beaked Whale

The ginkgo-toothed whale has a
broad tropical and subtropical
distribution in the Indian and Pacific
oceans but has not been recorded in
the Atlantic Ocean. It is thought to
be more common in the western
North Pacific Ocean, where it has
occasionally been caught by
whalers. Records in Australia are
from a small number of stranding
events in Victoria and New South
Wales. The species is capable of
deep dives and is thought to prefer
deepwater habitats as do other

Cetacean

Species or
species habitat
may occur
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ziphiid species (Bannister et al.
1996).
Mesoplodon Gray's Beaked Gray’s beaked whale has a - - Cetacean - Species or
grayi Whale, circumpolar distribution at higher species habitat
Scamperdown latitudes in the southern may occur
Whale hemisphere. Observations of the
species at sea are most common in
deep water (more than 2,000 m),
indicating a preference for outer
continental shelf and deep ocean
waters. Most recorded strandings
have occurred in New Zealand
(Bannister et al. 1996).
Mesoplodon Hector's Beaked Hector's beaked whale is primarily a - - Cetacean - Species or
hectori Whale Southern Hemisphere cool species habitat
temperate species. The records are may occur

from southern South America, South
Africa, Australia, and New Zealand.
Recently, there have been several
strandings and possible sightings off
southern California, but it is
unknown whether these represent
extralimital strays or normal
occurrences.
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Mesoplodon Strap-toothed The strap-toothed beaked whale has - - Cetacean - Species or
layardii Beaked Whale, a circumpolar distribution in sub- species habitat
Strap-toothed Antarctic and temperate waters in may occur
Whale, Layard's the Southern Ocean. Analysis of the
Beaked Whale stomach contents of stranded strap-
toothed whales found prey items
were primarily deepwater squid,
indicating the species forages in
outer continental shelf and oceanic
waters (Bannister et al. 1996).
Mesoplodon True's Beaked True’s beaked whale is distributed in - - Cetacean - Species or
mirus Whale deep circumpolar temperate and species habitat
sub-Antarctic waters in the southern may occur
hemisphere. There is a population in
the north Atlantic, although this
may be a separate species given the
geographic separation from the
southern hemisphere population.
Strandings have been recorded in
South Africa, Australia and New
Zealand (Bannister et al. 1996).
Neophoca Australian Sea The Australian sea lion is the only Endangered - - - Breeding known
cinerea Lion endemic pinniped in Australia, with to occur

only 76 known breeding colonies
ranging from the Abrolhos Islands
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off Western Australia to the Page
Islands, South Australia (DSEWPaC
2012b). The estimated total
population of Australian sea lion is
approximately 14,700, with only
14% found in Western Australia
(DSEWPaC 2012b).

On the west coast of Western
Australia, rookeries are found on
low-lying limestone islands that are
well protected by perimeter reefs.
Females typically travel less than
60 km from their natal site, while
males may disperse approximately
200 km from natal sites to other
breeding colonies or haul-out sites
(Campbell 2003; Campbell et al.
2008).

The breeding cycle of the species is
approximately 17 to 18 months,
leading to breeding and pupping
timings that are not strongly
correlated with season, with the
pupping season at individual
colonies ranging between five and
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nine months (Goldsworthy et al.
2009).
Orcaella Irrawaddy The Irrawaddy dolphin is very - Migratory Cetacean - Species or
brevirostris Dolphin closely related to the Australian species habitat
snubfin dolphin and was recognised known to occur
as a separate species relatively
recently. Some authorities still
consider the species synonymous
with O. heinsohni. The species is
distributed in southern Asia,
southeastern Asia and northern
Australia in shallow (less than 20 m)
coastal and estuarine waters. In
Western Australia, it is recorded
north of Broome to the Brisbane
River in Queensland (Bannister et al.
1996).
Orcaella Australian The Australian snubfin dolphin - Migratory Cetacean - Species or
heinsohni Snubfin Dolphin shares similar habitat preferences species habitat

with the Indo-Pacific humpback
dolphin, occurring in shallow coastal
and estuarine tropical waters
(typically less than 20 m deep).
However, as with the Indo-Pacific
humpback dolphin, the species has
also been recorded up to 23 km

known to occur
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Scientific Name

Common Name

Description

Threatened Status

Migratory Status

Cetacean

Presence within the
Project Area (from
Attachment 1)

Presence within the
EMBA beyond the
Project Area (from
Attachment 1)

offshore. In Australia, the species
distribution covers the coastal
waters of Queensland, the Northern
Territory and northern Western
Australia (Bannister et al. 1996). The
population in Australian waters is
thought to be continuous with the
Papua New Guinea species but
separate from populations in Asia.

Orcinus orca

Killer Whale

The killer whale is widespread from
polar to equatorial regions of all
oceans and has been recorded off all
states of Australia (Bannister et al.
1996). Killer whales appear to be
more common in cold, deep waters;
however, they have been observed
along the continental slope and
shelf (Bannister et al. 1996).

Migratory

Cetacean

Species or
species habitat
may occur

Species or
species habitat
may occur

Peponocephala
electra

Melon-headed
Whale

Melon-headed whales occur in deep
tropical or subtropical oceanic
waters in all ocean basins, between
40° N and 35° S. The species is
gregarious, with groups of 150 to
1,500 animals recorded. Mass
strandings have been recorded in
New South Wales, Queensland and

Cetacean

Species or
species habitat
may occur
within area
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Western Australia. It is primarily a
pelagic and oceanic species that
rarely occurs in continental shelf
waters (Bannister et al. 1996).
Physeter Sperm Whale Sperm whales are the largest of the - Migratory Cetacean - Foraging,
macrocephalus toothed whales and are distributed feeding or
worldwide in deep waters (deeper related
than 200 m) off continental shelves behaviour
and sometimes near shelf edges known to occur
(Bannister et al. 1996). Sperm
whales have been recorded in all
Australian state waters.
The species is known to migrate
northwards in winter and
southwards in summer, but detailed
information on the distribution and
migration patterns of sperm whales
off the Western Australian coast is
not available (Bannister et al. 1996).
Pseudorca False Killer False killer whales are found - - Cetacean Species or Species or
crassidens Whale worldwide in deep tropical and species habitat | species habitat

temperate waters. They are
distributed circumglobally between
45° S and 45° N. Strandings have
been recorded in several locations

likely to occur

likely to occur
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around the Australian coast,
including Western Australia
(Bannister et al. 1996). The species
has been recorded both in deep
oceanic waters and continental shelf]
waters, although it appears to
prefer deep offshore waters, with
observations in relatively shallow
waters made around oceanic
islands, such as the Hawaiian Islands
(Culik 2004).

Santos

Sousa chinensis

Indo-Pacific
Humpback
Dolphin

The Indo-Pacific humpback dolphin
is now recognised as two distinct
species: the Indo-Pacific humpback
dolphin (Sousa chinensis) and the
Australian humpback dolphin (S.
sahulensis) (Jefferson and
Rosenbaum 2014). Distribution of
the Indo-Pacific humpback dolphin
in Australia is tropical, occurring
north of 29° S and 24° S off the east
and west coasts of Australia
respectively (Bannister et al. 1996).
Humpback dolphins inhabit shallow
coastal, estuarine habitats in
tropical and subtropical regions

Breeding known
to occur
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Scientific Name

Common Name

Description

Threatened Status

Migratory Status

Cetacean

Presence within the
Project Area (from
Attachment 1)

Presence within the
EMBA beyond the
Project Area (from
Attachment 1)

generally in depths of less than 20 m
(Corkeron et al. 1997; Jefferson
2000; Jefferson and Rosenbaum
2014).

Stenella
attenuata

Spotted Dolphin,
Pantropical
Spotted Dolphin

The spotted dolphin is distributed in
tropical waters in all ocean basins. It
is the second most-populous
dolphin species, after the bottlenose
dolphin. It occurs in deep oceanic
waters, as well as on the continental
slope and outer continental shelf
waters (Bannister et al. 1996). The
species associates with schooling
tuna and was subject to historical
high levels of mortality due to
bycatch in tuna fisheries.

Cetacean

Species or
species habitat
may occur

Species or
species habitat
may occur

Stenella
coeruleoalba

Striped Dolphin,
Euphrosyne
Dolphin

The striped dolphin occurs in
tropical and temperate waters in all
ocean basins from approximately
40° N to 30 °S. Like other species of
Stenella, the striped dolphin is
known to form large aggregations
(more than 1,000 individuals) (Culik
2004). The species is generally
considered to be pelagic and
appears to prefer continental shelf

Cetacean

Species or
species habitat
may occur
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and oceanic waters (more
than 200 m water depth) (Bannister
et al. 1996; Culik 2004).
Stenella Spinner Dolphin, The spinner dolphin is distributed in - - Cetacean - Species or
longirostris Long-snouted tropical and temperate waters from species habitat
Spinner Dolphin 40° N to 40° S. It occurs in may occur
continental shelf, continental slope
and oceanic waters. Like other
species of Stenella, spinner dolphins
may form large congregations and
may associate with tuna and
seabirds in pursuit of prey
(Bannister et al. 1996; Culik 2004).
Steno Rough-toothed The rough-toothed dolphin occurs in - - Cetacean - Species or
bredanensis Dolphin tropical and temperate waters in all species habitat
ocean basins. The species is most may occur

often observed far offshore, usually
well beyond the continental shelf
(Culik 2004). The species often
congregates in schools of less than
50 animals but may form larger
groups up to 300 animals (Bannister
et al. 1996; Culik 2004).
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Tursiops aduncus Spotted The spotted bottlenose dolphin is - Migratory Cetacean Species or Species or
Bottlenose generally considered to be a warm- species habitat | species habitat
Dolphin (Arafura water subspecies of the common may occur known to occur
/ Timor Sea bottlenose dolphin. Distribution is
populations) primarily inshore waters, often in
depths of less than 10 m (Bannister
et al. 1996). They are known to
occur from Shark Bay north to the
western edge of the Gulf of
Carpentaria.
Ziphius Cuvier's Beaked Cuvier’s beaked whale is the only - - Cetacean - Species or
cavirostris Whale, Goose- member of the monotypic genus species habitat
beaked Whale Ziphius within the beaked whale may occur

(ziphiid) family. The species has a
cosmopolitan distribution ranging
from tropical to temperate waters in
all ocean basins. The species is the
deepest-diving mammal, with dives
of almost 3,000 m recorded and
with most animals recorded in more
than 1,000 m water depth
(Bannister et al. 1996; Culik 2004;
Schorr et al. 2014).
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Table 3-3 outlines the management plans, recovery plans and conservation advice relevant to those
species identified as potentially occurring or having habitat within the Project Area and summarises

the key threats to those species as described in the relevant plans and advice.

Table 3-3: Summary of EPBC management plans, recovery plans and conservation advice
relevant to the Project Area
Key threats
Recovery Plan/ identified in the
Species Conservation Recovery Plan/ Relevant Conservation Action
advice Conservation
advice

Sei Whale Conservation advice | Noise interference | Once the spatial and temporal distribution
Balaenoptera (including biologically important areas) of sei
borealis sei whale whales is further defined, assess the impacts
(Threatened Species of increasing anthropogenic noise (including
Scientific from seismic surveys, port expansion, and
Committee 2015b) coastal development) on this species.

Vessel disturbance | Ensure all vessel strike incidents are reported
in the National Vessel Strike Database.

Blue Whale Conservation Noise interference | Anthropogenic noise in biologically important
management plan areas will be managed such that any blue
for the blue whale: whale continues to utilise the area without
A recovery plan injury and is not displaced from a foraging
under the area.

Environment Ensure EPBC Act Policy Statement 2.1—

Protection and Interaction between offshore seismic

Biodiversity exploration and whales (Department of the

Conservation Act Environment, Water, Heritage and the Arts

1999 2015-2025 2008a) is applied to all seismic surveys.

(Commonwealth of

Australia 2015a) Vessel disturbance | Ensure all vessel strike incidents are reported
. in the National Vessel Strike Database.

Guidance on key

terms within the

Blue Whale

Conservation

Management Plan

(DAWE, 2021)

Fin Whale Conservation advice | Noise interference | Once the spatial and temporal distribution
Balaenoptera (including BIAs) of fin whales is further
physalus fin whale defined, assess the impacts of increasing
(Threatened Species anthropogenic noise (including seismic
Scientific surveys, port expansion, and coastal
Committee 2015c) development) on this species.

Vessel disturbance | Develop a national vessel strike strategy that
investigates the risk of vessel strikes on fin
whales and identifies potential mitigation
measures.
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Ensure all vessel strike incidents are reported
in the National Vessel Strike Database.

3.3.3.1.1 Whale Migration

Humpback whales traverse waters off the west coast of Australia as they migrate annually from
summer feeding grounds in Antarctica to the nearshore waters of the Kimberley region where they
breed and calve during winter. Humpback whales are likely to be present in the Project Area during
the northbound migration. They appear to remain on or within the 200-m isobath near the
Montebello Islands and then move closer to shore as they head further north to the calving grounds
in the Kimberley. The humpback whale migration corridor is not an identified aggregation area or
critical habitat: the whales are in transit and are migrating from their southern polar ‘summer’
feeding grounds to their northern tropical ‘winter’ calving and breeding grounds.

Peak northward migration across the NWS is approximately from late July to early August, and peak
southward migration is approximately from late August to early September (Jenner et al. 2001) . Data
collected between 1995 and 1997 by the Centre for Whale Research indicates that the period for
peak northern migration into the calving grounds in the Kimberley is mid to late July (Table 3-3). The
peak for southern migration is in the first half of September (Jenner et al. 2001).

Figure 3-13 shows the overlap of the Project Area with the humpback whale migration BIA. Satellite
tracking data (Double et al. 2010, 2012a; Gales et al. 2009) for northbound and southbound
humpback whales indicated that the tagged whales migrated in a consistently narrow inshore path
along the northwest coast of Western Australia, with the satellite tracks greater than 50 km from the
WHP site.

Based on migration data presented in Thums et al. (2018), it is possible that a small number of
migrating individuals will traverse the Project Area (Figure 3-14). This migration data, collected over
2008, 2009 and 2011 for tagged humpback whales, shows there are no migration paths that overlap
with the Project Area. The different tag numbers correlate to tags on each individual whale, data
from 39 tagged whales is plotted. The data also shows that if the humpback whales were to migrate
through the Project Area during their northern migration it would be for hours rather than days (i.e.
less than 0.5 days, Figure 3-16).

Table 3-4: Critical periods for migrating humpback whales in the vicinity of the Project Area

Migrations Description Timing

Northbound migration: | Peaks July and tapers off by August (may vary by 3 weeks from | Late July to

Port Hedland to year to year). Extends further compared to southern migration | early August
Broome route.

Southbound migration: | Southerly migration in this area is contracted in a narrower Late September
Broome to Port band than the northerly migration route, generally occurring to early
Hedland closer to the coast within the 50-m isobath and generally in October

waters less than the 35 m deep.

Sources: Jenner et al. (2001); Threatened Species Scientific Committee (2015a).

Santos Ltd | Dorado Devel t Offshore Project P! |
| Dorado Developmen shore Project Proposa Page 171 of 897



Santos

115°0'0"E

T
15°0'0"S

T
20°0'0"S

125°0'0"E

//‘/ "' <}
3 g ,
B O
(05 - ‘:“‘ 2 —
g %
)& Derby
Broome

Legend
Proposed WHP Location Humpback Whales BIA
s  Proposed FPSO Location | Migration
Dorado Flowlines Breeding/Calving/Nursing/Resting
P
% T ygmy Blue Whale BIA
) Migration
Prospects m—
- \ | Foraging
D Project Area

Pygmy Blue Whale Distribution Range
~. Distribution

19/05/2022  WMPa6357

Santos

HUMPBACK AND PYGMY BLUE WHALE BIA'S; PYGMY BLUE WHALE DISTRIBUTION RANGE

DORADO PROJECT AREA

Figure 3-13: Project Area overlap with humpback whale BlAs, pygmy blue whale BIA and pygmy blue whale distribution range

Santos Ltd | Dorado Development Offshore Project Proposal

Page 172 of 897



T T
15°0'0°E 120°0'0"E

Legend
-§ Proposed WHP Location AAD Humpback Tracking Data o 96389 © 96410 © 98123
5 Proposed FPSO Locaton © 53360 © 96391 ©° 96411 © 98124
Dorado Flowlines © 53398 © 96393 © 98101 © 98126
C:S Dorado Field o 53431 © 96396 © 98107 © 98127
Prospects ° 53733 © 96397 © 98110 © 98131
[ Projectarea ° 96379 o 96399 © 98111 © 98133
Humpback Whales BIA © 96381
[ | migration o 96382
° 96384
o 96388
gg
e
5

' _Proposed WHP)

JE——

\ Proposed FIP‘SO

0 100 200 300 —
A

Kilometres il

5 5/03/2021  WMPa5343

Santos DORADO PROJECT AREA - AAD HUMPBACK WHALE TRACKING DATA

Sources: Double et al. (2012a); Gales et al. (2010).
Figure 3-14: Project Area overlap with humpback whale migration BIA and Australian Antarctic Division whale tracking data

Page 173 of 897
Santos Ltd | Dorado Development Offshore Project Proposal ag ©



B Shelf

N Slope

H Rise
Abyssal plain

0° 4 Canyon

O Plateau

10°S
Shoals b Broome
20°S - . g jntello s
Dampier i Dampier
7 : ¥ £xmouth xmouth
S48 Coral Bay Coral Bay
Carnarvon A Carnarvon Carnarvon
\ hark Bay u hark Bay hark Bay
o
WA\ Geraldton Geraldton Geraldton
30°S
- "\.
erth Canyon erth Canyon [ . ®2erth Canyon

g
# & H
opetoun

Hopetoun Y Hopetoun
- 2+ 0 h-. i | - 0
. O 1 s el 10
- 2 20
0 3 30
0.5 4 40
1 5 50
I I I I | | | | | | | | | I
110°E 115°E 120°E 125°E 130°E 110°E 115°E 120°E 125°E 130°E 110°E 115°E 120°E 125°E 130°E

Sources: Thums et al, 2022. a) Pygmy blue whale (n = 16) state space modelled position estimates are colour coded by move persistence with cooler colours indicating high move persistence (indicative of migration) and warmer colours indicating low move persistence (indicative of
foraging, and/or resting/ breeding). b) shows the distributions calculated using the modelled position estimates with occupancy (time spent per grid cell in days), and c) shows percentage of pygmy blue whales per grid cell. Satellite tag deployment locations marked with an asterisk,
including NW Cape (n = 6), Perth Canyon (n = 15), Bonney Upwelling, SA (n = 1), noting that only data from Hopetoun WA to Indonesia is shown for the latter deployment. Geomorphic features of the Australian EEZ are also shown, including the Exmouth (E) Plateau and the Naturaliste
(N) plateau

Figure 3-15: Project Area overlap with pygmy whale tracking data

Page 174 of 897

Santos Ltd | Dorado Development Offshore Project Proposal



Santos

o]
©
- 25
M~ 2.0
' 1.5
o0)
= 1.0
o 0.5
: 0.0
o
N )
! “Port Hedland
<]
T —
8 5
©
|
n
O
M~ 4
0
3
00)
£ 2
= 1
o 0
o
&I -
[ | I [ | [
118 119 120 121 122 123 124
Longitude
Number of days spent by northbound (a) and southbound (b) humpback whales per 10 km x 10 km grid cell for the Kimberley Region,
within proximity of the Dorado project area, from tagged humpback whales from 2008, 2009 and 2011 (source Thums et al, 2018).
STMm16362
S t NORTHBOUND AND SOUTHBOUND HUMPBACK WHALES
antos MIGRATION DURATIONS (2008-2011)

Figure 3-16: Northbound (a) and southbound (b) humpback whale migration durations (2008, 2009
and 2011) and overlap with Project Area
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3.3.3.2 Biologically Important Areas and Critical Habitat

BlAs are not defined under the EPBC Act, but there are areas that are particularly important for the
conservation of protected species and where aggregations of individuals display biologically
important behaviour such as calving, foraging, resting or migration (DAWE, 2021). BIAs have been
identified using expert scientific knowledge about species distribution, abundance and behaviour
(DAWE, 2021). A number of BIAs for marine mammals that cover biologically important behaviours
overlap the EMBA beyond the Project Area. These are summarised in Table 3-5 along with distance
from the WHP and the closest Project Area boundary.

Whilst it is not currently possible to define habitat critical to the survival of blue whales, the best
information relates to biologically important areas where foraging occurs (DAWE, 2021). The
distribution range of pygmy blue whales overlaps the Project Area, however based on data presented
in Thums et al, 2022, and no observed pygmy blue whales during multiple drilling and seismic
campaigns within the project area since 2015, pygmy blue whales are not expected to frequent the
project area. No critical habitats for marine mammals were identified within the Project Area and
EMBA.

Of the BIAs listed in Table 3-5, one overlaps the Project Area: the humpback whale migration (north
and south) BIA, noting that the humpback whale is no longer a threatened species under the EPBC
Act, and as such there are no conservation advice or conservation management plan requirements
for the humpback whale migration BIA. This BIA partially overlaps approximately 3% of the Project
Area and lies approximately 26 km south of the proposed Dorado Phase 1 WHP location. The portion
of the BIA in the Project Area is approximately 0.065% of the total area of the BIA. The migration
activities that formed the ecological reason for the designation of this BIA are described above in
Section 3.3.3.1.1.

Table 3-5: Closest BIAs for marine mammals within the EMBA

Shortest Shortest
: Biologically Distance Distance from
Species Name Common Name . )
Important Behaviour from WHP Project Area
(km) Boundary (km)
Balaenoptera Blue and Pygmy Possible Foraging 567 527
musculus Blue Whale Area (CMP)/ Foraging
Area (NCVA)
“Scott Reef”
Possible Foraging 593 569
Area (CMP)/ Foraging
Area (NCVA)
“off Ningaloo”
Migration 109 84
Dugong dugon Dugong Foraging 304 244
Migration likely 362 301
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Shortest Shortest
. Biologically Distance Distance from
Species Name Common Name X )
Important Behaviour from WHP Project Area
(km) Boundary (km)
Foraging (high- 523 494
density seagrass
beds)
Breeding 523 494
Nursing 523 494
Calving 523 494
Migration 888 863
Eubalaena Southern Right Calving buffer 1,454 1,380
australis Whale .
Seasonal calving 1,519 1,395
habitat
Megaptera Humpback Migration (north and 26 Intersects
novaeangliae Whale south)
Resting 436 380
Calving 436 380
Nursing 436 380
Neophoca Australian Sea Foraging (male) 1,143 1,117
. i
cinerea on Foraging (male and 1,171 1,146
female)
Orcaella Australian Breeding 369 308
heinsohni Snubfi
einsonnt nubTn Calving 369 308
Dolphin
Foraging (high- 369 308
density prey)
Foraging likely 441 383
Resting 676 606
Foraging 829 772
Physeter Sperm Whale Foraging (abundant 1,468 1,445
macrocephalus food source)
Sousa chinensis Indo-Pacific Calving 369 308
Humpback
p. Foraging (high- 369 308
Dolphin .
density prey)
Breeding 369 383
Foraging 441 308
Significant Habitat 956 899
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Shortest Shortest
Species Name Common Name Biologically Distance Distance from
P Important Behaviour from WHP Project Area
(km) Boundary (km)
Significant Habitat — 875 817
unknown behaviour
Tursiops aduncus Spotted Foraging 369 308
Bottl
otenose Breeding 369 308
Dolphin
Calving 369 308
Foraging likely 473 415
Migration likely 473 415

3.3.3.3 Conservation Advice and Recovery Plans

Material published by the Commonwealth under the EPBC Act for the conservation of threatened
marine mammals, such as recovery plans, conservation advice, and threat abatement plans, is
summarised in Table 3-6. Threats identified in this material that may credibly arise from Dorado
Phase 1 are also listed, along with cross-references to the relevant assessment of environmental
impacts and risks in Section 7.
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Table 3-6: Summary of material published by the Commonwealth for the conservation of threatened marine mammals relevant to Dorado Phase 1

Scientific Name

Common Name

Recovery Plan / Conservation Advice

Credible Threats arising
from Dorado Development
identified in Plan / Advice

Relevant Assessment
of Impacts and Risks

All marine mammal
species

Threat abatement plan for the impacts of marine
debris on vertebrate marine life (Commonwealth of
Australia 2018)

Marine debris

Section 7.3.2

Balaenoptera Sei Whale Conservation advice Balaenoptera borealis sei whale Noise interference Section 7.2.5
b i Threatened Species Scientific C ittee 2015b
orealis (Threatened Species Scientific Committee ) Vessel disturbance Section 7.3.4
Climate change Section 7.2.6
Oil pollution Section 7.3.1
Balaenoptera Blue Whale Conservation management plan for the blue whale: A Noise interference Section 7.2.5
I | der the Envi t Protecti d
musculus rgcoyery p an under .e nvironment Protection an Vessel disturbance section 7.3.4
Biodiversity Conservation Act 1999 2015-2025
(Commonwealth of Australia 2015a) Climate change Section 7.2.6
Guidance on key terms within the Blue Whale
Conservation Management Plan (DAWE, 2021)
Balaenoptera Fin Whale Approved conservation advice for Balaenoptera Noise interference Section 7.2.5
hysal hysalus (fin whale) (Threatened Species Scientifi
physalus physa l'JS( in whale) (Threatened Species Scientific Vessel disturbance section 7.3.4
Committee 2015c)
Climate change Section 7.2.6
Eubalaena Southern Right Whale Conservation management plan for the southern Noise interference Section 7.2.5
trali ight whale: I der the Envi t
australis rig w.a e:a rec.ov?ry p.an under e' nvironmen Vessel disturbance section 7.3.4
Protection and Biodiversity Conservation Act 1999
2011-2021 (DSEWPaC 2012c) Climate change Section 7.2.6
Marine debris Section 7.3.2
Australian Sea Lion Oil pollution Section 7.3.1
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Neophoca
cinerea

Recovery plan for the Australian sea lion (Neophoca
cinerea) (DSEWPaC 2013a)

Noise interference

Santos

Section 7.2.5

Marine debris Section 7.3.2
Climate change Section 7.2.6
Disease and parasites from Section 7.2.3

Wastewater
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3.3.4 Fishes

Historical data for fish diversity has identified 370 species that have the potential to occur within the
Project Area (Keesing et al. 2020). The benthic habitat survey undertaken by RPS (2020d) has shown
that demersal fish, including commercially important species, were uncommon in the Project Area.
This observation is consistent with the relatively flat and featureless benthic habitat within the
Project Area. The most common fish observed within the Project Area were small fish (e.g. flatfish,
gurnards), which were commonly observed living or burrowing in sediment habitats. Large pelagic
fish, including marlin and sharks, were observed at the sea surface (upper 40 m of water column) but
not at the seabed (RPS 2020d).

Several fish assemblages occur within the EMBA beyond the Project Area. These include a wide range
of demersal and pelagic fish species, many of which are distributed along a latitudinal gradient from
tropical waters in the north to temperate waters in the south.

Many species of demersal fish occur within the EMBA beyond the Project Area, including species that
support valuable commercial fisheries (Section 3.4.3). Areas of complex habitats within the EMBA,
such as reefs and shoals, typically exhibit the highest levels of species diversity and abundance. While
this may result in species distributions that are constrained within particular habitats, most species
are widely distributed (i.e. species ranges of hundreds to thousands of km). The continental slope
between North West Cape and the Montebello Trough has more than 500 demersal fish species, 76
of which are endemic, which makes it the most diverse slope bioregion in Australia (Last et al. 2005).
Recent surveys of the demersal fish on and off the Ancient Coastline KEF at 125 m water depth have
indicated that while some surveyed sections of this KEF had hardbottom substrate and supported
enhanced fish diversity, including over half of the total species observed, species richness and
abundance overall were not greater on this KEF than on adjacent seabed. Instead, depth, seafloor
complexity and habitat type explained patterns in richness and abundance and in structured fish
assemblages at both local and broad spatial scales (Currey-Randall et al. 2021).

Like demersal fish, many species of pelagic fish occur within the EMBA beyond the Project Area,
including commercially important species, such as mackerel. Relatively large pelagic species, such as
billfish, pelagic sharks and tuna, have extensive Indo-Pacific species distributions. Pelagic fishes
include species of smaller baitfish, which are an important food source for larger fish species, marine
mammals and birds. Pelagic fish within the EMBA are also targeted by commercial and recreational
fisheries (Section 3.4.3).

3.3.4.1 Threatened and Migratory Fishes

Several species of fish, including cartilaginous fish (e.g. sharks and rays), listed as threatened or
migratory under the EPBC Act were identified from PMST reports in Attachment 1 as potentially
occurring within the Project Area and EMBA beyond the Project Area. The full list of fishes including
the species that are classified as threatened or migratory are presented in Table 3-7.
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Table 3-7: Fish species (including sharks and rays) that may occur within the Project Area and EMBA
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Acentronura Southern Pygmy Endemic to southern Australia, from - Species or
australe Pipehorse Cape Jarvis and the SA Gulfs, and the species
Perth area, Western Australia. Inhabits habitat
shallow algal-covered reefs, sheltering known to
among algae and seagrasses. Individuals occur
may be site attached, remaining in the
same area for several years.
Acentronura Helen's Pygmy Endemic to tropical waters of the Species or Species or
larsonae Pipehorse Montebello Islands, north Western species species
Australia. habitat known habitat
The species is known only from 2 to occur may occur
specimens found clinging to Sargassum within area
sp. attached to isolated coral rock on a
sandy coral rubble bottom in a sheltered
coral reef in 3 m at Alpha Island,
Montebello Islands.
Bhanotia Corrugated Recorded in Australia from Scott Reef, - Species or
fasciolata Pipefish, Barbed WA. Found elsewhere in the tropical East species
Pipefish Indo-West Pacific, from the Andaman Sea habitat
to Vanuatu, including Northwestern known to
Australia; inhabits inshore coral reefs, occur

tide-pools and mudflats at 3-25 m.
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Anoxypristis Narrow Sawfish, The narrow sawfish is a marine or Migratory Species or Species or
cuspidata Knifetooth marginal (brackish water) species found species species
Sawfish from inshore waters to a depth of 40 m. habitat may habitat
Though details of its ecology are not occur known to
precisely known, it probably spends most occur
of its time on or near the bottom in
shallow coastal waters and estuaries. Its
Australian distribution is unclear
although it is most common in the Gulf of
Carpentaria with southward ranges
extending to Broad Sound in Queensland
and the Pilbara Coast, Western Australia.
Bulbonaricus Braun's Pughead A small eel-like reddish-brown pipefish - Species or Species or
brauni Pipefish, Pug- with white dots peppering the body and species species
headed Pipefish a short white ‘pug-faced' snout. Adults habitat known habitat
lack dorsal and pectoral fins, and have a to occur may occur
pointed frontal process overhanging the within area
mouth. Recorded from off North West
Cape, Western Australia. Elsewhere the
species is known to occur in the tropical
East-Indo-west Pacific - Indonesia,
Western Australia, Palau and Japan.
Inhabits coral reefs at 1-20 m, living in
association with dendrophyllid corals,
including those of the genus Galaxea.
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Campichthys galei Gale's Pipefish Gulf St Vincent, South Australia, to Shark - Species or
Bay, Western Australia. Usually inhabits species
shallow shelly or rubble substrates, and habitat
sparse seagrass beds to about 18 m; known to
occasionally on rocky reefs occur
Campichthys Three-keel Endemic to tropical northern Australia - Species or
tricarinatus Pipefish from the Montebello Islands, WA to species
Thursday Island, Torres Strait, Qld; habitat
inhabits inshore coral reef and rubble known to
areas at about 2-11 m. occur
Carcharias taurus Grey Nurse The grey nurse shark occurs in tropical Vulnerable Species or
(west coast Shark and temperate seas of the north and species
population) south Atlantic, Indian, and western habitat
Pacific oceans (Compagno 2001). In known to
Australia, it is recorded from all States occur

except Tasmania; it is rare in the
Northern Territory (Last and Stevens
1994). The current distribution is now
mainly confined to coastal waters of
southern Queensland, the entire New
South Wales coast and southwestern
waters of Western Australia (Bruce et al.
2005). The species has been recorded at
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varying depths but is generally found
between 15 and 40 m.
Carcharodon Great White The great white shark is a wide-ranging Vulnerable Migratory Species or Foraging,
caracharias Shark but mostly temperate and coastal species feeding or
species; it has a global distribution and at habitat may related
times occurs in oceanic environments, in occur behaviour
the tropics, and down to depths of at known to
least 1,200 m (Bruce et al. 2005). It is occur
most common over the continental shelf
(often close inshore) of southern
Australia, South Africa, northern
California and the northeast United
States (Compagno 2001). There are no
known aggregation sites for great white
sharks in the North-west Marine Region,
but the species has been recorded in
NWS waters during humpback
migrations.
Carcharhinus Oceanic As the common name suggests, the - Migratory Species or Species or
longimanus Whitetip Shark oceanic whitetip shark is primarily an species species
epipelagic, oceanic species of shark found habitat may habitat likely
in temperate and tropical waters more occur to occur
than 18° S. The shark is typically
distributed between the sea surface and
150 m water depth. While primarily
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Scientific Name

Common Name

Description

Threatened Status

Migratory Status

Presence within the
Project Area (from
Attachment 1)

Presence within the
EMBA beyond the
Project Area (from
Attachment 1)

oceanic, the species is known to occur in
continental shelf waters (Bonfil et al.
2008). The fins of the oceanic whitetip
shark are highly valued for shark fin soup,
leading to concerns that the species is
overfished.

Centrophorus
zeehaani

Southern
Dogfish,
Endeavour
Dogfish, Little
Gulper Shark

A small uniformly light greyish-brown
deepwater shark (200-700 m), which may
be darker above and paler on the belly.
Juveniles have dark posterior margins on
the dorsal fins and the tail, which fade in
intensity in adults. Southern Dogfish have
greenish eyes, and a relatively short and
bulky snout compared with other gulper
shark species.

Conservation
Dependent

Species or
species
habitat likely
to occur

Choeroichthys
brachysoma

Pacific Short-
bodied Pipefish,
Short-bodied
Pipefish

Exmouth Gulf and offshore reefs of north
Western Australia, and Ashmore Reef in
the Timor Sea, to Moreton Bay,
Queensland; also Christmas Island in the
eastern Indian Ocean. Elsewhere the
species is widespread in the tropical,
Indo-west-central Pacific: Red Sea and
East Africa to the Marshall and Society
Islands, north to the Philippines and
Japan and south to Australia.

Species or
species
habitat may
occur
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Inhabits tide pools, seagrass areas, coral
reef lagoons and seaward reefs, in depths
to 27 m.
Choeroichthys Muiron Island Endemic to Western Australia, from Port Species or
latispinosus Pipefish Denison to Brecknock Island in the east species
Kimberley; inhabits coral reef rubble habitat may
slopes in 1-10m occur
Choeroichthys Sculptured Widespread in the tropical Indo-West Species or
sculptus Pipefish Pacific from East Africa to the Tuamotos species
and Line islands, north to southern Japan habitat may
and south to Australia. The Sculptured occur
Pipefish is known in Australia from off
northwestern Australia and the Great
Barrier Reef, Queensland. The species
inhabits coral reef flats, lagoons, seagrass
beds and seaward reefs in 2-6m.
Choeroichthys Pig-snouted Tropical, subtropical, known from Species or
suillus Pipefish northern Australia and Papua New species
Guinea; from Jurien Bay (WA) to Moreton habitat may
Bay (Qld); in rubble habitats of inshore occur
coral reefs to 15 m.
Corythoichthys Fijian Banded Known from the Dampier Archipelago Species or
amplexus Pipefish, Brown- and Scott Reef, Western Australia, and species
banded Pipefish the northern Great Barrier Reef and
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Ashmore Reef, Coral Sea, to Lady habitat may
Musgrave Island, Queensland. Elsewhere, occur
the species is widespread in the tropical
Indo-west Pacific, from the Gulf of Oman
and East Africa to Samoa, the Philippines,
north to southern Japan. Inhabits coral
reef lagoons and seaward reef areas,
usually in caves and crevices in 3-30 m.
Corythoichthys Reticulate Offshore reefs of Western Australia - Species or
flavofasciatus Pipefish, Yellow- Rowley Shoals and Scott Reef, and the species
banded Pipefish, Great Barrier Reef, Queensland. habitat may
Network Elsewhere the species is widespread in occur
Pipefish the tropical Indo-west-central Pacific,
from the Red Sea to French Polynesia.
Inhabits seagrass beds or sandy and
rubble areas on sheltered reefs at depths
of 1-25 m; often seen in pairs or small
groups
Corythoichthys Reef-top Tropical Indo-west Pacific, from East Species or
haematopterus Pipefish Africa to Vanuatu and Fiji, southern Japan species
and northern Australia; inhabits habitat may
protected rubble and sandy areas in occur
shallow reef lagoons, reef flats and fore-
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reef slopes at 1-21 m, mostly above 5
metres.
Corythoichthys Australian Tropical Western Central Pacific, known Species or
intestinalis Messmate from Indonesia, northern Australia, the species
Pipefish, Banded Philippines to Samoa, and Micronesia; habitat may
Pipefish inhabits sheltered sponge and coral reefs occur
in shallow lagoons and harbours at 3-12
m.
Corythoichthys Schultz's Widespread in the tropical Indo-Pacific Species or
schultzi Pipefish from the Red Sea and East Africa to species
Tonga, north to southern Japan and habitat may
south to the offshore islands of north occur
Western Australia and throughout the
Great Barrier Reef, Queensland; also
Christmas Island in the eastern Indian
Ocean. Schultz's Pipefish usually inhabits
coarse sand and rubble areas along reef
edges in lagoons and on seaward reefs at
1-30m.
Cosmocampus Roughridge Clerke Reef, Rowley Shoals, Western Species or
banneri Pipefish Australia, Ashmore Reef, Timor Sea; also species
Cocos (Keeling) Islands and Christmas habitat may
Island in the eastern Indian Ocean. occur
Elsewhere the species is widespread in
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the tropical, Indo-west-central Pacific
from the Red Sea and East Africa to Fiji
and the Marshall Islands, north to
southern Japan. Rough-ridge Pipefish
usually live amongst rubble or in crevices
mostly on outer reefs, at 2-30 m
Cosmocampus Maxweber's Tropical Indo-west-central Pacific, Red Species or
maxweberi Pipefish Sea, Indonesia, Great Barrier Reef, to species
Micronesia, Tonga and Samoa; inhabits habitat may
inshore reefs among rubble to 35 m, occur
although more common on shallow reefs
to4m.
Doryrhamphus Redstripe Dunckerocampus baldwini is found in Species or
baldwini Pipefish caves, rocky crevices, and the seaward species
slopes of coral reefs and it is an active habitat may
cleaner which has been recorded occur
cleaning small parasitic crustaceans on
cave cardinal fish (Zapogon evermanni)
and a moray eel (Gymnothorax sp.).
Doryrhamphus Banded Pipefish, Tropical Western Pacific, from Indonesia, Species or
dactyliophorus Ringed Pipefish the Ryukyu Islands, Japan, to Australia, species
the Coral Sea, and east to Marshall and habitat may
Society Islands, Tonga and Samoa; in occur
Australian waters, known from Clerke
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Reef, WA, the Northenr Territory and the
Great Barrier Reef, Queensland; inhabits
protected reefs and lagoons, usually in
caves and crevices to 10 m.
Doryrhamphus Bluestripe Widespread throughout the tropical Species or
excisus Pipefish Indo-Pacific region, from the Persian Gulf species
and east Africa to the west coast of the habitat may
Americas in the Eastern Pacific. Recorded occur
in Australian waters from north of Clerke
Reef (Western Australia) and the entire
length of the Great Barrier Reef
(Queensland).
Doryrhamphus Cleaner Pipefish, Tropical East Indo-west Pacific from the Species or
janssi Janss' Pipefish Andaman Sea and Gulf of Thailand, to the species
Solomon Islands, Micronesia, the habitat may
Philippines and northern Australia. occur
Inhabits sheltered inshore coral reefs
where pairs usually maintain cleaning
stations in caves and crevices with
sponges, and below large plate corals.
Doryrhamphus Many-banded Common among coral and in reef caves Species or
multiannulatus Pipefish and crevices; usually found in pairs. species
Occurs at depths of at least 45 m habitat may
occur
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Doryrhamphus Flagtail Pipefish, Tropical Western Pacific, Borneo to - Species or

negrosensis Masthead Island Micronesia, Vanuatu, northern Australia; species

Pipefish inhabits sheltered inner reef flats, muddy habitat may
areas and lagoons, usually within rubble occur
habitats or associated with sea urchins to
10 m.

Festucalex scalaris Ladder Pipefish Endemic to subtropical waters of - Species or
Western Australia; inhabits intertidal species
algae or sargassum beds to 20 m. habitat may

occur

Filicampus tigris Tiger Pipefish Relatively common in subtropical waters - Species or
of Australia's east and west coasts. A relic species
population also occurs in the warmer habitat may
waters of Spencer Gulf, South Australia. occur
Inhabits shallow seagrass beds and
sponge, mud, sand, rock, and rubble
areas in depths of 2-30 m.

Galeorhinus School Shark, The School Shark occurs throughout the Conservation Species or

galeus Eastern School temperate coastal waters of southern Dependent species

Shark, Snapper Australia. They are found from Moreton habitat may
Shark, Tope, Bay, in southern Queensland, to Perth, occur
Soupfin Shark Western Australia. This species is mainly

found in demersal waters, over the

continental and insular shelves, but also
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over the upper slopes, in depths from
near shore to 550 m.

Halicampus brocki

Brock’s Pipefish

Recorded in Australia from scattered
locations in north Western Australia, the
Northern Territory and Queensland.
Found elsewhere in the tropical Western
Pacific — from the Philippines and north
to the Ryuk—u Islands, japan, south to
northern Australia, the Coral Sea,
eastwards to Micronesia.

Usually inhabits patches of coral and
macro-algae on coastal reefs at 3-45 m.

Species or
species
habitat may
occur

Halicampus
dunckeri

Red-hair Pipefish

Exmouth, and offshore reefs of northern
Western Australia, Ashmore Reef, Timor
Sea, to the northern Great Barrier Reef,
Queensland, and possibly to the
Capricorn-Bunker Group, Queensland.
Elsewhere, the species is widespread in
the tropical, Indo-west-central Pacific

A reef associated species usually found
on sandy and algal-rubble habitats.

Species or
species
habitat may
occur
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Halicampus grayi Mud Pipefish, Widespread in the tropical Indo-west Species or
Gray’s Pipefish Pacific, from the Gulf of Aden across the species
Indian Ocean to northern Australia, north habitat may
to Japan; inhabits silty and muddy soft occur
bottoms on the continental shelf from
inshore bays to deep offshore areas to
100 m.
Halicampus Whiskered Rowley Shoals, Western Australia, and off Species or
macrorhynchus Pipefish, Ornate Lizard Island, Great Barrier Reef, species
Pipefish Queensland. Elsewhere, the species is habitat may
widespread in the tropical Indo-west occur
Pacific. Whiskered Pipefish live on sandy,
rubble and weedy areas in lagoons and
coastal reefs in 3-40 m. One specimen
was reportedly trawled in 180-300 m.
Halicampus Samoan Pipefish Northern Great Barrier Reef and reefs in Species or
mataafae the Coral Sea. Elsewhere the species is species
widespread in the tropical Indo-west habitat may
Pacific, from the Red Sea and East Africa, occur

across the Indian Ocean to Tonga and
Samoa, north to Taiwan, south to
northern Australia.
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Found in crevices, under rocks and rubble
on shallow coastal, lagoon and outer
reefs in depths to 15 m.
Halicampus Glittering Tropical Western Pacific, Vietnam to Fiji, Species or
nitidus Pipefish north to the Ryukyu Islands, south to species
Rowley Shoals and New Caledonia, habitat may
eastwards to Micronesia. Glittering occur
Pipefish live in crevices and under rocks
and rubble on coastal, lagoon and outer
coral reef areas to 20 m.
Halicampus Spiny-snout Known from the tropical Indo-west Species or
Spinirostris Pipefish Pacific — Indonesia, northern Australia, species
the South China Sea, Vietnam across to habitat may
American Samoa; inhabits shallow coral occur
rubble areas in lagoons and intertidal
zones of inshore coral reefs in 5-10 m.
Haliichthys Ribboned Shark Bay, Western Australia, to Cape Species or
taeniophorus Pipehorse, York, Queensland. Elsewhere the species species
Ribboned occurs in West Papua, Indonesia, and habitat may
Seadragon Papua New Guinea. Inhabits a variety of occur
inshore shallow water areas including
weedy regions bordering open
substrates, coral reefs, rocky, gravel,
sandy and muddy substrates; also
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associated with sponges, macroalgae,
hydroids, shells and seagrasses usually
from 1-18 m.

Heraldia nocturna

Upside-down
Pipefish

Endemic to temperate waters of
southern and southeastern Australia,
from about Seal Rocks, New South Wales,
around the southern half of Australia to
Geographe Bay, Western Australia, and
to Port Davey on the west coast of
Tasmania.

Upside-down Pipefish inhabit sheltered
inshore reefs in harbours, bays and coves
where they are usually seen beneath
ledges, in holes, crevices and small caves
at depths of 2-30 m.

Species or
species
habitat may
occur

Hippichthys
cyanospilos

Blue-speckled
Pipefish

Widespread in the tropical Indo-West
Pacific; Red Sea and east African coast to
Fiji, Philippines and Australia; inhabiting
brackish shallow-water environments in
estuaries and lower reaches of coastal
rivers and streams, often amongst
mangroves to 4 m.

Species or
species
habitat may
occur
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Hippichthys Madura Pipefish Widespread in the tropical Indo-West Species or
heptagonus Pacific, from East Africa to Melanesia and species
north to Japan; inhabits inshore habitat may
mangrove estuaries, tidal creeks and the occur
lower reaches of freshwater streams.
Hippichthys Beady Pipefish Carnarvon, Western Australia, to Woy Species or
penicillus Woy, New South Wales. Elsewhere the species
species occurs in the tropical, Indo-west habitat may
Pacific, from western Persian Gulf occur
(Kuwait, Saudi Arabia), north central
Indian Ocean, and eastward to Japan and
Australia.
Hippichthys Belly-barred In Australia, the species is known from Species or
spicifer Pipefish Cape York, Queensland. Elsewhere the species
species is widespread in the Indo-west habitat may
Pacific from east Africa and the Red Sea, occur
eastwards to Kiribati and American
Samoa.
Hippocampus Western Spiny Endemic to tropical waters of Western Species or
angustus Seahorse Australia, from Shark Bay, north to the species
Dampier Archipelago. Inhabits sheltered habitat may
algal-covered reefs and seagrass beds to occur
about 10 m, although the species has
been recorded from depths to 30 m
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Hippocampus Short-head Endemic to temperate southern Species or
breviceps Seahorse Australian waters from Port Welshpool, species
Victoria, eastern Tasmania, and west to habitat may
at least Venus Bay, South Australia. The occur
species may also occur in the eastern
part of the Great Australian Bight, South
Australia.
Hippocampus Spiny Seahorse, Recorded in Australia from south of Species or
histrix Thorny Seahorse Ashmore Reef, Timor Sea, the Great species
Barrier Reef, Queensland, and in Port habitat may
Stephens, New South Wales. Elsewhere occur
the species occurs in the tropical and
subtropical Western Pacific, from Bali,
Indonesia, Papua New Guinea, New
Caledonia and Japan.
Inhabits areas with both hard and soft
bottoms, often attached to soft corals or
sponges at 10-95 m, usually below 15 m.
The Thorny Seahorse may also be found
on shallower algae-rubble or rocky reef
areas in about 10 m.
Hippocampus Spotted Hippocampus kuda is strictly a marine Species or
kuda Seahorse, Yellow species, widely distributed throughout species
Seahorse the Indo-Pacific region, from the Indian
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Ocean to the northwestern, western habitat may
central, and eastern central areas of the occur
Pacific Ocean (“Project Seahorse”, 2003;
Foster et al., 2003). Approximately 23
countries have confirmed the native
presence of H. kuda, ranging from
Australia to China (Lourie et al., 2004).
Hippocampus Flat-face Endemic to Western Australia, from Dirk Species or
planifrons Seahorse Hartog Island to Broome. Inhabits species
tidepools, macroalgal and rubble reefs in habitat may
shallow bays from the intertidal to a occur
depth of about 20 m.
Hippocampus Hedgehog Endemic to tropical waters of north- Species or
spinosissimus Seahorse eastern Australia, from Princess Charlotte species
Bay to Southport, Queensland; benthic in habitat may
inner reef waters on rubble substrates occur
and in sponge and seagrass habitats near
coral reefs at 20-63 m; often attached to
corals in deep current-prone channels
between reefs or islands.
Hippocampus West Australian Endemic to subtropical and temperate Species or
subelongatus Seahorse waters of Western Australia, from about species
Cape Leeuwin to Shark Bay. Often found habitat may
amongst macroalgae, sponges and sea occur
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squirts in muddy and silty habitats in
sheltered bays, and on jetty pylons and
moorings at 1-25 m.
Hippocampus Three-spot he flat-faced seahorse, longnose - Species or
trimaculatus Seahorse seahorse, low-crowned seahorse or species
three-spot seahorse is a species of fish in habitat may
the family Syngnathidae. It is found in occur
Australia, Cocos Islands, French
Polynesia, Hong Kong, India, Indonesia,
Japan, the Philippines, Singapore,
Taiwan, Thailand, and Vietnam.
Histiogamphelus Rhino Pipefish Endemic to southern Australia, from Off - Species or
cristatus Victor Harbour, South Australia, to Green species
Head, Jurien Bay, Western Australia. habitat may
Inhabits seagrass beds and adjacent open occur
sandy and rubble areas with patches of
seagrass and detritus in estuaries and
shallow protected waters, at depths of 1-
17 m.
Hoplostethus Orange Roughy, The Orange Roughy is a deep-bodied Conservation Species or
atlanticus Deep-sea Perch, bright red demersal fish with large, rough Dependent species
Red Roughy scales. Found in deep offshore waters habitat may
(100-300 m). occur
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Leptoichthys Brushtail Endemic to temperate waters of Species or

fistularius Pipefish southern Australia, from northern species
Tasmania and Corner Inlet, Victoria, to habitat may
Albany, Western Australia. Inhabits occur
inshore sheltered seagrass beds, mainly
Zostera, but also Posidonia beds.

Lissocampus Australian Endemic to southern Australia, from Species or

caudalis Smooth Pipefish Corner Inlet, Victoria, northern Tasmania species
and the Bass Strait Islands, across habitat may
southern Australia, to Cervantes, north of occur
Perth, Western Australia.

Lissocampus Prophet’s Endemic to western and northern Species or

fatiloquus Pipefish Australia, from about Rockingham in the species
south, to the southern Bonaparte habitat may
Archipelago in the Kimberley, Western occur
Australia, and Sweers Island, Gulf of
Carpentaria, Queensland.

Lissocampus runa Javelin Pipefish Endemic to temperate waters of Species or
southern and eastern Australia; known species
from northern New South Wales, south habitat may
to Port Arthur, Tasmania, and west to occur
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(usually Zostera spp.), in algal beds, and
on rubble areas near reefs, at depths to
about 20 m.
Maroubra Sawtooth Endemic to temperate southern Species or
perserrata Pipefish Australian waters from southern species
Queensland to Rottnest Island, Western habitat may
Australia. occur
Inhabits coastal reefs at depths of 3-25
m, sheltering beneath ledges and in caves
during day.
Micrognathus thorntail In Australian waters, known from Cocos Species or
brevirostris Pipefish (Keeling) and Christmas islands, the Timor species
Sea, North West Cape, WA, and from the habitat may
Great Barrier Reef, Cape York to occur
Southport, Queensland. Elsewhere in the
tropical western Pacific, from eastern
Indonesia, Australia, Papua New Guinea,
New Caledonia, Marshall Island, Bikini
Atoll and the Ryukyu Islands, Japan.
Micrognathus Tidepool Tropical East-Indo-west Pacific, known Species or
micronotopterus Pipefish from Singapore, Indonesia, northern species
Australia and the Philippines; recorded in habitat may
Australian waters from Exmouth Gulf, occur
WA, to the Gulf of Carpentaria near
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Yirrkala, Northern Territory. Usually
inhabits shallow inshore reefs and
tidepools, amongst sparse seagrasses and
algae-rubble, in depths from 1-5m,
although individuals have been collected
from depths to 10m.
Mitotichthys Western Crested Endemic to temperate waters of Species or
meraculus Pipefish southwestern Australia; only known from species
two specimens collected at Flinders Bay, habitat may
Augusta and Perth, Western Australia; occur
reportedly inhabits sheltered seagrass
beds (Posidonia coriaceal) in 2m.
Nannocampus Bonyhead Endemic to Western Australia, from Point Species or
subosseus Pipefish Dempster, Esperance, at the western species
edge of the Great Australian Bight, to habitat may
Shark Bay. Occurs on shallow coastal and occur
offshore coral and rocky reefs, in a range
of habitats including rockpools, ledges,
seagrass beds, coral, macroalgae and
sandy areas at depths to 14 m.
Notiocampus Red Pipefish Endemic to southern Australia from Species or
ruber Copacabana, New South Wales, to the species
Recherche Archipelago, Western habitat may
Australia, including Tasmania. Usually occur
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EMBA beyond the
Project Area (from
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inhabits rocky reefs, often in crevices, in
association with sponges and encrusting
and filamentous red algae at depths to 20
m.

Phoxocampus
belcheri

Black Rock
Pipefish

Widespread in the tropical Indo-West
Pacific from the Red Sea and east and
South Africa, Madagascar and the
Seychelles, eastwards to Fiji and Tonga,
north to China, Taiwan, southern Japan,
south to Western Australia and New
Caledonia; known in Australian waters
from the Monte Bello Islands, Western
Australia. Inhabits tidepools and shallow
intertidal reefs, usually among coral
rubble.

Species or
species
habitat may
occur

Phycodurus eques

Leafy Seadragon

Endemic to temperate waters of
southern Australia, from about Victor
Harbor, South Australia, westwards
Yanchep Beach, Western Australia,
including Kangaroo Island, South
Australia. Victorian records have not
been verified.

Leafy Seadragons usually inhabit
sheltered bays where they are found in
seagrass beds especially (Posidonia), and

Species or
species
habitat may
occur
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around rocky reefs amongst kelp
(Ecklonia) and other macroalgae, at
depths of 4-50 metres.
Phyllopteryx Common Endemic to temperate coastal waters of Species or
taeniolatus Seadragon southern Australia, from about species
Newcastle (New South Wales) south to habitat may
Actaeon Island (Tasmania) and across occur
southern Australia to about Geraldton
(Western Australia).
Common seadragons inhabit shallow
estuaries to deeper offshore reefs, living
seagrass beds and on rocky reefs covered
in macroalgae, especially kelp beds, in
depths of 1-50 m. Individuals usually
remain within a broad home range.
Pugnaso Pugnose Pipefish Endemic to southern Australia, from Species or
curtirostris Corner Inlet, Wilsons Promontory species
(Victoria), northern Tasmania and the habitat may
Bass Strait islands, to Jurien Bay and the occur
Houtman Abrolhos Islands (Western
Australia). Uncommon in Gulf St Vincent
and Spencer Gulf, South Australia;
inhabits shallow seagrass, eelgrass and
algal habitats in sheltered bays and
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estuaries to about 11m. Juveniles often
found amongst decaying seagrass leaves.

Seriolella brama Blue Warehou A steely-blue to greenish-blue medusa- Conservation Species or
fish becoming slightly paler below, with a Dependent species
large black blotch above the pectoral-fin habitat may
base, and a silvery-pinkish hue on the gill occur
cover and lower jaw. Found in sahllow to
deep offshore waters (3-550 m).

Solegnathus Pallid Pipehorse Northeast of the Monte Bello Islands, - Species or

hardwickii Western Australia to north of Cartier species
Island, Timor Sea, to the Arafura Sea habitat may
north of Maningrida, Northern Territory. occur
Inhabits areas with hard substrates, in
association with gorgonian corals, black
corals, algae and sponges.

Solegnathus Gunther’s Recorded in Australia from Rottnest Is, - Species or

lettiensis Pipehorse WA (32200°E) to N of Bathurst Is, NT species
(130209’S). Found elsewhere in the Indo- habitat may
west Pacific. occur

Solenostomus Robust Shark Bay region to NE of the Monte - Species or

cyanopterus Ghostpipefish Bello Islands, Western Australia, and the species
northern Great Barrier Reef, Queensland, habitat may
to Shellharbour, New South Wales; also occur
Christmas Island in the eastern Indian
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Ocean. Elsewhere the species is
widespread in the tropical Indo-west
Pacific, from East Africa and the Red Sea,
eastwards to Fiji and southern Japan, and
south to Australia.
Sphyrna lewini Scalloped The scalloped hammerhead is a coastal Conservation Species or Species or
Hammerhead pelagic species; it occurs over continental Dependent species species
and insular shelves and in nearby deeper habitat may habitat may
water. It is found in warm temperate and occur occur
tropical waters, worldwide from 46°N to
36°S. It can be found down to depths
over 500 m (1,600 ft), but is most often
found above 25 m (82 ft).
Stigmatopora Spotted Pipefish, Seal Rocks, New South Wales, - - Species or
argus southwards to Dongara, Western species
Australia, including around Tasmania. habitat may
Elsewhere the species occurs in New occur
Zealand. Commonly inhabits seagrass
beds in inshore bays and estuaries to
depths of at least 8 m. Individuals are
occasionally found among floating
Sargassum sp.
Stigmatopora Widebody Mooloolaba, Queensland, to Shark Bay, - - Species or
nigra Pipefish Western Australia, including around species
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Tasmania. Elsewhere the species occurs habitat may
in New Zealand. Commonly inhabits occur
sheltered seagrass and algal beds from
the intertidal to depths of 35 m.
Syngnathoides Double-end In Australian waters, known from - - Species or
biaculeatus Pipehorse Geraldton to Shark Bay, and north to species
Ashmore and Cartier Reefs, Western habitat may
Australia, and from the Timor Sea, the occur
Northern Territory, eastwards to
Queensland and south to Batemans Bay
(New South Wales). Elsewhere,
widespread in the tropical Indo-West-
Central Pacific from the Red Sea and East
Africa, across the Indian Ocean to Samoa
and Tonga.
Thunnus maccoyii Southern Bluefin Southern Bluefin Tuna in Australian Conservation Species or Species or
Tuna waters, ranges widely from northern Dependent species species
Western Australia (WA) to the southern habitat may habitat may
region of the continent. Southern bluefin occur occur
tuna are highly migratory, occurring
globally in waters between 30-50° S,
though the species is mainly found in the
eastern Indian Ocean and in the south-
west Pacific Ocean.
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Trachyrhamphus
bicoarctatus

Bentstick
Pipefish

Widespread in the tropical Indo-west
Pacific. Bentstick Pipefish are known in
Australian waters from the central coast
of Western Australia, northwards
throughout the waters of the Northern
Territory and Queensland to central New
South Wales. They live in sheltered
coastal lagoon and reef areas on sandy
and rubble habitats amongst seagrasses
and macroalgae at 1-30 m.

Species or
species
habitat may
occur

Trachyrhamphus
longirostris

Straightstick
Pipefish

Tropical Indo-west Pacific, known from
the Red Sea and East Africa, eastwards to
the Western Pacific (including Indonesia,
the Philippines, Australia, Papua New
Guinea, the South China Sea, Japan).
Recorded in Australian waters from
North West Cape, Western Australia,
northwards around the tropical north to
about Magnetic Island, Queensland.
Most specimens have been trawled or
dredged from muddy to sandy-bottom
habitats in depths of 16-91m, in
association with sand, rubble, seagrasses,
algae, sponges, sea pens and hydroids.

Species or
species
habitat may
occur
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Urocampus Hairy Pipefish Flynn Reef, Queensland, to the lower Species or
carinirostris Swan River, Perth, Western Australia, species
including northern Tasmania. Elsewhere habitat may
the species occurs in Papua New Guinea. occur
The species is uncommon in South
Australia.
Vanacampus Mother-of-pearl Endemic to sub-tropical and temperate Species or
margaritifer Pipefish Australia, from North Stradbroke Island, species
QLD, southwards to Jurien Bay, WA, habitat may
absent from Tasmania. Inhabits shallow occur
estuarine and coastal waters where it
occurs in seagrass beds (including
Heterozostera, Zostera, Posidonia and
Halophila), macroalgae (Ecklonia and
other brown algae), rocky reef, boulder,
rubble, sandy and muddy habitats
between 2-15 m.
Vanacampus Port Phillip Jervis Bay, New South Wales, around Species or
phillipi Pipefish southern Australia, to Ceduna, South species
Australia, including northern and eastern habitat may
Tasmania (the species may occur further occur
west to Cottesloe, Perth, Western
Australia). Commonly inhabits seagrass
beds (including Halophila, Heterozostera,
Posidonia, Ruppia and Zostera) and
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macroalgae in shallow estuaries, coastal
lagoons, and protected bays at depths to
25 m.
Vanacampus Longsnout Endemic to temperate waters of - Species or
poecilolaemus Pipefish southern Australia, from east of Flinders species
Island, Bass Strait, Tasmania, and Wilsons habitat may
Promontory, Victoria in the east, to occur
Cottesloe, Western Australia. Inhabits
shallow seagrass and macroalgal beds in
estuaries and other quiet, silty, clear-
water areas to about 18 m.
Glyphis garricki Northern River The northern river shark is one of the Endangered Breeding
Shark, New rarest species of shark in the world. likely to
Guinea River Adults have only been recorded in coastal occur
Shark waters, whereas neonates, juveniles and
subadults have been recorded in
freshwater, estuarine and marine
environments. The distribution of the
species is associated with tidal rivers and
estuaries in northern Australia and Papua
New Guinea; most records in Western
Australia are from King Sound in the
Kimberley (Morgan et al. 2010).
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Isurus oxyrinchus Shortfin Mako The shortfin mako is an oceanic pelagic Migratory Species or Species or
species, although it has occasionally been species species
recorded in coastal waters. Its habitat likely habitat likely
distribution is throughout temperate to occur to occur
seas, but it is rarely found in waters
colder than 16°C. Tagging data has
indicated a preference for the upper part
of the water column, with occasional
dives up to 880 m (Abascal et al. 2011;
Stevens et al. 2010)
Isurus paucus Longfin Mako The longfin mako is a widely distributed Migratory Species or Species or
but rarely encountered oceanic shark species species
that ranges from Geraldton around the habitat likely habitat likely
north coast to at least Port Stephens in to occur to occur
New South Wales. Like the shortfin mako,
the species occurs in oceanic pelagic
habitats. Little information is available
regarding the population size and
distribution of the longfin mako.
Lamna nasus Porbeagle, The porbeagle is wide-ranging, typically Migratory - Species or
Mackerel Shark occurring in oceanic waters off the species
continental shelf, although it occasionally habitat likely
enters coastal waters. The porbeagle is to occur
known to undertake seasonal migrations,
although the timing and details of these
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migratory movements are not well
understood (Saunders et al. 2011).

Manta alfredi

Reef Manta Ray

The taxonomy of the reef manta ray was
revised relatively recently (Marshall et al.
2009). The species is commonly sighted
inshore but is also found around offshore
coral reefs, rocky reefs and seamounts
(Marshall et al. 2009). In contrast to the
giant manta ray, long-term sighting
records of the reef manta ray at
established aggregation sites suggest that
this species is more resident in tropical
waters and may exhibit smaller home
ranges, philopatric movement patterns,
and shorter seasonal migrations than the
giant manta ray (Deakos et al. 2011;
Marshall et al. 2009).

Manta birostris

Giant Manta Ray

The giant manta ray is broadly distributed
in tropical waters of Australia. The
species primarily inhabits nearshore
environments along productive coastlines
with regular upwelling, but it appears to
be a seasonal visitor to coastal or
offshore sites, including offshore island
groups, offshore pinnacles and

Species or Species or

species species

habitat likely habitat

to occur known to
occur

Species or Species or

species species

habitat likely habitat

to occur known to
occur
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seamounts (Marshall et al. 2009). The
Ningaloo Coast is an important area for
giant manta rays in autumn and winter
(Preen et al. 1997).

Santos

Pristis clavata

Dwarf Sawfish,
Queensland
Sawfish

The dwarf sawfish is found in Australian
coastal waters extending north from
Cairns around the Cape York Peninsula in
Queensland to the Pilbara coast (Kyne et
al. 2013). Dwarf sawfish typically inhabit
shallow (2- to 3-m) silty coastal waters
and estuarine habitats, occupying
relatively restricted areas and moving
only small distances (Stevens et al. 2008).
Juvenile dwarf sawfish utilise estuarine
habitats in northwestern Western
Australia as nursery areas and migrate to
deeper waters as adults (Thorburn et al.
2008). The majority of capture locations
for the species in Western Australian
waters have occurred within King Sound
and the lower reaches of the major rivers
that enter the sound, including the
Fitzroy, Mary and Robinson rivers
(Morgan et al. 2010).

Species or
species
habitat known
to occur

Breeding
known to
occur
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Pristis pristis Freshwater The freshwater sawfish inhabits both Vulnerable Migratory Species or Species or
Sawfish, riverine and marine environments in species species
Largetooth northern Australia. While primarily habitat known habitat
Sawfish, River associated with rivers, tidal creeks and to occur known to
Sawfish, estuaries, the largetooth sawfish has occur
Leichhardt’s been recorded up to 100 km offshore
Sawfish, (Commonwealth of Australia 2015b).
Northern Riverine habitats are particularly
Sawfish important as pupping habitats. In
Western Australia, the species is known
from riverine and coastal environments
in the Kimberley region.
Pristis zijsron Green Sawfish, The green sawfish was once widely Vulnerable Migratory Species or Breeding
Dindagubba, distributed in coastal waters along the species known to
Narrowsnout northern Indian Ocean, although it is habitat known occur
Sawfish believed that northern Australia may be to occur
the last region where significant
populations exist (Stevens et al. 2005).
Within Australia, green sawfish are
currently distributed from about the
Whitsundays in Queensland across
northern Australian waters to Shark Bay
in Western Australia (Commonwealth of
Australia 2015b). Despite records of the
species in deeper offshore waters, green
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sawfish typically occur in the inshore
fringe with a strong association with
mangroves and adjacent mudflat habitats
(Stevens et al. 2005). Movements within
these preferred habitats are correlated
with tidal movements (Stevens et al.
2008).

Rhinocodon typus Whale Shark

The whale shark is a large pelagic shark
that has a global tropical distribution.
Whale sharks aggregate annually to feed
in the waters of the Ningaloo Coast from
March to July with the largest numbers
recorded in April and May (Sleeman et al.
2010). The aggregation has been
estimated to range between 300 and 500
individuals (Meekan et al. 2006). Timing
of the whale shark migration to and from
Ningaloo coincides with the coral mass
spawning period when there is an
abundance of food in the waters adjacent
to Ningaloo Reef.

After the aggregation period, the
distribution of the whale shark is largely
unknown. Tagging, aerial and vessel
surveys suggest that the group disperses

Santos
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widely, up to 1,800 km away. Satellite
tracking has shown that the sharks may
follow three migration routes from
Ningaloo (Meekan and Radford 2010;
Wilson et al. 2006):

+ northwest, into the Indian Ocean,

+ directly north, towards Sumatra and
Java, and

+ northeast, passing through the NWS
Province travelling along the shelf
break and continental slope.
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3.3.4.2 Biologically Important Areas and Critical Habitat

BIAs 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. BlAs for fishes that
overlap the Project Area and the EMBA beyond the Project Area are summarised in Table 3-8. No
critical habitats for fishes were identified within the EMBA.

The Project Area (including the Dorado Phase 1 WHP and FPSO locations) overlaps a foraging BIA for
whale sharks shown in the National Conservation Values Atlas (DAWE 2020). Whale sharks are
known to congregate around geomorphic features to feed, such as reefs and islands, with steeply
sloping seabeds in close proximity to relatively deep water (Copping et al. 2018). These
congregations are particularly notable during periods of high food availability, such as coral spawning
off Ningaloo Reef and land crab spawning off Christmas Island (Meekan et al. 2009; Taylor and
Pearce 1999). The Project Area does not exhibit the geomorphic or biological features associated
with whale shark aggregations (Section 3.3.1.1), and tagging studies of whale sharks congregating off
Ningaloo Reef do not show whale sharks congregating near or migrating through the Project Area
(Meekan and Radford 2010; Wilson et al. 2006). Based on the foraging habitat preferences of whale
sharks and the results of tagging studies, the foraging BIA is unlikely to represent critical foraging
habitat. The BIA may be used by migrating whale sharks moving to and from Ningaloo Reef; however,
tagging studies indicate most tagged whale sharks do not use the majority of the BIA when moving
away from Ningaloo Reef (Figure 3-17).

Table 3-8: Closest BlAs for fishes (including sharks and rays) within the EMBA

Species Name Common Name Biologically Important Shortest Distance
Behaviour from WHP (km)
Rhincodon typus Whale Shark Foraging (high-density prey) 0 (overlaps WHP)
Pristis zijsron Green Sawfish Nursing 134
Foraging 134
Pupping 134
Pristis pristis Freshwater Pupping 140
Sawfish Foraging 140
Juvenile 372
Nursing 521
Pristis clavata Dwarf Sawfish Foraging 140
Juvenile 522
Nursing 140
Pupping 140
Carcharodon White Shark Foraging 1149
carcharias
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3.3.4.3 Conservation Advice and Recovery Plans

Material published by the Commonwealth under the EPBC Act for the conservation of threatened
fishes, such as recovery plans, conservation advice, and threat abatement plans, is summarised in
Table 3-9. Threats identified in this material that may credibly arise from Dorado Phase 1 are also
listed, along with cross-references to the relevant assessment of environmental impacts and risks in
Section 7.
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Figure 3-17: Tracks of whale sharks tagged off Ningaloo Reef in relation to the whale shark foraging BIA and Project Area
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Table 3-9

Santos

Summary of material published by the Commonwealth for the conservation of threatened fishes relevant to Dorado Phase 1

Scientific Name

Common Name

Recovery Plan / Conservation Advice

Credible Threats arising

from Dorado Development

identified in Plan / Advice

Relevant Assessment
of Impacts and Risks

New Guinea River Shark

(Commonwealth of Australia 2015b)

- All shark species Threat abatement plan for the impacts of marine Marine debris Section 7.3.2
debris on vertebrate marine life (Commonwealth
of Australia 2018)
Carcharias Grey Nurse Shark Recovery plan for the grey nurse shark Marine debris Section 7.3.2
t t Carcharias t D t tof th
aurus (wes ( ar.c arias taurus) (Department of the Pollution and disease Section 7.2.3
coast Environment 2014)
population) Habitat degradation / Sections 7.2.8 & 7.3.1
modification
Climate change Section 7.2.6
Carcharodon Great White Shark Recovery plan for the white shark (Carcharodon Marine debris Section 7.3.2
hari hari DSEWPaC 2013b
caracharias carcharias) ( @ ) Climate change Section 7.2.6
Glyphis garricki Northern River Shark, Sawfish and river shark multispecies recovery plan Habitat degradation / Sections 7.2.8 & 7.3.1

modification

Approved conservation advice for Glyphis garracki
(northern river shark) (Threatened Species
Scientific Committee 2014a)

Habitat degradation /
modification

Sections 7.2.8 & 7.3.1

Marine Debris

Section 7.3.2

Pristis clavata

Dwarf Sawfish,
Queensland Sawfish

Sawfish and river shark multispecies recovery plan
(Commonwealth of Australia 2015b)

Habitat degradation /
modification

Sections 7.2.8 & 7.3.1

Approved conservation advice for Pristis clavata
(dwarf sawfish) (Threatened Species Scientific
Committee 2009)

Habitat degradation /
modification

Sections 7.2.8 & 7.3.1

Pristis pristis

Freshwater Sawfish,
Largetooth Sawfish, River

Sawfish and river shark multispecies recovery plan
(Commonwealth of Australia 2015b)

Habitat degradation /
modification

Sections 7.2.8 & 7.3.1
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Sawfish, Leichhardt’s
Sawfish, Northern

Approved conservation advice for Pristis pristis

Habitat degradation /

Sections 7.2.8 & 7.3.1

(largetooth sawfish) (Threatened Species modification
Sawfish Scientific Committee 2014b)
Pristis zijsron Green Sawfish, Sawfish and river shark multispecies recovery plan Habitat degradation / Sections 7.2.8 & 7.3.1
Dindagubba, (Commonwealth of Australia 2015b) modification
N t Sawfish
arrowsnout >awtis Approved conservation advice for green sawfish Habitat degradation/ Sections 7.2.8 & 7.3.1
(Threatened Species Scientific Committee 2008a) modification
Rhinocodon Whale Shark Approved Conservation Advice for Rhincodon Vessel disturbance Section 7.3.4
t t hale shark) (Threatened Species Scientifi
ypus ypus (,W ale shark) (Threatened Species Scientific Habitat degradation/ Sections 7.2.8 & 7.3.1
Committee 2015d) I
modification
Marine Debris Section 7.3.2
Climate change Section 7.2.6
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3.3.5 Reptiles

Six species of marine turtles have been recorded in northern Australia, all of which have a high
conservation value. Of these six species, five (green turtle, flatback turtle, hawksbill turtle,
loggerhead turtle and olive ridley turtle) are known to regularly breed in northern Australia;
leatherback turtles are the exception. Sandy beaches along the Western Australian Pilbara and
Kimberley coastlines and nearshore islands are important nesting sites for marine turtles, particular
flatback, green and hawksbill turtles. The nearest turtle nesting beach to the Project Area is Bedout
Island, which lies approximately 97 km south of the WHP.

One internesting BIA for flatback turtles intersects the Project Area and is located at North Turtle
Island 10 km from the WHP location. However, there is no habitat critical to the survival of flatback
turtles or other marine turtles within the Project Area. Benthic habitats within the Project Area do
not constitute turtle foraging habitat due to the lack of suitable foods (e.g. soft corals, sponges, algae
and seagrasses) (Section 3.3.1.1). Turtles that prey on pelagic fauna (e.g. leatherback turtles), such as
jellyfish, may be present in the Project Area, along with turtles transiting the area; however, these
are only expected to occur in low numbers.

Sea snakes of the families Hydrophiidae and Laticaudidae are widespread throughout tropical waters
off northern Australia in both offshore and nearshore waters. They occupy diverse habitats including
coral reefs, turbid water habitats and deeper water (Guinea et al. 2004). Species exhibit habitat
preferences depending on water depth, benthic habitat, turbidity and season (Heatwole and Cogger
1993). An olive sea snake was observed in waters deeper than 100 m within the Project Area during
the marine environmental studies campaign (RPS 2020d).

Saltwater crocodiles may occur within the EMBA beyond the Project Area in coastal and estuarine
areas of the Kimberley.

3.3.5.1 Threatened and Migratory Marine Reptiles

A number of species of marine reptiles listed as threatened or migratory under the EPBC Act were
identified from PSMT reports in Attachment 1 as potentially occurring within the Project Area and
EMBA beyond the Project Area. The full list of marine reptiles including the species that are classified
as threatened or migratory are presented in Table 3-10.
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Table 3-10: Threatened and migratory marine reptile species identified within the EMBA
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Acalyptophis Horned Gulf of Siam, Vietnam, Thailand, China (South - Species or Species or
peronii Seasnake Chinese sea, coast of Guangdong and Strait of species habitat species habitat
Taiwan), Indonesia, Philippines, Papua New known to occur known to occur
Guinea, New Caledonia, Australia (Northern
Territory, Queensland, Western Australia).
Aipysurus Short-nosed The short-nosed sea snake has primarily Critically - Species or
apraefrontalis Sea Snake been recorded at Ashmore Reef and Cartier endangered species habitat
Island. The species has also been recorded known to occur
along the Pilbara coast between Exmouth
Gulf and Broome (Threatened Species
Scientific Committee 2010a).
Like all sea snakes, the short-nosed sea snake
must come to the surface to breathe. The
species has been recorded primarily in reef
flats or in shallow waters (less than 10 m
deep).
Aipysurus Dubois’ Marine waters off New Guinea and the Coral - Species or Species or
duboisii Seasnake Sea east to New Caledonia; the Continental species habitat species habitat

Shelf off northern Australia (northwestern
Western Australia to the Great Barrier Reef).

known to occur

known to occur
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Aipysurus Spine-tailed A. eydouxii is found in Western Australia, - Species or Species or
eydouxii Seasnake Northern Territory, Queensland, the South species habitat species habitat
China Sea, the Gulf of Thailand, Indonesia, known to occur known to occur
Peninsular Malaysia, Vietnam, and New
Guinea.
Aipysurus Leaf-scaled The leaf-scaled sea snake has primarily been Critically - Species or
foliosquama Sea snake recorded at Ashmore Reef and Cartier Island. endangered species habitat
A single specimen was recorded in the known to occur
Northern Territory (Threatened Species
Scientific Committee 2010b).
The species has been recorded primarily in
reef flats or in shallow waters (less than 10 m
deep) on the outer edges of reefs.
Aipysurus fuscus Dusky A. fuscus primarily inhabits reefs in shallow - - Species or
Seasnake marine habitats. It has occasionally been species habitat
recorded at depths of up to 30 metres (98 known to occur
ft).The only reliable reports of this species in
the wild are from the Timor Sea, from the
reefs of Ashmore, Cartier and Hibernia of the
Ashmore and Cartier Islands, and the reefs of
Scott and Seringapatam.
Aipysurus laevis Olive The olive sea snake is the most common sea - Species or Species or
Seasnake snake along the northern coast of Australia species habitat species habitat

and nearby island groups. It is a true snake

known to occur

known to occur
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Scientific Name

Common
Name

Description

Threatened Status

Migratory Status

Presence within the
Project Area (from
Attachment 1)

Presence within the
EMBA beyond the
Project Area (from
Attachment 1)

and gets its common name from the color of
its skin. Like all reptiles, olive sea snakes
breathe air, but unlike the sea turtles,
crocodiles, sea kraits, and other marine
reptiles — which must nest on shore — the
olive sea snake’s entire life cycle occurs in
the ocean.

Aipysurus
pooleorum

Shark Bay
Seasnake

The species’ distribution is restricted to the
mid-west coast of Western Australia,
especially Shark Bay. Despite this, isolated
specimens have been found further south
(Storr et al. 1986).

Species or
species habitat
known to occur

Aipysurus tenuis

Brown-lined
Seasnake

The Brown-lined Seasnake is large and
elongate with a brown head and paler body.
The dorsal scales have dark brown tips which
form longitudinal lines on the back and
cross-bars on the flanks. Head scales are
more or less regular and symmetrical with
some fragmentation of the frontal and
parietal scales. Body scales are imbricate
(overlapping) and smooth in 19 rows at the
mid-body. There are 185-195 ventral scales
and these are broad, notched and
tuberculate (bumpy), especially in males. A

Species or
species habitat
known to occur

Species or
species habitat
known to occur
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small tubercle is present on the lowest body
scales of males.
Astrotia stokesii Stokes’ The Stokes’ Seasnake inhabits the tropical - - Species or Species or
Seasnake seas of northern Australia, including Western species habitat species habitat
Australia, the Northern Territory and known to occur known to occur
Queensland (Cogger 2000).
Caretta Loggerhead The loggerhead turtle is distributed Endangered Migratory Species or Breeding
Turtle throughout tropical, subtropical and species habitat known to occur

temperate waters in all ocean basins. In
Australia, the species ranges along most of
the coastline but is rare in temperate waters
(Commonwealth of Australia 2017a).
Loggerhead turtles are carnivorous and
mainly feed on benthic invertebrates in a
wide range of habitats ranging from
nearshore to 55 m in depth (Commonwealth
of Australia 2017a). Nesting in Western
Australia is concentrated from Shark Bay to
the North West Cape. Foraging areas are
more widely distributed with the Western
Australia stock foraging from Shark Bay
through to Arnhem Land, Gove and into the
Java Sea of Indonesia (Limpus 2008a).

likely to occur
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Scientific Name

Common
Name

Description

Threatened Status

Migratory Status

Presence within the
Project Area (from
Attachment 1)

Presence within the
EMBA beyond the
Project Area (from
Attachment 1)

Chelonia mydas

Green Turtle

The green turtle is distributed in tropical and
subtropical waters in the Pacific, Atlantic and
Indian oceans. Within Australian waters, the
species is predominately found off the
Western Australia, Northern Territory and
Queensland coastlines (Commonwealth of
Australia 2017a).

The species is primarily herbivorous and
forages on algae, seagrass and mangroves,
including where these habitats exist at
offshore coral reef habitats (Commonwealth
of Australia 2017a). Tagging studies have
shown that green turtles can move
considerable distances between nesting,
with movements of hundreds to thousands
of kilometres recorded (Limpus 2008b).

Vulnerable

Migratory

Species or
species habitat
likely to occur

Breeding
known to occur

Crocodylus
porosus

Saltwater
Crocodile,
Estuarine
Crocodile

The saltwater crocodile occurs within the
nearshore marine and estuarine waters
throughout southern Asia and northern
Australia. Large populations exist within the
major river systems of the Kimberley.

Migratory

Species or
species habitat
likely to occur

Dermochelys
coriacea

Leatherback
Turtle

The leatherback turtle is distributed in
tropical and temperate oceans worldwide.
The species is known to forage and migrate

Endangered

Migratory

Species or
species habitat
likely to occur

Foraging,
feeding or
related
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Scientific Name

Common
Name

Description

Threatened Status

Migratory Status

Presence within the
Project Area (from
Attachment 1)

Presence within the
BA beyond the

Project Area (from

Attachment 1)

EM

throughout the open offshore waters of
Australia, with a distribution that extends
further south into temperate waters than
other marine turtle species (Limpus 2009a).
Leatherback turtles eat jellyfish almost
exclusively and are pelagic throughout their
life in oceanic waters around Australia
(Limpus 2009a). Records of leatherback
turtle nesting in Australia are sparse and
limited to the Cobourg Peninsula and
Queensland coast (Limpus 2009a), far
beyond the EMBA.

behaviour
known to occur

Disteira kingii

Spectacled
Seasnake

The Spectacled Seasnake has only been
known to occur in Australia, between Safety
Bay in Western Australia (in 2000) (Cogger
2001 pers. Com.) and across the northern
coastline of Australia down to Moreton Bay
in Queensland as recorded in the mid 1970s
(Limpus 1975).

Species or
species habitat
likely to occur

Species or
species habitat
likely to occur

Disteira major

Olive-headed
Seasnake

The Olive-headed Seasnake is considered to
be a prominent member of the sea snake
fauna of sub-tropical Queensland (Limpus
1975). It becomes relatively common in the
waters between Bundaberg and Fraser Island
each year from August—January.

Species or
species habitat
likely to occur

Species or
species habitat
likely to occur
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Emydocephalus Turtle-headed The species occurs from Shark Bay in - - - Species or
annulatus Seasnake Western Australia to the southern Great species habitat
Barrier Reef (Cogger 1975; Storr et al. 1986). likely to occur
Enhydrina Beaked he species is known from widely scattered - - - Species or
schistosa Seasnake localities in northern Australia, including the species habitat
Hey-Embley River, Mission River, and likely to occur
Repulse Bay in North Queensland. The
Beaked Seasnake has not been recorded in
Western Australia (Cogger 2000; Limpus
1975; Porter et al. 1997).
Eretmochelys Hawksbill The hawksbill turtle has a worldwide Vulnerable Migratory Species or Breeding
imbricata Turtle distribution in tropical and subtropical species habitat known to occur
waters. In Australia, hawksbill turtles likely to occur
predominately occur along the northern
Western Australian, Northern Territory and
northern Queensland coastlines (Limpus
2009b). Hawksbill turtles are omnivorous
and feed on algae, sponges, soft corals and
soft-bodied invertebrates. This species is
typically associated with rocky and coral reef
habitats.
Hydrelaps Black-ringed The Black-ringed Seasnake was known (in - - Species or Species or
darwiniensis Seasnake 2000) to be endemic to the shallow coastal species habitat species habitat

waters of northern Australia and southern

likely to occur

likely to occur
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Papua New Guinea, west of Torres Strait
(Cogger 2000).
Hydrophis Black-headed he Black-headed Seasnake was known to - Species or
atriceps Seasnake occur in northern Australia, between Darwin species habitat
and the coast of Papua New Guinea in 2000 likely to occur
(Cogger 2000).
Hydrophis Slender- The Slender-necked Seasnake is found in the - Species or
coggeri necked waters of the northern Australian coast species habitat
Seasnake (Cogger 2000). Slender-necked Seasnakes at likely to occur
Ashmore Reef appear to inhabit the deeper
(30-50 m) water beyond the reef edges as
well as the reef flat. This is in contrast to the
populations in Fiji that are often
encountered on reef flats and in lagoons,
especially where there are seagrasses
(Cogger 2000; Guinea 1982; Guinea &
Whiting 2005; McCosker 1975).
Hydrophis Fine-spined Fine-spined Seasnakes have been recorded Species or Species or
czeblukovi Seasnake as incidental catch from research and species habitat species habitat

commercial trawls in studies undertaken
during the 1980s and 1990s. Specimens have
been historically collected from the Arafura
Sea (Kharin 1984a); Papua New Guinea (close
to Lesson Island as H. geometricus, Smith

likely to occur

likely to occur
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1986); and 84 km, 140 km, and 130 km north
west of Dampier, Western Australia
(Rasmussen & Smith 1997).
Hydrophis Elegant The Elegant Seasnake is widespread in - - Species or Species or
elegans Seasnake tropical Australia. This includes Queensland, species habitat species habitat
Western Australia and the Northern Territory likely to occur likely to occur
(Dell & Fry 2003). Its distribution extends
from Shark Bay in Western Australia to
Moreton Bay in Queensland (Cogger 2000;
Storr et al. 1986).
Hydrophis Spotted The Ornate Seasnake occurs in tropical - - Species or Species or
ornatus Seasnake, northern Western Australia, the Northern species habitat species habitat
Territory and northern Queensland. The likely to occur likely to occur
species sometimes occurs further south in
summer, extending its range as far as
Tasmania (Cogger 1996)
Lapemis Spine-bellied he spine-bellied sea snake, also commonly - - - Species or
hardwickii Seasnake known as Hardwicke’s sea snake and species habitat
Hardwicke’s spine-bellied sea snake, is a likely to occur
species of venomous sea snake in the family
Elapidae.
Lepidochelys Olive Ridley The olive ridley turtle has a global Endangered Migratory - Breeding likely
olivacea Turtle, Pacific distribution in tropical waters. In Australia, to occur
Ridley Turtle the species primarily occurs in the Northern
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Territory and Queensland (Limpus 2008c).
The olive ridley turtle is primarily carnivorous
and feeds predominantly on soft-bodied
invertebrates (Commonwealth of Australia
2017a). The species is known to feed in
water depths between 15 m and 200 m and
may make movements of more

than 1,000 km between their nesting and
foraging grounds (Whiting et al. 2007). Low-
density nesting has also been described on
the Kimberley coast (Limpus 2008c).

Natator
depressus

Flatback
Turtle

The flatback turtle occurs along the Western
Australian, Northern Territory and
Queensland coastlines and forages widely
across the Australian continental shelf and
into the continental waters off Indonesia and
Papua New Guinea (Commonwealth of
Australia 2017a). Unlike other species of
marine turtle, the flatback turtle does not
have a global tropical distribution, with all
recorded nesting beaches within Australian
waters (Limpus 2007).

Flatback turtles nest throughout tropical
Australia, although there are several distinct
populations (Limpus 2007). Populations at

Santos
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higher latitudes off central Queensland and
Western Australia’s Pilbara coast tend to
have a nesting peak in summer (Limpus
2007). Internesting flatback turtles have
been recorded travelling further from
nesting beaches between laying clutches of
eggs (Waayers et al. 2011' Whittock et al.
2014).

Flatback turtles are primarily carnivorous and
feed predominantly on soft-bodied
invertebrates in relatively shallow waters
(Limpus 2007). Their distribution is largely
restricted to continental shelf waters (less
than 200 m deep).

Santos

Pelamis platurus

Yellow-bellied
Seasnake

Yellow-bellied Seasnake is the most widely
distributed of all sea snake species. In the
beginning of the 215 century, the species
was found to range from the east coast of
Africa through the Indian and Pacific Oceans
to the west coast of the Americas (Cogger
2000; Kropach 1975). It was found in most
Australian waters with the exception of the
colder southern coastline (Cogger 2000).

Species or
species habitat
likely to occur

Species or
species habitat
likely to occur
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3.3.5.2 Biologically Important Areas and Critical Habitat

No important habitats for marine reptiles overlap the Project Area; however, several habitats
important for the survival of marine turtles were identified within the EMBA beyond the Project
Area. These are summarised in Table 3-11. BIAs for marine reptiles that overlap the Project Area and
the EMBA beyond the Project Area are summarised in Table 3-12. The BIAs for turtles are shown in
Figure 3-18 to Figure 3-21.

The flatback turtle internesting BIA centred around North Turtle Island is the only one that overlaps
the Project Area. North Turtle Island is a small sandy island approximately 96 km and 39 km south of
the WHP location and the Project Area respectively. The island is known to host nesting flatback
turtles. This BIA overlaps approximately 24% of the Project Area and lies approximately 10 km south
of the proposed WHP location. The portion of the BIA in the Project Area is approximately 5% of the
total area of the BIA.

Internesting flatback turtles may range more widely than other turtle species, with results from
tagging studies of internesting flatbacks at the Lacepede Islands showing flatbacks dispersing further
than internesting green turtles at the same location (Waayers et al. 2011). The maximum distance of
internesting turtles from the nesting beach observed during this study was approximately 48 km
(Waayers et al. 2011). Based on available bathymetry, locations of internesting flatback turtles from
these studies are consistent with relatively shallow (less than 30 m deep) coastal waters; such
behaviour is consistent with observations of internesting behaviour in other species (Hamel et al.
2008; Hays et al. 1999). Analysis of satellite tracking data for green turtles (Ferreira et al. 2020;
Hamel et al. 2008; Hays et al. 1999) shows internesting turtles occupied mostly shallow waters at a
median depth of 9 m, and 95% of the distribution was in less than 20-m water depth.

Water depths in the portion of the flatback turtle internesting BIA that overlaps the Project Area
range from 72 m to 88 m. These water depths are considerably deeper than the diving depths of
internesting flatback turtles (Waayers et al. 2011; Whittock et al. 2016), and hence internesting
females are unlikely to be present within the Project Area.

The Recovery plan for marine turtles in Australia 2017-2027 (Commonwealth of Australia 2017a)
describes protected habitats for flatback turtles in the following way:

+ Habitats critical for the survival of the species were identified by consensus of a panel of
experts in marine turtle biology identifying nesting and internesting habitat for each stock.
For flatback turtles, a 60-km buffer zone located immediately seaward of designated nesting
habitat defines the habitat critical to the survival of this species to capture internesting
behaviour; and

+ BIAs for marine turtles are areas where protected species display biologically important
behaviour, such as breeding, foraging, resting and migration. These habitats are not yet
described for flatback turtles such that habitat critical to the survival of the stock can be
identified; however, this knowledge gap is to be addressed during the life of the recovery
plan. In the interim, the recovery plan advises consideration of information in the National
Conservation Values Atlas (DAWE 2020) and the Species Profile and Threat Database.

Following the Recovery Plan, the BIA and critical habitat for internesting flatback turtles and the BIA
for other turtle species provided by the DotEE and represented in the National Conservation Values
Atlas (DAWE 2020) is shown in Figure 3-18 to Figure 3-21.
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The EMBA overlaps the BIA for flatback, green, hawksbill and loggerhead turtles and the Project Area
overlaps the BIA for flatback turtles as shown in Figure 3-18 to Figure 3-21.

Table 3-11: Nesting habitats critical to the survival of marine turtles within the EMBA indicating
shortest distance from the WHP

Shortest
Species Name Common Name Nesting habitats Distance from
WHP (km)
Natator depressus Flatback Turtle Nesting — Cemetery Beach, Port 80
Hedland
Eretmochelys Hawksbill Turtle Nesting — Dampier Archipelago 213
imbricata
Chelonia mydas Green Turtle Nesting — Dampier Archipelago 213
Lepidochelys Olive Ridley Turtle Nesting — Cape Leveque 512
olivacea
Caretta caretta Loggerhead Turtle Nesting — Exmouth Gulf and 532
Ningaloo Coast

Table 3-12: BIAs for marine reptiles within the EMBA indicating shortest distance from the WHP

Shortest
Species Name ;an::on Biologically Important Behaviour Distance from
WHP (km)
Caretta Loggerhead Foraging — De Grey River area to Bedout Island 55
caretta Turtle Internesting buffer — Cohen Island 231
Nesting — Cohen Island 253
Internesting — Dirk Hartog Island 924
Chelonia Green Turtle Foraging — De Grey River area to Bedout Island 55
mydas Internesting buffer — Delambre Island 213
Nesting — Delambre Island 232
Internesting — Dampier Archipelago 249
Mating — Dampier Archipelago 249
Migration corridor — Dampier Archipelago 249
Aggregation — Montebello Islands 376
Basking — Middle Island and Barrow Island 386
Eretmochelys Hawksbill Foraging — De Grey River area to Bedout Island 55
imbricata Turtle Internesting buffer — Delambre Island 213
Nesting — Delambre Island 232
Mating — Dampier Archipelago 249
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Common Shortest
Species Name Name Biologically Important Behaviour Distance from
WHP (km)
Migration corridor — Dampier Archipelago 249
Internesting — Dampier Archipelago 249
Natator Flatback Internesting buffer — North Turtle Island 10
depressus Turtle Foraging — De Grey River area to Bedout Island 55
Nesting — North Turtle Island 89
Mating — Dampier Archipelago 249
Internesting — Dampier Archipelago 249
Migration corridor — Dampier Archipelago 249
Aggregation — Montebello Islands 376
Lepidochelys Olive Ridley Foraging — northern Western Australia 1088
olivacea Turtle
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3.3.5.3 Conservation Advice and Recovery Plans

Material published by the Commonwealth under the EPBC Act for the conservation of threatened
marine reptiles, such as recovery plans, conservation advice, and threat abatement plans, is
summarised in Figure 3-13. Threats identified in this material that may credibly arise from Dorado
Phase 1 are also listed, along with cross-references to the relevant assessment of environmental
impacts and risks in Section 7.
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Table 3-13: Summary of material published by the Commonwealth for the conservation of threatened marine reptiles relevant to Dorado Phase 1

Credible Threats
. Relevant
L arising from Dorado
Scientific . . Assessment of
Common Name Recovery Plan / Conservation Advice Development
Name X L Impacts and
identified in Plan / X
X Risks
Advice
- All marine reptile species Threat abatement plan for the impacts of marine debris on Marine debris Section 7.3.2
vertebrate marine life (Commonwealth of Australia 2018)
- All marine turtles National Light Pollution Guidelines for Wildlife including Marine Light pollution Section 7.3.2
Turtles, Seabirds and Migratory Shorebirds (DOEE 2020)
Aipysurus Short-nosed Sea Snake Approved conservation advice for Aipysurus apraefrontalis (short- Marine debris Section 7.3.2
apraefrontali nosed sea snake) (Threatened Species Scientific Committee Habitat degradation Section 7.3.1
s 2010a)
Aipysurus Leaf-scaled Sea Snake Approved conservation advice for Aipysurus foliosquama (leaf- Marine debris Section 7.3.2
foliosquama scaled sea snake) (Threatened Species Scientific Committee Habitat degradation Section 7.3.1
2010b)
Caretta Loggerhead Turtle Recovery plan for marine turtles in Australia 2017-2027 Oil pollution Section 7.3.1
caretta (Commonwealth of Australia 2017a) Light pollution Section 7.2.4
Vessel disturbance Section 7.3.4
Noise interference Section 7.2.5
Habitat degradation / Sections 7.2.8
modification &73.1
Climate change Section 7.2.6
Disease and Section 7.2.3
pathogens (from
wastewater)
Chelonia Green Turtle Recovery plan for marine turtles in Australia 2017-2027 Oil pollution Section 7.3.1
mydas (Commonwealth of Australia 2017a) Light pollution Section 7.2.4
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Credible Threats
. Relevant
. arising from Dorado
Scientific X : Assessment of
Common Name Recovery Plan / Conservation Advice Development
Name i . Impacts and
identified in Plan / .
X Risks
Advice
Vessel disturbance Section 7.3.4
Noise interference Section 7.2.5
Habitat degradation / Sections 7.2.8
modification &73.1
Climate change Section 7.2.6
Disease and Section 7.2.3
pathogens (from
wastewater)
Dermochelys Leatherback Turtle Approved conservation advice on Dermochelys coriacea Vessel disturbance Section 7.3.4
coriacea (Leatherback Turtle) (Threatened Species Scientific Committee Climate change Section 7.2.6
2008b)
Marine debris Section 7.3.2
Eretmochelys Hawksbill Turtle Recovery plan for marine turtles in Australia 2017-2027 Oil pollution Section 7.3.1
imbricata (Commonwealth of Australia 2017a) Light pollution Section 7.2.4
Vessel disturbance Section 7.3.4
Noise interference Section 7.2.5
Habitat degradation / Sections 7.2.8
modification &73.1
Climate change Section 7.2.6
Disease and Section 7.2.3
pathogens (from
wastewater)
Lepidochelys Olive Ridley Turtle, Pacific Recovery plan for marine turtles in Australia 2017-2027 Oil pollution Section 7.3.1
olivacea Ridley Turtle (Commonwealth of Australia 2017a) Light pollution Section 7.2.4
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Credible Threats
.. Relevant
L arising from Dorado
Scientific . . Assessment of
Common Name Recovery Plan / Conservation Advice Development

Name i . Impacts and

identified in Plan / .
X Risks

Advice
Vessel disturbance Section 7.3.4
Noise interference Section 7.2.5
Habitat degradation / Sections 7.2.8
modification &73.1
Climate change Section 7.2.6
Disease and Section 7.2.3
pathogens (from
wastewater)

Natator Flatback Turtle Recovery plan for marine turtles in Australia 2017-2027 QOil pollution Section 7.3.1

depressus (Commonwealth of Australia 2017a) Light pollution Section 7.2.4
Vessel disturbance Section 7.3.4
Noise interference Section 7.2.5
Habitat degradation / Sections 7.2.8
modification &73.1
Climate change Section 7.2.6
Disease and Section 7.2.3
pathogens (from
wastewater)
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3.3.6 Birds

The Project Area does not host a large number or diversity of bird species. There are no emergent
features for bird roosting or nesting, and the marine environment does not have high productivity or
host consistently high numbers of prey for foraging seabirds. Birds within the Project Area are likely
to consist of foraging seabirds and potentially migrating shorebirds (Sage 1979 cited in Ronconi et al.
2015). While migration pathways for species occurring at Eighty Mile Beach (a significant area of
intertidal mudflats within the EMBA) are poorly defined, birds may migrate through the Project Area.

The EMBA beyond the Project Area includes a significant number of birds, including many species of
seabirds and migratory shorebirds that are listed as threatened or migratory (or both) under the
EPBC Act.

Seabirds within the EMBA include shearwaters, boobies, noddies, frigatebirds, terns, petrels and
albatrosses. Many of these breed and nest on coastal and offshore islands within the EMBA. Islands
hosting notable seabird colonies within the EMBA include:

many islands along the Pilbara coast;
Ashmore Reef and Cartier Island;
Rowley Shoals;

Montebello Islands;

Barrow Island; and

Houtman Abrolhos Islands.

+ 4+ + + o+ o+

Some, such as petrels and albatrosses, are only likely to be present in the southern temperate areas
and are unlikely to breed or nest within the EMBA.

In addition to seabirds, the EMBA beyond the Project Area seasonally hosts large numbers of
migratory shorebirds. These species typically nest and breed in Asia in the northern hemisphere
summer and migrate to feeding grounds in the southern hemisphere during the southern
hemisphere summer. Migratory shorebirds typically aggregate in wetlands, estuaries and coastal
mudflat habitats in the EMBA to feed and rest during summer months. Many of these important
habitats are recognised by the International Convention on Wetlands of International Importance
(Ramsar Convention) and protected under the EPBC Act as wetlands of international importance.
These wetlands are described in Section 3.4.2.4.

3.3.6.1 Threatened and Migratory Birds

A number of species of birds listed as threatened or migratory under the EPBC Act were identified
from PMST reports in Attachment 1 as potentially occurring within the Project Area and EMBA
beyond the Project Area. The full list of birds including species that are classified as threatened or
migratory are presented in Table 3-14.

Many species of birds listed as migratory within the EMBA undertake long-distance flights to and
from Australia along the East Asian—Australasian Flyway, one of several flyways recognised for
migratory shorebirds and waders (Figure 3-22). Flyways are broad, contiguous corridors between
breeding areas in the northern hemisphere and feeding areas in the southern hemisphere. The East
Asian—Australasian Flyway extends from Arctic Russia and North America to the southern limits of
Australia and New Zealand. It encompasses large parts of East Asia and all of Southeast Asia and
includes eastern India and the Andaman and Nicobar Islands. The flyway is used by millions of birds
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annually, although not all species migrating in the flyway use the full extent of the flyway (BirdLife
International n.d.).

Families of migratory birds that use the East Asian-Australasian Flyway include:

+ plovers and lapwings (family Charadriidae);
+ sandpipers (family Scolopacidae); and
+ pratincoles (family Glareolidae).

Resting areas within these flyways are recognised as important for maintaining connectivity between
these breeding and feeding areas, and many such habitats are listed under the Ramsar Convention.
The EPBC Act gives effect to the Ramsar Convention, with such sites declared as wetlands of
international importance under Part 3 of the Act. Ramsar-listed wetlands within the EMBA are
described in Section 3.4.2.4.
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Table 3-14: Bird species that may occur within the Project Area and EMBA
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Acrocephalus orientalis Oriental Reed-Warbler - Migratory - Species or species habitat known
to occur within area
Actitis hypoleucos Common Sandpiper - Migratory Species or species Species or species habitat known
habitat may occur to occur within area
within area
Anous minutus Black Noddy - - - Species or species habitat known
to occur within area
Anous stolidus Common Noddy - Migratory Species or species Breeding known to occur within
habitat may occur area
within area
Anous tenuirostris Australian Lesser Noddy Vulnerable - - Breeding known to occur within
melanops area
Anseranas semipalmata Magpie Goose - - - Breeding known to occur within
area
Apus pacificus Fork-tailed Swift - Migratory - Species or species habitat known
to occur within area
Ardea ibis Cattle Egret - - - Species or species habitat

may occur within area
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Ardenna carneipes

Flesh-footed Shearwater,
Fleshy-footed Shearwater

Ardenna grisea

Sooty Shearwater

Santos

Foraging, feeding or related
behaviour likely to occur within
area

Ardenna pacifica

Wedge-tailed Shearwater

Species or species habitat may
occur within

Arenaria interpres

Ruddy Turnstone

Breeding known to occur within
area

Calidris acuminata

Sharp-tailed Sandpiper

Roosting known to occur within
area

Calidris alba

Sanderling

Species or species
habitat may occur
within area

Roosting known to occur within
area

Calidris canutus

Red Knot

Roosting known to occur within
area

Calidris ferruginea

Curlew Sandpiper

Species or species
habitat may occur
within area

Species or species habitat known
to occur within area
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Calidris melanotos Pectoral Sandpiper - Migratory Species or species Species or species habitat known
habitat may occur to occur within area
within area
Calidris ruficollis Red-necked Stint - Migratory - Roosting known to occur within
area
Calidris subminuta Long-toed Stint - Migratory - Roosting known to occur within
area
Calidris tenuirostris Great Knot Critically Migratory - Roosting known to occur within
endangered area
Calonectris leucomelas Streaked Shearwater - Migratory Species or species Species or species habitat known
habitat likely to to occur within area
occur within area
Catharacta skua Great Skua - - - Species or species habitat known
to occur within area
Cereopsis novaehollandiae Cape Barren Goose Vulnerable - - Species or species habitat known
grisea (south-western), to occur within area
Charadrius bicinctus Double-banded Plover - Migratory - Roosting known to occur within
area
Charadrius dubius Little Ringed Plover - Migratory - Roosting known to occur within

area
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Charadrius leschenaultii Greater Sand Plover, Large Vulnerable Migratory Species or species Roosting known to occur within
Sand Plover habitat known to area
occur within area
Charadrius mongolus Lesser Sand Plover, Endangered Migratory - Roosting known to occur within
Mongolian Plover area
Charadrius veredus Oriental Plover, Oriental - Migratory - Roosting known to occur within
Dotterel area
Diomedea amsterdamensis Amsterdam Albatross Endangered Migratory - Species or species habitat likely to
occur within area
Diomedea dabbenena Tristan Albatross Endangered Migratory - Species or species habitat likely to
occur within area
Diomedea epomophora Southern Royal Albatross Vulnerable Migratory - Foraging, feeding or related
behaviour likely to occur within
area
Diomedea exulans Wandering Albatross Vulnerable Migratory - Foraging, feeding or related
behaviour likely to occur within
area
Diomedea sanfordi Northern Royal Albatross Endangered Migratory - Foraging, feeding or related

behaviour likely to occur within
area
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Fregata andrewsi Christmas Island Endangered Migratory - Breeding known to occur within
Frigatebird, Andrew’s area
Frigatebird
Fregata ariel Lesser Frigatebird - Migratory Species or species Breeding known to occur within
habitat likely to area
occur within area
Fregata minor Greater Frigatebird - Migratory Species or species Breeding known to occur within
habitat may occur area
within area
Gallinago megala Swinhoe’s Snipe - Migratory - Roosting likely to occur within area
Gallinago stenura Pin-tailed Snipe - Migratory - Roosting likely to occur within area
Glareola maldivarum Oriental Pratincole - Migratory - Roosting known to occur within
area
Halobaena caerulea Blue Petrel Vulnerable - - Species or species habitat may
occur within area
Hydroprogne caspia Caspian Tern - Migratory - Breeding known to occur within
area
Limicola falcinellus Broad-billed Sandpiper - Migratory - Roosting known to occur within
area
Limnodromus Asian Dowitcher - Migratory - Roosting known to occur within
semipalmatus area
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Limosa lapponica Bar-tailed Godwit - Migratory - Species or species habitat known
to occur within area
Limosa lapponica baueri Bar-tailed Godwit Vulnerable - - Species or species habitat known
(baueri), Western Alaskan to occur within area
Bar-tailed Godwit
Limosa lapponica menzbieri Northern Siberian Bar- Critically - - Species or species habitat known
tailed Godwit, Bar-tailed endangered to occur within area
Godwit (menzbieri)
Limosa limosa Black-tailed Godwit - Migratory - Roosting known to occur within
area
Macronectes giganteus Southern Giant-Petrel, Endangered Migratory - Species or species habitat may
Southern Giant Petrel occur within area
Macronectes halli Northern Giant Petrel Vulnerable Migratory - Species or species habitat may
occur within area
Numenius Eastern Curlew Critically Migratory Species or species Species or species habitat known
madagascariensis endangered habitat may occur to occur within area
within area
Numenius minutus Little Curlew, Little - Migratory - Roosting known to occur within
Whimbrel area
Numenius phaeopus Whimbrel - Migratory - Roosting known to occur within
area
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Onychoprion anaethetus Bridled Tern - Migratory - Breeding known to occur within
area
Pachyptila turtur Fairy Prion (southern) Vulnerable - - Species or species habitat known
subantarctica to occur within area
Pandion haliaetus Osprey - Migratory Species or species Breeding known to occur within
habitat may occur area
within area
Papasula abbotti Abbott’s Booby Endangered - Species or species Species or species habitat known
habitat may occur to occur within area
within area
Pelagodroma marina White-faced Storm-Petrel - - - Breeding known to occur
within area
Pezoporus flaviventris Western Ground Parrot, Critically - - Species or species habitat known
Kyloring endangered to occur within area
Phaethon lepturus White-tailed Tropicbird - Migratory - Breeding known to occur within
area
Phaethon lepturus fulvus Christmas Island White- Endangered - - Breeding likely to occur within area
tailed Tropicbird, Golden
Bosunbird
Phaethon rubricauda Red-tailed Tropicbird - Migratory - Breeding known to occur within

area
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Phalacrocorax fuscescens Black-faced Cormorant - - Breeding likely to occur
within area
Phalaropus lobatus Red-necked Phalarope - Migratory Roosting known to occur within
area
Philomachus pugnax Ruff (Reeve) - Migratory Roosting known to occur within
area
Phoebetria fusca Sooty Albatross Vulnerable Migratory Species or species habitat may
occur within area
Pluvialis fulva Pacific Golden Plover - Migratory Roosting known to occur within
area
Pluvialis squatarola Grey Plover - Migratory Roosting known to occur within
area
Pterodroma macroptera Great-winged Petrel - - Breeding known to occur within
area
Pterodroma mollis Soft-plumaged Petrel Vulnerable - Foraging, feeding or related
behaviour known to occur within
area
Puffinus assimilis Little Shearwater - Migratory Breeding known to occur within
area
Puffinus huttoni Hutton's Shearwater - Migratory Foraging, feeding or related
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behaviour known to occur
within area
Puffinus tenuirostris Short-tailed Shearwater - - Breeding known to occur within
area
Recurvirostra Red-necked Avocet - Migratory - Roosting known to occur
novaehollandiae within area
Rhipidura rufifrons Rufous Fantail Migratory Species habitat known to occur
within the area.
Rostratula australis Australian Painted Snipe Endangered - - Species or species habitat known
to occur within area
Sterna dougallii Roseate Tern - Migratory - Breeding known to occur within
area
Sternula albifrons Little Tern - Migratory - Breeding known to occur within
area
Sternula nereis nereis Australian Fairy Tern Vulnerable - - Breeding known to occur within
area
Sula dactylatra Masked Booby - Migratory - Breeding known to occur within
area
Sula leucogaster Brown Booby - Migratory Breeding known to Breeding known to occur within

occur within area

area
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Sula sula Red-footed Booby - Migratory Breeding known to occur within
area
Thalassarche carteri Indian Yellow-nosed Vulnerable Migratory Foraging, feeding or related
Albatross behaviour may occur within area
Thalassarche cauta cauta Shy Albatross Vulnerable Migratory Foraging, feeding or related
behaviour likely to occur within
area
Thalassarche cauta steadi White-capped Albatross Vulnerable Migratory Foraging, feeding or related
behaviour likely to occur within
area
Thalassarche impavida Campbell Albatross, Vulnerable Migratory Species or species habitat may
Campbell Black-browed occur within area
Albatross
Thalassarche melanophris Black-browed Albatross Vulnerable Migratory Species or species habitat may
occur within area
Thalasseus bergii Crested Tern - Migratory Breeding known to occur within
area
Thinornis rubricollis Hooded Plover - - Species or species habitat
known to occur within area
Tringa brevipes Grey-tailed Tattler - Migratory Roosting known to occur within

area
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Tringa glareola

Wood Sandpiper

Roosting known to occur within
area

Tringa nebularia

Common Greenshank,
Greenshank

Species or species habitat known
to occur within area

Tringa stagnatilis

Marsh Sandpiper, Little
Greenshank

Roosting known to occur within
area

Tringa totanus

Common Redshank,
Redshank

Roosting known to occur within
area

Xenus cinereus

Terek Sandpiper

Roosting known to occur within
area
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Source: BirdLife International (n.d.).
Figure 3-22: East Asian—Australasian Flyway
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3.3.6.2 Biologically Important Areas and Critical Habitats

A number of BIAs for birds overlap the Project Area and the EMBA beyond the Project Area. These
are summarised in Table 3-15. No critical habitats for birds were identified within the EMBA.

Two BIAs for birds overlap the Project Area, both of which are centred on Bedout Island:

+ a brown booby breeding BIA; and
+ alesser frigatebird breeding BIA.

The brown booby breeding BIA is centred on Bedout Island (9,576 breeding pairs), which is
recognised as one of several offshore islands in the Pilbara and Kimberley regions where this species
breeds, including the Lacepede Islands (17,670 breeding pairs), Adele island (7,500 breeding pairs)
and White island (4,000 to 5,000 breeding pairs) (Marchant and Higgins 1990 cited in Department of
Agriculture, Water and the Environment n.d.). Breeding may be protracted, with egg laying recorded
throughout the year at many locations (Marchant and Higgins 1990 cited in DSEWPaC 2012d). Brown
boobies may forage widely around nesting islands while breeding (57 km on average, with a standard
error of 22 km) and may undertake extensive migrations during non-breeding periods (Miller et al.
2018). Based on this range, brown boobies nesting on Bedout Island may forage in the Project Area
and around the proposed WHP and FPSO locations, as well as future tiebacks if a second WHP is
installed.

The lesser frigatebird breeding BIA is also centred on Bedout Island. Counts of nesting lesser
frigatebirds on Bedout Island observed over 2,000 nesting pairs in June (Burbidge et al. 1987).
Breeding at other sites (Ashmore Reef) spans from April to October (Clarke et al. 2011), and the
species has a protracted breeding and rearing season due to the relatively high level of parental care
for the young. Thus, breeding at Bedout Island may follow similar temporal patterns. Tagging of
nesting lesser frigatebirds at Ashmore Reef showed foraging trips from nesting locations were on
average 123.2 km, with a standard error of 10.4 km. Based on this range, lesser frigatebirds nesting
on Bedout Island may forage in the Project Area and around the proposed WHP and FPSO locations,
as well as future tiebacks if these require an additional WHP to be installed.

Table 3-15: Closest BIAs for birds within the EMBA

Shortest
. Common . . . .
Species Name Name Biologically Important Behaviour Distance from
WHP (km)
Anous stolidus Common Foraging (provisioning young) — Around 1,135
Noddy Houtman Abrolhos Islands.
Foraging — Around Lancelin Island. 1,311
Anous Australian Foraging (provisioning young) — Houtman 1,151
tenuirostris Lesser Noddy Abrolhos Islands.
melanops
Ardenna Flesh-footed Aggregation — Foraging from Cape 1,469
carneipes Shearwater Naturaliste to Eyre, 1 to 150 km offshore.
Predeparture zone in some years from
Rottnest Island to Bunbury.
Foraging (in high numbers) — Foraging 1,651
from Cape Naturaliste to Eyre, 1 to
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Species Name

Common
Name

Biologically Important Behaviour

Short

WHP

Distance from

est

(km)

150 km offshore. Predeparture zone in
some years from Rottnest Island to
Bunbury.

Ardenna
pacifica

Wedge-tailed
Shearwater

Breeding — Kimberley, Pilbara and
Gascoyne coasts and islands including
Ashmore Reef. Breeding presence may
occur between mid-August to April
(Pilbara) or to mid-May (Shark Bay).

45

Foraging (in high numbers) — Breeding (in
hundreds of thousands) off west coast
from Ashmore Reef to Carnac Island.

982

Eudyptula minor

Little Penguin

Foraging (provisioning young) — Perth to
Bunbury.

1,469

Foraging (provisioning young) —
Southwest Western Australia from
Augusta to Twilight Cove.

1,732

Fregata ariel

Lesser
Frigatebird

Breeding — Kimberley and Pilbara coasts
and islands, also Ashmore Reef. Breeding
season March to September.

Fregata minor

Greater
Frigatebird

Breeding — Kimberley and Ashmore Reef.

498

Hydroprogne
caspia

Caspian Tern

Foraging (provisioning young) — In
Western Australia found on most coasts,
mainly islands (as far offshore as Adele,
Bedout, Trimouille and the Houtman
Abrolhos) and at Lake Argyle, Lake
Gregory and Lake MacLeod; accidental
elsewhere in the interior.

1,085

Larus pacificus

Pacific Gull

Foraging (in high numbers) — West coast
and islands from Point Quobba (24° 30’ S)
south to Wedge I. (formerly south to
Warnbro Sound and at Cape Naturaliste);
casual further north (Point Cloates and
Lake MacLeod).

1,140

Onychoprion
anaethetus

Bridled Tern

Foraging (in high numbers) — West coast
of Western Australia and around to
Recherche Archipelago including offshore
waters. Breeding season, late September
to late February/early May.

982

Onychoprion
fuscatus

Sooty Tern

Foraging — Timor Sea south to 14°30' S,
off northwest coast from Lacepede Island
southwest to 117° E including Abrolhos,

1,006
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Species Name

Common
Name

Biologically Important Behaviour

Short

WHP

Distance from

est

(km)

Fisherman and Lancelin Islands;
accidental on lower west coast to Hamelin
Bay. Breeding visitor (late Augustto early
May) Abrolhos & Lancelin Islands; casual
winter (November to April) to Fisherman
Island.

Pelagodroma
marina

White-faced
Storm petrel

Foraging (in high numbers) — Offshore
areas of the South-west Marine Region
and into the adjacent South-east Marine
Region and the North-west Marine Region
to north of Shark Bay.

1,076

Phaethon
lepturus

White-tailed
Tropicbird

Breeding — Kimberley, Pilbara and
Gascoyne coasts and islands including
Ashmore Reef. Breeding recorded
between May and October.

47

Pterodroma
macroptera

Great-winged
Petrel
(macroptera
race)

Foraging (provisioning young) — Offshore
south of Shark Bay, extending around
southwest corner of Western Australia
and east past Kangaroo Island.

1,646

Pterodroma
mollis

Soft-
plumaged
Petrel

Foraging (in high numbers) — In Western
Australia, found in seas north to 21° 30" S.

1,223

Puffinus
assimilis tunneyi

Little
Shearwater

Foraging (in high numbers) — From
Kalbarri to Eucla including offshore
waters.

1,036

Sterna dougallii

Roseate Tern

Breeding — Kimberley, Pilbara and
Gascoyne coasts and islands including
Ashmore Reef. Breeding presence may
occur mid- March to July.

41

Resting — Eighty Mile Beach (northern
end).

265

Breeding — North East and North West
Twin islands near the mouth of King
Sound.

520

Foraging (provisioning young) —
Northwestern and west coasts and islands
from Sir Graham Moore Island (13° 50’ S),
south to Mandurah (32° 32’ S) and as far
offshore as Ashmore Reef, Bedout Island
and the Houtman Abrolhos.

1,123

Foraging — Northwestern and west coasts
and islands from Sir Graham Moore Island
(13° 50’ S), south to Mandurah (32° 32’ S)

1,258
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Species Name

Common
Name

Biologically Important Behaviour

Shortest
Distance from
WHP (km)

and as far offshore as Ashmore Reef,
Bedout Island and the Houtman Abrolhos.

Sternula
albifrons
sinensis

Little Tern

Resting — Kimberley, Pilbara and
Gascoyne coasts and islands including
Ashmore Reef.

140

Breeding — Kimberley, Pilbara and
Gascoyne coasts and islands including
Ashmore Reef. Breeding has been
recorded June to October.

149

Resting — Roebuck Bay Ramsar site.

365

Sternula nereis

Fairy Tern

Breeding — Pilbara and Gascoyne coasts
and islands. Breeding may occur late July
to September.

235

Foraging (in high numbers) — Found in the
vicinity of lower northwest coast (north to
Dampier Archipelago), west coast (south
to Peel Inlet) and south coast (from
Flinders Bay east to Israelite Bay),
including islands as far offshore as
Trimouille Island and Houtman Abrolhos
Islands.

1,124

Sula leucogaster

Brown Booby

Breeding — Kimberley and northern
Pilbara coasts and islands, also Ashmore
Reef. Breeding presence may occur
February to October.

19

Sula sula

Red-footed
Booby

Breeding — Northwest Kimberley and
Ashmore Reef. Females lay a single egg
every 15 months.

498

Thalassarche
chlororhynchos
bassi

Indian
Yellow-nosed
Albatross

Foraging (in high numbers) — Throughout
offshore waters of South-west Marine
Region, north to Shark Bay and extending
east into Bass Strait.

1,737

Thalasseus
bengalensis

Lesser
Crested Tern

Breeding — Kimberley, Pilbara and
Gascoyne coasts and islands including
Ashmore Reef. Breeding may occur March
to June.

39

3.3.6.3 Conservation Advice and Recovery Plans

Material published by the Commonwealth under the EPBC Act for the conservation of threatened
birds, such as recovery plans, conservation advice, and threat abatement plans, is summarised in
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listed, along with cross-references to the relevant assessment of environmental impacts and risks in
Section 7.

In addition to conservation advice and recovery plans for threatened birds, the Commonwealth has
also published the Wildlife conservation plan for migratory shorebirds (Commonwealth of Australia
2015c). While this plan considers birds that are listed as migratory, many of the migratory birds
considered in this plan are also listed as threatened under the EPBC Act. The plan applies to many
species of migratory birds, of which several were identified as potentially occurring within the EMBA.
The plan identified habitat modification by acute pollution, such as an oil spill, as a threat to
migratory birds. The risk of an oil spill to birds, including migratory birds, is considered in Section
7.3.1. No other threats identified in the plan were considered to credibly arise from Dorado Phase 1.
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Table 3-16: Summary of material published by the Commonwealth for the conservation of threatened birds relevant to Dorado Phase 1
Credible Threats arising Relevant
Scientific Name Common Name Recovery Plan / Conservation Advice from Dorado Development Assessment of
identified in Plan / Advice Impacts and Risks
- All bird species Threat abatement plan for the impacts of marine Marine debris Section 7.3.2
debris on vertebrate marine life (Commonwealth of
Australia 2018)
- Seabirds and National Light Pollution Guidelines for Wildlife Light pollution Section 7.3.2
Migratory including Marine Turtles, Seabirds and Migratory . . .
Habitat d dat Section 7.3.1
Shorebirds Shorebirds (DOEE 2020) abitat degradation / !
modification
Climate change Section 7.2.6
- Seabirds Draft Wildlife Conservation Plan for Seabirds (DoEE Habitat degradation / Section 7.3.1
2019) modification
Invasive species Section 7.3.3
Climate change Section 7.2.6
Marine debris Section 7.3.1
Light pollution Section 7.2.4
Water pollution Section 7.2.3
- Migratory Wildlife Conservation Plan for Migratory Shorebirds Habitat degradation / Section 7.3.1
Shorebirds (DoE 2015) modification
Anthropogenic disturbance Section 7.3.1
Climate change Section 7.2.6
Diomedea Amsterdam National recovery plan for threatened albatrosses Pollution (oil spill) Section 7.3.1,
amsterdamensis Albatross and giant petrels 2011-2016 (DSEWPaC 2011)
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Scientific Name

Common Name

Recovery Plan / Conservation Advice

Credible Threats arising
from Dorado Development
identified in Plan / Advice

Relevant
Assessment of
Impacts and Risks

Diomedea Tristan Albatross

dabbenena

Diomedea Southern Royal

epomophora Albatross

Diomedea exulans Wandering
Albatross

Diomedea sanfordi

Northern Royal
Albatross

Macronectes
giganteus

Southern Giant-
Petrel, Southern
Giant Petrel

Macronectes halli

Northern Giant
Petrel

Phoebetria fusca

Sooty Albatross

Thalassarche carteri

Indian Yellow-
nosed Albatross

Thalassarche cauta
cauta

Shy Albatross

Thalassarche cauta

White-capped

steadi Albatross
Thalassarche Campbell
impavida Albatross,

Campbell Black-
browed Albatross

Parasites and disease

Section 7.3.3

Climate change

Section 7.2.6
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Scientific Name

Common Name

Recovery Plan / Conservation Advice

Credible Threats arising
from Dorado Development
identified in Plan / Advice

Relevant
Assessment of
Impacts and Risks

Thalassarche
melanophris

Black-browed
Albatross

Anous tenuirostris
melanops

Australian Lesser
Noddy

Conservation advice Anous tenuirostris melanops
Australian lesser noddy (Threatened Species Scientific
Committee 2015¢)

Habitat degradation /
modification

Section 7.3.1

Calidris canutus

Red Knot

Conservation Advice Red Knot (Calidris canutus) (DOE
2016)

Habitat degradation /
modification

Section 7.3.1

Pollution / contamination

Section 7.2.3

Anthropogenic disturbance

Section 7.3.1

Direct mortality (bird strike —
helicopters, chemical spills
and oil spills)

Section 7.3.1,7.3.4

Climate change

Section 7.2.6

Calidris ferruginea Curlew Sandpiper Conservation advice Calidris ferruginea curlew Acute pollution Section 7.2.3
sandpiper (Threatened Species Scientific Committee
2015f)

Calidris tenuirostris Great Knot Conservation advice Calidris tenuirostris great knot Habitat degradation / Section 7.3.1
(Threatened Species Scientific Committee 2016a) modification

Cereopsis Cape Barren Approved Conservation Advice for Cereopsis Habitat degradation / Section 7.3.1

novaehollandiae Goose novaehollandiae grisea (Cape Barren Goose (south- modification

j t DEWHA 2008

grisea western)) ( ) Disease Section 7.3.3

Charadrius Greater Sand Conservation advice Charadrius leschenaultii greater Habitat degradation / Section 7.3.1

leschenaultii Plover, Large Sand sand plover (Threatened Species Scientific Committee modification

Plover

2016b)
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Scientific Name

Common Name

Recovery Plan / Conservation Advice

Credible Threats arising
from Dorado Development
identified in Plan / Advice

Relevant
Assessment of
Impacts and Risks

Charadrius Lesser Sand Conservation Advice Charadrius mongolus lesser sand Habitat degradation / Section 7.3.1
mongolus Plover, Mongolian plover (Threatened Species Scientific Committee modification
Plover 2016c)
Halobaena caerulea Blue Petrel Conservation advice Halobaena caerulea blue petrel Habitat degradation / Section 7.3.1
(Threatened Species Scientific Committee 2015g) modification
Limosa lapponica Bar-tailed Godwit Conservation advice Limosa lapponica baueri bar- Habitat degradation / Section 7.3.1

baueri

(baueri), Western
Alaskan Bar-tailed
Godwit

tailed godwit (western Alaskan) (Threatened Species
Scientific Committee 2016d)

modification

Limosa lapponica
menzbieri

Northern Siberian
Bar-tailed Godwit,
Bar-tailed Godwit
(menzbieri)

Conservation advice Limosa lapponica menzbieri bar-
tailed godwit (northern Siberian) (Threatened Species
Scientific Committee 2016e)

Habitat degradation /
modification

Section 7.3.1

Fregata andrewsi

Christmas Island
Frigatebird,
Andrew's
Frigatebird

Conservation advice Fregata andrewsi Christmas
Island frigatebird

Habitat degradation / Section 7.3.1
modification

Disease Section 7.3.3
Pollution Section 7.2.3

Marine debris

Section 7.3.1,

Numenius Eastern Curlew Conservation Advice for Numenius madagascariensis Habitat degradation / Section 7.3.1
madagascariensis (Eastern Curlew) (DoE 2015) modification
Pachyptila turtur Fairy Prion Conservation advice Pachyptila tutur subantarctica Habitat degradation / Section 7.3.1
subantarctica (southern) fairy prion (southern) (Threatened Species Scientific modification

Committee 2015h)

Papasula abbotti

Abbott’s Booby

Climate change

Section 7.2.6
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Scientific Name

Common Name

Recovery Plan / Conservation Advice

Credible Threats arising
from Dorado Development
identified in Plan / Advice

Relevant
Assessment of
Impacts and Risks

Conservation Advice for the Abbott's Booby - Disease Section 7.3.3
P la abbotti (DAWE 2020
apasula abbotti ( ) Marine debris Section 7.3.1
Pezoporus Western Ground Approved Conservation Advice for Pezoporus wallicus Habitat degradation / Section 7.3.1
flaviventris Parrot, Kyloring flaviventris (Western Ground Parrot) (DSEWPC, modification (oil spill)
2013e)
Phaethon lepturus Christmas Island Conservation advice Phaethon lepturus fulvus white- Habitat degradation / Section 7.3.1

fulvus

White-tailed
Tropicbird, Golden
Bosunbird

tailed tropicbird (Christmas Island) (Threatened
Species Scientific Committee 2014c)

modification (oil spill)

Pterodroma mollis

Soft-plumaged
Petrel

Conservation advice Pterodroma mollis soft-plumage
petrel (Threatened Species Scientific Committee
2015i)

Habitat degradation /
modification

Section 7.3.1

Rostratula australis

Australian Painted
Snipe

Approved conservation advice for Rostratula australis
(Australian painted snipe) (Threatened Species
Scientific Committee 2013)

Habitat degradation /
modification

Section 7.3.1

Sternula nereis Australian Fairy Conservation advice for Sterna nereis nereis (Fairy Habitat degradation / Section 7.3.1
nereis Tern tern) (Threatened Species Scientific Committee 2011) modification (marine
pollution)
Thalassarche cauta Shy Albatross Conservation Advice Thalassarche cauta Shy Climate change Section 7.2.6
Albatross (DAWE 2020) . .
Disease ection 7.3.3
Marine debris Section 7.2.3
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3.4 Socio-economic Environment

3.4.1 Regional Centres

The nearest town to the Project Area is Port Hedland, which lies approximately 145 km south of the
WHP. Other notable coastal population centres in the Pilbara and Kimberley regions are Dampier
(280 km from the WHP) and Broome (387 km from the WHP). These population centres for the
region provide important services for mining, offshore petroleum, tourism and fishing industries.

3.4.2 Protected Areas

A number of areas in the EMBA are protected under Commonwealth and Western Australian
legislation. These include:

Commonwealth AMPs;

Western Australian marine protected areas;

Western Australian terrestrial protected areas; and
wetlands of international importance (Ramsar wetlands).

+ 4+ + o+

These areas are shown in Figure 3-23 and Figure 3-24.

A number of heritage sites were also identified within the EMBA. Many of these lie within protected
areas (e.g. WHAs). Heritage sites are described in Section 3.4.4.

Santos Ltd | Dorado Development Offshore Project Proposal
! P ) P Page 270 of 897



! g 1M0°00°E 15°00°E 120°00°E \is;ofi/
1) .
L d Christmas Island Inset Distances from Proposed WHP
egen Eighty Mile Beach AMP | 54.9km
Proposed FPSO Location Argo-Rowley Terrace AMP | 141.5km
: Rowley Shoals MP 147.0km
Proposed WHP Location y Ashmore Reef
D ProiectATas The National Nature Ocoanic
: Dales RW ™/ oo Ashmore ReserveRW Shoals AMP
[Jtowemea spS:;'eR?N i M O Cartier Island AMP
///. RAMSAR Wetland
State Marine Parks &
Reserves
Scott Reef NR
B Varine Park (MP) ol :
= Marine Management Area North
|| - — (MMA) Adele Island NR \ Kimberley MP '
i ; I: Nature Reserve (NR) North o
Conservation Park (CP) R l1 S Lalang-garram MP )
Wyndham
Australian Marine Parks Argo-Rowley AME Lalang-garram / Camden
Te AMP
Zoning Srace Swan Is. NR . » Sound MP
Lacepede Is. x Lalang-garram /
7‘ Sanctuaryzone{ILIC la) Mermaid * Horizontal Falls MP
- National Park Zone (IUCN Reef AMP 0 iob YawurwNagulagun/
" Point NR Roebuck Bay MP
" v
l:l Recreational Use Zone ReEEE Roebuck
(IUCN IV) SWSSROES Jinmarnkur CP AvP [} Broo i
I:I Habitat Protection Zone Jinmarnkur Kulja NR / TR 4
(IUCN IV) ) A \' Roebucky 7
] Multiple Use Zone (IUCN Montebello Is. MP " Eighty Mile Bay RW F
Beach AMP
Vi) M Bedout Is. NR S :
ontebello Is. CP Montebello S Eighty-mile
2 Special Purpose Zone AMp North Turtle Is. NR —___ BB ZZ.BeachRW
|- © \ ot x - e
g (Trawl) (IUCN V1) Barrow Is. MP Dampier AMP /\ Kujungurru
- Special Purpose Zone ) ' “ ’ =" Port Hedland, Warram NR
(IUCN V1) —Boodie, Double \ ; o Kujungurru
Middle|ls. NR ( & Dampier jung
Eighty Mile Warrarn CP —
Barrow Is. NR Beach MP
Ga::ﬂogne / Barrow Is. MMA
Ningaloo OO, 0 100 200 300 d
AMP E oulh Muiron Is. MMA s
P Location Map 7]
! N'"Qa‘°° 7 ) " 27/01/2022 _ MPKa6210
Santos PROTECTED AREAS - NORTHERN WA

Santos Ltd |

Figure 3-23: Protected areas that overlap the EMBA within Northern WA

Dorado Development Offshore Project Proposal

Page 271 of 897



T
110°0°0"E

T T
DampM Port Hedlapg.o.o.e

115“0'0%.
{

LY

Gascoyne AMP

CGarnarvon
Canyon
AMP

25°0'0"S
L

Location Map

h Hamelin Pool
MNR Legend

[ LowEMBA
E Project Area

/7] RAMSAR Wetland

State Marine Parks &
Reserves

\ Geraldton I Marine Park (MP)

I __ ] Marine Management Area (MMA)
| - I Marine Nature Reserve (MNR)

[:] Nature Reserve (NR)
Conservation Park (CP)

Abrolhos AMP

Jurien Bay MP

30°0'0"S
L

Australian Marine Parks

Zoning
Two Rocks AMP Marmion MP |77 National Park Zone (IUCN 1)
Perth |:| Recreational Use Zone (IUCN IV)

[ | Habitat Protection Zone (IUCN IV)

Swan Estuary MP
[ ] Multiple Use Zone (JUCN V1)

Perth -
Canyon AMP 1

Ngari Capes MP

Shoalwater Islands MP Special Zone (Vin
pecial Purpose Zone (Mining

Peel-Yalgorup System RW - Exclusion) (IUCN V1)

Geographe AMP - Special Purpose Zone (IUCN VI)

Busselton

Walpole and
Nornalup Inlets MP

South-west
Corner AMP

0 100 200 300 400 500

Kilometres
o 27/01/2022 MPKa6211

4foo's
s

Santos PROTECTED AREAS - SOUTHERN WA

Figure 3-24: Protected areas that overlap the EMBA within Southern WA

Santos Ltd | Dorado Devel t Offshore Project P I
antos | Dorado Development Offshore Project Proposa Page 272 of 897



Santos

3.4.2.1 Australian Marine Parks

In November 2012, the Commonwealth Marine Reserves Network was proclaimed under the EPBC
Act with the purpose of protecting the biological diversity and sustainable use of the marine
environment (Director of National Parks 2012). A series of AMPs were established within each of the
six marine regions - the Coral Sea, the South-west, the Temperate East, the South-east, the North,
and the North-west. Each AMP is managed under a marine region—based management plan.

The EPBC Act requires each management plan to assign an IUCN category to each marine park.
Additionally, the Act also allows for the management plan to divide a marine park into zones and to
assign a category to each zone, which may differ from the overall category of the marine park. Zoning
considers the purposes for which the marine parks were declared, the objectives of the relevant
management plans, the values of the marine park, and the requirements of the EPBC Act and EPBC
Regulations.

The Project Area does not overlap any AMPs; however, the EMBA overlaps a number of them.
Summaries of the environmental values of these AMPs, along with their distance from the WHP, are
provided in Table 3-17.
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Table 3-17: Summary of environmental values and sensitivities of AMPs within the EMBA (Director of National Parks 2018a, 2018b)

Distance from
IUCN Zones
Name the.WHP (km)/ and Areas (% Summary of Values and Sensitivities Statement of Significance
Project Area
of park total)
Boundary (km)
Eighty Mile 55/ 29 VI - Multiple Breeding, foraging and resting habitat for seabirds (one The marine park is significant because it contains habitats,
Beach Use Zone of the world’s most important feeding grounds for species and ecological communities associated with the
(100%) migratory shorebirds and waders and is listed under Northwest Shelf Province; its shallow shelf habitats
the Ramsar Convention); include terraces, banks and shoals. The marine park is
Internesting and nesting habitat for marine turtles (it adjacent to the Eighty Mile Beach Ramsar site, recognised
supports a significant nesting population of flatback as one of the most important areas for migratory
turtles, which are endemic to northern Australia); shorebirds in Australia, and the Western Australian Eighty
Foraging, nursing and pupping habitat for sawfish; Mile Beach Marine Park, providing connectivity between
Migratory pathway for humpback whales; offshore and inshore coastal waters of Eighty Mile Beach.
Coastal waters provide critical habitat for several shark
and ray species at varying life stages;
The Nyangumarta, Karajarri and Ngarla people’s sea
country extends into Eighty Mile Beach Marine Park.
Access to sea country by families is important for
cultural traditions, livelihoods and future socio-
economic development opportunities; and
Three known shipwrecks listed under the Underwater
Cultural Heritage Act 2018: Lorna Doone (wrecked in
1923), Nellie (wrecked in 1908), and Tifera (wrecked in
1923).
Argo- 142/ 113 Il - National Foraging areas that are important for migratory The Argo—Rowley Marine Park is significant because it
Rowley Park Zone seabirds, as well as the endangered loggerhead turtle; contains habitats, species and ecological communities
Terrace (25%) Important habitat and foraging for sharks; associated with the Northwest Transition and Timor
VI - Multiple Migratory pathway for pygmy blue whales; Province. It includes two key ecological features:
Use Zone canyons linking the Argo Abyssal Plain with the Scott
(75%) Plateau (valued for high productivity and aggregations of
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Distance from
IUCN Zones
the WHP (km)/ B e
Name . and Areas (% Summary of Values and Sensitivities Statement of Significance
Project Area
of park total)
Boundary (km)
VI - Special + Protection for communities and habitats of the deeper marine life) and Mermaid Reef and Commonwealth
Purpose Zone offshore waters (220 m to over 5,000 m) of the region; waters surrounding Rowley Shoals (valued for enhanced
(Trawl) (1%) + Seafloor features, including aprons and fans, canyons, productivity, aggregations of marine life and high
continental rise, knolls or abyssal hills, and the terrace species richness). The marine park is the largest in the
and continental slope; North-west Network, surrounding the existing Mermaid
+ Communities and seafloor habitats of the Northwest ﬁeeflMaSr}l\ne IPa|\r/I|< a.nd r:ef; (I)f .thel Vc\jlestirndAustrallan
Transition and Timor Province provincial bioregions; owl€y shoals ?rlne ark. [tincludes the deeper
o o . waters of the region and a range of seafloor features,
+ Connectivity between the existing Mermaid Reef
) ’ such as canyons on the slope between the Argo Abyssal
Marine National Nature Reserve and reefs of the .
) i Plain, Rowley Terrace and Scott Plateau. These are
Western Australian Rowley Shoals Marine Park and the . .
d fth ) believed to be up to 50 million years old and are
eeper waters of the region; associated with small, periodic upwellings that result in
+ Two KEFs in the reserve include: localised higher levels of biological productivity.
The canyons linking the Argo Abyssal Plain with the Scott
Plateau (unique seafloor feature with enhanced productivity
and feeding aggregations of species); and
+ Mermaid Reef and the Commonwealth waters
surrounding Rowley Shoals (an area of high biodiversity
with enhanced productivity and feeding and breeding
aggregations).
Dampier 191/ 166 Il - National + Foraging areas for migratory seabirds that are adjacent The Dampier Marine Park is significant because it
Park Zone (6%) to important breeding grounds; contains habitats, species and ecological communities
IV - Habitat + Important foraging areas for marine turtles adjacent to | associated with the Northwest Shelf Province. The
Protection significant nesting sites; marine park provides protection for offshore shelf
Zone (8%) + Part of the migratory pathway of the protected habitats adjacent to the 'Dampler Archipelago, as erII as
VI - Multiple humpback whale; the area between Dampier and Port Hedland, and is a
' hotspot for sponge biodiversity. The marine park
Use Zone + Protection for offshore shelf habitats and shallow shelf P pong Y P
(86%) habi di b ) hipel q contains several submerged coral reefs and shoals,
abitats adjacent to the Dampier Archipelago; an including Delambre Reef and Tessa Shoals.
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Distance from
IUCN Zones
the WHP (km)/ B L
Name . and Areas (% Summary of Values and Sensitivities Statement of Significance
Project Area
of park total)
Boundary (km)
Includes communities and seafloor habitats of the
Northwest Shelf Province provincial bioregion, as well
as the Pilbara (nearshore) and Pilbara (offshore)
mesoscale bioregions.
Mermaid 217/ 179 Il - National Mermaid Reef and Commonwealth waters surrounding The marine park is significant because it contains habitats,
Reef Park Zone Rowley Shoals KEF is valued for its high productivity, species and ecological communities associated with the
(100%) aggregations of marine life and high species richness; Northwest Transition and includes one KEF. Mermaid Reef
Mermaid Reef, Clerke Reef and Imperieuse Reef are is one of three reefs forming the Rowley Shoals; the
biodiversity hotspots and key topographic features of others are Clerke Reef and Imperieuse Reef and occur to
the Argo Abyssal Plain; the southwest of the marine park. The Rowley Shoals
Rowley Shoals present some of the best geological have been described as the best geological examples of
examples of shelf atolls in Australian waters and are shelf atolls in Australian waters.
ecologically significant in that they are considered The reefs of the Rowley Shoals are ecologically significant
ecological steppingstones for reef species originating in | in that they are considered ecological stepping stones for
Indonesian/western Pacific waters, are one of a few reef species originating in Indonesian/western Pacific
offshore reef systems on the North West Shelf, and waters, are one of a few offshore reef systems on the
may also provide an upstream source for recruitment North West Shelf, and may also provide an upstream
to reefs further south; source for recruitment to reefs further south.
Breeding habitat for seabirds;
Migratory pathway for the pygmy blue whale; and
One known shipwreck listed under the Underwater
Cultural Heritage Act 2018: Lively (wrecked in 1810).
Montebello 311/ 288 VI - Multiple Foraging areas for migratory seabirds that are adjacent The Montebello Marine Park is significant because it
Use Zone to important breeding areas; contains habitats, species and ecological communities
(100%) Areas used by vulnerable and migratory whale sharks associated with the Northwest Shelf Province. The marine
for foraging; park includes one KEF, the ancient coastline at the 125-m
depth contour. The marine park provides connectivity
between deeper waters of the continental shelf and slope
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Distance from IUCN Zones
the WHP (km)/ B e
Name . and Areas (% Summary of Values and Sensitivities Statement of Significance
Project Area
of park total)
Boundary (km)
+ Foraging areas for marine turtles that are adjacent to and the adjacent Western Australian Barrow Island and
important nesting sites; Montebello Islands marine parks. A prominent seafloor
+ Section of the north- and southbound migratory feature in the marine park is Trial Rocks, which has two
pathway of the humpback whale; close coral reefs; these reefs are emergent at low tide.
+ Shallow shelf environments with depths ranging from
15 to 150 m that provide protection for shelf and slope
habitats, as well as pinnacle and terrace seafloor
features;
+ Seafloor habitats and communities of the Northwest
Shelf Province provincial bioregion as well as the
Pilbara (offshore) mesoscale bioregion; and
+ One KEF for the region is the ancient coastline at 125-
m depth contour (a unique seafloor feature that
provides areas of enhanced biological productivity).
Kimberley 328/ 275 Il - National + Diverse benthic and pelagic fish communities; The Kimberley Marine Park is significant because it
Park Zone (9%) + Migratory pathway for humpback whales; includes habitats, species and ecological communities
IV - Habitat + High levels of species diversity; associated 'W.Ith the Nf)rthwest ?helf Pr0\./|nce, Northwest
Protection . . . Shelf Transition and Timor Province and includes two
+ Reefs and islands of the bioregion are regarded as . . -
Zone (8%) . . KEFs. The marine park provides connectivity between
biodiversity hotspots; .
VI - Multiple ) o . N deeper offshore waters and the inshore waters of the
Use Zone + ngh.endemlsm n demfers.al fish comm.u.nltles of the adjacent Western Australian North Kimberley and Lalang-
(84%) continental slop (two distinct communities have been garram/Camden Sound Marine Parks.
identified on the upper and mid slopes);
+ Ancient coastline at the 125 m depth contour where
rocky escarpments are thought to provide biologically
important habitats in areas otherwise dominated by
soft sediments;
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Distance from
the WHP (km)/
Project Area
Boundary (km)

Name

IUCN Zones
and Areas (%
of park total)

Summary of Values and Sensitivities

Statement of Significance

Continental slope demersal fish communities
characterised by high diversity of demersal fish
assemblages;

Breeding and foraging habitat for seabirds;
Internesting and nesting habitat for marine turtles;
Breeding, calving and foraging habitat for inshore
dolphins;

Calving, migratory pathway and nursing habitat for
humpback whales;

Migratory pathway for pygmy blue whales;
Foraging habitat for dugong and whale sharks;

The Wunambal Gaambera, Dambimangari, Mayala,
Bardi Jawi and the Nyul Nyul people’s sea country
extends into the Kimberley Marine Park. Access to sea
country by families is important for cultural traditions,
livelihoods and future socio-economic development
opportunities, and

More than 40 known shipwrecks listed under the
Underwater Cultural Heritage Act 2018.

Roebuck 356/ 295

VI - Multiple
Use Zone
(100%)

Foraging habitat area for migratory seabirds adjacent
to important breeding areas;

Foraging area adjacent to important nesting sites for
flatback turtles;

Parts of the migratory pathway of the protected
humpback whale;

Habitat adjacent to important foraging, nursing and
pupping areas for freshwater, green and dwarf sawfish;

The marine park includes examples of ecosystems
representative of the Northwest Shelf Province—a
dynamic environment influenced by strong tides,
cyclonic storms, long-period swells and internal tides.
The bioregion includes diverse benthic and pelagic fish
communities ancient coastline thought to be an
important seafloor feature, and migratory pathway for
humpback whales. The marine park supports a range of
species, including species listed as threatened,
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Distance from
the WHP (km)/

IUCN Zones

the reserve adjacent to Western Australian coastal
waters;

Ecosystems examples from the Central Western Shelf
Transition, the Central Western Transition and the
Northwest Province provincial bioregions, as well as
the Ningaloo mesoscale bioregion;

Four KEFs for the region:

Name . and Areas (% Summary of Values and Sensitivities Statement of Significance
Project Area
of park total)
Boundary (km)
Foraging and calving areas for Australian snubfin, Indo- migratory, marine or cetacean under the EPBC Act.
Pacific humpback and Indo-Pacific bottlenose dolphins; Biologically important areas within the marine park
Foraging habitat for dugong; include breeding and resting habitat for seabirds,
Protection for shallow shelf habitats ranging in depth foraging and internesting habitat for marine turtles, a
from 15 to 70 m: migratory pathway for humpback whales, and foraging
habitat for dugong.
Ecosystem examples of the Northwest Shelf Province
provincial bioregion and the Canning mesoscale
bioregion, and
Sea country valued for indigenous cultural identity,
health and well-being for the Yawuru people.
Gascoyne 555/ 532 Il - National Important foraging areas for: migratory seabirds, The Gascoyne Marine Park is significant because it
Park Zone threatened and migratory hawksbills and flatback contains habitats, species and ecological communities
(11%) turtles, and vulnerable and migratory whale shark; associated with the Central Western Shelf Transition,
IV - Habitat A continuous connectivity corridor from shallow depths Central Western Transition, and Northwest Province and
Protection around 15 m out to deep offshore waters on the includes four KEFs. The marine park includes some of the
Zone (48%) abyssal plain at over 5,000 m in depth; most diverse continental slope habitats in Australia, in
VI - Multiple Seafloor features including canyon, terrace, ridge, particular the continental slope area between the North
Use Zone knolls, deep hole/valley and continental rise. It also West Cape and the Montebello Trough. Canyons in the
(41%) provides protection for sponge gardens in the south of marine park link the Cuvier Abyssal Plain to the Cape

Range Peninsula and are important for their role in
sustaining the nutrient conditions that support the high
diversity of Ningaloo Reef.
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Distance from

IUCN Zones
Name the.WHP (km)/ and Areas (% Summary of Values and Sensitivities Statement of Significance
Project Area
of park total)
Boundary (km)
Canyons linking the Cuvier Abyssal Plain and the Cape Range
Peninsula (enhanced productivity, aggregations of marine
life and unique sea-floor feature);
Exmouth Plateau (unique sea-floor feature associated with
internal wave generation);
Continental slope demersal fish communities (high species
diversity and endemism — the most diverse slope bioregion
in Australia with over 500 species found with over 64 of
those species occurring nowhere else); and
+ Commonwealth waters adjacent to Ningaloo Reef.
Ningaloo 555/ 532 Il - National + Important habitat (foraging areas) for vulnerable and The Ningaloo Marine Park is significant because it
Park Zone (5%) migratory whale sharks; contains habitats, species and ecological communities
IV - + Areas used for foraging by marine turtles adjacent to associated with the Central Western Shelf Transition,
Recreational important internesting sites; Central Western Transition, Northwest Province, and
Use Zone + Part of the migratory pathway of the protected Northwest Shelf Province and contains three KEFs. The
(95%) humpback whale; marine park provides connectivity between deeper
. . offshore waters of the shelf break and shallower coastal
+ Foraging and migratory pathway for pygmy blue . . .
whales; waters. It includes some of the most diverse continental
slope habitats in Australia, in particular the continental
+ Breeding, calving, foraging and nursing habitat for slope area between the North West Cape and the
dugong; Montebello Trough. Canyons in the Marine Park are
+ Shallow shelf environments that provide protection for important for their role in sustaining the nutrient
shelf and slope habitats, as well as pinnacle and terrace conditions that support the high diversity of Ningaloo
seafloor features; Reef. The marine park is located in a transition zone
+ Seafloor habitats and communities of the Central between tropical and temperate waters and sustains
Western Shelf Transition; tropical and temperate flora and fauna, with many
+ Three KEFs; and species at the limits of their distributions.
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Distance from IUCN Zones
the WHP (km)/ B e
Name . and Areas (% Summary of Values and Sensitivities Statement of Significance
Project Area
of park total)
Boundary (km)
The Ningaloo Coast World Heritage Property, the
Ningaloo Coast National Heritage listing and the
Ningaloo Marine Area Commonwealth Heritage Listing.
Shark Bay 825/ 800 VI - Multiple Foraging areas adjacent to important breeding areas The Shark Bay Marine Park is significant because it
Use Zone for several species of migratory seabirds; contains habitats, species and ecological communities
(100%) Part of the migratory pathway of protected humpback associated with the Central Western Shelf Province and
whales; Central Western Transition. The marine park provides
Internesting habitat for marine turtles; connectivity between deeper Commonwealth waters and
. . the inshore waters of the Shark Bay world heritage
Waters that are adjacent to the largest nesting area for
loggerhead turtles in Australia; property.
Marine park and adjacent coastal areas important for
shallow-water snapper;
Protection to shelf and slope habitats, as well as a
terrace feature;
Examples of the shallower ecosystems of the Central
Western Shelf Province and Central Western Transition
provincial bioregions, including the Zuytdorp
mesoscale bioregion; and
Connectivity between the inshore waters of the Shark
Bay WHA and the deeper waters of the area.
Ashmore 873/ 830 la - Sanctuary Ecosystems, habitats and communities associated with; The Ashmore Reef Marine Park is significant because it
Reef Zone (94%) the NWS, Timor Province, and emergent oceanic reefs; includes habitats, species and ecological communities
IV - Nesting and internesting habitat for green turtles associated with the Timor Province. It includes two key
Recreational (including one of three genetically distinct breeding ecological features: Ashmore Reef and Cartier Island and
Use Zone (6%) populations in the North-west Marine Region). Low- surrounding Commonwealth waters (valued for high
level nesting activity by loggerhead turtles has also productivity and breeding aggregations of birds and
been recorded; other marine life); and continental slope demersal fish
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Name

Distance from
the WHP (km)/
Project Area
Boundary (km)

IUCN Zones
and Areas (%
of park total)

Summary of Values and Sensitivities

Statement of Significance

+

Populations of green, hawksbill and loggerhead turtles
occur around the reefs (it is estimated that
approximately 11,000 marine turtles feed in the area
throughout the year);

Supports a small dugong population of less than 50
individuals that breed and feed around the reef. This
population is thought to be genetically distinct from
other Australian populations;

Migratory pathway for pygmy blue whales;
Important seabird rookeries on the NWS, including
colonies of bridled terns, common noddies, brown
boobies, eastern reef egrets, frigatebirds, tropicbirds,
red-footed boobies, roseate terns, crested terns and
lesser crested terns;

important staging point or feeding area for many
migratory seabirds;

significant for its abundance and diversity of sea
snakes;

Two KEFs:

Ashmore Reef and Cartier Island and surrounding
Commonwealth waters; and

Continental slope demersal fish communities;

+

Cultural and heritage sites, including;

Ashmore lagoon as a rest/staging area for traditional
Indonesian fishers;

Indonesian artefacts; and

Grave sites; and.

communities (valued for high levels of endemism).
Ashmore Reef is the largest of three emergent oceanic
reefs in the region and the only one with vegetated
islands. The marine park is an area of enhanced
biological productivity and a biodiversity hotspot
supporting a range of pelagic and benthic marine species
and an important biological stepping stone facilitating
the transport of biological material to the reef systems
along the Western Australian coast via the south-flowing
Leeuwin Current, which originates in the region. The
Ashmore Reef Ramsar site is located within the
boundary of the marine park. The site was listed under
the Ramsar Convention in 2002 and is a wetland of
international importance under the EPBC Act. An
ecological character description that sets out the Ramsar
listing criteria met by the site, the key threats and the
knowledge gaps is available on the DAWE’s website.
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Distance from

Special Purpose
Zone —IUCN VI
(43%)

(internesting area) for the threatened flatback turtle and
olive ridley turtle;

Important foraging area for the threatened loggerhead
turtle and olive ridley turtle;

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

KEFs represented in the park are (Director of National
Parks 2018c):

—  Carbonate bank and terrace system of the Van
Diemen Rise (unique sea-floor feature);

IUCN Zones
the WHP (km)/ B e
Name . and Areas (% Summary of Values and Sensitivities Statement of Significance
Project Area
of park total)
Boundary (km)
+ Commonwealth heritage listing — Ashmore Reef.
Carnarvon 899/ 847 IV - Habitat + A single channel canyon with seabed features that The Carnarvon Canyon Marine Park is significant
Canyon Protection include slope, continental rise and deep holes and because it contains habitats, species and ecological
Zone (100%) valleys; communities associated with the Central Western
+ Ranges in depth from 1,500 to 5,000 m, thereby Transition. This includes deepwater ecosystems
providing habitat diversity for benthic and demersal associated with the Carnarvon Canyon. The marine park
species; and lies within a transition zone between tropical and
+ Contains Central Western Transition provincial temdpera?t(.e species and is an area of high biotic
bioregion ecosystem examples, which are productivity.
characteristic of the biogeographic faunal transition
between tropical and temperate species.
Oceanic 1060/ 1150 Multiple Use The marine park protects the following conservation values The Oceanic Shoals Marine Park is significant because it
Shoals Zone - IUCN (DoE 2014): contains habitats, species and ecological communities
Marine Category VI (57%) | 4 Important resting area for turtles between egg laying | @ssociated with the Northwest Shelf Transition. It
Park contains four key ecological features: carbonate bank

and terrace systems of the Van Diemen Rise; carbonate
bank and terrace systems of the Sahul Shelf; pinnacles of
the Bonaparte Basin; and shelf break and slope of the
Arafura Shelf (all valued as unique seafloor features with
ecological properties of regional significance). The
Marine Park is the largest marine park in the North
Network.
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IUCN Zones
the WHP (km)/ B L
Name . and Areas (% Summary of Values and Sensitivities Statement of Significance
Project Area
of park total)
Boundary (km)
—  Carbonate banks and terrace system of the Sahul
Shelf (unique sea-floor feature);
—  Pinnacles of the Bonaparte Basin (enhanced
productivity, unique sea-floor feature); and
—  Shelf break and slope of the Arafura Shelf (unique
sea-floor feature).
No heritage listings apply to the marine park. Commercial
fishing and mining are important socio-economic values for
the park (Director of National Parks 2018c). A spatial predictive
benthic habitat model of the Oceanic Shoals Marine Park has
been developed by AIMS, as part of the Australian National
Environmental Science Programme, to determine the spatial
heterogeneity of the benthic environment and key classes of
organisms within the reserve. The benthic habitat model maps
the 10 broad classes of benthic organisms; alcyons,
gorgonians, soft corals, hard corals, halimeda, macroalgae,
seagrass, filterers (e.g. sponges), burrowers (e.g. sea urchins)
and no biota detected (Radford and Puotinen 2016).
Abrolhos 1,003/ 1,019 IV - Habitat + Important foraging areas for the: The Abrolhos Marine Park is significant because it
Protection - Threatened Australian lesser noddy; contains habitats, species and ecological communities
Zone (26%) - Northernmost breeding colony of the threatened associated with four bioregions: Central Western
Il - National Australian sea lion; Province; Central Western Shelf Province; Central
Park Zone (3%) _ Great white shark; and Western Transition; and South-west Shelf Tra.nsmon. It
VI - Multiple _ Migratory common noddy, wedge-tailed |ncIl.Jdes seven KEFs: the Commonwealth marine
Use Zone shearwater, bridled tern ('Zaspian tern and roseate enwronment.surroundlng "che'Houjcman Abrolhos. Islands
(64%) rern ¢ ¢ (valued for high levels of biodiversity and endemism);
) western demersal slope and associated fish communities
+ Important migration habitat for the protected (in the Central Western Province and valued as a species
humpback whale and pygmy blue whales; group that is nationally or regionally important to
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Distance from IUCN Zones
the WHP (km)/ B e
Name . and Areas (% Summary of Values and Sensitivities Statement of Significance
Project Area
of park total)
Boundary (km)
VI - Special The second largest canyon on the west coast, the biodiversity); mesoscale eddies (valued for high
Purpose Zone Houtman Canyon; productivity and aggregations of marine life); Perth
(7%) Examples of the northernmost ecosystems of the Canyon and adjacent shelf break, and other west-coast
Central Western Province and South-west Shelf canyons (valued for high biological productivity and
Transition (including the Central West Coast mesoscale | @8gregations of marine life and unique seafloor features
bioregion); with ecological properties of regional significance);
Examples of the deeper ecosystems of the Abrolhos we?tern ro.ck lobster (valuec.j asa speaes.that pIays.a
. L regionally important ecological role); ancient coastline
Islands mesoscale bioregion; )
between 90 m and 120 m depth (valued for relatively
Examples of the shallower, southernmost ecosystems . .. . L .
- o high productivity, aggregations of marine life and high
of the Central Western Shelf Province provincial . S
o on including th q e b ) levels of biodiversity and endemism); and Wallaby
loregion, including the Zuytdorp mesoscale bioregion; Saddle (valued for high productivity and aggregations of
Examples of the deeper ecosystems of the Central marine life). The southern shelf component of the
Western Transition provincial bioregion; marine park partially surrounds the Western Australian
Examples of diversity of seafloor features, including Houtman Abrolhos Islands Nature Reserve. The islands
southernmost banks and shoals of the North-west and surrounding reefs are renowned for their high level
marine region; deep holes and valleys; slope habitats; of biodiversity, due to the southward movement of
terrace and shelf environments; and species by the Leeuwin Current. The marine park
Seven KEFs. contains a number of seafloor features, including the
Houtman Canyon, the second largest submarine canyon
on the west coast (the Perth Canyon being the largest).
Jurien 1,294/ 1,272 Il - National Important foraging areas for the: The Jurien Marine Park is significant because it includes
Park Zone (2%) - Threatened soft-plumaged petrel; habitats, species and ecological communities associated
VI - Special - Threatened Australian sea lion: with two bioregions: South-west Shelf Transition and
Purpose Zone Threatened white shark: and Central Western Province. It includes three KEFs: ancient
(98%) ) " ) coastline between 90 and 120 m depth (valued for
- Migratory roseate tern, bridled tern, wedge-tailed relatively high productivity, aggregations of marine life
shearwater, and common noddy. and high levels of biodiversity and endemism); demersal
slope and associated fish communities of the Central
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Distance from

wedge-tailed shearwater, and common noddy.
Important migratory areas for protected humpback
whales and pygmy blue whales;
Seasonal calving habitat for the threatened southern
right whale;

Examples of the ecosystem of the southernmost parts
of the South-west Shelf Transition (including the
Central West Coast mesoscale bioregion); and

Three KEFs.

IUCN Zones
the WHP (km)/ B e
Name . and Areas (% Summary of Values and Sensitivities Statement of Significance
Project Area
of park total)
Boundary (km)
Important migration habitat for the protected Western Province (valued as a species group that are
humpback whale; nationally or regionally important to biodiversity); and
Examples of the ecosystems of two provincial western rock lobster (valued as a species that plays a
bioregions: the central part of the South-west Shelf regionally important ecological role). The marine park
Transition (which includes the Central West Coast contains a mixture of tropical species carried south by
mesoscale bioregion) and small parts of the Central the Leeuwin Current and temperate species carried
Western Province; north by the Capes Current. The marine park’s shelf
Three KEFs: and habitats are defined by distinct ridges of limestone reef
Heri ,I dbv th b q with extensive beds of macroalgae. Inshore lagoons are
eritage va' ues.repr.esente y the Cambewarra an inhabited by a diverse range of invertebrates and fish.
Oleander historic shipwrecks. .
Seagrass meadows occur in more sheltered areas, as
well as in the inter-reef lagoons along exposed sections
of the coast. The marine park includes habitats
connecting to and complementing the adjacent Western
Australian Jurien Bay Marine Park.
Two Rocks 1,425/ 1,397 Il - National Important foraging areas for the: The Two Rocks Marine Park is significant because it
Park Zone (2%) - Threatened soft-plumaged petrel; includes habitats, species and ecological communities
VI - Multiple - Threatened Australian sea lion: and associated with the South-west Shelf Transition. It
' includes three KEFs: the Commonwealth marine
Use Zone - Migratory roseate tern, bridled tern, Caspian tern, . L .
(98%) environment within and adjacent to the west-coast

inshore lagoons (valued for high productivity and
aggregations of marine life and high levels of biodiversity
and endemism); western rock lobster (valued as a
species that plays a regionally important ecological role);
and ancient coastline between 90 m and 120 m depth
(valued for relatively high productivity, aggregations of
marine life and high levels of biodiversity and
endemism). The marine park is shallow and provides
connectivity between offshore waters and the west
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Distance from

Seasonal calving habitat for the threatened southern
right whale;

Examples of the ecosystems of the southernmost parts
of the Central Western Province and South-west Shelf
Transition (including the Central West Coast mesoscale
bioregion), and the northernmost parts of the South-
west Transition and Southwest Shelf Province
(including the Leeuwin-Naturaliste mesoscale
bioregion); and

Four KEFs.

IUCN Zones
the WHP (km)/ B e
Name . and Areas (% Summary of Values and Sensitivities Statement of Significance
Project Area
of park total)
Boundary (km)
coast inshore lagoons, which are key areas for the
recruitment of rock lobster and other commercially and
recreationally important fish species.
Perth 1,460/ 1,437 IV - Habitat Globally important seasonal feeding aggregation for The Perth Canyon Marine Park is significant because it
Canyon Protection the threatened blue whale; includes habitats, species and ecological communities
Zone (59%) Important foraging areas for the: associated with four bioregions: Central Western
Il - National - Threatened soft-plumaged petrel; Provnlwc.e; South-west Shelf Province; S(.)ljlthwe%t
Park Zone ) Transition; and South-west Shelf Transition. It includes
- Migratory sperm whale; and . .
(17%) ) ' four key ecological features: Perth Canyon and adjacent
VI - Multiple - Migratory wedge-tailed shearwater. shelf break, and other west-coast canyons (valued for
Use Zone Important migratory areas for protected humpback high biological productivity and aggregations of marine
(25%) whales and blue whales; life and unique seafloor features with ecological

properties of regional significance); demersal slope and
associated fish communities of the Central Western
Province (valued as a species group that are nationally or
regionally important to biodiversity); western rock
lobster (valued as a species that plays a regionally
important ecological role); and mesoscale eddies (valued
for high productivity and aggregations of marine life).
The marine park includes the majority of the Perth
Canyon, Australia’s largest submarine canyon, which is
home to the largest feeding aggregations of blue whales
in Australia. This unique feature is also of particular
significance because it cuts into the continental shelf at
approximately 150 m depth west of Rottnest Island,
linking the shelf with deeper ecosystems at depths of up
to 5,000 m. The Marine Park represents the southern
end of the transition area from tropical to temperate
marine environments.
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Distance from IUCN Zones
the WHP (km)/ B e
Name Project Area and Areas (% Summary of Values and Sensitivities Statement of Significance
of park total)
Boundary (km)
Geographe 1,627/ 1,596 IV - Habitat Important foraging areas for the: The Geographe Marine Park is significant because it
Protection - Threatened soft-plumaged petrel; and contains habitats, species and ecological communities
Zone (2%) - Migratory wedge-tailed shearwater. associated with the South-west Shelf Province. It
Il - National Important premigration aggregation area for the |ncl%1des two KE.FS:. the Com.monwealth marine
Park Zone (2%) migratory flesh-footed shearwater; envnronment'W|th|n and.af:ijacent to Geographe Bay '
VI - Multiple | . . (valued for high productivity and aggregations of marine
Use Zone mportant migratory habitat for the protected life and high levels of biodiversity and endemism); and
(30%) humpback wr.1ale anc-l blue whale; western rock lobster (valued as a species that plays a
VI - Special S'easonal calving habitat for the threatened southern regionally important ecological role). The marine park
Purpose Zone right whale. contains an area of high productivity supported by
(Mining Representation of the South-west Shelf Province on the extensiye and diverse seagrass beds that cover
Exclusion) continental shelf, as well as the Leeuwin-Naturaliste approximately 60% of Ge.ographe Bay. Tropical and
(67%) mesoscale bioregion; temperate seagrass species account for 80% of the
Two KEFs; and benthic primary production in the area. These meadows
Representation of the seagrass habitats of the provide habit?t for fish and inverteb'rates. Gt.eographe
Geographe Bay KEF, which in this location extends the Bay prowc.ies |mp'ortant nursery habitat, resting aljeas
furthest into Commonwealth waters. and foraging habitats for sharks, whales and seabirds.
The marine park includes habitats connecting to and
complementing the adjacent Western Australian Ngari
Capes Marine Park.
South-west 1,647/ 1,625 IV - Habitat Important migratory area for protected humpback The South-west Corner Marine Park is significant
Corner Protection whales and blue whales; because it contains habitats, species and ecological
Zone (35%) Important foraging areas for the: communities associated with three bioregions: Southern
Il - National - Threatened white shark; Province; South-west Transition; and South-west Shelf
Park Zone  Threatened Australian sea lion: Province. It includes six KEFs: Albany Canyon group and
(20%) . ’ adjacent shelf break (valued for high productivity,
VI - Multiple - Threatened Indla'n Yellow-nosed albatross and soft- aggregations of marine life and unique seafloor features
Use Zone plumaged petrel; with properties of regional significance); Cape Mentelle
(39%) - Sperm whale; and upwelling (valued for high productivity and aggregations
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Distance from IUCN Zones
the WHP (km)/ B e
Name . and Areas (% Summary of Values and Sensitivities Statement of Significance
Project Area
of park total)
Boundary (km)
VI - Special - Migratory flesh-footed shearwater, short-tailed of marine life); Diamantina Fracture Zone (valued as a
Purpose Zone shearwater and Caspian tern; unique seafloor feature with ecological properties of
(2%) + Seasonal calving habitat for the threatened southern regional significance); Naturaliste Plateau (valued as a
VI - Special right whale; unique seafloor feature with ecological properties of
Purpose Zone + Representation of three provincial bioregions (the regional significance); western rock lobster (valued as a
(Mining South-west Transition and Southern Province in the species that plays a regionally important ecological role);
Exclusion) (4%) off-shelf area and the South-west Shelf Province on the | 2nd ancient coastline between 90 m and 120 m depth
continental shelf) and two mesoscale bioregions (valued for relatively high productivity, aggregations of
(southern end of the Leeuwin-Naturaliste mesoscale marlnelllfe and high levels of b'_OdlverS'Fy and
bioregion and western and central parts of the endemism). As the largest marine park in the South-west
Western Australia South Coast mesoscale bioregion); Network, it contains a wide range of important
) ecosystems in both shallow and deep water, reaching
+ Representation of the Donnelly Banks, east of Augusta, . . . .
h terised by high ductivit 4 includi abyssal depths, including the Diamantina Fracture Zone,
charac erlse_ y higher productivity and Including Naturaliste Plateau and Donnelly Banks, along with
nursery habitats; and . .
many reefs and canyons. The marine park contributes to
+ Six KEFs. a transect that extends from coastal land (Leeuwin—
Naturaliste and D’entrecasteaux national parks) to
coastal waters (Ngari Capes Marine Park) and the deep
ocean.
Eastern 1570/ 1525 Il — National The Eastern Recherche Marine Park is part of the South-West | The Eastern Recherche Marine Park is significant
Recherche Park Zone Marine Park Network. It lies adjacent to the Recherche because it contains habitats, species and ecological
Marine (76%) Archipelago about 135km east of Esperance and includes communities associated with three bioregions: South-
Park VI - Special Use important foraging areas for: west Shelf Province; Southern Province; and the Great
Zone (24%) + Threatened white shark; Australian Bight Shelf Transition. It includes three key
+ Threatened Australian sea lion ecological features: mesoscale eddies (valued for high
L op bl hal distributed th . productivity and aggregations of marine life); ancient
ygI:ny due whales are distributed across the marine coastline between 90 m and 120 m depth (valued for
park; an relatively high productivity, aggregations of marine life
and high levels of biodiversity and endemism); and the
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IUCN Zones
the WHP (km)/ B e
Name . and Areas (% Summary of Values and Sensitivities Statement of Significance
Project Area
of park total)
Boundary (km)
+ Southern right whales migrate through the region to Commonwealth marine environment surrounding the
important nursery areas in coastal waters. Recherche Archipelago (valued for aggregations of
The marine park does not contain any international, marine life and high levels of biodiversity and
Commonwealth or National heritage listings (Director of endemism). The Marine Park includes representative
National Parks 2018a) but it is adjacent to the Recherche examples of habitats adjacent to the Recherche
Archipelago which is home to the only breeding Archipelago, an area recognised globally for its
population of great-winged petrels in Australia. biodiversity. The Archipelago contains over 150 islands
stretching over 200 km? of ocean and represents the
most extensive area of rocky reef environments in the
region. Its reef and seagrass habitats support a high
diversity of warm temperate species. The Marine Park
captures one of the few areas where the reef extends
into Commonwealth waters and includes Chester and
Pollock reefs which are located south of Salisbury Island
about 60-70 km offshore
Bremer 1495/ 1458 Il — National The Bremer Marine Park protects the following conservation | The Bremer Marine Park is significant because it contains
Marine Park Zone (70%) values (Director of National Parks 2018a): habitats, species and ecological communities associated
Park VI - Special +  Contains habitats, species and ecological communities | With two bioregions: Southern Province and South-west
Purpose Zone associated with two bioregions: Southern Province and | Shelf Province. It includes two key ecological features:
(Mining South-west Shelf Province; Albany Canyon group and adjacent shelf break (valued for
exclusion) (30%) ) high productivity, aggregations of marine life and unique
+ Two key ecological features (Albany Canyon group and . . . . ]
seafloor features with properties of regional significance);
adjacent shelf break and ancient coastline between 90 m and ancient coastline between 90 m and 120 m depth
and 120 m depth); (valued for relatively high productivity, aggregations of
+ Important foraging areas for: marine life and high levels of biodiversity and endemism).
—  Threatened white shark; The Marine Park contains the Bremer Canyon and
—  Threatened Australian sea lion; significant calving and aggregation area for whales as well
as important foraging areas for sharks, sea lions, and a
range of seabirds.
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Threatened Indian  yellow-nosed albatross,
Australian fairy tern and soft-plumaged petrel; and

Migratory flesh-footed shearwater, short-tailed
shearwater, bridled tern and Caspian tern.

Important migratory pathway for humpback
whales;

Significant calving habitat for the threatened
southern right whale; and

Important aggregation area for killer whales

The marine park does not contain any international,
Commonwealth or National Heritage listings (Director of
National Parks 2018a). Commercial tourism, fishing, shipping
and recreation are important supported socio-economic
activities in the park.
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3.4.2.2 Western Australian Marine Protected Areas

In addition to the AMPs described in Section 3.4.2.1, a number of Western Australian marine
protected areas were identified as overlapping the EMBA beyond the Project Area. These are
described in Table 3-18 and shown in Figure 3-23 and Figure 3-24.

No Western Australian marine protected areas overlap the Project Area. The Western Australian
marine protected areas that overlap the EMBA comprise two categories:

+ marine parks; and
+ marine protected areas.

Marine parks are created to protect natural features and aesthetic values while allowing recreational
and commercial uses that do not compromise conservation values. Marine parks are multiple-use
reserves that cater for a wide range of activities. Marine parks are zoned in accordance with the
IUCN categories for protected areas. Each marine park has a “management plan” that contains
strategies to protect the high-value assets in the park, as well as permitted-activities tables.

Marine management areas provide an integrated management structure over areas that have high
conservation value and intensive multiple-use.

Santos Ltd | Dorado Development Offshore Project Proposal
! P ) P Page 292 of 897



Santos

Table 3-18: Summary of environmental values and sensitivities of State marine protected areas within the EMBA

Distance from the
WHP/ closest

IUCN Zones and

Marine Park

Name Project Area Areas (% of park Summary of Values and Sensitivities
Boundary (km) total)
(approximate)
Eighty Mile 128/90 VI - Multiple Use + Aboriginal cultural heritage;
Beach Marine Zone (100%) + Intertidal sand and mudflat communities supporting a high abundance and diversity of
Park invertebrate life;
+ Diverse subtidal filter-feeding communities;
+ Macroalgal and seagrass communities;
+ High-diversity intertidal and subtidal coral reef communities;
+ Mangrove communities and adjacent saltmarshes;
+ High-diversity and abundance of shorebirds and waders (including migratory species);
+ Flatback turtles nesting;
+ Dugongs and several whale and dolphin species; and
+ Recreational and commercial fishing.
Rowley Shoals 147/117 Il - National Park + Reefs form part of a series of important ecological “steppingstones” for biota originating

(0.14%)

VI - Multiple Use
Zone (99.86%)

in Indonesian/western Pacific waters;

Provides an important upstream source for recruitment to reefs further south;
Marine biota, including:

- 184 species of corals, primarily Indo-West Pacific species;

- 264 species of molluscs;

- 82 species of echinoderms, and

- 389 species of finfish.
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Distance from the
WHP/ closest

IUCN Zones and

Marine Park

Name Project Area Areas (% of park Summary of Values and Sensitivities
Boundary (km) total)
(approximate)
Montebello 357/334 VI - Multiple Use + Important habitats including:
Islands Marine Zone (100%) - corals reefs and bommies:
Park
- mangroves;
- seagrass and macroalgae meadows;
- rocky shorelines and hard substrate, and
- intertidal sand and mudflat communities.
+ Large diversity of species, including dugongs, turtles, whales, other protected cetaceans
and birds, as well as sea snakes and fish.
+ Socio-economic values including:
- hydrocarbon exploration and production;
- pearling;
- nature-based tourism; and
- commercial and recreational fishing.
Barrow Island 371/347 IV - Habitat / + Regionally significant coral reefs;
Marine Species + Diversity of tropical marine fauna;
Management Management Area + Seabird d mierat horebird
Area (100%) eabirds and migratory shorebirds;
+ Unique mangrove communities;
+ Green, hawksbill and flatback turtles nesting and breeding; and
+ Nature-based tourism.
Barrow Island 401/377 VI - Multiple Use + Biggada Reef, an ecologically significant fringing reef;

Zone (100%)

Turtle Bay, an important turtle aggregation and breeding area; and

Representative areas of seagrass, macroalgal and deepwater habitat.
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Name

Distance from the
WHP/ closest
Project Area
Boundary (km)
(approximate)

IUCN Zones and
Areas (% of park
total)

Summary of Values and Sensitivities

Muiron Islands 533/509 IV - Habitat / + Immediately adjacent to the northern end of the Ningaloo Marine Park and Ningaloo
Marine Species WHA;
Management Management Area + Sandy beaches, macroalgae and seagrass beds in the shallow waters (particularly on the
0,
Area (100%) eastern sides); and
+ Coral reef up to depths of 5 m, which surrounds both sides of South Muiron Island and
the eastern side of North Muiron Island.
Ningaloo Marine 553/529 VI - Multiple Use + Aligns with the Ningaloo WHA in Western Australian waters;
Park Zone (100%) + Over 217 species of coral (representing 54 genera);
+ Over 600 species of mollusc (clams, oysters, octopus, cuttlefish, snails);
+ Over 460 species of fish;
+ Ninety-seven species of echinoderms (sea stars, sea urchins, sea cucumbers);
+ Habitat for numerous threatened species, including whales, dugong, whale sharks and
turtles; and
+ Habitat for over 25 species of migratory birds.
Lalang-garram/ 607/549 VI - Multiple Use Aboriginal cultural heritage values, including three recognised traditional owner groups;

Camden Sound
Marine Park

Zone (100%)

Species of special conservation interest, including:

- humpback whales, which calve and rest within the park;
- dolphins;

- dugongs;

- marine turtles;

- crocodiles;

- fish (including sharks and rays);

- birds; and
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Distance from the

WHP/ closest IUCN Zones and
Name Project Area Areas (% of park Summary of Values and Sensitivities
Boundary (km) total)

(approximate)

- benthic invertebrates (molluscs, crustaceans, echinoderms and sponges).

+ Geology and geomorphic features;

+ Habitats and communities;

+ Nature-based tourism; and

+ Fishing.
Lalang-garram/ 612/553 VI - Multiple Use + Cultural heritage values and sites of the Dambimangari traditional owners;
Horizontal Falls Zone (100%) + Habitats and communities, including:
Marine Park and

- mangroves and saltmarshes;

North Lalang-
garram Marine - coral reefs;
Park - seagrass and macroalgae;

- estuaries; and

- pelagic habitat.

A range of coastal geomorphologies;

Fauna of special conservation interest, including:
- marine turtles;

- dugongs;

- dolphins;

- crocodiles;

- fish (including sharks and rays);

- whales (particularly humpback whales);
- seasnakes; and

- birds.

+ Recreation and nature-based tourism values.
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Name

Distance from the
WHP/ closest
Project Area
Boundary (km)
(approximate)

IUCN Zones and
Areas (% of park
total)

Summary of Values and Sensitivities

North Kimberley
Marine Park

754/697

VI - Multiple Use
Zone (100%)

+ Four separate management areas including, Uunguu, Balanggarra, Miriuwung
Gajerrong, and Wilinggin traditional owners;

+ Species of special conservation interest, including:
- dolphins;
- dugongs;
- marine turtles;
- crocodiles;
- fish (including sharks and rays); and
- birds.
Habitats and communities;
Nature-based tourism; and

+ Fishing.

Shark Bay
Marine Park

835/810

VI - Multiple Use
Zone (100%)

+ 323 fish species, comprising:
- 83% tropical species;
- 11% warm temperate species; and
- 6% cool temperate species.
+ 218 species of bivalves, comprising:
- 75% with a tropical range; and
- 10% with a southern Australian range.

+ 12 species of seagrass, making it one of the most diverse seagrass assemblages in the
world;

+ An estimated population of about 11,000 dugongs, one of the largest populations in the
world;
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Distance from the
WHP/ closest

IUCN Zones and

Name Project Area Areas (% of park Summary of Values and Sensitivities
Boundary (km) total)
(approximate)
Humpback and southern right whales use the bay as a migratory staging post;
Bottlenose dolphins occur in the bay, and green turtle and loggerhead turtle nest on the
beaches;
+ Large numbers of sharks including whaler, tiger shark and hammerhead are present, as
well as an abundant population of rays, including the manta ray;
+ Hamelin Pool in Shark Bay contains the most diverse and abundant examples of
stromatolite forms in the world, representative of life forms that lived some 3,500
million years ago; and
+ Aligns with the Shark Bay WHA.
Jurien Bay 1,281/1,258 VI - Multiple Use + Ecological values:
Marine Park Zone (100%) - geomorphology, such as intertidal reef platforms;

- water and sediment quality;
- seagrass meadows and macroalgal communities; and

- fauna such as seabirds, invertebrate communities, finfish, sea lions, cetaceans and
turtles.

+ Social values:
- indigenous heritage and maritime heritage;
- commercial fishing, recreational fishing and aquaculture;
- coastal use;
- seascapes;
- marine nature-based tourism and water sports;
- petroleum drilling and mineral development; and

- scientific research and education.
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Shoalwater
Islands Marine
Park

1,507/1,472

VI - Multiple Use
Zone (100%)

+ + + +

Representative rocky shoreline habitats;

Roosting and nesting areas for birds, including little penguins;
Seagrass meadows;

Marine fauna, such as:

- fishes (including sharks and rays);

- bottlenose dolphins;

- sealions;

- crustaceans (including western rock lobster);

- worms; and

- shellfish.

Ngari Capes
Marine Park

1,643/1,619

VI - Multiple Use
Zone (100%)

+ + + + + + + + +

Aboriginal cultural heritage values;

Seagrass communities;

Intertidal, shallow subtidal and deep reef communities;
Coral communities;

Finfish;

Marine mammals, including sea lions;

Seabirds and shorebirds;

Recreational uses; and

Scientific research.
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3.4.2.3 Western Australian Terrestrial Protected Areas
The Western Australian terrestrial protected areas that overlap the EMBA comprise two categories:

+ nature reserves; and
+ conservation parks.

Nature reserves and conservation parks are intended to protect and conserve flora and fauna.

The hydrocarbon spill modelling studies (Attachment 8) identified several Western Australian
terrestrial reserves as potentially having shoreline accumulation of oil above impact thresholds.
These are described in Table 3-19.

Table 3-19: Nature reserves and conservation parks within the EMBA

. Distance from Closest
Distance from the

Reserve Name Project Area Boundar
WHP (km) " m’) K

Nature Reserves

Bedout Island Nature Reserve 72 38
North Turtle Island Nature Reserve 96 71
Kujungurru Warrarn Nature Reserve 170 117
Jinmarnkur Kulja Nature Reserve 152 105
Coulomb Point Nature Reserve 406 345
Lacepede Islands Nature Reserve 429 372
Barrow Island Nature Reserve 389 365
Boodie, Double Middle Islands Nature Reserve 412 389
Swan Island Nature Reserve 545 487
Adele Island Nature Reserve 609 553
Scott Reef Nature Reserve 625 582

Conservation Parks

Kujungurru Warrarn Conservation Park 176 121
Jinmarnkur Conservation Park 292 234
Montebello Islands Conservation Park 363 340

3.4.2.4 Wetlands of International Importance (Ramsar Wetlands)

Wetlands of international importance, commonly called Ramsar sites, are protected under the EPBC
Act as wetlands of international importance. The Project Area does not overlap any wetlands of
international importance; however, a number are overlapped by the EMBA (potentially impacted in
the unlikely event of a hydrocarbon spill). These are listed in Table 3-20, along with the shortest
distance between the WHP and the AMP.
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Table 3-20: Ramsar wetlands within the EMBA

Wetland Distance from Dorado Dist.ance from Closest
WHP (km) Project Area Boundary (km)
Eighty-mile Beach 146 99
Roebuck Bay 366 305
Ashmore Reef National Nature Reserve 873 829
Peel-Yalgorup System 1,526 1,503
Hosnies Spring 1,700 1,676
The Dales 1,712 1,687

These sites are recognised as being critically important to migratory bird species that utilise habitats
in more than one country. Descriptions of each of these Ramsar sites are in the following sections.
Refer to Section 3.3.6 for a summary of migratory birds that may occur within the EMBA.

3.4.2.4.1 Eighty-mile Beach

The Eighty-mile Beach Ramsar site is located between Port Headland and Broome and is made up of
Eighty Mile Beach and Mandora Salt Marsh (about 40 km inland from the beach). Eighty Mile Beach is
a long (220 km) relatively uninterrupted sand coast and associated mudflats, ranging in width from

1 km to 4 km (Hale and Butcher 2009). 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. Mandora Salt Marsh includes two large
seasonal wetlands and a series of small permanent mound springs. A summary of the environment
and ecological character of the Ramsar site is provided in Table 3-21.

Table 3-21: Environmental and ecological character description of the Eighty-mile Beach Ramsar
site (from Hale and Butcher 2009)

Ecosystem Components and Processes

Climate Semi-arid monsoonal with a prolonged dry period, more than 80% of rainfall in the
wet season (December to March). High interannual variability. High occurrence of
tropical cyclones.

The Beach + 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 invertebrates within the intertidal
mudflat areas.

+ Fish: Data deficient, but anecdotal evidence of marine fish (including sharks and
rays) using inundated mudflats.
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+ Waterbirds: Significant site for stopover and feeding by migratory shorebirds.
Regularly supports more than 200,000 shorebirds during summer and more than
20,000 during winter. High diversity with 97 species of waterbird recorded from
the beach. Regularly supports more than 1% of the flyway population of 20
species.

+ Marine turtles: Significant breeding site for the flatback turtle.

Mandora Salt + Geomorphology: Wetland formation dominated by alluvial processes. Wetlands
Marsh 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 run-off. 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 is
hypersaline, and Walyarta is 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 more than
1% of the population of at least two species. Breeding recorded for at least 24

species.
Ecosystem Services
Provisioning + Freshwater: The freshwater springs at Mandora Salt Marsh provide drinking
service water for livestock.

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

Climate regulation: Plausible, but data deficient.

Regulating + Biological control of pests: Evidence that many of the shorebirds feed on the
service adjacent pastoral land and that the incidence of 2.88 million oriental pratincole
coincided with locusts in almost plague proportions, upon which the birds fed.

Cultural + Recreation and tourism: The beach portion of the site is important for
Services recreational fishing, tourism, bird watching and shell collecting.

+ Spiritual and inspirational: Spiritually significant for the Karajarri and
Nyangumarta and contains 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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+ Scientific and educational: Mandora Salt Marsh and Eighty Mile Beach have been
the sites 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 As evidenced by the listing of the Eighty-mile Beach Ramsar site as a wetland of
services international importance. The system provides a wide range of biodiversity-related
ecological services critical for the ecological character of the site, including:

+ containing a diversity of wetland types;

supporting significant numbers of migratory shorebirds;

+
+ supporting significant wetland bird breeding; and
+

supporting flatback turtle breeding.

3.4.2.4.2 Roebuck Bay

The Roebuck Bay Ramsar site covers an area of 34,119 hectares and is primarily comprised of
intertidal mudflats. The site extends from Campsite (a location on the northern shore of Roebuck
Bay) east of the town of Broome to south of Sandy Point. The site was listed for several reasons
including, most notably, outstanding shorebird values. The high biomass of benthic invertebrates at
Roebuck Bay (for a tropical mudflat) is a key characteristic that makes it such an important shorebird
habitat. 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
(Bennelongia 2009).

The site regularly supports over 100,000 waterbirds. It is the fourth most important site for waders in
Australia in terms of absolute numbers and the most important in terms of the number of species it
supports in internationally significant numbers. A summary of the environment and ecological
character of the Ramsar site is provided in Table 3-22.

Table 3-22: Environmental and ecological character description of the Roebuck Bay Ramsar Site
(from Bennelongia 2009)

Ecosystem Components and Processes

Climate Semi-arid monsoonal with hot, wet summers and warm, dry winters. Mean monthly
temperature ranges from a maximum of approximately 35°C to a minimum of
13.6°C, and average daily sunshine is around 15 hours. Winters are mild, with
overnight temperatures rarely falling below 5°C. Mean annual rainfall at Broome is
601 mm, mostly falling from December to March

Tides Semi-diurnal tides with an amplitude up to 10 m. Spring tides occur every fortnight.
These flood low-lying salt marshes behind the mangrove woodlands fringing the bay
at high tide and expose about 190 km? of mudflat (45% of the bay area) at low tide.
The twice daily tidal flushing across the mudflat is a driving factor in the ecology of
most life forms in the extensive intertidal zone of the bay.

Roebuck Bay + Wetland values: The site is an example of a tropical marine embayment within
the Northwest bioregion. It is one of only a dozen intertidal flats worldwide
where benthic food sources are found in sufficient densities that they regularly
support internationally significant numbers of waders.
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+ Threatened species/communities: Loggerhead and green turtles regularly use the
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.
Sawfish regularly use the tidal creeks and mangrove areas for breeding and
refuge.

+ Regional biodiversity: The site supports a significant component of the regional
intertidal and shallow marine biodiversity in terms of the marine mammals,
marine invertebrate infauna, and avian fauna across the site. The total density of
macrobenthic animals is high by global standards for a tropical mudflat, and
species richness is very high (estimated to be between 300 and 500 species).

+ Key habitat in life cycle. The site is one of the most important migration stopover
areas for shorebirds both in Australia and globally. It is the arrival and departure
point for large proportions of the Australian populations of several shorebird
species, notably the bar-tailed godwit and great knot. The site provides essential
energy replenishment for many migrating species, some of which fly non-stop
between continental east Asia and Australia.

Primary Determinants of Ecological Character

Sedimentary
and

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

Geomorphic creeks.
Processes + Sedimentology: Three main sediment provinces have been identified: northern
sands province, eastern silt and clay province and southern sands province.

Nutrient Nitrogen and phosphorus are frequently the most important because their biological

Processes and availability limits rates of growth of marine plants. There are probably several

Carbon Supply sources of carbon supply to the intertidal flats of Roebuck Bay, namely in situ
fixation by microalgae, phytoplankton deposits during flooding tides, detritus from
adjacent mangrove systems, and some transport of macroalgal and seagrass
material. There may also be input of terrestrial carbon, particularly after major
rainfall events following the passage of cyclones.

Groundwater The only available measurements of the relationship between groundwater and the

Movements coastal systems of Roebuck Bay are from Vogwill (2003) who used a series of
piezometers to record changes in groundwater levels in mudflats behind Crab Creek
and Dampier Creek. Groundwater levels in both systems were affected by tidal
movement and rainfall, with each being dominant close to the coast and hinterland
respectively.

Tides and The daily ebb and flow of the tides in Roebuck Bay are a significant factor in

Water determining the ecological character of the bay, as are the lunar and annual tidal

Exchange regimes.

Intrinsic Within a systems approach to describing the ecological character of a geographical

Ecological area, there is a need to include those intrinsic ecological factors, such as

Factors recruitment, trophic structure, resources depletion and other attributes of habitat

utilisation. It is not possible to describe all of the intrinsic attributes of Roebuck Bay
here as many of them are species specific and not documented.

3.4.2.4.3 Ashmore Reef National Nature Reserve

The Ashmore Reef Ramsar site is located within the Commonwealth Ashmore Reef Marine Park.
Ashmore Reef is located on the outer continental shelf, approximately 320 km off the northwest
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coast of mainland Australia. The site was listed in 2002. In addition to providing an important site for
migratory shorebirds, Ashmore Reef also hosts regionally important populations of migratory and
non-migratory seabirds.

A summary of the environmental and ecological character of the Ashmore Reef Ramsar site is
provided in Table 3-23.

Table 3-23: Environmental and ecological character description of the Ashmore Reef Ramsar Site

(from Hale and Butcher 2013)

Ecosystem Components and Processes

Climate

Arid tropical monsoonal climate.

Located outside the main belt of tropical cyclones in the Timor Sea.

Geomorphic

Located in an area of high oil and gas reserves, with active hydrocarbon seeps.

Setting Geomorphic groups within the site include reef slope, reef crest, reef flat, back
reef sands, lagoons and islands.

Tides and + Strong seasonal influences of the Indonesian Throughflow and Holloway

Currents currents.

+ Internal waves are a feature of the region, and Ashmore Reef may act to break
these resulting in increased nutrients from bottom waters.

+ High-energy environment with spring tides over 4.5 m and large flushing on tidal
cycles.

Water Quality

Seasonal variations in temperature and salinity in ocean and lagoon water.

Water clarity, turbidity and other water quality parameters remain a knowledge
gap.

Vegetation

+ Five species of seagrass recorded with Thalassia hemprichii dominant, comprising
over 85% of total cover.

+ Total cover of 470 hectares, but much of this is sparse, and there is only
220 hectares with a mean cover of greater than 10%.

Over 3,000 hectares of macroalgae, mostly on the reef slope and crest areas

Algae dominated by turf and coralline algae with fleshy macroalgae comprising
typically less than 10% of total algal cover.

Ecosystem Services

Supports Near

Contains examples of the following wetland types:

Natural + Permanent shallow marine waters.
Wetland Types
kS + Marine subtidal aquatic beds; includes kelp beds, sea-grass beds, tropical marine
meadows.
Coral reefs.
Sand, shingle or pebble shores; includes sand bars, spits and sandy islets;
includes dune systems and humid dune slacks.
+ Intertidal mud, sand or salt flats.
Supports The Ashmore Reef Ramsar site is considered a hotspot of biodiversity with the
Biodiversity highest species richness of many groups of fauna in the bioregion and more broadly

across the North West Shelf. This includes many groups of invertebrates, such as
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coral, molluscs, echinoderms and crustaceans, as well as finfish and sea snakes.
Biodiversity at the site is supported by the habitat provided by the near-natural
wetland types and the interactions between the biota within the atoll environment,
such as trophic relationships and the transfer of energy.

Provides Twenty species of wetland bird have been recorded breeding within the Ashmore
Physical Reef Ramsar site, the majority of which are seabirds. The species recorded breeding
Habitat for at the site utilise a range of different habitats within the system. This includes the
Breeding shrubby and grassy vegetation, the ground beneath shrub vegetation, and the sandy
Waterbirds beaches. Maintaining this diversity of habitat is essential to maintaining this service.
Supports Ashmore Reef Ramsar site supports a diversity and abundance of migratory
Migratory shorebirds in the East Asian—Australasian Flyway. The majority of birds in the flyway
Birds migrate from breeding grounds in northeast Asia and Alaska to non-breeding
grounds in Australia and New Zealand, covering the journey of 10,000 km twice in a
single year.
Supports Supports a range of species that are of ecological significance, several of which are
Threatened listed as threatened under the EPBC Act. Taxa include:
Species

+ corals;

sea cucumbers;
fishes;

sea snakes;

marine turtles; and

+ + + +

dugong.

3.4.2.4.4 Peel-Yalgorup System

The Peel-Yalgorup System Ramsar site is composed of the Peel-Harvey estuary and a series of lakes.
The estuary and lakes were designated as a Ramsar site in 1990. Of these components, only the Peel-
Harvey estuary (approximately 1526 km from the Dorado WHP) could credibly be at risk of impacts
from Dorado Phase 1; hence, the Peel-Harvey estuary is the only component of the Ramsar site

described here.

A summary of the environmental and ecological character of the Peel-Harvey estuary component of
the Peel-Yalgorup System Ramsar site is provided in Table 3-24.

Table 3-24: Environmental and ecological character description of the Peel-Harvey estuary

component of the Peel-Yalgorup Ramsar site (from Hale and Butcher 2013)

Ecosystem Components and Processes

Geomorphology

+ Geomorphology: estuary formed since last glacial period. Formerly a natural
bar-built estuary that would intermittently open to the sea; currently
permanently open to the sea via the Mandurah Channel that was dredged
and is maintained at 1.9 m water depth. Peel-Harvey estuary is relatively
shallow, with much of the estuary having less than 0.5 m water depth.

Hydrology

+ Water derived from:
- direct rainfall;

- surface water flows from catchment via Serpentine, Murray and Harvey
rivers (the primary source of inflows into the estuary); and
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- groundwater inflows.

+ Tidal exchange historically limited, but currently facilitated by permanently
opened channel.

Water Quality + Strong seasonal patterns in salinity:

- low in winter (less than 5 ppt) due to freshwater inputs from rainfall and
rivers; and

- high in summer (more than 35 ppt) due to evaporation and lack of
freshwater input.
+ Waters generally well oxygenated due to shallow nature of estuary facilitating
diffusion of atmospheric oxygen into the water column, but high biological
oxygen demand may lead to local, short-term deoxygenation.

+ Historically severe eutrophication due to agricultural practices in river
catchments.

Vegetation + Phytoplankton: seasonal patterns linked to nutrient availability and
hydrology. Dominated by diatoms during autumn and winter, cyanobacteria
becoming conspicuous in spring and early summer, particularly in the Harvey
estuary. Historical eutrophication has contributed to phytoplankton blooms.

+ Benthic plants: dominated by macroalgae, with higher abundance in the Peel
estuary due to relatively shallow waters depths compared to Harvey estuary.
Historical eutrophication results in high macroalgae biomass. Seagrass growth
of Ruppia and Halophila is seasonal, with senescence during winter.

+ Littoral vegetation: tidal saltmarsh communities are common in the littoral
environment around the Peel-Harvey estuary.

Fauna + Invertebrates: significant invertebrate population supported by high levels of
primary productivity. Invertebrates such as polychaetes, crustaceans and
molluscs support birds.

+ Fish: most species in the estuary are considered marine or estuarine species
that recruit as larvae or juveniles.

+ Marine mammals: anecdotal evidence of small numbers of bottlenose
dolphins moving between the Peel-Harvey estuary and the ocean.

+ Birds: 86 species of waterbirds recorded in the Peel-Harvey estuary. Up to
150,000 birds recorded, which is the highest number recorded for wetlands in
southwestern Australia. The site has been recorded supporting more than 1%
of the populations of waterbirds, including several migratory species utilising
the East Asia—Australasia Flyway.

Determinants of Ecological Character

Nutrients Eutrophication in the Peel-Harvey estuary resulting from nutrient inputs from
river catchments has altered the ecosystem. Increased primary productivity
supports higher biomass of plants and invertebrates, which in turn supports
migratory bird and waterbird populations. Negative effects may include
smothering of intertidal flats due to high levels of macroalgae.

Salinity Salinity limits the range of aquatic organisms that may survive in the estuary due
to osmotic stress. The salinity in the estuary varies significantly on an annual
cycle from brackish (less than 5 ppt) to higher than marine (more than 35 ppt).
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The continuous intrusion of marine water due to the permanent channel has
altered the natural salinity regime.

Habitat The estuary provides a range of habitats:
open water;

mudflats;

aquatic plants;

samphire;

paperbark; and

+ + + + +

sedgeland.

The diversity of habitats is reflected in the relatively high species richness and
diversity of migratory birds and waterbirds that use the estuary.

3.4.2.4.5 Hosnie's Spring

Hosnie’s Spring Ramsar site is located on the eastern side of Christmas Island in the Indian Ocean
approximately 2,800 km west of Darwin, Australia, and 1700 km from the Dorado WHP. At the time
of listing (1990) Hosnie’s Spring comprised less than one hectare of freshwater spring. In 2010, the
boundary of Hosnie’s Spring was expanded from 0.33 hectares to 202 hectares (Hale and Butcher
2010).

A summary of the environmental and ecological character of the Hosnie’s Spring Ramsar site is
provided in Table 3-25.

Table 3-25: Environmental and ecological character description of the Hosnie’s Spring Ramsar site
(from Hale and Butcher 2010)

Ecosystem Components and Processes

Climate + Warm tropical climatic zone; warm to hot year round.
High rainfall (2,000 mm/year).

Geomorphic + Site is located within the shore terrace on an area of gravel overlying
setting phosphoric soils.

+ Spring is situated at the base of the inland cliffs where spring water flows
over a limestone flowstone.

Water quality + Limited information (two snapshot surveys only).

+ Typical of limestone karst systems with alkaline conditions and relatively high
concentrations of calcium.

+ Trace elements and metals are all low.
Nitrogen is predominantly in the form of nitrate.

High concentrations of sulphate result in a sulphurous odour.

Critical Components and Processes

Hydrological + Groundwater dominant.

Regime + Source for Hosnie’s Spring is a perched, unconfined aquifer that discharges

where impermeable volcanic rocks are close to the surface.

+ Flow rate is not known but expected to be low.
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+ Spring is perennial.

Mangroves + Stand of mangroves from the genus Bruguiera covers the majority of the
wetland.

Comprises a range of age 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
in height.

+ Between 300 and 600 trees in total (more than 2.5 cm diameter at breast
height) and a density of between 10 and 20 trees per 100 m2.

Land Crabs + Supports large populations of at least three species:
- red crabs (Gecarcoidea natalis);
- robber crabs (Birgus latro); and

- blue crabs (Discoplax hirtipes).

Cultural and Supporting Services

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

Scientific and The unique nature of the site and the pristine condition provide excellent
Educational opportunities for research.

Supports Near- The spring at the Ramsar site is in near-natural condition and significant within
natural Wetland the bioregion. It is the only area on Christmas Island that supports freshwater
Types mangroves.

Biodiversity Supports a variety of wetland species, communities and habitats, including

marine, terrestrial and freshwater-dependent species.

Food Webs Interactions between land crabs and mangroves form an important food web at
the site.

Distinct Wetland Blue crabs are reliant on the few permanent freshwater sites on Christmas Island

Species (including Hosnie’s Spring) for reproduction and for survival in the dry season.

Ecological Red crabs migrate from the plateau to the ocean to breed each year.

Connectivity

3.4.2.4.6 The Dales, Christmas Island

The Dales, Christmas Island Ramsar site is located on Christmas Island in the Indian Ocean
approximately 2,800 km west of Darwin, and approximately 1712km from the Dorado WHP. The
Dales Ramsar site is located entirely within the Christmas Island National Park, in the west of the
island, with the western boundary of the site extending to 50 m seaward from the low water mark.
The site was listed as a Ramsar site in 2002. The Dales Ramsar site comprises a system of seven
watercourses collectively known as “The Dales”. Three of the Dales support permanent springs, while
the remaining Dales support intermittent streams during the wet season (Butcher and Hale 2010).

A summary of the environmental and ecological character of The Dales Ramsar site is provided in
Table 3-26.
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Table 3-26: Environmental and ecological character description of The Dales Ramsar site (from
Butcher and Hale 2010)

Ecosystem Components and Processes

Climate + Warm tropical climatic zone; warm to hot year round.

High rainfall (2,000 mm/year).

Geomorphic + Site is located within the shore terrace on an area of gravel overlying
Setting phosphoric soils.

+ Springs are situated at the base of the inland cliffs where spring water flows
over a limestone flowstone.

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.

Terrestrial + Limited site-specific data; descriptions of the vegetation are limited.

Vegetation

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

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.

Invertebrates + The site supports a low diversity of benthic marine invertebrates but may also
(Excluding Crabs) support anchialine fauna, although no site-specific data has been sourced to
confirm this.

Critical Components and Processes

Geomorphic + Theisland is a karstic landscape with key geomorphic features including the
Setting terrace formations, sea cliffs, and caves and other karst features, such as tufa
at Hugh'’s Dale.

Hydrology + Karstic drainage system of groundwater and surface ephemeral streamflow
post heavy rainfall events during the wet season.

+ Spring outflow of groundwater at three of the Dales is permanent.

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.

Waterbirds + 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.

Cultural and Supporting Services
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Recreation and

The Dales are a popular recreational area for both tourists and locals. Two timber

Tourism boardwalks have been installed at No. 1 Dale and Hugh'’s Dale. The Dales are the
most popular sightseeing destination on the island with the waterfall at Hugh's
Dale being the greatest attraction.

Science and Parks Australia undertakes and supports a range of research programs across the

Education Christmas Island 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 Abbott’s booby.

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.

Provides Physical
Habitat (for
Breeding
Waterbirds).

Terrestrial vegetation provides roosting and breeding sites for several species of
waterbirds.

Biodiversity

Supports a variety of wetland species, communities and habitats, including
marine, terrestrial and freshwater-dependent species.

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 provides anchialine cave communities.

Distinct or Unique
Wetland Species

Red crabs are considered keystone species on the island.

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.

Priority Wetland
Species

Christmas Island supports a number of vagrant species listed under various
international agreements

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.

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.

3.4.3 Fisheries

The waters off Western Australia support a range of commercial, recreational and traditional
fisheries. These provide employment, food and recreation for thousands of people and drive
important economic activities, especially in coastal regional centres.

3.4.3.1 Commercial Fishing

Commercial fisheries within the EMBA can be considered in two categories:
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+ Western Australian (state) managed fisheries, and
+ Commonwealth managed fisheries.

State managed fisheries are shown in Figure 3-25, and Commonwealth managed fisheries are shown
in Figure 3-26. |dentification of relevant fisheries within the Bedout Sub-basin has been ongoing since
2008 through consultation with the Department of Primary Industries and Regional Development
(DPIRD) and Western Australian Fishing Industry Council (WAFIC). A review of available fishery
management information for pelagic and demersal finfish fisheries indicated that while fisheries
management measures include annual quotas and closure of specific areas all the time, none of the
fisheries have specific time periods of closure for spawning or aggregation.

Both fishery categories are considered, with fisheries that overlap the Project Area described in more
detail.
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Figure 3-25: Western Australian (state) managed fisheries within the EMBA
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3.4.3.1.1 State Managed Fisheries

State fisheries are managed by DPIRD (formerly Department of Fisheries) with specific management
plans, regulations and a variety of subsidiary regulatory instruments under the Western Australian
Fish Resources Management Act 1994. The information on state managed fisheries has been derived
from Status reports of the fisheries and aquatic resources of Western Australia 2017/18: state of the
fisheries (Gaughan et al. 2019) and direct consultation with DPIRD. Santos consults regularly with
state fisheries relevant to activity operational areas, mainly by distribution of an Annual Consultation
Update by post. Santos has undertaken engagement with the State Managed Fishers, via WAFIC, to
support recent drilling and seismic activities within the Bedout Sub-basin (refer accepted
Environment Plans for Archer 3D Marine Seismic Survey -
https://info.nopsema.gov.au/activities/432/show public , Keraudren Extension Survey -
https://info.nopsema.gov.au/activities/404/show_public , and more recently the Bedout Multi-Well
Drilling, accepted by NOPSEMA -

https://info.nopsema.gov.au/environment plans/535/show public). Santos bases its understanding
of the fisheries on reviews of annual status of the fishery reports published by DPIRD and the
Australian Bureau of Agricultural and Resource Economics and Sciences, on other relevant fisheries
management publications, and on fishery catch and effort data (Section 7.2.8.2.1).

Santos requested annual catch and effort data (FishCube data) from DPIRD for fisheries understood
to operate within or near to the Project Area. Data was assessed for 60 nautical mile (nm) x 60 nm
Catch and Effort System (CAES) blocks and for 10 nm x 10 nm CAES blocks for the following:

+ catch and effort data for the most recent 10 years (2009 to 2018, aggregated); and
+ annual catch and effort data for each of the most recent five years (2014, 2015, 2016, 2017,
2018).

Data was assessed to identify where the greatest fishing effort in each fishery occurred and the
relative importance of waters within the Project Area.

Data provided by DPIRD included:

+ weight (kg) — a measure of fish catches per CAES block during the period of interest;

+ vessel count —a measure of the number of vessels that fished in a CAES block during the
period of interest; and

+ fishing day count — a measure of fishing effort, represented by the number of days when one
or more vessels fished in a CAES block during the period of interest.

Due to confidentiality reasons, DPIRD do not release catch and effort data for CAES blocks where less
than three vessels fished during the period of interest (i.e. less than three vessels per year or less
than three vessels over the complete 10-year period). Where this applies, the Vessel Count is marked
‘Less than 3’, while Weight and Fishing Day Count are marked as ‘N/A’. CAES blocks where the results
are provided in this way confirm that fishing effort did occur within the block during that period, but
the associated catch and effort values are not available. CAES blocks where no fishing is recorded do
not return any data.

FishCube data has been mapped for the following fisheries (refer Section 7.2.8.2.1), to determine the
spatial overlap and/or recorded fishing effort within the Project Area:

+ Mackerel Managed Fishery (Area 2 - Pilbara) (Figure 7-30);
+ Pilbara Fish Trawl (Interim) Managed Fishery (Figure 7-31);
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Pilbara Line Fishery (Figure 7-32);

Pilbara Trap Managed Fishery (Figure 7-33);
Nickol Bay Prawn Managed Fishery;

Pilbara Crab Managed Fishery;

Specimen Shell Managed Fishery; and
Western Australian North Coast Shark Fishery.

+ 4+ 4+ + + o+

Figure 3-27 shows the specific state managed within proximity of the Project Area. A summary of the
state managed fisheries intersecting or within proximity of the Project Area is provided in Table 3-27.
In addition to the fisheries that overlap the Project Area, a range of state managed fisheries overlap
the EMBA beyond the Project Area. These are summarised in Table 3-28.
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Table 3-27: Western Australian (state) commercial fisheries within the Project Area

Santos

Key Target / Indicator

Summary of Fishing

Newman et al.
(2019a)

in the northwest of
Australia. It occupies the
waters north of latitude
21°35' S and between
longitudes 114° 9' 36" E and
120° E. The fishery is
seaward of the 50-m isobath
and landward of the 200-m
isobath.

The fishery consists of two
zones: Zone 1 in the
southwest of the fishery
(which is closed to trawling)
and Zone 2 in the north,
which consists of six
management areas, Areas 1
to 6. Areas 1, 2,4 and 5 are
open to trawl fishing all year
round. The total area of
these areas is 6,900 nm?
(23,666 km?).

Red emperor
(Lutjanus sebae)

Rankin cod
(Epinephelus
multinotatus)
Goldband snapper
(Pristipomoides
multidens)

Other demersal
shapper, emperor,
cod and grouper
species are also
caught.

2019), making up 75% of
the total catch by the
Pilbara Demersal Scalefish
Fisheries, which is
comprised of the trawl,
trap and line fisheries.

In the 2018 season, there
were 11 licences in this
fishery held by four
licence holders. According
to FishCube data, up to
four vessels were active
during the 2018 season.

Fishing occurs year-round.

Fishery License Area Description Gear Types . . Project Area Presence
Species Activities

Pilbara Fish Trawl The Pilbara Fish Trawl Demersal Bluespotted emperor In 2018, the total catch Fishing activity and target

Interim Managed Interim Managed Fishery is trawl (Lethrinus for the fishery was 1,975 species occur in the Project

Fishery (IMF) situated in the Pilbara region punctulatus) tonnes (Gaughan et al. Area.

FishCube data shows fishing
effort in the last 10 years
occurs over an area of 23,058

km?2,

The Project Area overlaps
with 3,389 km? (15%) of the
area of fishing effort.

Fishing effort has occurred
consistently within the
Project Area each year for the
last five years.
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Key Target / Indicator

Summary of Fishing

anywhere within "Pilbara
waters", bounded by a line
commencing at the
intersection of 21° 56" S
latitude and the high water

Ruby snapper (Etelis
carbunculus)

Other demersal

shapper, emperor,
cod and grouper

Fishery, held by seven
operators. According to
FishCube data, less than
three vessels were active
during the season.

Fishery License Area Description Gear Types : . Project Area Presence
Species Activities
Pilbara Trap The Pilbara Trap MF lies Demersal Bluespotted emperor In the 2018 season, there Fishing activity and target
Managed Fishery north of latitude 21° 44' S fish traps (Lethrinus were six licenses in the species occur in the Project
(MF) and between longitudes punctulatus) Pilbara Trap MF, held Area. The fishery operates
Newman et al. 114°9.6' E and 120°00’E on Red emperor between two operators. primarily from Onslow. Traps
(2019a) the landward side of a (Lutjanus sebae) According to FishCube are limited in number with
boundary approximating the Rankin cod data, less than three the greatest effort in waters
200-m isobath and seaward (Epinephelus vessels were active for the less than 50 m depth. Given
of aline gfenerally following multinotatus) m.ajorlty .of the season., the. vyatfer depth, fishing
the 30-m isobath. with a third vessel active activity is not expected to
Goldband snapper only in July. occur within the Project Area.
(Pristipomoides o
. In 2018, the total catch Fishing effort occurs over an
multidens) .
for the fishery was 562 area of 86,006 km?. The
Other demersal tonnes (Gaughan et al. Project Area overlaps with
Snapper, emperor, 2019), making up 21% of 3,442km? (4 %) of the area of
cod "fmd grouper the total catch by the fishing effort. Less than three
species are also Pilbara Demersal Scalefish vessels have operated in the
caught. Fisheries, which is Project Area each year for the
comprised of the trawl, last 5 years.
trap and line fisheries.
Fishing occurs year-round.
Pilbara Line Fishery The Pilbara Line Fishery Demersal Goldband snapper In the 2018 season nine Fishing activity and target
Newman et al. fishing boat licensees are longline (Pristipomoides individual licences were species occur in the Project
(2019a) permitted to operate multidens) held in the Pilbara Line Area.

FishCube data shows fishing
effort in the last 10 years has
occurred over an area of
146,414 km?. The Project
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Key Target / Indicator

Summary of Fishing

fishery (Kimberley sector)
extends from 121° E to the
Western Australian—
Northern Territory border.

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

shark mackerel and
other pelagic species
are also caught as
bycatch species.

around coastal reefs,
shoals and headlands.

FishCube data
(Attachment 1) shows
that fishing effort in the
vicinity of the Project Area
occurs in less than 60 m
water depth, which is
corroborated by

Fishery License Area Description Gear Types : . Project Area Presence
Species Activities
mark on the western side of species are also The total catch in 2018 for Area overlaps with 2,787 km?
the North West Cape on the caught. the Pilbara Line Fishery of the area of effort (2%).
mainland of Western was 95 tonnes (Gaughan FishCube data reports that
Australia;,west along the et al. 2019), making up 4% less than three vessels have
parallel to the intersection of the total catch by the operated in the Project Area
of 21° 56' S latitude and the Pilbara Demersal Scalefish each year for the last five
boundary of the 200-nm Fisheries, which is years, compared with greater
Australian Fishing Zone comprised of the trawl, fishing effort located to the
(AFZ), and north to longitude trap and line fisheries. west of the Project Area
120° E. Fishing occurs year-round. between Exmouth and
Dampier.

Mackerel Managed The Mackerel Managed Primarily Spanish mackerel Most fishing efforts Considering the habitats and

Fishery Fishery licence area extends surface or (Scomberomorus focused in Pilbara and features that the fishery

(Area 2 — Pilbara) from Cape Leeuwin in the mid-water commerson) Kimberley waters. targets (reefs, shoals and

Lewis and Brand- southwest of Western trolling by Grey mackerel (also Mackerel fishers troll for headlands) are absent from

Gardner (2019) Australia to the Western line. called broad-barred mackerel in nearshore the Project Area, participants

Mackie et al. (2010 Australian—Northern Jigging Spanish mackerel), waters. The fishery mainly in the fishery are not

ackie et al. ( ) Territory border. methods are school mackerel, relies on near-surface expected to be present in the

Management Area 1 of the also used. spotted mackerel, trolling and jig fishing Project Area.

FishCube data for the last 10
years shows the Mackerel
Managed Fishing effort
within Area 2 is 51,526 km?2.

The Project Area overlaps
with 523 km? of the area of
effort (1%). Fishing effort is
restricted to the southern
portion of the Project Area.
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X X L Key Target / Indicator Summary of Fishing X
Fishery License Area Description Gear Types X .. Project Area Presence
Species Activities
Management Area 3 of the consultation with fishing
fishery (Gascoyne/West stakeholders for previous
Coast sector) extends south Bedout Sub-basin
from 114° E to Cape activities.
Leeuwin. The fishery operates year-
The Project Area overlaps round; however, most
Area 2 — Pilbara sector. fishing effort occurs from
April/May to
October/November. In
the Pilbara sector, about
65% of effort has
historically occurred from
July to August.
The commercial catch of
Spanish mackerel from all
sectors of the fishery has
been 270 to 330 tonnes
(Gaughan et al. 2019) per
year since 2006.
Pearl Oyster The Pearl Oyster Managed Drift diving Indo-Pacific, silver- Drift diving, with divers The Project Area overlaps
Managed Fishery Fishery licence area extends in waters up lipped pearl oysters towed behind vessels, with Zones 1 and 2 of the
Hart et al. (2016, from 114° 10" E near to35m (Pinctada maximay). allows collection of legal- fishery. However, pearl
2019) Exmouth to the Western depth sized pearl oysters from collection, holding and
Australian—Northern the seabed by hand. farming activities are limited
Territory border and out to Following collection, pearl to nearshore waters.
the edge of the AFZ (200 oysters are kept in wire Recent literature suggests
nautical miles). The licence mesh panels on the more than 90% of individuals
seabed at holding sites occurred shallower than 40 m
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Fishery

License Area Description

Gear Types

Key Target / Indicator
Species

Summary of Fishing
Activities

Project Area Presence

area is subdivided into four
zones.

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

125° 20" E to the Western
Australian—Northern
Territory border.

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

The principal fishing
grounds for pearl oyster
collection are located off
Eighty Mile Beach within
water depths of
approximately 20 m. A
deeper water collection
site called ‘Compass Rose’
lies offshore from Eighty
Mile Beach in water
depths of approximately
35 m. Holding sites are
located near the fishing
grounds in water depths
up to 30 m (Hart et al.
2016).

Fishing usually
commences in
March/April and ceases in
June/luly. Seeding of the
pearl oysters is
undertaken during winter
months (June to August).

and less than 2% were found
deeper than 50 m, supporting
that extensive populations do
not extend into deep water in
the region (Whalan et al
2021).

Pearl diving activities do not
intersect the Project Area.
FishCube data shows no
effort within the Project Area,
due to the restriction of pearl
diving operational activities
to shallow diving depths
below 35 m.

The nearest pearl diving
activities in the last 10 years
have occurred near Port
Hedland, North Turtle Island,
Little Turtle Islet and the
DeGrey River mouth
(approximately 50 km south
of the Project Area). No
fishing has been undertaken
at these sites since 2016.

The principal pearl oyster
fishing grounds are located
off Eighty Mile Beach
approximately 120 km from
the Project Area.
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Fishery

License Area Description

Gear Types

Key Target / Indicator
Species

Summary of Fishing
Activities

Project Area Presence

This may occur at holding
sites or at pearl farms.
The principal fishing
grounds, holding sites and
pearl farms are in waters
off Eighty Mile Beach and
Broome. A single
approved pearl farm lease
is located near North
Turtle Island, and pearl
diving activities have
previously occurred in
coastal waters near Port
Hedland and the De Grey
River mouth.

Nichol Bay Prawn
Managed Fishery

Kangas et al. (2019)

The boundaries of the Nichol

Bay Prawn MF are all the
waters of the Indian Ocean
and Nickol Bay between
116° 45' E longitude and
120° E longitude on the
landward side of the 200-m
isobath.

The fishery incorporates the
Nickol Bay, Extended Nickol
Bay, Depuch and De Grey
River size-managed fish
grounds.

Trawl

Banana prawns

Brown tiger prawns

Fishing effort is
concentrated in waters
less than 50 m depth.

The total landings of
major penaeids for the
2017 season were 227.1
tonnes. Fishing effort in
2017 increased to 281
boat days, well up on the
low effort of 43 boat days
in 2016 (Kangas et al.
2017).

Prawn trawling activities are
unlikely to occur in the
Project Area.

FishCube data shows effort in
the fishery does not intersect
the Project Area.
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Key Target / Indicator

Summary of Fishing

Managed Fishery

Johnston et al.
(2019)

fishery are consistent with
the boundaries of the Nickol
Bay Prawn Managed Fishery
and the Onslow Prawn
Fishery, which include
waters between 114° 39.9' E
and 120° E, and on the
landward side of the 200-m
depth isobath.

the Pilbara coast is
centred largely on the
inshore waters from
Onslow through to Port
Hedland, with most
commercial and
recreational activity
occurring in and around
Nickol Bay.

Blue swimmer crabs are
targeted by the fishery
within inshore waters
around Nickol Bay using
hourglass trap (Gaughan
and Santoro 2018).

Fishery License Area Description Gear Types : . Project Area Presence
Species Activities
Western Australia The fishery includes Longline Dusky whaler shark This fishery is currently The fishery is currently
North Coast Shark Australian waters north of Sandbar shark closed to protect the closed.
Fishery Broome, from longitude Gummy shark breeding grounds of the Target species may occur in
Department of 120° E to 123° 45" E (Koolan resource that supports the Project Area.
. ) | | d Whiskery Shark h h h k
Fisheries (2005) sland). the two southern shar
fisheries. No fishing effort
since 2008/09.
Pilbara Crab The boundaries of the Traps Blue swimmer crab Crabbing activity along Fishery activities are not

expected to intersect the
Project Area due to the
distance from inshore waters.

FishCube data shows no
fishing effort within the
Project Area. Consultation
with WAFIC has indicated
that while they do mostly fish
nearshore (less than 50 m of
water) they may venture into
deeper waters.

Santos Ltd | Dorado Development Offshore Project Proposal

Page 324 of 897




Santos

Fishery

License Area Description

Gear Types

Key Target / Indicator
Species

Summary of Fishing
Activities

Project Area Presence

Specimen Shell
Managed Fishery

Hart et al. (2019b)

This fishery occurs in all
Western Australian state
waters.

Effort is concentrated in the
area adjacent to the largest
population centres, such as
Broome, Karratha, Shark
Bay, Mandurah, Exmouth,
Cape region, Albany and
Perth.

Hand
collection,
wading,
diving in
shallow
coastal
waters.

One licence
exemption

permits the
use of ROV.

The fishery targets the
collection of specimen
shells for display,
collection, cataloguing
and sale.

The main method of
specimen shell collection
is by hand, by a small
group of divers operating
from small boats in
shallow coastal waters or
by wading along coastal
beaches below the high
water mark. A current
exemption permits the
use of an ROV at depths
of up to 300 m.

This is a limited entry
fishery with 23 active
licences in 2016. A
maximum of 2 divers are
allowed in the water per
licence at any one time,
and specimens may only
be collected by hand.
ROVs were limited to one
per license in 2016.

FishCube data for the last 10
years (Section 7.2.8.2.1)
shows the Specimen Shell
Managed Fishing effort area
is 43,320km?. The Project
Area overlaps.

The Project Area overlaps
with 1,358km? of the area of
effort (3%). Fishing effort to
date is along the eastern
extent of the Project Area.
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Table 3-28: Western Australian (state) commercial fisheries within the EMBA and not the Project Area

Fishery

Target Species

Catch'!

Fishing Method

Area Description

Abalone
Managed Fishery

Strain et al.
(2019)

Roe’s abalone
Brownlip abalone

Greenlip abalone

Hand collection,
diving

Abalone are collected by hand in shallow coastal waters in the
southwest of Western Australia. Fishing effort from the dive-
based fishery is restricted to shallow coastal waters off the
southwest and south coasts of Western Australia, particularly
around the Perth metropolitan area. Abalone is harvested by
divers, limiting the fishery to shallow waters.

The target species do not occur in tropical waters. The
management area covering waters north of Moore River (near
Perth) is closed.

Abrolhos Islands
and Mid-West
Trawl Managed
Fishery

Saucer scallops (Ylistrum
balloti), with a small
component targeting the
western king prawn
(Penaeus latisulcatus).

2017/2018: 651
tonnes

Operates using
low- opening otter
trawl systems.

All the waters of the Indian Ocean adjacent to Western Australia
between 27° 51" S latitude and 29° 03" S latitude on the landward
side of the 200-m isobath.

Broome Prawn
Managed Fishery
Kangas et al.
(2019)

Western king prawns
(Penaeus latisulcatus) and
coral prawns (a combined
category of small penaeid
species).

Extremely low fishing
effort occurred. Only
trial fishing was
undertaken by one
boat during 2016 to
investigate whether
commercial fishing
was warranted. This
resulted in negligible
landings.

Otter trawl

The fishery operates in a designated trawl zone off Broome.

The boundaries of the fishery are all Western Australian waters of
the Indian Ocean lying east of 120° E longitude and west of

123° 45' E longitude on the landward side of the 200- m isobath.
The actual trawl area is contained within a delineated small area
northwest of Broome.

The majority of the fishery is permanently closed to trawling and
is not fished.

11 Sources for catch data: Department of Agriculture 2019; Gaughan et al., 2019; DPIRD 2018.
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Fishery

Target Species

Catch'!

Fishing Method

Area Description

Cockburn Sound
Mussel Managed
Fishery

Blue mussels (Mytilus
galloprovincialis)

2015: Unspecified.

Aquaculture

Main mussel farming occurs in southern Cockburn Sound.

Cockburn Sound

Blue swimmer crab

2017/2018: closed to

Drop nets, scoop

Encompasses the inner waters of Cockburn Sound, from South

Line and Pot
Managed Fishery

(Hyporhamphus
melanochir), Australian
herring (Arripis geogianus)

tonnes.

Shelter and trigger
pots (octopus)

Crab Managed (Portunus armatus) commercial and nets, diving Mole at Fremantle to Stragglers Rocks, through Mewstone to

Fishery recreational fishing Carnac Island and Garden Island, along the eastern shore of
since April 2014. Garden Island and back to John Point on the mainland.

Cockburn Sound Southern garfish 2017/2018: 257 Line (fish) Encompasses the inner waters of Cockburn Sound, from South

Mole at Fremantle to Stragglers Rocks, through Mewstone to
Carnac Island and Garden Island, along the eastern shore of
Garden Island and back to John Point on the mainland.

Exmouth Gulf
Prawn Managed

Western king prawns
(Penaeus latisulcatus),

2017/2018: 713
tonnes.

Low-opening otter
trawls.

Sheltered waters of Exmouth Gulf. Essentially the western half of
the Exmouth Gulf (eastern part is a nursery ground). The Muiron

Managed Fishery

(Pristipomoides multidens).

Other demersal species
caught include the rosy
snapper (P. filamentosus),
ruby snapper (Etelis
carbunculus), red emperor
(Lutjanus sebae), emperors
(Lethrinidae, including

Other demersals: 144
tonnes.

Fishery brown tiger prawns Islands and Point Murat provide the western boundary; Serrurier
(Penaeus esculentus), Island provides the northern limit.
endeavour prawns
(Metapenaeus spp.) and
banana prawns (Penaeus
merguiensis).
Gascoyne Targets pink snapper 2017/2018: Snapper: Mechanised The fishery operates in the waters of the Indian Ocean and Shark
Demersal (Pagrus auratus) and 133 tonnes. handlines Bay between latitudes 23° 07" 30" S and 26° 30' S. Vessels are not
Scalefish goldband snapper permitted to fish in inner Shark Bay.
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Fishery

Target Species

Catch'!

Fishing Method

Area Description

spangled emperor
(Lethrinus nebulosus) and
redthroat emperor (L.
miniatus)), cods
(Epinephelidae, including
Rankin cod (Epinephelus
multinotatus) and
goldspotted rockcod (E.
coioides)), pearl perch
(Glaucosoma burgeri),
mulloway (Argyrosomus
japonicas), amberjack
(Seriola dumerili) and
trevallies (Carangidae).

Hermit Crab
Fishery

Australian land hermit crab
(Coenobita variabilis)

2017/2018: 58,643
(lowest reported in
the last 10 years
(2008 to 2017); catch
range 58,643 to
118,203)).

Activity is land-
based and occurs
on beaches along
large areas of the
Western
Australian
coastline.

Operates in Western Australian waters north of the Exmouth Gulf

(22°30' S).

Kimberley
Developing Mud
Crab Managed
Fishery

Mud crab (Scylla serrata)

2017/2018: 60 tonnes
(also includes catch
data from Pilbara
Developmental Crab
Fishery).

Mud crab traps

This fishery operates between Broome and Cambridge Gulf.

Three commercial operators are permitted to fish from King
Sound to the Northern Territory border, with closed areas around
communities and fishing camps. One Aboriginal Corporation is
permitted to fish in King Sound, with the other Aboriginal
Corporation permitted to fish in a small area on the western side
of the Dampier peninsula, north of Broome.
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Managed Fishery

(Polydactylus macrochir)

Blue threadfin
(Eleutheronema
tetradactylum)

Fishery Target Species Catch®! Fishing Method Area Description
Notices issued under the Fish Resources Management Act 1994
prohibit all commercial fishing for mud crabs in Roebuck Bay and
an area of King Sound near Derby.
Kimberley Barramundi (Lates 2017/2018:79.9 Gillnet in inshore Nearshore and estuarine zones of the North Coast Bioregion from
Gillnet and calcarifer) tonnes. waters the Western Australian—Northern Territory border (129° E) to the
Barramundi King threadfin top end of Eighty Mile Beach, south of Broome (19° S).

The waters of the Kimberley Gillnet and Barramundi Managed
Fishery are defined as all Western Australian waters north of 19°
S latitude and west of 129° E longitude and within three nautical
miles of the high water mark of the mainland of Western
Australia and the waters of King Sound south of 16° 21.47' S
latitude.

Kimberley Prawn
Managed Fishery

Banana prawns (Penaeus
merguiensis)

Tiger prawns (Penaeus
esculentus)

Endeavour prawns
(Metapenaeus endeavouri)

Western king prawns
(Penaeus latisulcatus)

2017/2018: 269
tonnes.

Trawl

The Kimberley Prawn Managed Fishery operates off the north of
the state between Koolan Island and Cape Londonderry.

The boundaries of the Kimberley Prawn Managed Fishery are all
Western Australian waters of the Indian Ocean lying east of

123° 45" E longitude and west of 126° 58" E longitude. It abuts the
western boundary of the Commonwealth Northern Prawn
Fishery.

Mandurah to
Bunbury
Developing Crab
Fishery

Blue swimmer crab
(Portunus armatus)

2017/2018:5.2
tonnes.

Drop nets, scoop
nets, diving

Fishery extends from south of the Shoalwater Islands Marine Park
(32°22' 40" S) to Point McKenna near Bunbury (33° 16' S) and
offshore to 115° 30" E.

The fishery is divided into two zones with crab fishing historically
being permitted within Area 1, Comet Bay between 32° 22" 40" S
and 32°30' S, and Area 2, Cape Bouvard to the southern
boundary of the fishery.

In 2015, crab fishing within Area 2 ceased.
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Fishery

Target Species

Catch'!

Fishing Method

Area Description

Marine
Aquarium Fish
Managed Fishery

Over 250 target species of
finfish. (228 species caught
in 2012).

Fishermen can also take
coral, live rock, algae,

seagrass and invertebrates.

2017/2018: Total
catch of 150,544
fishes; 21.9 tonnes of
coral, live rock and
living sand; and 322
litres of marine

Hand harvest
while diving or
wading. Handheld
nets

Dive-based fishery operating all year throughout Western
Australian waters (to 200 nM), but restricted by diving depths.

The Marine Aquarium Fish Managed Fishery is able to operate in
all state waters (between the Northern Territory border and
South Australian border). The fishery is typically more active in
waters south of Broome, with higher levels of effort around the

chisels

The main fish species plants. Capes region, Perth, Geraldton, Exmouth and Dampier. Operators
landed in 2012 were in the Marine Aquarium Fish Managed Fishery are also permitted
scribbled angelfish to take coral, live rock, algae, seagrass and invertebrates under
(Chaetodontoplus the Prohibition on Fishing (Coral, ‘Live Rock’ and Algae) Order
duboulayi) and green 2007 and by way of Ministerial Exemption (Gaughan and Santoro
chromis (Chromis 2018).
cinerascens)
The main coral species
landed in 2012 were the
coral-like anemones of the
Corallimorpharia.

North Coast Trochus (Tectus niloticus) 2017/2018: Harvested with Indigenous fishery operating within King Sound.

Trochus Fishery Unspecified. handheld levers or

Northern
Demersal
Scalefish
Managed Fishery

Red emperor (Lutjanus
sebae)

Goldband snapper
(Pristipomoides multidens)

2017/2018:1317
tonnes (total).

Goldband snapper
(not including other
jobfish): 473 tonnes.

Red emperor: 34 to
47 tonnes.

The permitted
means of
operation within
the fishery include
handline, dropline
and fish traps, but
since 2002 it has
essentially been a
trap-based fishery
that uses gear,

The Northern Demersal Scalefish Managed Fishery operates off
the northwest coast of Western Australia in the waters east of
120° E longitude. These waters extend out to the edge of the AFZ
(200 nautical miles).

The fishery consists of three zones: Zone A is an inshore area,
Zone B comprises the area with most historical fishing activity and
Zone Cis an offshore deep-slope developmental area. The fishery
is further divided into two fishing areas: an inshore sector and an
offshore sector. The inshore waters in the vicinity of Broome are
closed to commercial fishing.
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Managed Fishery

occasional bycatch of O.
ornatus and O. cyanea in

Commercial: 257
tonnes

Fishery Target Species Catch®! Fishing Method Area Description
time of access and The fishery is located to the east of the Project Area. Therefore,
spatial zones as no fishing activity will occur overlapping the Project Area.
the primary Target species occur in the Project Area.
management
measures (State of
the Fisheries 2014-
15).
Octopus Interim Octopus cf. tetricus, with 2017/2018: Line and pots Fishery is in the development phase. Four main categories in

Trawl and trap
(land octopus as

Western Australian waters. Octopus are primarily caught in the
Developing Octopus Interim Managed Fishery (largest fishery)

Managed Fishery

Kangas et al.
(2019)

(Penaeus latisulcatus)

Brown tiger prawns
(Penaeus esculentus)

Endeavour prawns
(Metapenaeus spp.)

(Minimal fishing
occurred in 2017).
Only 5 days of fishing
effort was undertaken
(one boat) in 2017.

the northern parts of the . byproduct) area is limited to the boundaries of the developmental fishery,

i ) Recreational: 1 tonne ypP o N L

fishery and 0. maorum in which is an area bounded by the Kalbarri Cliffs (26° 30" S) in the

the southern and deeper north and Esperance in the south.

sectors. Passive and by-product harvests of octopus occur in both the
Cockburn Sound Line and Pot Managed Fishery and the West
Coast Rock Lobster Managed Fishery.

Onslow Prawn Western king prawns 2017/2018: Negligible Trawl Operates along the western part of the North West Shelf with

most prawning activities concentrated in the shallower water off
the mainland.

The boundaries of the fishery are ‘all the Western Australian
waters between the Exmouth Prawn Fishery and the Nickol Bay
prawn fishery east of 114°39.9' on the landward side of the
200 m depth isobath’.

Roe’s Abalone

Western Australian Roe’s
abalone (Haliotis roei)

2017/2018:

Commercial: 49
tonnes

Recreational: 23
tonnes

Dive and wade

The commercial
fishery harvest
method is a single
diver working off a
“hookah” (surface-
supplied breathing

Operating in shallow coastal waters along the Western Australian
western and southern coasts from Shark Bay to the South
Australian border. Divided into eight management areas.
Commercial fishing for Roe’s abalone is managed in six separate
regions from the South Australian border to Busselton Jetty:
Areas 1,2,5,6,7 and 8.

Area 8 of the fishery was not fished in 2013.

Santos Ltd | Dorado Development Offshore Project Proposal

Page 331 of 897



Santos

Fishery

Target Species

Catch'!

Fishing Method

Area Description

apparatus) using
an abalone “iron’
to prise the
shellfish off rocks.
Abalone divers
operate from
small fishery
vessels (generally
less than 9 min
length).

’

Shark Bay Crab
Interim
Managed Fishery

Blue swimmer crab
(Portunus armatus)

2017/2018: 443
tonnes total

Crab: 153 tonnes

Trawl and trap

Waters of Shark Bay north of Cape Inscription, to Bernier and
Dorre Islands and Quobba Point.

In addition, two fishers with long-standing histories of trapping
crabs in Shark Bay are permitted to fish in the waters of Shark Bay
south of Cape Inscription.

Shark Bay Prawn
Managed Fishery

Western king prawn
(Penaeus latisulcatus)

Brown tiger prawn
(Penaeus esculentus)

Variety of smaller prawn
species including
endeavour prawns
(Metapenaeus spp.) and
coral prawns (various
species).

2017/2018: 1,608
tonnes

Low-opening otter
trawls

The boundaries of the Shark Bay Prawn Managed Fishery are
located in and near the waters of Shark Bay.

Shark Bay
Scallop Limited
Entry Fishery

Saucer scallop (Ylistrum
balloti)

2017/2018: 1,632
tonnes

Low-opening otter
trawls

The boundaries of the Shark Bay Scallop Limited Entry Fishery are
located in and near the waters of Shark Bay.
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Fishery Target Species Catch®! Fishing Method Area Description
South Coast Insufficient information Insufficient Insufficient Bunbury to the South Australian border.
Open Access information information

Netting Fishery

South Coast
Salmon
Managed Fishery

Western Australian salmon

(Arripis truttaceus)

2017: 50 tonnes

Beach seine net,
rod and line

Licensees operate from 18 designated beaches within the South
Coast Bioregion, many of which have huts that are referred to as
salmon camps.

South West Western Australian salmon Insufficient Beach seine nets The fishery includes all Western Australian waters north of Cape

Coast Salmon (Arripis truttaceus) information Beaufort (south coast) except Geographe Bay. The South West

Managed Fishery Coast Salmon Managed Fishery operates on various beaches
south of the metropolitan area.

South West Insufficient information Insufficient Insufficient Insufficient information

Coast Beach Net information information

South West
Trawl Limited
Entry Fishery

Saucer scallops (Ylistrum

balloti)

2017/2018: 460 t
meat weight (2,301 t
whole weight)

Otter trawls

Waters between 31° 34' 27" S and 115° 8' 8" E where the fishery
intersects with the high water mark at Cape Leeuwin and on the
landward side of the 200-m isobath.

Temperate
Demersal Gillnet
and Demersal
Longline
Fisheries

Gummy shark (Mustelus

antarcticus)

Dusky shark (Carcharhinus

obscurus)

Whiskery shark (Furgaleus

macki)
Sandbar shark

(Carcharhinus plumbeus)

2017/2018:

Sharks and rays: 936
tonnes

Scalefish: 133 tonnes

Demersal gillnets
and power-hauled
reels (to target
sharks)

Demersal longline

The Temperate Demersal Gillnet and Demersal Longline Fisheries
consist of Zone 1 of the Joint Authority Southern Demersal Gillnet
and Demersal Longline Managed Fishery and the West Coast
Demersal Gillnet and Demersal Longline (Interim) Managed
Fishery.

The Joint Authority Southern Demersal Gillnet and Demersal
Longline Managed Fishery spans the waters from 33° S latitude to
the Western Australian—South Australian border and comprises
three management zones. Zone 1 extends southwards from 33° S
to 116° 30' E longitude off the south coast. Zone 2 extends from
116° 30" E to the Western Australian—South Australian border
(129° E). A small number of Zone 3 units permit fishing
throughout Zone 1 and eastwards to 116° 55' 40" E.
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Catch'!
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The West Coast Demersal Gillnet and Demersal Longline (Interim)
Managed Fishery technically extends northwards from 33° S
latitude to 26° S latitude. However, the use of shark fishing gear
has been prohibited north of 26° 30’ S (Steep Point) since 1993.
Demersal gillnet and longline fishing inside the 250-m depth
contour has been prohibited off the metropolitan coast (between
latitudes 31° S and 33° S) since November 2007.

Warnbro Sound

Blue swimmer crab

2017/2018: closed to

Drop nets, scoop

Includes Warnbro sound and adjacent water, extending from

Sea Crustacean
(Interim)
Managed Fishery

(Chaceon albus)

Giant (king) crabs
(Pseudocarcinus gigas)
Champagne (spiny) crabs
(Hypothalassia acerba)

tonnes

operated in a
longline formation
in the shelf edge
waters (more than
150 m deep)

Crab Managed (Portunus armartus) commercial and nets, diving Becher Point to John Point.
Fishery recreational fishing
West Coast Deep Crystal (snow) crabs 2017/2018: 164.4 Baited pots North of latitude 34° 24' S (Cape Leeuwin) and west of the

Northern Territory border on the seaward side of the 150-m
isobath out to the extent of the AFZ, mostly in 500 to 800 m of
water.

West Coast
Demersal
Scalefish Interim
Managed Fishery

West Coast inshore
demersals:

West Australian dhufish
(Glaucosoma hebraicum),
pink snapper (Pagrus
auratus) with other species
captured including
redthroat emperor
(Lethrinus miniatus), bight
redfish (Centroberyx
gerrardi) and baldchin
groper (Choerodon
rubescens).

2017/2018: 248
tonnes

Handline and
dropline

The fishery encompasses the waters of the Indian Ocean just
south of Shark Bay (at 26° 30' S) to just east of Augusta (at

115° 30’ E) and extends seaward to the 200-nm boundary of the
AFZ.

The commercial fishery is divided into five management areas
comprising four inshore areas and one offshore area. The inshore
areas, i.e. Kalbarri, Mid-West, Metropolitan and South-West,
extend outwards to the 250-m depth contour, while the Offshore
Area extends the entire length of the fishery from the 250-m
depth contour to the boundary of the AFZ.

Santos Ltd | Dorado Development Offshore Project Proposal

Page 334 of 897




Santos

Fishery

Target Species

Catch'!

Fishing Method

Area Description

West Coast offshore
demersals:

Eightbar grouper
(Hyporthodus
octofasciatus), hapuku
(Polyprion oxygeneios),
blue-eye trevalla
(Hyperoglyphe antarctica)
and ruby snapper (Etelis
carbunculus).

West Coast
Estuarine
Managed Fishery

Blue swimmer crab
(Portunus armartus)

2017/2018:
Commercial: 353
tonnes (blue swimmer
crab)

Recreational: 58 to 77
tonnes

Drop nets, scoop
nets, diving (crabs)

Includes the waters of the Swan and Canning Rivers (Area 1), the
waters of the Peel Inlet and Harvey Estuary, together with the
Murray Serpentine, Harvey and Dandalup Rivers (Area 2) and
waters of the Hardy Inlet (Area 3).

Of these areas only Areas 1 and 2 are permitted for crab fishing.

West Coast
Nearshore and
Estuarine Finfish
Fisheries

Nearshore: whitebait
(Hyperlophus vittatus),
western Australian salmon
(Arripis truttaceus),
Australian herring (Arripis
georgianus), sourthern
school whiting (Sillago
bassensis), yellowfin
whiting (Sillago
schomburgkii), yelloweye
mullet (Aldrichetta
forsteri), tailor
(Pomatomus saltarix),
southern garfish

2017/2018:
353 tonnes

Haul, beach seine
and gill netting
(commercial).
Line fishing
(recreational)

Five commercial fisheries target nearshore and/or estuarine
finfish in the West Coast Bioregion.

Nearshore: Cockburn Sound Fish Net Managed Fishery operating
within in Cockburn sound, South West Coast Salmon Managed
Fishery operating on various beaches south of the Perth
Metropolitan area, West Coast Beach Bait Managed Fishery
operating on beaches spanning from Moore River to Tim’s Thicket
and the South West Beach Seine Fishery operating on various
beaches from Tim’s Thicket southwards to Port Geographe Bay
Marina.

Estuarine: West Coast Estuarine Managed Fishery operating in
the Swan/Canning and Peel Harvey estuaries, and in the Hardy
Inlet.
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(Hyporhamphus
melanochir), silver trevally
(Pseudocaranx georgianus)
and King George whiting
(Sillaginodes punctate).

Estuarine: sea mullet
(Mugil cephalus), estuary
cobbler (Cnidoglanis
macrocephalus) and black
bream (Acanthopagrus
butcheri).

West Coast
Nearshore Net
Managed Fishery

Southern garfish
(Hyporhamphus
melanochir)

Australian herring (Arripis
georgianus)

Insufficient
information

Insufficient
information

Insufficient information

West Coast
Purse Seine
Fishery

Scaly mackerel (Sardinella
lemuru)

Pilchard (S. sagax)

Australian anchovy
(Engraulis australis)

Yellowtail scad (Trachurus
novaezelandiae)

Maray (Etrumeus teres)

2017/2018:
1,095 tonnes

Purse seine gear

Waters between Ningaloo and Cape Leeuwin including three
separate zones: Northern Development (22° 00' Sto 31° 00’ S),
Perth Metropolitan (31° 00' S to 33° 00" S) and Southern
Development Zone (33° 00' S to Cape Leeuwin).

West Coast Rock
Lobster
Managed Fishery

Western rock lobster
(Panulirus cygnus)

2016: 272 to 400
tonnes (346 to 481
tonnes based on
updated average
weight)

Baited traps (pots)

Pots and diving
(recreational
catch)

The fishery is situated along the west coast of Australia between
Latitudes 21° 44" S to 34° 24’ S. The fishery is managed in three
zones: Zone A — Abrolhos Islands, north of latitude 30° S excluding
the Abrolhos Islands (Zone B) and south of latitude 30° S (Zone C).
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de-mer Fishery)

Gaughan et al.
(2019)

Fishery Target Species Catch®! Fishing Method Area Description
West Coast Gummy shark (Mustelus 2016/2018: 936 Demersal gillnets Operates between 26° S and 33°S.
Demersal Gillnet antarcticus) tonnes of sharks and and demersal
and Demersal Dusky shark (Carcharhinus rays longline (not
Longline obscurus) widely used)

Whiskery shark (Furgaleus

macki)

Sandbar shark (C.

plumbeus)
Western Sandfish (Holothuria 2016: 93 tonnes Hand-harvest The fishery is primarily based in the northern half of the state,
Australian Sea scabra) fishery, with from Exmouth Gulf to the Northern Territory border. The
Cucumber Deepwater redfish animals caught Western Australian Sea Cucumber Fishery is permitted to operate
Fishery (formerly (Actinopyga echinites). principally by throughout Western Australian waters with the exception of a
known as Beche- diving and a number of specific closures around the Dampier Archipelago,

smaller amount by
wading.

Cape Keraudren, Cape Preston and Cape Lambert, the Rowley
Shoals and the Abrolhos Islands (Gaughan and Santoro 2018).
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3.4.3.1.2 Commonwealth Managed Fisheries

Commonwealth managed fisheries are those within the 200-nm AFZ managed by Australian Fisheries
Management Authority. In some cases, by agreement with the states and territory, Commonwealth
fisheries also extend to the low water mark. Information on Commonwealth managed fisheries has
been derived from ‘Fishery Status’ Report 2019 (Department of Agriculture 2019).

Commonwealth managed fisheries that overlap the Project Area are described in Table 3-29:

+ Southern Bluefin Tuna Fishery;
+ Western Skipjack Tuna Fishery; and
+ Western Tuna and Billfish Fishery.

Commonwealth fisheries that have permits to operate in the EMBA are described in Table 3-30 and

include:
+ North West Slope Trawl Fishery;
+ Northern Prawn Fishery;
+ Small Pelagic Fishery;
+ Southern and Eastern Scalefish and Shark Fishery; and
+ Western Deepwater Trawl Fishery.
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Santos

Key Target /
Fishery Licence Area Description Gear Types Indicator Summary of Fishing Activities Project Area Presence
Species
Southern Fishery includes all waters Purse seine vessels Southern Most of the Australian catch has been Although the fishery
Bluefin Tuna of Australia, out to 200 nm primarily in Great bluefin tuna taken by purse seine, targeting juvenile boundaries encompass the
Fishery from the coast. Australian Bight all tuna in the Great Australian Bight. Project Area, the lack of
Patterson and Young fish move from year round Australian domestic longliners operating effort outside the Great
Nicol (2018) spawning grounds in the Pelagic longline off along the east coast catch some tuna, and Australian Bight and the
northeast Indian Ocean into southern New South recreational fishing has increased east coast of Australia
the Australian exclusive Wales in winter (Patterson et al. 2019). means activity within the
economic zone and No current effort occurs on the NWS; Project Area is not
southward along the fishing activity is concentrated in the expected.
Western Australian coast Great Australian Bight and off southeast
(Patterson et al. 2019). Australia (Patterson et al. 2019).
Skipjack Tuna This fishery extends around Purse seine fishing Skipjack Tuna There has been no fishing effort in the Given the lack of fishing

Fishery

the whole of Australia in
waters out to 200 nm from
the coast.

gear (98%) and some
pole-and-line effort

fishery since the 2008—09 fishing season.

effort across the whole
fishery, activity within the
Project Area is not
expected.
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Key Target /
Fishery Licence Area Description Gear Types Indicator Summary of Fishing Activities Project Area Presence
Species
Western Tuna This fishery has a wide area Pelagic longline fishing Bigeye tuna Fishing occurs in both the AFZ and Although the fishery
and Billfish of operation, extending methods and some (Thunnus adjacent high seas of the Indian Ocean. boundaries encompass the
Fishery from the tip of Cape York use of minor line obesus) Fishing occurs year-round. Project Area, in recent

around Western Australia
to the border of Victoria
and South Australia within
both the AFZ and further
offshore within the high
seas, with major landing
ports for the fishery being
in Fremantle and
Geraldton.

fishing methods

Yellowfin tuna
(Thunnus
albacares)

Albacore tuna
(Thunnus
alalunga)
Broadbill
Swordfish
(Xiphias
gladius)
Striped marlin
(Kajikia audax)

In recent years, fishing effort has
concentrated off southwest Western
Australia and South Australia with no
current effort on the NWS (Department
of Agriculture 2019).

Between 2014 and 2018, fishing effort
has consistently focused on waters west
of Carnarvon and south of southwest
Western Australia. The main landing ports
are Geraldton and Fremantle.

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

years, effort has
concentrated off southwest
Western Australia and
South Australia and
therefore activity within the
Project Area is not
expected.
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Table 3-30: Commonwealth managed commercial fisheries within the EMBA but not the Project Area

(Metanephrops boschmai).

Deepwater prawns (penaeid and
carid): pink prawn (Parapenaeus
longirostris), red prawn
(Aristaeomorpha foliacea),
striped prawn (Aristeus virilis),
giant scarlet prawn (Aristaeopsis
edwardsiana), red carid prawn
(Heterocarpus woodmasoni) and
white carid prawn (Heterocarpus
sibogae).

Snapper.

depths greater than 200 m. Fishing effort has
typically occurred along the slope offshore from
the Pilbara region, in the Rowley Shoals area and
northeast towards and around Scott Reef.

Fishing occurs year-round.

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

Four fishing permits and two vessels were active
in the fishery during the 2016-17 fishing season.
Total catch in the 2016-17 fishing season was 57.8
tonnes over 114 days of fishing effort. Fishing
effort increased in the 2017-2018 season. Total
catch was 79.7 tonnes over 219 days.

200-m isobath.

Fishery Key Target/ Indicator Species Summary of Fishing Activities Gear Type? License Area Description

North West Scampi (crayfish): velvet scampi There has been no fishing effort in the Project Demersal Extends from 114° E to

Slope Trawl (Metanephrops velutinus) and Area. Fishing effort occurs within the EMBA. crustacean trawl approximately 125° E off the
Fishery boschmai scampi Fishing occurs on the continental slope in water seaward of the Western Australia coast between

the 200-m isobath and the outer
limit of the AFZ.

Western Skipjack
Tuna Fishery

Australian Fisheries
Management
Authority (2019)

Skipjack tuna (Katsuwonus pelamis)

2017-18: None in either zone.

Fishing in the Western Skipjack Tuna Fishery is
opportunistic and highly dependent on availability
and the domestic cannery market. Currently, no
domestic cannery has active contracts for skipjack
tuna.

Purse seine

Some pole and line

The Skipjack Tuna Fishery is split into
two sectors: east and west. The
Western Skipjack Tuna Fishery is
located in all Australia waters west of
142°30' 00" E, out to 200 nm from the
coast.

There has been no fishing effort in the
Skipjack Tuna Fishery since the 2008-
09 season, and in that season activity
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concentrated off South Australia
(Department of Agriculture 2019).

Small Pelagic

Australian sardine (Sardinops

2018-19: 9,424 tonnes

Purse seine and

Extends from Queensland to

Fishery sagax) Blue mackerel (Scomber midwater southern Western Australia.
australasicus) trawling
Jack mackerel (Trachurus declivis)
Redbait (Emmelichthys nitidus).
Western A diverse range of species are 2017-18: 101.9 tonnes Demersal fish The fishery’s northernmost point is
Deepwater Trawl caught, ranging from tropical and trawl seaward of from the boundary of the AFZ to
Fishery ruby snappers on the shelf edge to the 200-m longitude 114° E, and its
orange roughy (Hoplostethus isobath southernmost point is from the

atlanticus), oreo dories and bugs
(Ibacus spp.) in the deeper
temperate waters.

boundary of the AFZ to longitude
115° 08'E. Deep water off Western
Australia, from the 200-m isobath to
the edge of the AFZ.
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3.4.3.2 Recreational Fishing

Consultation for previous petroleum activities undertaken by Santos in the Project Area has
confirmed that no charter boats operate out of Port Hedland.

Similarly, consultation with Recfishwest identified that recreational fishing often occurs around the
Port Hedland port marker buoys. In consultation with the Port Hedland Game Fishing Club and Port
Hedland Volunteer Marine Rescue, it was identified that recreational fishing activity may occur 50
nm offshore, with some locals targeting game fish up to the 50-m water depth and the area
surrounding Bedout Island. Therefore, no interaction with recreational fishers is anticipated in the
Project Area but may occur in the EMBA.

3.4.3.2.1 North Coast Bioregion

The North Coast Bioregion (Pilbara/Kimberley) runs from the Ashburton River to the Western
Australia—Northern Territory border. The oceanography of this region includes waters of Pacific
Ocean origin that enter through the Indonesian archipelago, bringing warm, low-salinity waters
polewards via the Indonesian throughflow and Holloway currents, which flow seasonally and interact
with Indian ocean waters. Recreational fishing is experiencing a significant growth in this region, with
a distinct seasonal peak in winter when the local population increases by significant numbers of
metropolitan and interstate tourists. This has been added to by the increased recreational fishing by
those involved in the construction or operation of major developments in this region. Owing to the
high tidal range, much of the angling activity is boat-based with beach fishing limited by periods of
flood tides and high water. Numerous creek systems, mangroves, rivers and ocean beaches provide
shore and small-boat fishing for a variety of species, including barramundi, tropical emperors,
mangrove jack, trevallies, sooty grunter, threadfin, mud crabs and cods. Offshore islands, coral reef
systems and continental shelf waters provide species of major recreational interest, including
saddletail snapper and red emperor, cods, coral and coronation trout, sharks, trevally, tuskfish,
mackerels and billfish.

3.4.3.2.2 Gascoyne Coast Bioregion

The Gascoyne Coast Bioregion extends from just north of Kalbarri to the Ashburton River, south of
Onslow. The marine environment of this region represents a transition between the fully tropical
waters of the northwest shelf of the North Coast Region and the temperate waters of the West Coast
Region. This region has been identified as one of the 18 world “hotspots” in terms of tropical reef
endemism and the second most diverse marine environment in the world in terms of tropical reef
species. This region is a focal point for winter recreational fishing and is a key component of many
tourist visits. Angling activities include beach and cliff fishing (e.g. Steep Point and Quobba),
embayment and shallow-water boat angling (e.g. Shark Bay, Exmouth Gulf and Ningaloo lagoons),
and offshore boat angling for demersal and larger pelagic species (e.g. off Ningaloo). The
predominant target species include the tropical species, such as emperors, tropical snappers,
groupers, mackerels, trevallies and other game fish. Temperate species at the northern end of their
ranges, such as pink snapper, tailor and whiting, also provide significant catches, particularly in Shark
Bay.
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3.4.3.2.3 West Coast Bioregion

The marine environment of the West Coast Bioregion, which lies between Kalbarri and Augusta, is
predominantly a temperate oceanic zone, but it is heavily influenced by the Leeuwin Current, which
transports warm tropical water southward along the edge of the continental shelf. This region
contains the state’s major population centres and is the most heavily used bioregion for recreational
fishing (Fletcher and Santoro 2015). The range of recreational fishing opportunities includes
estuarine fishing, beach fishing and boat fishing either in embayments or offshore for demersal and
pelagic game species often around the islands and out to the continental shelf.

3.4.3.3 Traditional Fishing

Within the northern and northwestern extent of the EMBA is a defined area where a Memorandum
of Understanding exists between the Australian and Indonesian Governments. The Agreement
between the Government of Australia and the Government of the Republic of Indonesia Relating to
Cooperation in Fisheries (1992 Fisheries Cooperation Agreement) provides the framework for
fisheries and marine cooperation between Australia and Indonesia and facilitates information
exchange on research, management and technological developments; complementary management
of shared stocks; training and technical exchanges; aquaculture development; trade promotion; and
cooperation to deter illegal fishing.

Cooperation under the agreement today takes place under the auspices of the Working Group on
Marine Affairs and Fisheries. Established in 2001, the Working Group on Marine Affairs and Fisheries
is the primary bilateral forum to enhance collaboration across the spectrum of marine and fisheries
issues relevant to the areas of the Arafura and Timor seas. The working group brings together the
fisheries, environment and scientific research portfolios and agencies from both countries.

The fishers focus their activities in and around the shallow water lagoons of Scott Reef, primarily
targeting trepang and opportunistically gathering trochus shells. They also catch fish largely for
subsistence purposes although the average fish catch per lete-lete (traditional Indonesian fishing
vessel) in 2008 increased to commercial volumes. Although deeper waters are more plentiful in
trepang, deep diving is generally not undertaken by the fishers due to the Memorandum of
Understanding stipulation on the exclusive use of traditional equipment only.

3.4.3.4 Aquaculture

3.4.3.4.1 North Coast Bioregion

Aquaculture development in this region is dominated by the production of pearls from the species
Pinctada maxima. A large number of pearl oysters for seeding are obtained from wild stocks and
supplemented by hatchery-produced oysters with major hatcheries operating at Broome and the
Dampier Peninsula. Pearl farm sites are located mainly along the Kimberley coast, particularly in the
Buccaneer Archipelago, in Roebuck Bay and at the Montebello Islands. Developing marine
aquaculture initiatives in this region include growing trochus and barramundi.

The Pearl Oyster Fishery of Western Australia operates in shallow coastal waters (Fletcher et al.
2006). All the leases are within the 35-m diving depth. Through consultation, the Pearl Producer’s
Association have raised concern that spawning stock is found to the 100-m depth contour. However,
this is not supported in the study by Condie et al. (2006), who modelled oyster larva transport in the
Eighty Mile Beach region and found that, while some larvae travelled more than 60 km, most were
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transported less than 30 km. The model results suggest that spawning in the Eighty Mile Beach
region is concentrated around the 8- to 15-m depth range, with potential smaller contributions from
the northeast. These spawning events are likely to lead to successful recruitment locally and
alongshore to the southwest.

The spawning events also feed larvae into neighbouring shallow coastal environments (through tidal
oscillations) and deeper waters to the west (more than 20 m deep). However, spat (juvenile pearl
oysters) abundance seems to be low in these areas, suggesting that recruitment is strongly limited by
habitat availability and possibly high mortality rates in shallow water. High local abundances of brood
stock and spat observed occasionally in deeper water (less than 30 m deep) seem to be supported by
intermittent larval transport from inshore populations. Spawning in this area seems to contribute
little to recruitment in the inshore populations.

3.4.3.4.2 Gascoyne Coast Bioregion

Hatchery production of oysters is the core of the pearling industry in the Gascoyne region. Hatcheries
in Carnarvon and Exmouth supply spat to pearl farms in the northwest, and several hatcheries supply
juveniles to the developing black-lip pearl oyster farms in the region. Pearl production is carried out
on a small scale in Shark Bay and Exmouth Gulf. The local aquaculture sector is also focusing on the
production of aquarium species.

3.4.3.4.3 West Coast Bioregion

The principal aquaculture development activities in this region are the production of mussels
(Mytilus galloprovincialis) and marine algae (Dunaliella salina) and the emerging black pearl industry
based on the production of Pinctada margaritifera at the Abrolhos Islands. The main mussel farming
area is in southern Cockburn Sound, where conditions are sheltered and the nutrient and planktonic
food levels are sufficient to promote good growth rates.

3.4.4 Heritage

3.4.4.1 World Heritage Places

There are two WHAs located within the EMBA: the Ningaloo Coast (533 km from the Dorado WHP)
and Shark Bay (835 km from the Dorado WHP).

3.4.4.1.1 The Ningaloo Coast

The Ningaloo Coast was included on the World Heritage List in 2011 and was inscribed for
outstanding natural universal values as follows:

+ an example of superlative natural phenomena and areas of exceptional natural beauty and
aesthetic importance;

+ outstanding examples representing major stages of Earth’s history, including the record of
life, significant ongoing geological processes in the development of landforms, or significant
geomorphic or physiographic features; and

+ the most important and significant natural habitats for in situ conservation of biological
diversity, including those containing threatened species of outstanding universal value from
the point of view of science or conservation.

The Ningaloo Coast WHA includes:
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Ningaloo Marine Park (Commonwealth waters);

Ningaloo Marine Park (Western Australian state waters);

Muiron Island Marine Management Area (including the Muiron Islands);
Jurabi Coastal Park;

Bundegi Coastal Park;

Cape Range National Park; and

Learmonth Air Weapons Range.

+ 4+ 4+ + + o+ o+

The Ningaloo Coast WHA (including the Muiron Islands) is managed under a plan that is consistent
with the World Heritage Convention and Australia's World Heritage management principles. World
Heritage management principles are set out in regulations and cover matters relevant to the
preparation of management plans, the environmental assessment of actions that may affect the
property and community consultation processes.

The Australian World Heritage management principles are outlined under Schedule 5 of the
Environment Protection and Biodiversity Conservation Regulations 2000. The objective is to ensure
that any likely impact of an action on the World Heritage values of the property should be
considered. Any action should be consistent with the protection, conservation, presentation or
transmission to future generations of the World Heritage values of the property.

The marine environment of the Ningaloo Coast WHA is protected as a Commonwealth marine park
and state marine park and is discussed further in Section 3.4.2.

3.4.4.1.2 Shark Bay

Shark Bay was included on the World Heritage List in 1991 and is one of the few properties inscribed
for all four outstanding natural universal values:

an outstanding example representing the major stages in the earth's evolutionary history;
an outstanding example representing significant ongoing ecological and biological processes;
an example of superlative natural phenomena; and

containing important and significant habitats for in situ conservation of biological diversity.

+ 4+ + +

Since 1997, an agreement established the joint management of the Shark Bay WHA by the Australian
Government and the Western Australian state government, with the operational responsibility by
the Western Australian agencies. This agreement also created a Community Consultative Committee
and a Scientific Advisory Committee, both of which provide advice as required. The entire WHA
encompasses islands and peninsulas, with an area of approximately 2.2 million hectares (70% of
which is marine waters), and includes the following areas:

Hamelin Pool Marine Nature Reserve;

Francois Peron National Park;

Shell Beach Conservation Park;

Monkey Mia Reserve;

Monkey Mia Conservation Park;

Zuytdorp Nature Reserve;

Bernier, Dorre and Koks Islands Nature Reserves;
Dirk Hartog Island National Park; and

Various pastoral leases.

+ 4+ 4+ + + + + + o+
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The marine environment of the Shark Bay WHA is protected as a state marine reserve and is
discussed further in Section 3.4.2.

3.4.4.2 Commonwealth Heritage Places

The Commonwealth Heritage Places List comprises natural, indigenous and historic heritage places
that are either entirely within a Commonwealth area or are outside the Australian jurisdiction and
owned or leased by the Commonwealth or a Commonwealth Authority (Table 3-31). Eight natural
Commonwealth Heritage Places were identified within the EMBA, none of which lie within the
Project Area. Three of these places (Ashmore Reef, Mermaid Reef and the Ningaloo Marine Area —
Commonwealth Waters) are found in marine parks and are discussed further in Section 3.4.2. The
HMAS Sydney Il and HSK Kormoran Shipwreck Sites is listed under both National and Commonwealth
Heritage Lists.

Table 3-31: Commonwealth heritage places within the EMBA

Distance from
Commonwealth Heritage Place Place Type WHP (km)
(approximate)
Mermaid Reef - Rowley Shoals Natural 226
Ningaloo Marine Area - Commonwealth Waters Natural 555
Yampi Defence Area Natural 570
Scott Reef and Surrounds - Commonwealth Area Natural 632
Learmonth Air Weapons Range Facility Natural 635
Ashmore Reef National Nature Reserve Natural 873
HMAS Sydney Il and HSK Kormoran Shipwreck Sites Historic 1,111
Christmas Island Natural Areas Natural 1,697

3.4.4.3 National Heritage Places

Natural, historic and indigenous places that are of outstanding heritage value to the Australian nation
are recorded as National Heritage Places. Nine National Heritage Places are found in waters from the
South Australian border to the Northern Territory border, with nine of these occurring within the
EMBA (Table 3-32). Shark Bay and The Ningaloo Coast are listed as both WHAs and National Heritage
Places and are discussed in Section 3.4.4.1.

Table 3-32: National heritage places within the EMBA

Distance from
National Heritage Place Place Type WHP (km)
(approximate)
Dampier Archipelago (including Burrup Peninsula) Indigenous 248
The West Kimberley Natural 318
Barrow Island and the Montebello-Barrow Islands Marine Natural 357
Conservation Reserves
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Distance from
National Heritage Place Place Type WHP (km)
(approximate)

The Ningaloo Coast Natural 533
Shark Bay, Western Australia Natural 835
Dirk Hartog Landing Site 1616 - Cape Inscription Area Historic 928
HMAS Sydney Il and HSK Kormoran Shipwreck Sites Historic 1,111
Batavia Shipwreck Site and Survivor Camps Area 1629 - Historic 1,159

Houtman Abrolhos

Christmas Island Natural Areas Natural 1,698

3.4.4.4 Marine Archaeology

All historic shipwrecks older than 75 years are protected under the Underwater Culture Heritage Act
2018. Details of historic shipwreck sites are available on the Australian National Shipwreck Database,
although precise locations of the wrecks are sometimes unknown. A search of the Australian
National Shipwreck Database indicated there are no historic shipwrecks within the Project Area, nor
has Santos observed any debris or wreckage from ships within the Project Area. There are no historic
sunken aircraft (older than 75 years) located within the Project Area. There are, however, 25 historic
shipwrecks located in the EMBA, the closest being the Twin Screw Steamer (1912), approximately 13
km from the Project Area. There is also one sunken aircraft located in the EMBA off Eighty Mile
Beach, the Dornier Do-24 X-36 (1942), located approximately 210 km southeast of the Project Area.

3.4.4.5 Indigenous Heritage

Indigenous people have a strong ongoing association with the area that extends from the beginning
of human settlement in Australia some 50,000 years ago. The close, long-standing relationship
between Indigenous peoples and the coastal and marine environments of the area is evident in
Indigenous culture today, in addition to archaeological sites such as the Burrup Peninsula. The
traditional owners of the northwest continue to rely on coastal and marine environments and
resources for their cultural identity, health and wellbeing, as well as their domestic and commercial
economies.

Marine resource use by Indigenous people is generally restricted to coastal waters. Fishing, hunting
and the maintenance of maritime cultures and heritage through ritual, stories and traditional
knowledge continue as important uses of the nearshore region and adjacent areas. However, while
direct use by Indigenous people of deeper offshore waters is limited, many groups continue to have a
direct cultural interest in decisions affecting the management of these waters. The cultural
connections Indigenous people maintain with the sea may be affected, for example, by offshore
fisheries and industries. In addition, some Indigenous people are involved in commercial activities
such as fishing and marine tourism, so have an interest in how these industries are managed in
offshore waters with respect to their cultural heritage and commercial interests (Department of the
Environment, Water, Heritage and the Arts 2008b).

A search of the Department of Planning, Lands and Heritage’s Aboriginal Heritage Inquiry System was
undertaken to identify registered Aboriginal sites (Registered Sites) as outlined under Section 5 of the
Aboriginal Heritage Act 1972 (WA). A total of 194 Registered Sites were identified within the EMBA.
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Identified Registered Sites have been designated for a number of aspects including (but not limited
to) artefact scatters; ceremonial, mythological, and camp sites; water sources; engravings; and burial.
In addition to Registered Sites, there are a number of other Heritage Places along the northwest
coastline of Western Australia (refer to Attachment 1).

3.4.5 Tourism

The Kimberley, Pilbara and Gascoyne regions are popular visitor destination for Australian and
international tourists. Tourism is concentrated in the vicinity of population centres including Broome,
Dampier, Exmouth, Coral Bay and Shark Bay.

Marine and coastal use is also clustered around major population centres along the Western
Australian coastline including Perth, Bunbury, Geraldton, Jurien Bay and Margaret River.

Tourism contributes to local economies in terms of both income and employment; and tourists
include local, interstate and international visitors. Popular water-based activities include fishing,
swimming, snorkelling, diving, surfing, windsurfing/kiting, and boating, while popular land-based
activities include bushwalking, camping, bird watching and four-wheel driving.

Seasonal nature-based tourism, such as humpback whale watching, whale shark encounters and
tours of turtle hatching, mainly occurring around Ningaloo Reef, Cape Range National Park, Broome
and Perth. Seasonal aggregations of whale sharks, manta rays, sea turtles and whales, as well as the
annual mass spawning of coral, attract large numbers of visitors to Ningaloo each year. There is no
tourism activity with the Project Area. A low level of recreational diving may occur in the waters
surrounding Bedout Island, located approximately 38.8 km south of the Project Area.

3.4.6 Maritime Industry

3.4.6.1 Ports

The two largest ports within the Pilbara region are Port Hedland (located approximately 143 km
south of the proposed FPSO) and the Port of Dampier. Port Hedland is Australia’s second largest port
and exports bulk commodities of iron ore and salt. Total throughput at Port Hedland for 2019 was
recorded to be approximately 521 million tonnes (Pilbara Ports Authority n.d.). The Port of Dampier
is one of the major tonnage ports in Australia, with prime export commodities of iron ore, LNG and
salt.

3.4.6.2 Shipping

The Project Area is subject to considerable shipping activity, particularly bulk carriers transiting to
and from the Port of Port Hedland (Figure 3-28). AMSA has established a network of shipping
fairways off the northwest coast of Australia to manage traffic patterns. The shipping fairways are
designed to keep shipping traffic away from offshore infrastructure and aim to reduce the risk of
collision. Use of the fairways is strongly recommended but not mandatory. The International
Regulations for Preventing Collisions at Sea 1972 apply to all vessels navigating within or outside the
shipping fairways. The use of these fairways does not give vessels any special right of way.

The Dorado WHP is located 13.2 km west and 17.5 km east of the closest commercial shipping
fairways.
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3.4.6.3 Petroleum

In 2018/19, Western Australia’s petroleum industry was worth $38.4 billion per annum. The
petroleum sector accounted for 26% of the total value of Western Australia’s mineral and petroleum
sales in 2018/19, with 20% of all mineral and petroleum sales coming from LNG. Currently Western
Australia has four operating LNG projects: the NWS, Gorgon, Pluto and Wheatstone. There are also a
number of FPSO facilities on the NWS, as shown in Figure 3-29. There are also domestic gas plants on
Varanus Island in the NWS, Devil Creek Onshore Gas Plant and Macedon Gas Plant in the Pilbara
region and an oil facility near Dongara called Cliff Head.

There are several exploration and production permits and leases throughout Western Australian and
Commonwealth waters in the EMBA. Existing petroleum infrastructure, permits and licences are
shown in Figure 3-29.

The Project Area occurs in a particularly isolated area of the NWS with respect to the main oil and gas
operational and exploratory fields. There are currently no existing facilities in the Project Area. The
nearest operating facility is Woodside’s Angel oil field and associated infrastructure, located
approximately 250 km from the WHP.

One optical submarine telecommunication cable traverses the western edge of the Project Area
(refer to Figure 3-29), the North West Cable System, which connects offshore oil and gas facilities in
the Browse, Bonaparte and Carnarvon Basins to onshore locations. The JASURAUS cable system,
which connects Port Hedland to Jakarta, is adjacent to and west of the Project Area.
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Figure 3-29: Existing petroleum infrastructure, permits and licences
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3.4.7 Defence

The Naval Communication Station Harold E. Holt is located on the northwest coast of Australia, 6 km

north of Exmouth. The town of Exmouth was built at the same time as the communications station to
provide support to the base and to house dependent families of United States Navy personnel (Shire

of Exmouth 2014; DoE 2014).

No designated Department of Defence areas overlap the Project Area. Two Royal Australian Air Force
(RAAF) bases are located in the northwest of Western Australia: Learmonth RAAF Base
(approximately 602 km from the WHP near Exmouth) and Curtin RAAF Base (approximately 561 km
from the WHP near Derby) (RAAF 2014). The EMBA overlaps these bases.

Designated military exercise areas occur over waters and airspace of the northwest of Western
Australia and may be activated following the required notifications. There are two training and
practice areas located near the Learmonth RAAF Base, approximately 363 km (training area) and 538
km (practice area) southwest of the Project Area. These overlap with the EMBA.

Additional defence activities that occur within the EMBA include:

Broome training depot;

Exmouth admin and high-frequency transmitting;
Exmouth very low—frequency transmitting station;
Geraldton training depot “A” Company 16th Battalion;
HMAS Stirling-Rockingham;

HMAS Stirling-Garden Island;

Karratha training depot;

Learmonth — air weapons range;

Learmonth radar site — Vlaming Head, Exmouth; and
Yampi Sound training area.

+ 4+ 4+ + + + + + + +

Key defence bases and facilities are illustrated in Figure 3-30.
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4 Acceptable Levels of Impacts and Risks

The OPGGS (E) Regulations require that the Dorado Development OPP demonstrate that the
environmental impacts and risks associated with Dorado Phase 1 are of an acceptable level. Santos
has defined acceptable levels of impacts and risks for the environmental receptors that may credibly
be impacted by Dorado Phase 1 to address this requirement. The predicted environmental impacts
and risks from all aspects of Dorado Phase 1 were then compared to the predefined acceptable levels
to evaluate whether the impacts and risks associated were below the acceptable level.

The following criteria were considered by Santos when developing receptor-specific acceptable levels
of impacts and risks:

the environmental value of the receptor;

the principles of ESD;

relevant requirements (Section 2), such as:

- legislation;

- policies;

- conventions; and

- material published under the EPBC Act, including recovery plans, conservation advice
and the Matters of National Environmental Significance - Significant impact guidelines
1.1. Environment Protection and Biodiversity Conservation Act 1999 (Department of the
Environment 2013);

+ internal context, including Santos’ environment policy, environmental risk management
framework, technical guidance material and expert technical advice from internal
stakeholders; and

+ external context, such as advice provided by stakeholders and subject matter experts.

The acceptable levels of impacts and risks were developed independently of the environmental
impact and risk assessments. This was done to ensure that the acceptable levels were based on the
criteria outlined above, rather than the predicted impacts of Dorado Phase 1.

A description of how the criteria were considered in developing receptor-specific acceptable levels of
impacts and risks is provided below.

4.1 Considerations when Defining Acceptable Levels of Impacts

4.1.1 Environmental Value of Receptors

The environmental value of each receptor was considered when developing receptor-specific
acceptable levels of impact. The determination of the environmental value of a receptor considered
attributes such as:

+ uniqueness — uniqueness is the quality of an environmental value or sensitivity being
particularly remarkable, special or unusual. Impacts to receptors that are unique are less
acceptable than impacts to receptors that are common within the environment. For
example, impacts to a rare, endangered species are less acceptable than the same impacts to
a common species;

+ connectedness — connectedness is the quality of an environmental value or sensitivity being
joined to or linked with other features of the environment. Impacts to receptors that are
highly connected to other receptors are more likely to result in effects to ecosystems and are
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hence less acceptable than impacts to receptors that are not highly connected to other
receptors; and

+ socio-economic value — Socio-economic value is the value of an environmental value or
sensitivity to society, including social, cultural and economic value. Impacts to receptors that
have a high socio-economic value (including receptors that are of particular conservation,
cultural or economic value) are less acceptable than impacts to receptors that have a low
socio-economic value.

The uniqueness, connectedness and socio-economic value for each receptor was assessed on a
qualitative basis. This assessment was informed by the description of environmental values and
sensitivities in Section 3. The concepts of uniqueness, connectedness and socio-economic value were
assessed qualitatively to provide an aggregated environmental value for each receptor.

The environmental value of many receptors is reflected by the relevant requirements that apply to
the receptors. Receptors that have a high environmental value typically have a high degree of
protection by relevant requirements, such as WHAs, marine protected areas and species listed as
threatened under the EPBC Act. The degree of protection provided by relevant requirements is
typically correlated to the environmental value of the receptor.

4.1.2 Principles of Ecologically Sustainable Development

The principles of ESD stated in the EPBC Act have been considered by Santos in defining acceptable
levels of impacts and risks. These principles were also considered in progressing the concept for the
Dorado Development and management of environmental impacts and risks. These principles are:

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

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

+ the principle of intergenerational equity — that the present generation should ensure that
the health, diversity and productivity of the environment is maintained or enhanced for the
benefit of future generations;

+ the conservation of biological diversity and ecological integrity should be a fundamental
consideration in decision-making; and

+ improved valuation, pricing and incentive mechanisms should be promoted.

Energy is fundamental to societies and their sustainable development. The UN has a 2030 Agenda for
Sustainable Development (2030 Agenda) which establishes 17 Sustainable Development Goals (SDGs)
and 169 targets that build on the Millennium Development Goals. The SDGs and targets are
integrated and indivisible and balance three dimensions of sustainable development: economic,
social and environmental. This was considered for evaluating acceptability for those potential
impacts which extend outside of Australia’s jurisdiction.

4.1.3 Relevant Requirements

The requirements identified in Section 2 that are relevant to environmental receptors were
considered when developing receptor-specific acceptable levels of impact. Santos has included the
acceptability of impacts and risks to matters protected under Part 3 of the EPBC Act as this forms
part of NOPSEMA's assessment for the Dorado Development OPP. Several international agreements
are given effect by Part 3 of the EPBC Act, such as the Ramsar Convention (Wetlands of International
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Importance); the World Heritage Convention (WHAs); and the Bonn Convention, CAMBA, ROKAMBA
and JAMBA (migratory species).

Santos considered the Matters of National Environmental Significance - Significant impact guidelines
1.1. Environment Protection and Biodiversity Conservation Act 1999 (Department of the Environment
2013) when defining acceptable levels of impacts and risks. While these guidelines are intended to
assist proponents in determining whether an action may have a significant impact upon a matter of
national environmental significance, Santos has used the guidelines to inform the definition of
receptor-specific acceptable levels of impact. The significant impact criteria for matters protected
under Part 3 of the EPBC Act are summarised in Table 4-1. Santos considers significant impacts to
matters protected under Part 3 of the EPBC Act to be unacceptable.
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Table 4-1: Significant impact criteria relevant for matters protected under Part 3 of the EPBC Act (Department of the Environment 2013)

Category

Significant Impact Criteria

Critically Endangered
and Endangered
Species

An action is likely to have a significant impact on critically endangered or endangered species if there is a real chance or possibility that
it will:

lead to a long-term decrease in the size of a population;
reduce the area of occupancy of the species;

fragment an existing population;

adversely affect habitat critical to the survival of a species;
disrupt the breeding cycle of a population;

modify, destroy, remove, isolate or decrease the availability or quality of habitat to the extent that the species is likely to decline;

+ + + + + +

result in invasive species that are harmful to a critically endangered or endangered species becoming established in the endangered
or critically endangered species' habitat;

introduce disease that may cause the species to decline; or

+ interfere with the recovery of the species.

Vulnerable Species

An action is likely to have a significant impact on vulnerable species if there is a real chance or possibility that it will:

lead to a long-term decrease in the size of an important population;

reduce the area of occupancy of an important population;

fragment an existing important population into two or more populations;

adversely affect habitat critical to the survival of a species;

disrupt the breeding cycle of a population;

modify, destroy, remove, isolate or decrease the availability or quality of habitat to the extent that the species is likely to decline;
result in invasive species that are harmful to a vulnerable species becoming established in the vulnerable species' habitat;

introduce disease that may cause the species to decline; or

+ + + 4+ + + + + +

interfere substantially with the recovery of the species.

Migratory Species

An action is likely to have a significant impact on migratory species if there is a real chance or possibility that it will:

+ substantially modify, destroy or isolate an area of important habitat for a migratory species;
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Category Significant Impact Criteria
+ result in an invasive species that is harmful to the migratory species becoming established in an area of important habitat for the
migratory species; or
+ seriously disrupt the lifecycle of an ecologically significant proportion of the population of a migratory species.
Wetlands of An action is likely to have a significant impact on a wetland of international importance if there is a real chance or possibility that it will
International result in:
Importance (i.e. + areas of wetland being destroyed or substantially modified;
Declared Ramsar
Wetland) + asubstantial and measurable change in the hydrological regime of the wetland;
+ the habitat or lifecycle of native species dependent upon the wetland being seriously affected;
+ a substantial and measurable change in the water quality of the wetland that may adversely impact on the biodiversity, ecological
integrity, social amenity or human health; or
+ an invasive species that is harmful to the ecological character of the wetland being established in the wetland.
Commonwealth Marine An action is likely to have a significant impact on the environment in a Commonwealth marine area if there is a real chance or
Environment possibility that it will:
+ result in a known or potential pest species becoming established in the commonwealth marine area;
+ modify, destroy, remove, isolate or disturb an important or substantial area of habitat such that an adverse impact on marine
ecosystem functioning or integrity on a commonwealth marine area results;
have a substantial adverse effect on a population of a marine species or cetacean, including its lifecycle and spatial distribution;
result in a substantial change in air quality or water quality that may adversely impact on biodiversity, ecological integrity , social
amenity or human health;
+ result in persistent organic chemicals, heavy metals, or other potentially harmful chemicals accumulating in the marine
environment such that biodiversity, ecological integrity, social amenity or human health may be adversely affected; or
+ have a substantial adverse impact on heritage values of the Commonwealth marine area, including damage or destruction of an
historic shipwreck.
World Heritage An action is likely to have a significant impact on the World Heritage values of a declared World Heritage property if there is a real
Properties chance or possibility that it will cause:
+ one or more of the world heritage values to be lost;
+ one or more of the world heritage values to be degraded or damaged; or
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Category Significant Impact Criteria

+ one or more of the World Heritage values to be notably altered, modified, obscured or diminished.

National Heritage An action is likely to have a significant impact on the National Heritage values of a National Heritage place if there is a real chance or
Places possibility that it will cause:

+ one or more of the national heritage values to be lost;

+ one or more of the national heritage values to be degraded or damaged; or

+ one or more of the National Heritage values to be notably altered, modified, obscured or diminished.
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4.1.4 Internal Context
Santos considers an impact or risk associated with the proposed activity to be acceptable if:

+ the consequence of a planned event is ranked as | or II; or a risk of impact from an unplanned
event is ranked Very Low to Medium;

+ an assessment has been completed to determine whether further information or studies are
required to support or validate the consequence assessment;

+ assessment and management of risks have addressed the principles of ecologically sustainable
development;

+ that the acceptable levels of impact and risks have been informed by relevant species recovery
plans, threat abatement plans and conservation advice can be demonstrated;

+ performance standards are consistent with legal and regulatory requirements;

+ performance standards are consistent with the Santos’ Environment, Health and Safety Policy
and/or Climate Change Policy; and

+ performance standards are consistent with industry standards and best practice guidance (for
example, National Biofouling Management Guidance Guidelines for the Petroleum Production
and Exploration Industry (Marine Pest Sectoral Committee, 2018)).

These consequence and risk descriptors are defined in the Santos risk matrix (Section 7.1).
Environmental consequences greater than Moderate for planned impacts and risks greater than
Medium for unplanned events are unacceptable to Santos.

4.1.5 External Context

The external context considered by Santos in establishing acceptable levels of impacts and risks
includes any available information provided by stakeholders or from subject matter experts in
relation to Dorado Phase 1. Santos understands the OPP public comment period will provide
additional external context, in addition to any consultation undertaken during the development of
the OPP. Stakeholder comments provided on the OPP during the public comment period will be
considered in the revised version of the OPP submitted to NOPSEMA for Stage 2 assessment
following the public comment period.

Santos considers an impact or risk associated with the proposed activity to be acceptable if it is
consistent with relevant and reasonable stakeholder expectations. In instances where stakeholders
object to a proposed activity or expectations are not aligned, Santos may consider the impact or risk
acceptable if it can be demonstrated that the objections and expectations are not relevant or are not
reasonable.

4.2 Acceptable Levels of Impact for Dorado Phase 1

Based on the considerations outlined in Section 4.1, the acceptable levels of impact to
environmental values and sensitivities that may be affected by aspects of Dorado Phase 1 are
presented in Table 4-2.

Some receptors described in Section 3 will not credibly be impacted by Dorado Phase 1:

+  bathymetry;
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+ oceanography;
+ regional centres; and
+ defence.
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Table 4-2: Acceptable levels of impact to environmental values and sensitivities for Dorado Phase 1

Key Environmental
Values/Sensitivities

Receptor-Specific Acceptable Levels of Impact (RSAL)

Justification for the Acceptable Level

Physical Environment

Climate

RSAL1: No significant! impacts to key Australian ecosystems
attributable to Dorado Phase 1 GHG emissions.

RSAL2: Dorado Phase 1 is an insignificant CO2.e emissions
contributor to Australian and global CO2-e emissions

1 Significant - As defined by the significant impact criteria in Matters of
National Environmental Significance - Significant impact guidelines 1.1.
Environment Protection and Biodiversity Conservation Act 1999 (Department of
the Environment 2013).

To date, the currently observed global warming and the associated anthropogenic climate changes cannot be directly attributed to any one development or
activity, as they are the result of net global GHG emissions and GHG sinks that have accumulated in the atmosphere since the industrial revolution began.
Despite the uncertainties in linking global warming and associated ecosystem impacts to GHG emissions from an individual project, Santos considers the
potential for significant impact to key Australian ecosystems to result from Dorado Phase 1 GHG emissions to be unacceptable if it were to occur, and the basis
for RSAL1.

RSAL2 is premised on Dorado Phase 1 GHG emissions being an insignificant contributor to Australian and global GHG emissions, thereby reducing the likelihood
that Dorado Phase 1 GHG emissions specifically will result in significant ecosystem impacts from climate change.

Water quality

RSAL3: Impacts to water quality that do not result in a loss of
ecological integrity? are acceptable.

RSAL4: Substantial® impacts to water quality within 1 km of the

WHP, FPSO, future tiebacks and drilling activities are acceptable.

2 Ecological integrity is generally referred to as the self-sustaining nature of a
natural ecosystem, including ecological processes and biological communities.
An ecosystem is considered to have ecological integrity if the natural ecological
processes are intact and self-sustaining, the ecosystem evolves naturally and its
capacity for self-renewal is maintained; and the ecosystem’s biodiversity is
ensured (Office of the Auditor General of British Columbia 2010).

3 Substantial - Substantial impacts are considered to be an exceedance of the
95% species protection levels for water quality or the default guideline value
(high) for sediments for contaminants derived from either Australian and New
Zealand guidelines for fresh and marine water quality (Commonwealth of
Australia and New Zealand Government 2018) or discharge-specific whole
effluent toxicity testing result using methodology aligned with the guidelines.

Water quality is not unique, and the continental shelf waters in the Project Area are very widely represented in the region. Water quality is highly connected to
marine ecosystems, and impacts to water quality have the potential to result in impacts to other receptors, such as fauna. A substantial change in water quality
may adversely impact on biodiversity, ecological integrity, social amenity or human health. The socio-economic value of water quality in the Project Area is
limited, as there are few other users that rely on high water quality in the Project Area.

Impacts to water quality from Dorado Phase 1 cannot be avoided; but by limiting substantial impacts to within 1 km of the discharge locations the potential

impacts to marine ecosystems will be very low. Given the offshore location and absence of sensitive marine ecosystems within the Project Area, substantial
impacts to water quality within 1 km of the discharge location are acceptable.

Sediment quality

RSALS5: Impacts to sediment quality that do not result in a loss
of ecological integrity? are acceptable.

RSAL6: Substantial® impacts to sediment quality within 1 km of
the WHP, FPSO, future tiebacks and drilling activities are
acceptable.

2 Ecological integrity is generally referred to as the self-sustaining nature of a
natural ecosystem, including ecological processes and biological communities.
An ecosystem is considered to have ecological integrity if the natural ecological
processes are intact and self-sustaining, the ecosystem evolves naturally and its
capacity for self-renewal is maintained; and the ecosystem’s biodiversity is
ensured (Office of the Auditor General of British Columbia 2010).

3 Substantial - Substantial impacts are considered to be an exceedance of the
95% species protection levels for water quality or the default guideline value
(high) value for sediments for contaminants derived from either Australian and
New Zealand guidelines for fresh and marine water quality (Commonwealth of
Australia and New Zealand Government 2018) or discharge-specific whole
effluent toxicity testing result using methodology aligned with the guidelines.

Sediment quality is not unique, and the sediments within the Project Area are very widely represented in the region. Sediment quality is connected to
marine ecosystems, particularly benthic fauna. The socio-economic value of sediment quality in the Project Area is limited, as there are few other users that
rely on high sediment quality in the Project Area.

Impacts to sediment quality from Dorado Phase 1 cannot be avoided; but by limiting substantial impacts to within 1 km of sources of potential sediment
contamination (e.g. drilling locations) the potential impacts to marine ecosystems will be very low. By limiting potentially substantial impacts to sediment to
within 1 km of the WHP, FPSO and drilling activities, the potential for environmental impacts as a result of contaminated sediments will be highly localised.
These impacts are considered to be acceptable.

Air quality (excluding
GHG emissions)

RSAL7: No substantial changes in air quality that may
adversely impact on biodiversity, ecological integrity, social
amenity or human health as a result of Dorado Phase 1.

Dorado Phase 1 is located in the open ocean and is well-removed from nearest residential or sensitive populations of the Australian mainland. Air quality in
the Project Area is high and is widely represented in the offshore Pilbara region; air quality in the Project Area is not unique. Air quality is connected to other
environmental values and sensitivities, such as air-breathing fauna and other marine users. The defined acceptable level provides a high degree of
confidence that impacts to air quality will not result in substantial impacts to other receptors.
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Key Environmental
Values/Sensitivities

Receptor-Specific Acceptable Levels of Impact (RSAL)

Justification for the Acceptable Level

Biological Environment

Benthic habitats

RSALS: No significant! impacts to benthic habitats and
communities.

RSAL9: No direct disturbance to sensitive benthic habitats
and communities.

1 Significant - As defined by the Commonwealth marine environment
significant impact criteria in Matters of National Environmental Significance -
Significant impact guidelines 1.1. Environment Protection and Biodiversity

Conservation Act 1999 (Department of the Environment 2013).

Environmental surveys and habitat modelling indicate benthic communities within the Project Area are largely bare sediments interspersed with relatively
small areas of hard substrates. These habitats are widely represented in the region and are not considered to be particularly sensitive. Sensitive habitats,
such as hard corals, are unlikely to occur within the Project Area and, if they do occur, will be protected from direct disturbance.

Santos has not placed a limit on the size of the footprint, as the footprint of potential tiebacks (if any) is currently unknown. Given the widespread nature
and low sensitivity of the benthic habitats observed and predicted throughout the Project Area, Santos considers the direct disturbance footprint of the
foundation facility and potential tiebacks will not result in substantial impacts to biodiversity, ecological integrity, social amenity or human health. Santos
considers the footprint of the foundation facility and any future tiebacks to be acceptable.

Coastal habitats

RSAL10: No impacts to coastal habitats.

Coastal habitats would only be impacted by a large-scale hydrocarbon spill, such as a well blowout. Santos considers any large-scale hydrocarbon spill to be
unacceptable.

Marine mammals

Reptiles

Birds

migratory or cetacean species as a result of Dorado Phase 1.

RSAL14: Management of aspects of Dorado Phase 1 must not
be inconsistent with relevant conservation advice, recovery
plans and threat abatement plans published by the DAWE.

RSAL15: No injury to pygmy blue whales in a pygmy blue
whale BIA

RSAL16: No significant!impacts to EPBC listed threatened,
migratory or cetacean species under the EPBC Act as a result
of Dorado Phase 1.

! Significant - As defined by the Commonwealth marine environment
significant impact criteria in Matters of National Environmental Significance -
Significant impact guidelines 1.1. Environment Protection and Biodiversity
Conservation Act 1999 (Department of the Environment 2013).

KEFs RSAL11: No significant impacts® to environmental values of KEFs in the region are largely geomorphic features that provide important ecosystem services primarily as a result of their unique physical features (e.g.
KEFs. provision of hard substrates, facilitation of upwelling etc.). These are geographically diverse features that cover a large extent. The Project Area has been
L significant - As defined by the Commonwealth marine environment designed to exclude KEFs in the region; hence, there will be no direct disturbance of the seabed within a KEF. Impacts to KEFs that do not significantly
significant impact criteria in Matters of National Environmental Significance - impact upon the environmental values of the KEF are acceptable.
Significant impact guidelines 1.1. Environment Protection and Biodiversity
Conservation Act 1999 (Department of the Environment 2013).

TECs RSAL12: No impacts to TECs. TECs would only be impacted by a large-scale hydrocarbon spill, such as a well blowout. Santos considers any large-scale hydrocarbon spill to be

unacceptable.
Fishes RSAL13: No mortality of EPBC Act listed threatened, Santos considers that significant impacts to threatened or migratory fauna defined in the Matters of National Environmental Significance - Significant impact

guidelines 1.1. Environment Protection and Biodiversity Conservation Act 1999 (Department of the Environment 2013) to be unacceptable. These criteria are
specific to the particular threatened and migratory classifications of fauna under the EPBC Act and are provided in Table 4-1.

Santos supports the intent of conservation advice, recovery plans and threat abatement plans for these species, which is to prevent further decline and
enhance the recovery of these species. Santos considers any mortality of or significant impact to species listed as threatened or migratory under the EPBC
Act as a result of Dorado Phase 1 to be unacceptable.

Recent clarification of terms in the CMP for the Blue Whale 2021-25 (DAWE, 2015) advise that PTS and TTS do constitute an injury. Acceptable levels of
impact with regard to potential for ‘injury’ to cetaceans from the Dorado Development is limited to protection of threatened cetacean species where ‘injury’
is a defined term in applicable threatened species conservation advice or conservation management plans and includes potential sources of injury from
underwater noise such as PTS or TTS (pygmy blue whales).

Further acceptable levels for turtles relevant to light impacts from the Turtle Recovery Plan and National Light Pollution Guidelines are as followed:

+ The Dorado Development will not result in disruption within, or displacement from, habitat critical to the survival of marine reptiles identified as
potentially affected.
+ The Dorado Development will not result in impacts which disrupt critical behaviours such as nesting, hatchling orientation, sea finding and dispersal
behaviour in marine reptiles identified as potentially affected.
+ The Dorado Development will not result in significant impacts to marine reptiles identified as potentially affected, defined as a possibility that it will’
- have a substantial adverse effect on a population of migratory/marine species, or the spatial distribution of the population.
- modify, destroy, fragment, isolate or disturb an important or substantial area of habitat such that an adverse impact on marine ecosystem
functioning or integrity results.
- seriously disrupt the lifecycle (breeding, feeding, migration or resting behaviour) of an ecologically significant proportion of the population of a
migratory/marine species.
- have an adverse effect on a population of listed threatened species, or the spatial distribution of the population.
- modify, destroy or isolate an area of important habitat for a listed threatened species.
- disrupt the lifecycle (breeding, feeding, migration or resting behaviour) of an ecologically significant proportion of the population of a listed
threatened species.
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Key Environmental
Values/Sensitivities

Receptor-Specific Acceptable Levels of Impact (RSAL)

Justification for the Acceptable Level

Socio-economic and Cultural Environment

Protected Areas

RSAL17: No impacts to ecological values of Ramsar wetlands.

RSAL18: No impacts to the values of marine parks.

Protected areas such as Ramsar wetlands, AMPs and Western Australian marine protected areas and terrestrial reserves would only be impacted by a large-
scale hydrocarbon spill, such as a well blowout. Santos considers any large-scale hydrocarbon spill to be unacceptable.

resulting in demonstrated loss of income.

RSAL24: Short-term displacement of tourism activities from
exclusion zones during Project installation/drilling operations
within the Project Area is acceptable.

RSAL25: Long-term (up to 20 years) exclusion of tourism
activities from the gazetted PSZ during production operations
is acceptable.

Fisheries RSAL19: No negative impacts to the economic viability of the The presence of the Dorado Project infrastructure may result in an increase in the abundance of commercially targeted fish species due to habitat
commercial fish resources. modification. Santos considers the displacement of other users (e.g. commercial fishers) from relatively small areas of the Project Area to be acceptable.
RSAL20: Short-term displacement of commercial fishing Exclusion of fishers from these areas is not expected to affect landings and is required for the safe operation of Dorado Phase 1.
activities from exclusion zones during Project Given the widespread nature of fish resources in the region and the limited overlap of the Santos project area with commercial fisheries, Santos considers the
installation/drilling operations within the Project Area is impacts to fish will not result in negative impacts to commercially exploited fish resources at a population level.
acceptable.
RSAL21: Long-term (up to 20 years) exclusion of commercial
fishing activities from the gazetted PSZ during production
operations is acceptable.
Heritage RSAL22: No significant! impacts to World Heritage properties, The World, National, Commonwealth and Aboriginal heritage properties would only be impacted by a large-scale hydrocarbon spill, such as a well blowout.
National Heritage places, Commonwealth Heritage places or Santos considers any large-scale hydrocarbon spill to be unacceptable.
registered Aboriginal heritage sites.
1 Significant - As defined by the Commonwealth marine environment
significant impact criteria in Matters of National Environmental Significance -
Significant impact guidelines 1.1. Environment Protection and Biodiversity
Conservation Act 1999 (Department of the Environment 2013).
Tourism RSAL23: No impacts to nature-based tourism resources There are no known tourist attractions or destinations within the Project Area or surrounding waters.

Santos considers the displacement of other users (e.g. tourism operators) from the Project Area, which is a relatively small area of the open ocean
environment where existing tourism and recreation use is very low, to be acceptable.

Maritime Industry

RSAL26: Short-term displacement of commercial shipping
from exclusion zones during Project installation/drilling
operations within the Project Area is acceptable.

RSAL27: Long-term (up to 20 years) exclusion of commercial
shipping from the gazetted PSZ during production operations
is acceptable.

Santos considers the displacement of other users (e.g. commercial shipping) from relatively small areas of the open ocean environment in Dorado Phase 1
area to be acceptable. Santos acknowledges there is commercial shipping in the region, which is concentrated in the shipping fairways designated by AMSA.

Defence

RSAL28: Short-term displacement of defence activities from
exclusion zones during Project installation/drilling operations
within the Project Area is acceptable.

RSAL29: Long-term (up to 20 years) exclusion of defence
activities from the gazetted PSZ during production operations
is acceptable.

Santos considers the displacement of other defence activities from relatively small areas of the open ocean environment in Dorado Phase 1 area to be
acceptable. There are no designated defence areas within the Project Area.
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5 Analysis of Alternatives

The OPGGS (E) Regulations require that the OPP describe any feasible alternatives to the Dorado
Development or to an activity that is part of the Dorado Development, including:

+ acomparison of the environmental impacts and risks arising from the project or activity and
the alternative; and
+ an explanation as to why the alternative was not preferred.

This section of the OPP presents the alternatives considered for the Dorado Development, providing
an overview of the advantages and disadvantages of each alternative with an emphasis on
environmental impacts and risks. It also provides a justification for the selection of the preferred
option. Some decisions will be determined during FEED (preliminary engineering) and others during
detailed engineering stages of the Dorado Development. Decisions remaining to be made and their
environmental implications are summarised at the end of this section.

The process of assessing the Dorado Development alternatives started in 2018, with an early
identification of potential development concepts and understanding of the feasibility of early field
development. Upon identifying the technically and commercially viable options, Santos identified the
preferred Dorado Development concept. This process was undertaken in two main phases:

+ analysis of concept alternatives; and
+ analysis of design alternatives.

During the early identification of potential development concepts, only those that were technically
and commercially viable and were appropriate for the reservoir type were carried into the concept
alternatives analysis (i.e. options considered feasible, refer to Section 5.1). Following the
determination of the field development option, the following concept alternatives (Section 5.3) were
considered:

+ the type of production trees to be installed (the production tree options); and
+ the facilities that would be required to process the hydrocarbons (the facility options).

Once the preferred Dorado Development concept was identified, analysis of design alternatives for
the preferred development concept was undertaken (Section 5.4). This included technical options for
specific utility and processing systems (such as PW management).

5.1 Field Development Options

Immediately following the Dorado discovery, the following development options were considered to
recover the light oil, condensate and gas resources:

no development;

developing liquids only — producing light oil and condensate, with gas reinjected; and
+ developing liquids with gas export— full integrated resource development of light oil,

condensate and gas resources.

Developing the petroleum resources aligns with the Australian Government’s offshore development
policy to explore and develop offshore petroleum resources. The policy recognises that development
of these resources provides benefits to the Australian community, including:

+ Government royalties and taxation revenue that is used to provide government services;
+ employment for Australians;
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+ production of petroleum resources to sustain a high standard of living;
+ improved energy resources security; and
+ regional industrial development.

The offshore petroleum policy encourages the development of commercially viable petroleum
reserves. This requirement is a feature of the administration of petroleum titles. As the titleholder
for WA-437-P and WA-438-P petroleum titles, Santos has an obligation to undertake exploration and
develop any commercially viable petroleum resources (refer to Section 2.1.1). In this context, the ‘no
development’ alternative is not consistent with the legal obligations and commercial objectives of
Santos and was therefore not considered further.

Santos acknowledges that the ‘no development’ option results in no associated impacts to the
environment. However as detailed in this OPP, Santos considers that the environmental impacts of
planned activities associated with the Dorado Development can be managed to acceptable levels and
the associated petroleum activities are consistent with the principles of ESD.

Dorado Phase 1 was selected as the ‘liquids only’ development concept, primarily as there is a
requirement to enhance the liquids recovery through reinjection of reservoir gas via a phenomena
called “miscible flood”. Miscible flood is a general term for injection processes that introduce
miscible gases into the reservoir. A miscible displacement process maintains reservoir pressure and
improves oil displacement because the interfacial tension between oil and water is reduced.

For Dorado Phase 1, the LPG-rich gas (which is produced during recovery of the oil) will be reinjected
back into the reservoir at high pressure to ensure miscibility between the injected gas and the in situ
oil; thereby, previously immobile oil, trapped in smaller pores of the reservoir rock, will be mobile
enough to be extracted and will enhance the overall recoverable liquids from the Dorado field.

The reinjection of the gas avoids flaring and also preserves the option for a future gas export project,
a potential Phase 2 of the Dorado Development. If commercially and technically viable, this next
phase would be subject to separate approvals and is not included in this Offshore Project Proposal,
as further understanding of the recoverable gas resources and development of concept design and
facility options is required.

Given the objective of Dorado Phase 1 is to extract the oil, the “liquids with gas export” development
option was not selected, as the recovery of oil would be substantially less due to no reinjection of the
LPG-rich gas. The following sections provide an overview of the alternatives considered for
undertaking Dorado Phase 1.

5.2 Methodology

To assess the concept and design alternatives for Dorado Phase 1 and to understand the merits of
each option, a multidisciplinary evaluation of options across the following five criteria was
undertaken:

technical feasibility;
health and safety (H&S);
environment;
economic; and

societal.

+ + + + o+

To further facilitate the comparisons of options, the above criteria were subdivided into subcriteria.
The subcriteria, along with key considerations, are presented in Table 5-1.
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Table 5-1: Alternatives analysis criteria and subcriteria
Criteria Subcriteria Key Considerations
Technical Technical complexity How technically complex the design of the option is
feasibility
Proposal execution risk Level of risk associated with constructing the option
Management of reservoir How is the reservoir managed — maximum production
performance from the reservoir being preferable
Health and Safety risk during Level of health and safety risks to construction personnel
Safety construction associated with the option during construction

Safety risk during operations

Level of health and safety risks to operations personnel
associated with the option during operations

Environment

Physical presence and
seabed footprint

Extent of the physical presence and seabed footprint
associated with the option —as an indicator of the likely
seabed disturbance

Number of vessel
movements

What vessel movements and their frequencies are
associated with the option — as an indicator of potential
disturbance to marine fauna

Light emissions

Quantity of light emitted by the option — as an indicator
of potential impact on marine fauna and migratory birds

Underwater noise

Level of expected underwater noise from the option —as
an indicator of potential impact on marine fauna

Atmospheric emissions,
including GHG

Volume of expected atmospheric emissions associated
with the option

Planned liquid discharges

Types, volume and frequency of expected planned liquid
discharges associated with the option

Planned solid waste
generation

Expected volume of solid waste generated from the
option

Risk of IMS translocation

Risk level of IMS translocation associated with the option

Risk of unplanned

Types and risk of potential unplanned discharges

discharges associated with the option
Economic Schedule risk How long it would take to construct the option
Commercial risk The CAPEX and operating expenses (OPEX) associated
with the option
Societal Socio-cultural impacts Potential socio-cultural impacts associated with the

option — as an indicator of impacts to recreational and
cultural activities, such as traditional fishing and marine
parks

Socio-economic impacts

Potential socio-economic impacts associated with the
option —as an indicator of impacts to the broader
economy, such as job creation, and impacts to
commercial operations, such as commercial fisheries
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The options were not assessed quantitatively but rather by comparing the options to each other, in
each alternative category. During the comparison, a value was assigned to each subcriteria as per
Table 5-2. As the number of subcriteria is different for each criterion, the average score for each
criterion was established. The greater the number, the more desirable the option is. The average
scores of all criteria were summed up to establish the option’s relative ranking. Similarly, the option
with the highest score is the preferred option. The relative ranking can be regarded as the desirability
of the option.

Table 5-2: Scoring values

Score Key Considerations

1 Significantly worse when compared to the other options
2 Marginally worse when compared to the other options
3 All options are equal when compared to each other

4 Marginally better compared to other options

- Significantly better compared to other options

To establish the desirability ranking, equal weighting was given to each criterion (technical feasibility,
health & safety, environment, economic, and societal). This approach ensured that environmental
considerations were on an equal footing with the other criteria.

5.3 Concept Alternatives
This section provides the comparative assessment undertaken for the concept alternatives:

+ the type of production trees to be installed (the production tree options); and

+ the facilities that would be required to process the hydrocarbons (the facility options).
5.3.1 Production Tree Options for Dorado Reservoir

To operate a well, a production tree is required to control the pressure and flow from the reservoir.
The type of production trees used can have a significant influence on the facilities required.

The production tree options considered for the Dorado reservoir were:

+ wet subsea production trees (i.e. production trees located on the seabed); and
+ dry production trees (i.e. production trees located at the surface on the facilities and the
wellheads remain on the seabed).

The assessment of the above options is presented in Table 5-3.

It is expected that the Dorado field will require significant reservoir management and potential
intervention, so reducing the complexity and safety risk of these activities as well as associated costs,
were significant drivers in the decision-making.

The “dry production trees” option was identified as the preferred option and adopted as it ranked
first for all criteria, including:
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+ the production trees on the facility providing better access and visibility and simplified
installation and maintenance and repair activities;

+ presenting a lower execution risk profile than wet production trees and also expected to
present a lower risk profile during installation activities;

+ reducing the expected seabed disturbance during maintenance and repair activities. It is
acknowledged that tubulars would need to be installed to connect the subsea wellheads to
the dry production trees and that seabed disturbance will occur during the installation
activities;

+ the dry production trees will facilitate inspection (via the WHP) and early detection of
potential leaks, reducing the risk of potential escalation and unplanned discharges;

+ the CAPEX and OPEX associated with dry production trees are expected to be less than that
of wet production trees; and

+ Response planning considerations are not expected to be affected by the production trees
decision.

The societal subcriteria were found not to be differentiators between the two options. The main
drawbacks associated with the “wet production trees” were:

+

+

+

+

reduced access (which complicates installation and maintenance activities);

increased safety risks (associated with more complex installation activities, the potential need of
divers and limited access/visibility during maintenance operations);

reduced opportunity to identify and address potential leaks; and

higher overall CAPEX and OPEX.

The type of production trees required for future tiebacks of additional resource discoveries is not
able to be determined at this stage as it requires information on location and reservoir management
that is not currently available (Section 5.5).
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Production trees options assessment

Production Trees Alternatives

Criteria Subcriteria Wet Production Trees Dry Production Trees
Score Justification Score | Justification
Technical Technical 2 The trees being underwater complicates installation | 4 Having trees on a facility provides greater accessibility and
feasibility complexity and future maintenance and repair operations due visibility, which simplifies the installation, maintenance and
to difficult and limited accessibility. repair during operations.
Proposal execution | 2 Access to the trees is limited and difficult as it 4 Due to better tree access and visibility, the activities associated
risk requires vessels, ROVs and potentially divers, which with installation, maintenance and repair are considered easier
increases the execution risks. and have lower execution risks associated with them.
Management of 2 Well intervention to assist with reservoir 4 Well intervention to assist with reservoir performance is
reservoir performance is more complex for wet production simpler for dry production trees.
performance trees than dry production trees.
Average technical feasibility 2 4
Health and | Safety risk during 2 Installation operations will be more complex with 4 Installation operations will not be as complex with dry
Safety construction wet production trees, which increases the production trees, which reduces the construction safety risk
construction safety risk profile. profile.
Safety risk during 3 Safety risks during operations are expected to be 3 It is expected that reservoir management and intervention will
operations higher than with dry production trees due to limited be required during operations. Having dry production trees will
access and visibility and the requirement for diving allow for easier access and greater visibility, which reduces the
operations to undertake inspection, monitoring, safety risk profile.
maintenance and repair (IMMR) activities, increasing
the safety risk.
Average Health and Safety 25 3.5
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Production Trees Alternatives

Criteria Subcriteria Wet Production Trees Dry Production Trees
Score Justification Score | Justification
Environme | Physical presence 3 During installation, maintenance and repair 3 Potential seabed disturbance will be eliminated during
nt and seabed operations, diver and/or ROV will be required near maintenance and repair operations as the trees will be on the
footprint or at seabed, which presents an increase in potential facility; however, some seabed disturbance may occur during
seabed disturbance. installation when tubulars are installed to connect the subsea
wellheads to the production trees.
Number of vessel 3 The number of vessel movements is not expectedto | 3 The number of vessel movements is not expected to be
movements be affected by the production trees decision. affected by the production trees decision.
Light emissions 3 Light emissions are not expected to be affected by 3 Light emissions are not expected to be affected by the
the production trees decision as wet production production trees decision.
trees would be tied-back to a it facility. Dry production trees would be either directly tied-back to a lit
facility, as per the wet production trees, or tied-back by the
intermediary of an unmanned facility. On an unmanned facility,
the lighting levels would be kept to minimum navigational
safety requirements, and therefore the overall light profile is
not expected to be a differentiator between the two options.
Underwater noise 3 While wet production trees will require subsea 3 Underwater noise level is not expected to be affected by the
maintenance and repair activities, it is not expected production trees decision.
that the resultant underwater noise will be a
significant addition to the ambient underwater
noise.
Atmospheric 3 Atmospheric emissions are not expected to be 3 Atmospheric emissions are not expected to be affected by the
emissions, including affected by the production trees decision. production trees decision.
GHG
Planned liquid 3 Planned liquid discharges are not expected to be 3 Planned liquid discharges are not expected to be affected by
discharges affected by the production trees decision. the production trees decision.
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Criteria

Production Trees Alternatives

Subcriteria Wet Production Trees Dry Production Trees

Score Justification Score | Justification
Planned solid waste | 3 Planned solid waste generation is not expected to be | 3 Planned solid waste generation is not expected to be affected
generation affected by the production trees decision. by the production trees decision.
Risk of IMS 3 IMS translocation risks are not expected to be 3 IMS translocation risks are not expected to be affected by the
translocation affected by the production trees decision. production trees decision.
Risk of unplanned 3 Response planning considerations are not expected 3 Response planning considerations are not expected to be
discharges — during to be affected by the production trees decision as affected by the production trees decision as the same rig type
drilling/ well the same rig type (i.e Jack up) would be used. (i.e Jack up) would be used.
intervention
activities
Risk of unplanned 2 The potential risk of unplanned discharges is higher 4 Having the production trees on the facility will make it easier to
discharges — during with the trees being subsea, as leaks are not as easy identify and repair potential leaks, thereby reducing the
operations to detect and repair. potential risk of unplanned discharges.
Response planning | 3 Response planning considerations are not expected 3 Response planning considerations are not expected to be

considerations for
unplanned LOWC
scenario

to be affected by the production trees decision.

Due to the shallow water depth at Dorado (88 m),
Santos considers a relief well as the primary source
control strategy for a complete LOWC event,
therefore the duration and volume of spill
associated with a LOWC event is the same for both
alternatives considered.

Although a wet production tree development may
allow for the potential use of subsea direct
intervention source control methods, the ability to
deploy these methods is not guaranteed.

affected by the production trees decision.

The primary source control strategy is still a relief well
therefore the duration and volume of spill associated with a
LOWC event is the same for both alternatives considered (no
change for the wet tree alternative).

Direct intervention source control for wells drilled with a jack-
up MODU (access by Well Control Specialists to target a well via
the platform or jack-up MODU) is common. Although
constructing the wells this way precludes the use of subsea
direct intervention source control methods (as the well is not
being constructed in open water, with wellhead/BOP
equipment close to the seabed), this is the case for many
existing offshore assets.
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Production Trees Alternatives

Criteria Subcriteria Wet Production Trees Dry Production Trees
Score Justification Score | Justification
Average environment 2.6 3.1
Economic Schedule risk 3 The overall schedule risk is not expected to be 3 The overall schedule risk is not expected to be affected by the
affected by the production trees decision. production trees decision.
Commercial risk 2 The overall CAPEX and OPEX associated with wet 4 CAPEX and OPEX of dry production trees will be less than that
production trees are expected to be the highest of of wet production trees.
the two options due to the complexity and It is expected that less well and equipment downtime due to
additional requirements imposed by subsea better accessibility will result in better production.
activities.
Average economic 2.5 3.5
Societal Socio-cultural 3 The socio-cultural impacts are not expected to differ | 3 The sociocultural impacts are not expected to differ between
impacts between the two options. the two options.
Socio-economic 3 The socio-economic impacts are not expected to 3 The socio-economic impacts are not expected to differ between
impacts differ between the two options. the two options.
Average societal 3 3
Overall Score (desirability) 12.6 17.1
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5.3.2 Facility Options

During the early identification of potential development concepts, it was recognised that, should dry
trees be required, integrating them directly into an FPSO facility or a central processing platform
(CPP) or a gravity-based storage structure (GBSS) (ie gravity-based structure with “liquids” storage
cells on the seabed) would have execution risk and associated health & safety risks, fabrication
complexity, and operability issues caused by congestion and so were disregarded early as concepts.
Taking into consideration the findings of the early identification of potential development concepts, a
WHP was therefore required to host the dry production trees.

Following the decisions of liquids only production and dry production trees on a WHP, the next
decision was to identify the facility or facilities assemblage that would be required to develop and
operate the Dorado field.

The following facility options for Dorado Phase 1 were considered:

+  WHP with an FPSO — dry production trees located on a WHP with the production fluids
exported to an FPSO for treatment, storage and offloading;

+ WHP with a CPP and a floating storage and offloading (FSO) facility — dry production trees
located on a WHP with the production fluids exported to a CPP for treatment, with saleable
products exported to an FSO for storage and offloading. The CPP would stand separate to the
WHP on a conventional steel jacket; and

+  WHP with a GBSS — dry production trees located on a WHP with the production fluids
exported to a GBSS for storage (in storage cells on the seabed) prior to periodic offloading.
The GBSS would be based on a tripod type concrete structure with subsea storage of liquids
prior to offloading.

The assessment of the above options is presented in Table 5-4. The “WHP with an FPSO” option was
identified as the preferred facility option and was adopted because:

it represents the lowest utilities discharges and solid waste generation;
it has no subsea hydrocarbon storage cells (such as the “WHP with a GBSS” option), reducing
the risk of small undetectable leaks of hydrocarbons to the marine environment; and

+ the associated execution and operational risks are the lowest of the three options considered
given the experience in the region and similarity of other WHP/FPSO facilities operated by
Santos.

The overall score for the “WHP with an FPSO” option was the highest, however this option scored
lower on some environment sub-criteria :

+ potential environmental impact associated with increased underwater noise associated with
the use of thrusters on the FPSO; however, this is not expected to be a significant noise
addition in the Project Area, which overlaps with two shipping fairways (background ambient
noise elevated by transiting ships) and is assessed in Section 7.2.5; and

+ potential environmental risk due to an IMS translocation resulting from the FPSO moving off
station for significant maintenance (up to every five years); however, this risk is well
managed by Santos through operating similar assets in the region and is assessed in Section
7.3.3.

As this option performed sufficiently well in the other criteria and given that the associated risks can

be managed to acceptable levels, the “WHP with an FPSO” option was adopted as the preferred
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facility concept. The selected concept for the Phase 1 development of the petroleum resources is
therefore a WHP, housing dry production trees, connected to an FPSO producing liquids only.

As presented above, during the assessment a clear preference was identified between the “WHP
with an FPSO” option and the “WHP, CPP & FSO” and “WHP with a GBSS” options. This was not the
case between the “WHP, CPP & FSO” and “WHP with a GBSS” options, where a very slight preference
was identified for the “WHP with a GBSS” option.

For the technical feasibility criterion, the “WHP, CPP & FSO” option performed as well as the “WHP
with an FPSO” option while the “WHP with a GBSS” option was the least desirable due to its
increased complexity and limited gravity-based structure regional experience. The “WHP, CPP & FSO”
and “WHP with a GBSS” options presented an identical level of desirability for the health and safety
criterion, with the “WHP, CPP & FSO” option presenting a lower operations safety risk than the “WHP
with an FPSO” option (due to not requiring flexible dynamic risers) but a higher construction safety
risk (due to higher offshore installation activities).

For the environment criterion, the “WHP with a GBSS” option was identified as preferred over the
“WHP with an FPSO” option, with the main advantages being the absence of thrusters (which is
associated with a reduction in underwater noise and atmospheric emissions) and a reduction of
potential IMS translocation risk. Its main draw backs were the larger footprint and the potential risk
of hydrocarbon leaks associated with the storage cells on the seabed within the GBSS. The “WHP,
CPP & FSO” option was identified as the least preferred for the environment criterion as it represents
the highest levels of light emissions, utility discharges to the marine environment and solid waste
generated.

For the economic criterion, the only difference between the “WHP with an FPSO” and the “WHP, CPP
& FSO” options is that the “WHP, CPP & FSO” option is associated with a higher schedule risk (due to
not being able to refurbish an existing facility). The “WHP with a GBSS” option presented the highest
schedule and commercial risks (mostly associated with the lack of regional experience with gravity-
based structures).

For the societal criterion, the “WHP with a GBSS” option performed as well as the “WHP with an
FPSO” option while the “WHP, CPP & FSO” option was the least preferred due to its potentially larger
exclusion zone.
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Facility Alternatives

Criteria Subcriteria WHP with an FPSO WHP, CPP & FSO WHP with a GBSS
Score Justification Score Justification Score | Justification
Technical Technical 4 The level of technical 4 The level of technical 2 This is the most technically
feasibility complexity complexity is not a complexity is not a complex option as it requires the
differentiator between the differentiator between the integration of the subsea oil
“WHP with an FPSO” and the “WHP with an FPSO” and the storage systems and the topsides
“WHP, CPP & FSO” options “WHP, CPP & FSO” options of the GBSS.
(comparable hydrocarbons (comparable hydrocarbons
processing and storage processing and storage
systems). The hydrocarbons systems). The hydrocarbons
storage system is less storage system is less
complex than that of the complex than that of the
“WHP with a GBSS” option. “WHP with a GBSS” option.
Proposal execution | 4 WHP with FPSO systems are | 4 WHP, CPP and FSO systems 2 Regional industry experience with
risk common in the region and for oil production are less WHP with a GBSS is limited and
are not expected to present common in the region but generally GBSSs present a higher
a heightened execution risk. are not expected to present execution risk, inherent to the
a heightened execution risk. substructure itself.
Management of 3 Reservoir management is 3 Reservoir management is 3 Reservoir management is not
reservoir not impacted by the choice not impacted by the choice impacted by the choice of
performance of facilities. of facilities. facilities.
Average technical feasibility 3.7 3.7 23
Health and Safety risk during 4 This option is associated with | 2 The construction safety risk 2 The construction safety risk profile
Safety construction the lowest offshore profile is similar between is similar between this option and

installation work

this option and the “WHP

the “WHP, CPP & FSO” option, but
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Facility Alternatives

and seabed
footprint
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gravity-based structure
foundation footprint, the
FPSO seabed footprint is
limited to the anchoring
mechanisms.

As the WHP is common to all
three options, this option
has the smallest footprint for

gravity-based structure
foundation footprint, there
is the seabed footprint of the
CPP steel jacket, loadout line
to offtake buoy and the
associated FSO anchoring
mechanisms.

Criteria Subcriteria WHP with an FPSO WHP, CPP & FSO WHP with a GBSS
Score Justification Score Justification Score | Justification
requirement and as such with GBSS” option, but it it represents an increase in
represents the lowest safety represents an increase in construction safety risk compared
risk during construction. The construction safety risk to the “WHP with an FPSO”
FPSO will sail down prior to compared to the “WHP with option, as there is more offshore
commissioning and be an FPSO” option, as there is installation activity required to
hooked up to the installed more offshore installation install the GBSS.
DTM. activity required to install
the CPP and the FSO.
Safety risk during 2 Subsea flowlines and loadout | 4 Subsea flowlines and loadout | 4 Subsea flowlines and loadout lines
operations lines are common to all lines are common to all are common to all three options.

three options. three options. Not having to operate flexible
Operating flexible dynamic Not having to operate dynamic risers marginally lowers
risers (specific to FPSO) flexible dynamic risers the safety risk profile.
introduces a safety risk that margina