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1 Introduction

1.1 Environment Plan Summary

OPGGS(E)R 2009 Requirements

Within 10 days after receiving notice that the Regulator has accepted an Environment Plan (EP) (whether in
full, in part or subject to limitations or conditions), the titleholder must submit a summary of the accepted
plan to the Regulator for public disclosure.

The summary:
a) mustinclude the following material from the environment plan:
(i) the location of the activity
(i) a description of the receiving environment
(i) a description of the activity
(iv) details of environmental impacts and risks
(v) asummary of the control measures for the activity

(vi) a summary of the arrangements for ongoing monitoring of the titleholder’s environmental

performance
(vii) a summary of the response arrangements in the oil pollution emergency plan
(viii)details of consultation already undertaken, and plans for ongoing consultation

(ix) details of the titleholder’s nominated liaison person for the activity

b) must be to the satisfaction of the Regulator.

This Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan
(EP) summary has been prepared from material provided in this EP. The summary consists of the
following as required by regulation 11(4):

EP Summary Material Requirement Relevant Section of EP containing EP
Summary Material

The location of the activity Section 2.1

A description of the receiving environment Section 3 and Appendix C

A description of the activity Section 2

Details of the environmental impacts and risks Sections 6 and 7

The control measures for the activity Sections 6 and 7

The arrangements for ongoing monitoring of the titleholder’s Section 8

environmental performance

Response arrangements in the oil pollution emergency plan Sections 6.8, 7.2 and 7.3
See OPEP
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Consultation already undertaken and plans for ongoing Section 4
consultation

Details of the titleholders nominated liaison person for the Section 1.4.1
activity

1.2 Activity Overview

Santos WA Northwest Pty Ltd (Santos) proposes to drill three exploration wells in petroleum
exploration permits WA-499-P, WA-546-P and WA-208-P, known as Yoorn-1, Jelen-1 and Parnassus-1
respectively. The permits are in Commonwealth waters located approximately 54 km, 72 km and

77 km respectively offshore from Dampier in Western Australia (WA).

As part of the preparatory work required to safely undertake the drilling, a geophysical site survey is
required at WA-546-P and WA-208-P (Jelen-1 and Parnassus-1) to assess the shallow seabed soils
suitability to provide a safe foundation for a jack-up Mobile Offshore Drilling Unit (MODU).

This Environment Plan (EP) covers drilling activities and all MODU, vessel, ROV and helicopter
operations within the operational areas (the Activity).

Note that site survey activities at Yoorn are not within the scope of this EP; they are covered by a
separate accepted EP - Yoorn-1 Geophysical Environment Plan (Commonwealth and State Waters)
(50-91-RI-20058.01).

1.3 Purpose of this Environment Plan

The EP has been prepared in accordance with the Offshore Petroleum and Greenhouse Gas Storage
(Environment) Regulations 2009 (OPGGS(E)R) for assessment and acceptance by the National
Offshore Petroleum Safety and Environmental Management Authority (NOPSEMA). This EP details
the environmental impacts and risks associated with the Activity and demonstrates how these are
reduced to As Low As Reasonably Practicable (ALARP) and to an acceptable level.

The EP provides an implementation strategy used to measure and report on environmental
performance during planned activities and unplanned events. The environmental management of the
Activity described in the EP complies with the Santos Environmental Management Policy (QE-91-1Q-
00047_REV 5) and with all relevant legislation. This EP documents relevant stakeholder consultation
performed during the planning of the Activity. This EP is valid from the date that it is accepted by
NOPSEMA, until submission and acceptance of Regulation 25A end-of-operation of EP notification.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 17 of 557



S0-91-BI-20003.01 Santos

1.4 Titleholder

OPGGS(E)R 2009 Requirements

(1) The environment plan must include the following details for the titleholder:

a) name

b) business address

c) telephone number (if any)
d) fax number (if any)

e) email address (if any)

f) if the titleholder is a body corporate that has an Australian Company Number (ACN) (within the meaning of
the Corporations Act 2001).

(2) The environment plan must also include the following details for the titleholder’s nominated liaison person:
a) name
b) business address
c) telephone number (if any)

d) fax number (if any)

e) email address (if any).

1.4.1 Details of Titleholder

Santos WA Northwest Pty Ltd is the titleholder undertaking the Activity within Permit WA-1-P.
Titleholder details are provided in Table 1-1.

Table 1-1: Titleholder Details

Titleholder ACN / ABN Permit  Address
%
Interest
WA-499-P | Santos WA Northwest Pty Ltd 58 009 140 55% Business Address: Level 7, 100 St Georges
854 Terrace, Perth, Western Australia 6000
(ACN: 009 Telephone number: (08) 6218 7100
140 854) Fax number: (08) 6218 7200
Santos Offshore Pty Ltd 38 005 475 45% Email address:
589 offshore.environment.admin@santos.com
(ACN: 005
475 589)
WA-546-P | Santos WA Northwest Pty Ltd ACN: 009 100%
140 854
WA-208-P | Santos WA Northwest Pty Ltd ACN: 009 100%
140 854

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 18 of 557


mailto:offshore.environment.admin@santos.com

S0-91-BI-20003.01 Santos

1.4.2 Details for Santos’ Nominated Liaison Person

Details for Santos’ Nominated Liaison Person for the Activity are as follows:
Name: Dawn Maclnnes

Business address: Level 7, 100 St Georges Terrace, Perth, WA 6000
Telephone number: (08) 6218 7100

Email address: offshore.environment.admin@santos.com

Additional information about Santos and its operations can be obtained from the website at:
www.santos.com

1.4.3 Notification Procedure in the Event of Changed Details

If there is a change in the titleholder, the titleholder’s nominated liaison person or a change in the
contact details for the titleholder or liaison person, Santos will notify NOPSEMA in writing and
provide the updated details.

1.5 Environmental Management Framework

OPGGS(E)R 2009 Requirements

Requirements

(4) The environment plan must:

a) describe the requirements, including legislative requirements, that apply to the Activity and are relevant to

the environmental management of the Activity

b) demonstrate how those requirements will be met.

The environment plan must contain the following:

a) astatement of the operator’s corporate environmental policy.

1.5.1 Environmental Health and Safety Policy

The activity will be conducted in accordance with the Santos Environment, Health & Safety (EHS)
Policy (Appendix A) and relevant legislative requirements presented within Appendix B, inclusive of
references to the relevant EP sections where the legislation may prescribe or control how the activity
is undertaken. Sections 6, 7 and 8 of this EP details and evaluates impacts and risks from planned
activities and unplanned events, provide control measures, set environmental performance
outcomes and standards, and provide the strategy for ensuring environmental performance is
achieved, as outlined within the EP.
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1.5.2 International Legislation

Australia is signatory to numerous international conventions and agreements that obligate the
Commonwealth government to prevent pollution and protect specified habitats, flora and fauna.
Those that are relevant to the Activity are detailed in Appendix B.

1.5.3 Commonwealth Legislation
All activities conducted under the EP will comply with legislative requirements established under

relevant Commonwealth legislation, and in line with applicable best practice guidelines and
management procedures. These are further detailed in Appendix B.
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2 Activity Description

OPGGS(E)R 2009 Requirements

Description of the Activity:

13 (1) The environment plan must contain a comprehensive description of the Activity including the following:
a) thelocation or locations of the Activity
b) general details of the construction and layout of any facility

c) an outline of the operational details of the Activity (for example, seismic surveys, exploration drilling or

production) and proposed timetables

d) any additional information relevant to consideration of environmental impacts and risks of the Activity.
Note: An environment plan will not be capable of being accepted by the Regulator if an Activity or part of the
Activity, other than arrangements for environmental monitoring or for responding to an emergency, will be
undertaken in any part of a declared World Heritage property — see regulation 10A.

2.1 Activity Location

2.1.1 Well and Survey Location

This EP provides for exploration drilling and associated activities (as described in Section 2) for three
exploration wells all located in Commonwealth waters; Yoorn-1 in permit WA-499-P, Jelen-1 in WA-
546-P and Parnassus-1 in WA-208-P. Water depth range for these wells is from approximately 45 m

to 65 m.

At each well location, a Petroleum Safety Zone (PSZ) of 500m radius will be established around the
MODU. Coordinates for the proposed well locations are provided in Table 2-1; and shown in Figure
2-1 and Figure 2-2.

In the event of a re-spud, the new well location would remain within the operational area, although
is likely to be within 50 m of the original well location.

The geophysical survey for this EP will be undertaken at WA-546-P (Jelen-1) and WA-208-P
(Parnassus-1).
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Table 2-1: Exploration Well Indicative Coordinates

Permit

Easting

Northing

Latitude

Longitude

Yoorn-1 WA-499-P 373,358.7 7,750,037.0m 20° 20’ 36.70” S 115° 47’ 12.30”
m E

Jelen-1 WA-546-P 420,790.0 7,785,400m 20° 1’ 35.62"” S 116° 14’ 33.58”
m E

Parnassus WA-208-P 423,713.0 7,789,041.0m 19° 59’ 37.61” S 116° 16’ 14.73”

-1 m E

Source: Datum GDA 94, UTM Zone 50

2.1.2 Operational Areas

The Operational Areas (OA) covered under this EP are the areas within which all planned activities

will occur (i.e. exploration drilling and geophysical survey).

The Operational Area for Yoorn-1 is defined as a 2 km x 2 km square centred around the proposed
well location. The Yoorn-1 well location, OA and PSZ are shown in Figure 2-1.

Jelen-1 and Parnassus-1 have a combined Operational Area based on the area to be surveyed. This
also encompasses the well locations. The Jelen-1 and Parnassus-1 well locations, OA and PSZs are
shown in Figure 2-2.

The OAs are defined by the coordinates provided in Table 2-2.

Table 2-2: Yoorn-1, Jelen-1 and Parnassus-1 Operational Area Coordinates

Operational Point Easting Northing Latitude Longitude

Area

Yoorn-1 1 374,358.1 7,751,037.0 20°20'04.41"S 115°47'47.03" E

(WA-499-P) 2 374,358.1 7,749,037.0 20°21'09.46" S 115°47'46.52" E
3 372,358.1 7,749,037.0 20°21'08.98" S 115°46'37.56" E
4 372,358.1 7,751,037.0 20°20'03.93"S 115° 46'38.07" E

Jelen -1 1 418,719 778,3841 20°2'26.029" S 116° 13'22.054" E

(WA-546-P) 2 418,719 778,7841 20°0'15.913"S 116°13'22.694" E

and 3 421,713 779,1041 19°58'32.262" S 116° 15'6.218" E

F\i/r:_a;g:;)l 4 425,713 779,1041 19°58'32.828"S | 116°17'23.846"E
5 425,713 778,8507.1 19°59' 55.255" S 116°17'23.477" E
6 421,681.6 778,8507.1 19°59'54.684" S 116° 15'4.749" E
7 421,681.7 778,3841 20° 2'26.468" S 116°15'4.033"E

Source: Datum GDA 94, UTM Zone 50
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Figure 2-1: Yoorn-1 Well Location, PSZ and Operational Area
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The distances of key islands and mainland points from the proposed well locations are provided in
Table 2-3.

Table 2-3: Distances of Key Islands / Mainland Points from well locations

Island / Mainland

Relative Distance and Direction from well locations

Montebello Islands 22.1 km WSW 80.3 km SW 84.8 km SW
(Trimouille Island)

Lowendal Island 40.2 km SW 97.7 km SW 102.3 km SW
Barrow Island 49.9 km SW 108.4 km SW 113.1 km SW
Dampier Archipelago:

Enderby Island 76.5 km SE 67.3 km SSE 69.2 km SSE
Rosemary Island 82.9 km ESE 60.5 km SE 61.7 km SE
Legendre Island 108.9 km E 71.5 km ESE 70.9 km ESE
Dampier 102.6 km SE 85.7 km SE 87.1 km SE
Onslow 159.8 km SSW 213.9 km SSW 218.6 km SSW

2.2 Activity Duration and Timings

2.2.1 Geophysical Survey

The geophysical survey in WA-546-P and WA-208-P (Jelen-1 and Parnassus-1 respectively) is planned
for a window between Q2 and Q4 in 2022. Allowing for potential down time, for example due to
weather, the activity may extend to up to 20 days.

Activities will be undertaken 24 hours per day.

2.2.2 Exploration Drilling

Drilling activity durations for each well are estimated below in Table 2-4. Durations are dependent on
operational down time, contingency operations (e.g. sidetrack or re-spud if required) and delays due
to unfavourable weather. The drilling duration may be subject to change based on geological
conditions and potential for operational challenges.

Activities for all wells will be conducted 24 hours per day, seven days per week.

Table 2-4: Exploration Well Estimated Durations and Spud Times

Well Estimated Duration ‘ Estimated Spud
Yoorn-1 90 days Q2-Q3 2022
Jelen-1 50 days Q4 2023
Parnassus-1 50 days Q4 2023

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 25 of 557



S0-91-BI-20003.01 Santos

The wells covered under this EP are not planned to be drilled sequentially. Accordingly, to account
for potential delays or schedule changes, the environmental assessment encompasses petroleum
activities at any time of the year. The activity is planned to commence in Q2 2022 with the Yoorn-1
exploration well. Subsequent to this, an operational window for the remaining activities (Jelen-1 and
Parnassus-1 exploration wells) will extend through to the end of 2023.

Well Objectives

The well objectives of the three wells are the same. Namely:

+ Each well is planned for drilling to total depth with an allowance for re-spud and sidetrack
contingencies if necessary. A re-spud contingency (if required) would be within 1km of the original
well, but most likely within 50 m. A re-spud with potential abandonment of non-recoverable
drilling tools and surface casing is not considered a new stage of the petroleum activity.

+  All three wells will be drilled and then permanently plugged and abandoned (P&A).

+ The reservoir targets for each well are gas, although condensate may also be encountered.

2.3 Geophysical Survey Activities

To support Santos’ offshore petroleum exploration, development and operational programs,
geophysical survey activities will be undertaken using various survey techniques to support future
petroleum activities (for example, drilling) at Jelen-1 and Parnassus-1.

Note Yoorn-1 has a separate Geophysical Survey EP that has been accepted by NOPSEMA.

The site survey at the proposed well locations will be undertaken over a combined OA, the same as
for exploration drilling (Section 2.1.2).

The survey will involve the following key activities and objectives:

+  Acquisition of multi-beam echo sounding (MBES), side-scan sonar (SSS) and sub-bottom profiling
(SBP) data to define the bathymetry / seafloor morphology (e.g. depth, bedform character) and
confirm the absence of debris or other anomalous seabed features within the OA.

+ ldentification of any hazards that may impact the location of a MODU through sub-bottom
profiling (SBP) and ROV inspection, including shallow gas, lateral variability in layer properties,
adverse near-seabed stratigraphy, anomalous layers of hard/soft formations, localised/regional
outcrops or sub-crops, mobile bedforms and impediments to providing adequate foundations for
supporting the rig when it is elevated above the water.

+ Grab sampling or drop cores for ground-truthing the surficial geophysics and to support MODU
spud-can penetration assessments.

Data acquired from the site survey will subsequently be processed to generate site survey reports for
use in drilling the well. This data is required up to six months prior to drilling to inform planning for
safely positioning the MODU and drilling the wells.
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2.3.1 Survey Equipment

Survey techniques will include equipment such as multibeam echo sounder (MBES), side-scan sonar
(SSS), sub-bottom profiling (SBP) and seabed sampling described in Table 2-5.

If the SSS identifies any targets, they may be investigated with a drop camera or with an ROV
(Section 2.5.4).

Table 2-5: Geophysical Survey Equipment

Survey equipment ‘ Description

Multibeam echo sounder | MBES surveys will enable the collection of bathymetry data and the correlation
of depth information. This type of survey uses a sonar system to transmit short
pulses of sound energy, analysing the return signal from the seafloor or other
objects.

Single-beam echo sounders may also be used.

Side-scan sonar (SSS) SSS identifies any sea floor debris which may cause damage to the jack up
MODU support legs. SSS involves towing a set of transducers mounted on
either side of a ‘tow fish’ approximately 10-20 m above the seabed, producing
pulses at high frequencies.

Sub-bottom profiling SBP allows the near-seabed stratigraphy to be evaluated for hazards and to

(SBP) confirm it will be providing adequate foundations for supporting the MODU

when it is elevated above the water. SBP utilises an acoustic source typically
towed just behind the vessel, with a hydrophone towed approximately 25 m
behind the vessel to record the reflected sound waves.

Acoustic positioning USBL (Ultra-short Base Line) acoustic positioning system will be utilised on
system board the survey vessel. This tool is used to locate the position of a single
subsea transponder that will be placed temporarily on the seabed and
subsequently recovered. The USBL system uses a vessel mounted transceiver
to detect the range and bearing to a target using acoustic signals.

Sampling Seabed samples will be taken at points along the survey lines using a sampler
lowered by a winch or crane from the survey vessel. Samples will extend up to
1.5 m deep into the seabed, with an area disturbance of the seabed by each
sample of approximately 1 m?. Approximately four seabed samples are
planned, and these will confirm the seafloor soil.
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2.4 Drilling Activities

The primary reservoir target of Yoorn-1 is the Biggada formation; and the primary target of both
Jelen-1 and Parnassus-1 is the Legendre formation. The expected reservoir fluid is wet gas (gas and
condensate). There are no secondary target formations.

2.4.1 Dirilling Phases

The following high-level phases describe the planned drilling activity:

+ Move the MODU to location within the permit area, position and pin MODU, pre-load and jack-up
to operational elevation

+  Drill top hole section riserless

+ Run and cement conductor casing

+  Drill surface hole section riserless

+ Run and cement surface casings and install surface wellhead

+ Install Blowout Preventer (BOP)

+  Pressure test BOP

+  Drill intermediate hole section(s)

+ Run and cement intermediate liner or casing

+  Drill remaining sections to well total depth (TD)

+ Run formation evaluation program (e.g. wireline logging, cores, VSP)
+ Plug and abandon (P&A) the well, leaving no part of the casing or conductor above the mudline

+ Move MODU off location.
2.4.2 Move In and Rig Up

The MODU will be moved into position using one or more support vessels. The legs are jacked up
during rig positioning to avoid contact with the seabed. Once at the desired location and with the
MODU stationary, the legs are lowered to be fully in contact with the seabed and the MODU raises
itself approximately 20 m above the sea surface and the cantilever will be skidded out.

2.4.3 Well Design and Drilling Operations

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

The well designs all include drilling the conductor hole (and running conductor) and then drilling the
surface hole section (and running surface casing). The surface wellhead and BOP will be installed,
and pressure tested on each well before drilling to total depth (TD). The directional profiles and
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planned TD of each well is summarised below in Table 2-6. Note that the well TD’s may be less or
more depending on the geology and operational issues encountered.

Table 2-6: Exploration Well Estimated Total Depths and Trajectories

Well Approximate Total Depth Trajectory
Yoorn-1 3,520 mTVDss Near-vertical
Jelen-1 3,200 mTVDss Vertical
Parnassus-1 2,500 mTVDss Vertical

2.4.4 Dirilling Fluids and Cuttings

Only water-based drilling fluids will be used for all three wells.

The top-hole section (or interval) for all three wells will be drilled using seawater and pre-hydrated
gel (PHG) sweeps to clean the hole. This fluid and associated drilled formation cuttings will exit the
well at seabed while drilling the hole section to install the conductor casing.

The surface hole section (or interval) for all three wells will also be drilled using seawater and PHG
sweeps to clean the hole. This fluid and associated drilled formation cuttings will exit the well at the
top of the conductor and be discharged to the sea while drilling the hole to install the surface casing.

Once surface casing, wellhead and BOP are installed, a closed circulating system will be established,
and the remainder of the well will be drilled with a weighted brine/shale-inhibitive (e.g. potassium
chloride (KCl)/partially-hydrolysed polyacrylamide (PHPA) or KCl/Kla-Stop) water-based mud (WBM).
The WBM will be recycled and reused while drilling. The only WBM discharged from the MODU will
be to the sea surface either on formation cuttings or from surface storage tanks/mud pits when no
longer required.

Agueous-based lost circulation material (LCM) will be available to pump should downhole losses
occur.

For all three wells, formation cuttings generated while drilling the top hole section for the conductor
will exit the wellbore at the seabed; and formation cuttings generated while drilling the surface hole
section for the surface casing will exit the wellbore at the top of the conductor.

For all three wells, formation cuttings for the remaining hole sections to TD will be discharged to sea
surface after being removed from the WBM drilling fluid through the MODU'’s solids control system.
The solids control system comprises shale shakers and, if required to remove ultra-fine solids in the

recovered drilling fluid, centrifuges.

2.4.5 Cement Operations

Cement is used to seal the casing following drilling of each section.

Primary cement jobs are planned for cementing the conductor in place. This cement job will provide
a structural base for the well and is critical to well integrity. Any cement returns during the conductor
cement job would be discharged at the seabed.
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Primary cement jobs are planned for cementing the surface casing and intermediate casing strings in
place on each of the three wells. These cement jobs will provide structural integrity to the casing
strings and also ensure pressure containment capacity is provided for the subsequent hole sections.
No cement returns are planned to surface in these cement jobs with all cement remaining downhole.
In the unlikely event that cement is returned to surface then it will be discharged from the top of the
conductor for surface casing cement jobs and to the sea surface via the MODU solids control
equipment for intermediate casing cement jobs.

For all three wells, permanent abandonment cement plugs are planned to safely plug and abandon
the well; the final abandonment program will ensure moveable hydrocarbons identified while drilling
are isolated per the NOPSEMA-accepted WOMP.

During cementing operations, surface cementing equipment and lines will need to be flushed,
washed and cleaned with water to prevent hard setting. Residual surface tank volumes will also be
discharged to sea during cementing operations.

Once a closed circulating system is established, any casing shoe drilled out will return cement spacer
and minor hard cement to surface. This will be discharged to sea surface via the MODU solids control
system. The same process would be conducted for drilling out any contingency cement plugs (e.g.
sidetracking plugs).

2.4.6  Well Evaluation

Well evaluation involves the collection of data on the well and surrounding formation. No well
testing to surface (i.e. flowing hydrocarbon to surface and flaring) is planned for any of the wells
covered under this EP. Downhole formation evaluation will be performed which may include wireline
logging, Vertical Seismic Profiling (VSP) and coring. Radioactive sources used in downhole tools for
logging purposes will be managed in accordance with the MODU Safety Case so that occupational
health and safety risks to people are managed to an acceptable and ALARP level.

VSP is a routine activity conducted as part of drilling activities to provide detailed information
regarding geological structures and stratigraphy in the vicinity of the well. VSP is planned to be
undertaken over a 12 to 18-hour period, using a source array of three x 250 cubic inches (cu.in).

2.4.7 Plug and Abandonment

After completion of the drilling activity, all three wells covered under this EP will be plugged and
abandoned (P&A). Plugging and abandonment procedures are designed to isolate the well and
mitigate the risk of a potential release of wellbore fluids to the marine environment.

Plugging and abandonment operations involve setting a series of cement and mechanical plugs
within the wellbore, including plugs above and between any hydrocarbon bearing intervals, at
appropriate barrier depths in the well. These plugs are verified to confirm their integrity.

During P&A the casing will be cut below the seabed and recovered. No equipment will be left above
the seabed.
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2.4.8 Contingency Activities

Should drilling difficulties be experienced and the well cannot progress, contingency options exist to
recover and progress drilling operations. This includes but is not limited to:

+ Cementing up the existing hole above the trouble zone and sidetrack the well around the problem.
This troubleshooting contingency step is most likely to allow well operations to progress again and
does not involve moving the MODU

+ In extreme circumstances, operations can only move forward if the existing wellbore is
permanently plugged and abandoned and the well is re-spudded and started again from the
seabed. This option may require moving the MODU (but MODU will remain within the operational
area).

These activities would require additional time on location and an increase in the drilled rock volume
(i.e. cuttings), drilling fluid usage and cement consumed compared to the planned activity.

Time required to undertake these activities is included in the maximum activity duration - up to 50
days each for J&P, and up to 90 days for Yoorn-1.

A re-spud and/or side-track drilling would only be exercised should drilling difficulties be experienced
and are not considered new stages of the petroleum activity. If required, the well location for a re-
spud would be within the operational area.

2.4.9 Cyclone Response

Cyclone activity may occur on the North West Shelf. Standard well suspension equipment will be
available offshore to safely install temporary barriers in the well should the MODU require
emergency evacuation in response to a cyclone. In the event the MODU is down-manned for a
cyclone, the well will be suspended with two verified independent barriers to flow. The integrity of
these barriers will be independent of any cyclonic metocean conditions and is verified within the
NOPSEMA accepted WOMP for the activity where the plan for well suspension in the event of a
cyclone is assessed.

2.4.10 End of Activity

For an individual well, activities end when the well has been plugged and abandoned and the MODU
and all support vessels have departed the operational area.

For the 3-well EP, the end of activity is once the third and final well has been plugged and abandoned
(P&A) and the MODU and all support vessels have departed the final operational area.

For all locations, the surface wellhead will be removed, and no equipment will be left above the
seabed.
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2.5 Support Operations

2.5.1 Mobile Offshore Drilling Unit (MODU) Operations

The exploration wells will be drilled with a jack-up MODU. A MODU is a vessel capable of engaging in
drilling or well intervention operations.

The MODU will be towed into position at the well location by one or more support vessels.

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

+ power generation systems

+ fuel oil storage

+ cooling water and freshwater systems

+ drainage, effluent and waste systems

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

MODU refuelling in the operational areas may occur during the activity.

Whilst on position, a 500 m PSZ will be maintained around the MODU at all times, as required under

the OPGGS Act.

2.5.2 Support Vessel Operations

The MODU will be typically supported by two vessels, with a maximum of four accounted for in this
EP. The support vessels are yet to be confirmed but are usually offshore multiple purpose or anchor
handling vessels. The vessels will be either stationary or operating at slow speeds while undertaking
activities within the operational areas including:

+ Towing the MODU

+ Holding MODU position temporarily over the drilling location while pinning the rig
+ Standing-by at close proximity to the MODU during critical operations

+  Standing-by outside the 500 m PSZ from the MODU

+ Delivering food, potable water, drill water, fuel, dry bulk, drilling fluids, chemicals, equipment and
other supplies from shore

+ Back loading surplus chemicals, equipment and waste for delivery to shore.

Equipment and material transfers may include, but are not limited to, crew supplies, hydrocarbons
(diesel, engine oil, hydraulic fluids, grease etc.), bulk drilling products, MODU and drilling
equipment/parts and waste. MODU cranes will be used for transfers between the MODU and
support vessels.

Bulk products will also be transferred via hose from the support vessels and MODU. Such products
include drilling fluids and solids, brine, drilling water, cement and fuel oil (diesel).
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At least one support vessel will remain on standby to the MODU within the distance defined in the
Safety Case (nominally three nautical miles). Support vessels will not anchor in the operational areas
during the activity.

Support vessels are considered part of the petroleum activity when within the OAs. The transit of
vessels outside the OAs are outside the scope of this EP and is managed under the Commonwealth
Navigation Act 2012.

2.5.3 Survey Vessel Operations

Typically, a single vessel will be used to undertake each activity. The actual vessel will be determined
in later planning stages; however up to two vessels has been allowed for within this EP undertaking
VBA simultaneously within the same or different operational areas.

For environmental assessment purposes, the Mermaid Searcher has been considered as a proxy,
noting that the actual vessel to be used may be smaller; the intent being to assess impacts and risks
of the largest typical vessel so that the assessment is conservative and allows for flexibility.

The Mermaid Searcher (see Figure 2-3) is a 54 m long, 950-tonne multi-purpose support vessel with
accommodation for up to 34 people.

» MERMAID SEARCHER

Figure 2-3: Indicative Survey Vessel — The Mermaid Searcher

Vessel speeds will be approximately 4 knots during geophysical surveying and the vessel will be
temporarily stationary when taking seabed samples. No anchoring will take place unless in an
emergency (e.g. loss of power).

Agqueous discharges from the vessel may include treated sewage, greywater, cooling water, oily
water (bilge), deck run-off and desalination brine (if reverse osmosis system used). Atmospheric
emissions will include exhaust gases from fuel combustion. Other environmental emissions include
light emissions from vessel decks, accommodation, navigation and safety systems; and noise
emissions from above and below the water (e.g. engine noise, survey equipment).
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2.5.4 Remotely Operated Vehicle (ROV) Operations

A ROV is a tethered underwater vehicle deployed from a vessel or from the MODU. ROVs are
unoccupied, highly manoeuvrable and operated by a crew aboard a vessel or MODU. They are linked
by either a neutrally buoyant tether or often when working in rough conditions or in deeper water a
load carrying umbilical cable is used along with a tether management system. Most ROVs are
equipped with at least a video camera and lights. Additional equipment may include sonars,
magnetometers, a still camera, a manipulator or cutting arm, water samplers, and instruments that
measure water clarity, water temperature, water density, sound velocity, light penetration and
temperature.

Observation-class and work-class ROVs will be used. It is likely that the work-class ROV will be
operated from the MODU; however, it could also be operated from a support vessel. An observation-
class ROV is likely to be used from the survey vessel during the site survey.

2.5.5 Helicopter Operations

Helicopters will be used primarily for crew change and medevac, and occasionally equipment and
material transfers. Helicopter flights will occur a minimum of three times a week, dependent on the
progress of the drilling program and logistical constraints.

2.6 Chemical Assessment

A risk-based approach to select chemical products ranked under the Offshore Chemical Notification
Scheme (OCNS) is applied for those chemicals used and discharged to the marine environment. This
scheme lists and ranks all chemicals used in the exploration, exploitation, and associated offshore
processing of petroleum on the UK Continental Shelf.

Chemicals are ranked according to their calculated Hazard Quotients (HQ) by the CHARM (Chemical
Hazard Assessment and Risk Management) mathematical model, which uses aquatic toxicity,
biodegradation and bioaccumulation data. The HQ is converted to a colour banding with Gold and
Silver colour bands representing the least environmentally hazardous chemicals. Chemicals not
amenable to the CHARM model (i.e. inorganic substances, hydraulic fluids or chemicals used only in
pipelines) are assigned an OCNS grouping based on the worst-case ecotoxicity data with Group E and
D representing the least hazard potential.

The Santos Operations Chemical Selection, Evaluation and Approval Procedure (EA-91-11-10001) and
Santos Drilling Fluid and Chemical Selection in Drilling Activities Procedure (EA-91-11-00007) accept
CHARM ranked Gold/Silver, or non-CHARM ranked E/D chemicals for use and discharge without a
detailed environmental risk assessment. The same applies to chemicals that are OSPAR Pose Little or
No Risk to the Environment (PLONOR) List. The PLONOR Listed, agreed upon by the OSPAR
Convention (Convention for the Protection of the Marine Environment of the North-East Atlantic),
contains a list of substances that will pose little or no risk to the environment in offshore waters. If
chemicals are ranked lower than Gold, Silver, E or D (i.e. CHARM ranked purple, orange, blue or
white, or non-CHARM A, B or C ranked chemicals) and no alternatives are available, a risk assessment
is conducted providing technical justification for their use and showing that their use and associated
risk is acceptable and ALARP.
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As described above, investigation of potential alternative chemicals is completed when chemicals are
ranked lower than CHARM Gold, Silver, E or D (i.e. CHARM ranked purple, orange, blue or white, or
non-CHARM A, B or C ranked chemicals). There is a preference for chemical options that are CHARM
ranked Gold/Silver, or non-CHARM ranked E/D chemicals and / or chemical that have a low aquatic
toxicity, are readily biodegradable and do not bioaccumulate (discussed below).

Any chemicals that may be discharged to the marine environment and not OCNS CHARM or non-
CHARM ranked are risk assessed using the OCNS CHARM or non-CHARM models. The chemical is
assigned a pseudo-ranking based on the available aquatic toxicity, biodegradation and
bioaccumulation data (discussed below) and assessed for environmental acceptability for discharge
to the marine environment.

2.6.1 Ecotoxicity Assessment

Table 2-7 and Table 2-8 act as guidance in assessing the ecotoxicity of chemicals during the
investigation of potential alternatives. Table 2-7 is used by Cefas to group a chemical based on
ecotoxicity results, ‘A’ representing highest toxicity/risk to environment and ‘E’ lowest. Table 2-8
shows classifications/categories of toxicity against aquatic toxicity results.

Table 2-7: Initial OCNS Grouping

Initial grouping A B C D E

Result for aquatic-toxicity data (ppm) <1 >1-10 >10-100 >100-1,000 >1,000
Result for sediment-toxicity data <10 >10-100 >100- >1,000- >10,000
(ppm) 1,000 10,000

Note: Aquatic toxicity refers to the Skeletonema costatum EC50, Acartia tonsa LC50, and Scophthalmus maximus (juvenile
turbot) LC50 toxicity tests. Sediment toxicity refers to the Corophium volutator LC50 test.

Source: Cefas Standard Procedure 2019, OCNS 011 NL Protocol PART 1: Core Elements

Table 2-8: Aquatic Species Toxicity Grouping

Category Species LCso and ECso criteria
Category Acute 1 Fish LCso (96hr) of <1 mg/L
Hazard statement - Very Crustacea ECso (48hr) of <1 mg/L

toxic to aquatic life
Algae / other aquatic plant species ErCso (72 or 96hr) of <1 mg/L

Category Acute 2 — Fish LCso (96hr) of >1 mg/L to <10 mg/L
Hazard statement — Toxic
to aquatic life

Crustacea ECso (48hr) of >1 mg/L to <10 mg/L

Algae / other aquatic plant species ErCso (72 or 96hr) of >1 mg/L to <10

mg/L
Category Acute 3 — Fish LCso (96hr) of >10 mg/L to <100 mg/L
H d stat t—
azard statemen Crustacea ECso (48hr) of >10 mg/L to <100 mg/L

Harmful to aquatic life

Algae / other aquatic plant species ErCso (72 or 96hr) of >10 mg/L to <100
mg/L

Source: United Nations (2019) Globally Harmonized System of Classification and Labelling of Chemicals (GHS), Eight Revised
Edition

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 35 of 557



S0-91-BI-20003.01 Santos

2.6.2 Biodegradation Assessment

The biodegradation of chemicals is assessed using the Cefas biodegradation criteria, which aligns
with the categorisation outlined in the United Nations GHS Annex 9 Guidance on Hazards to the
Agquatic Environment (2019). The below is used as a guide during the investigation of potential
chemical alternatives. Preference is to select readily biodegradable chemicals.

Cefas categorises biodegradation into the following groups:

a. Readily biodegradable: results of >X% biodegradation in 28 days to an OSPAR harmonised
offshore chemical notification format (HOCNF) accepted ready biodegradation protocol.

b. Moderately biodegradable: results >20% and less than X% to an OSPAR HOCNF accepted
ready biodegradation protocol.

c. Poorly biodegradable: results from OSPAR HOCNF accepted ready biodegradation protocol

Where X is equal to:

+ 60% in 28 days in OECD 306, Marine BODIS or any other acceptable marine protocols, or in the
absence of valid results for such tests.

+ 60% in 28 days (OECD 301B, 301C, 301D, 301F, Freshwater BODIS) OR

+ 70% in 28 days (OECD 301A, 301E).
2.6.3 Bioaccumulation Assessment

The bioaccumulation of chemicals is assessed using the Cefas bioaccumulation criteria, which aligns
with the categorisation outlined in the United Nations GHS Annex 9 Guidance on Hazards to the
Agquatic Environment (2019). Preference is to select non bioaccumulative chemicals.

The following guidance is used by Cefas:

a. Non-bioaccumulative/non-bioaccumulating: Log Pow less than 3, or results from a
bioaccumulation test (preferably using Mytilus edulis) demonstrates a satisfactory rate of
uptake and depuration, and the molecular mass is 2700.

b. Bioaccumulative/Bioaccumulates: Log Pow >3, or results from a bioaccumulation test
(preferably using Mytilus edulis) demonstrates an unsatisfactory rate of uptake and
depuration, and the molecular mass is less than 700.

All chemicals will be selected in accordance with the Santos Operations Chemical Selection,

Evaluation and Approval Procedure (EA-91-11-10001) and Santos Drilling Fluid and Chemical Selection
in Drilling Activities Procedure (EA-91-11-00007), as applicable.
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3 Description of the Environment

OPGGS(E)R 2009 Requirements

Description of the environment

13(2) The environment plan must —
a) describe the existing environment that may be affected by the petroleum activity; and

b) include details of the particular relevant values and sensitivities (if any) of that environment.
Note: The definition of environment in regulation 4 includes its social, economic and cultural features.

13(3) Without limiting paragraph (2)(b), particular relevant values and sensitivities may include the
following:

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

b) the national heritage values of a National Heritage place within the meaning of that Act
c) the ecological character of a declared Ramsar wetland within the meaning of that Act

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

e) the presence of a listed migratory species within the meaning of that Act
f) any values and sensitivities that exist in, or in relation to, part or all of:

(i) a Commonwealth marine area within the meaning of that Act

(i) Commonwealth land within the meaning of that Act

3.1 Environment that May Be Affected (EMBA)

This section summarises the key physical, biological, socio-economic and cultural characteristics of
the existing environment that may be affected (EMBA) by the activity, both from planned and
unplanned events associated with the activity.

The potential area impacted by planned activities is expected to be within the defined Operational
Areas (Section 2.1.2). The Operational Area (OA) for Yoorn-1 is defined as a 2 km x 2 km square
centred around the proposed well location (referred to as the Yoorn OA). Jelen-1 and Parnassus-1
have a combined Operational Area to accommodate the footprint of the geophysical survey and the
well locations (referred to as the J&P OA).

For the purposes of impact assessment, the two OAs are sometimes considered separately, due to:

+  they are approximately 58 km apart at their closest point
+ the Yoorn OA is within the Montebello Marine Park
+  PMST results show the two OAs have different values and sensitivities

+  worst-case spill scenarios and modelling results are different
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+  this EP only covers exploration drilling at the Yoorn OA; as the geophysical survey for Yoorn-1 is
covered in a separate EP.

For the purposes of impact assessment, the following spatial areas are also considered:

+ alight emissions assessment boundary area of up to 20 km, which is recommended by the
National Light Pollution Guidelines (CoA, 2020) (refer Section 6.3)

+ anoise emissions assessment boundary area of an area of up to 20 km (refer Section 6.4).

Note the 20 km noise and light emissions boundary from the J&P OA was used to accommodate the
emissions generated by the survey vessel operating in the survey footprint; while a 20 km boundary
around the well location was used for Yoorn-1, as emissions are generated from the MODU / support
vessels.

No activity will occur within this 20 km boundary. It is described purely for environmental impact
assessment purposes only in the relevant impact sections.

The EMBA encompasses the full range of environmental receptors that might be contacted by
hydrocarbons in the highly unlikely event of a worst-case hydrocarbon spill, as shown in Figure 3-1.

A detailed and comprehensive description of the environment (required by OPGGS(E)R 2009, Section
13(3)) in the operational areas and EMBA is provided in Section 3 and within the Values and
Sensitivities of the Western Australian Marine Environment (EA-00-RI-10062, Appendix C).

Copies of the Department of Agriculture, Water and the Environment (DAWE) Protected Matters
Search Tool (PMST) outputs for the operational areas and the EMBA are also available in Appendix D.

The EMBA encompasses the environment that may be affected by planned and unplanned events
(i.e. where a change in ambient environmental conditions may potentially occur). Most planned and
unplanned events associated with the activity may affect the environment up to a few kilometres
from the operational areas, e.g. from noise impacts (as identified in Section 6). A large unplanned
hydrocarbon spill would extend substantially beyond this (Section 7).

3.1.1 Determining the Environment that May Be Affected

The outer extent of the EMBA for this EP is based on the results of stochastic oil spill modelling of a
Loss of Well Control (LOWC) scenario, as this represented the largest spatial extent of potential
changes to ambient environment conditions from an aspect. Stochastic hydrocarbon dispersion and
fate modelling, applied to the worst-case spill scenario identified as relevant to the activity (Section
7), was undertaken to inform the EMBA. Stochastic modelling is created by overlaying hundreds of
individual hypothetical oil spill simulations from an oil spill into a single map, with each simulation
subject to a different set of metocean conditions drawn from historical records. Stochastic modelling
is completed to reduce uncertainty in risk assessment and spill response planning.

The modelling considered four key physical or chemical phases of hydrocarbons that pose differing
environmental and socioeconomic risks: surface, entrained, dissolved aromatic and shoreline
accumulated hydrocarbons. The modelling used defined hydrocarbon exposure values, as relevant,
to identifying an area that might be contacted by hydrocarbons, environment risk assessment and oil
spill response planning, for the various hydrocarbon phases. Refer to Table 3-1 for the exposure
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values used and to Section 7.1 to 7.2 for further information on the reasons why these exposure
values have been selected and how they relate to the risk assessment.

The EMBA is based on stochastic modelling, using the low exposure values (Table 3-1). The EMBA
encompasses the outer most boundary of the overlaid worst-case spatial extent of the four
hydrocarbon phases listed above for the credible spill scenario. The EMBA is illustrated in Figure 3-1.

The low exposure values are used as a predictive tool to set the outer boundaries of an EMBA 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 (i.e. the concentrations at which environmental consequences may
result). The higher exposure values are known as ‘moderate’ and ‘high’ are described and explained
within Section 7.1.6. Applying the same method used to determine the EMBA, spatial areas were
derived for moderate and high exposure values as illustrated on figures throughout Section 3.

A low exposure threshold, which represents a visible oil (rainbow) sheen, has been used to provide
an indication of the extent to which stakeholders may visually observe oil on the sear surface. This is
considered to provide a conservative extent of potential impacts to visual amenity. Biological impacts
are expected to occur within the moderate and high exposure values which represent a subset of the
EMBA. Refer to Section 7.1.3 for further information on the spill trajectory modelling thresholds that
have been selected.

As there were two LOWC scenarios modelled (one representing Yoorn-1; and one representing Jelen-
1 and Parsnuss-1); the outer extent of the ‘low’ predicted exposure from both has been used
(Section 7.1).

While the EMBA represents the largest possible spatial extent that could be affected by the worst-
case hydrocarbon spill event, it is important to understand that the stochastic modelling considers
120 different simulations for any one spill event. Simplistically, each simulation considers a different
combination of metocean conditions over time. An actual spill event is more likely to be represented
by only one of the simulations and hence, have a much smaller spatial footprint.

The moderate value exposure area (MEVA) has been identified by the outer extent of the ‘moderate’
exposure areas predicted for both modelled scenarios (Section 7.1).

Table 3-1: Hydrocarbon Exposure Values

Hydrocarbon Phase Exposure Value

Low Moderate
Surface (g/m?) 1 10 50
Shoreline accumulation (g/m?) 10 100 1,000
Dissolved aromatics (ppb) 10 50 400
Entrained (ppb) 10 100 -
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Figure 3-1: Operational Areas, Light/Noise Boundary, HEVA, MEVA and EMBA
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3.2 Environmental Values and Sensitivities

This section summarises environmental values and sensitivities, including physical, biological, socio-
economic and cultural features in the marine and coastal environment that are relevant to both OAs
and the EMBA.

A comprehensive description of the environmental values and sensitivities of the existing
environment within the EMBA (as required by Regulation 13(3) of the OPGGS(E)R), is provided for in
Santos’ Values and Sensitivities of the Western Australian Marine Environment (EA-00-RI-10062). It is
a compilation of environmental values and sensitivities including physical, biological, social, economic
and cultural features within the marine and coastal environment that are relevant to all of Santos’
activities, not specifically to this EP. A copy of the document is provided in Appendix C.

Specific to this EP, the DAWE PMST associated with the Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act) was used to determine potential receptors such as Matters of
National Environmental Significance (MNES) within the operational areas and the EMBA. The results
of these searches are provided in Appendix D.

A summary of the information derived from the Protected Matters Search, Bioregional Plans and the
identified fauna Recovery Plans of relevance to the operational areas and the EMBA is provided in
this section.

3.2.1 Bioregions

The OAs are situated within Commonwealth waters of the North West Marine Region.

Based on the Integrated Marine and Coastal Regionalisation of Australia (IMCRA) Version 4.0, both
OAs are within the Northwest Shelf Province and the EMBA overlaps the North-west Marine Region
and South-west Marine Region (Figure 3-2).
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Figure 3-2: IMCRA 4.0 Provincial Bioregions within the EMBA and Operational Areas
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3.2.1.1 Benthic Habitats

The presence of marine, coastal and terrestrial habitats within the operational areas and EMBA are
shown in Figure 3-3. The presence of marine and coastal habitats within the OAs and EMBA is
summarised in Table 3-2 and a detailed description of these habitats with reference to the IMCRA
provincial bioregions is provided in Values and Sensitivities of the Western Australian Marine
Environment (EA-00-RI-10062, Appendix C).

3.2.1.2 Operational Area

The OAs do not contain any shoreline habitat. The nearest land from the OAs are:

+ Jelen and Parnassus: Rosemary Island and Legendre Island in the Dampier Archipelago, located
approximately 58.8 km and 69.9 km away, respectively

+  Yoorn: Trimouille, Lowendal and Barrow islands located approximately 20.8 km, 37.3 km and 48.5
km away, respectively.

According to the Coastal and Marine Resources Information System (CAMRIS) Marine Benthic
Substrate Database — Marsed (IMAS, 2017) the benthic substrate within the operational areas is
made up of calcareous gravel, sand and silt. The subtidal benthic habitats in the NWS province
include coral reefs, macroalgae, seagrasses, hard substrates and supported assemblages, and soft
sediment and associated benthic fauna. Given the water depth within the OAs is approximately 45-
65 m, benthic primary producers habitat (e.g., seagrass, macroalgae and hard corals) is unlikely to be
present due to insufficient light availability, or if present will occur in low densities.

The marine and coastal habitats within the EMBA are summarised with reference to the IMCRA
provincial bioregions are described further in Values and Sensitivities of the Western Australian
Marine Environment (EA-00-RI-10062, Appendix C).

3.2.1.3 EMBA

Benthic habitats that could potentially be impacted in a major spill event are shown in Figure 3-3 and
further detailed in Table 3-2: Habitats Associated with Receptors Identified within the MEVA and
EMBA.

Benthic habitats identified from the EMBA include benthic primary producers (coral reefs,
macroalgae, seagrasses and mangroves), soft sediments, rocky substrates, intertidal mud/sandflats,
rocky shorelines and sandy beaches.

Within the EMBA, habitat diversity is highest in shallower waters (<30 m) associated with the
mainland and offshore islands/shoals where light availability promotes the occurrence of benthic
primary producers, and in areas where hard substrate provides attachment points for a greater
diversity of habitat forming organisms. The closest offshore islands to the operational areas are in
the Dampier Archipelago, approximately 60 km to the south-south east.

Benthic primary producers are important components of ecosystems as they provide the source of
energy driving food webs and provide shelter for a diverse array of organisms. Further information
on benthic primary producers, identified as being present within EMBA, or identified from
predictions of hydrocarbon shoreline contact, is presented under subheadings below.
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Figure 3-3: Benthic Habitats within the MEVA and EMBA
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Table 3-2: Habitats Associated with Receptors Identified within the MEVA and EMBA
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3.2.2 Protected / Significant Areas

There are a number of areas protected under the EPBC Act that lie within the YJP OAs and EMBA;
these are listed in Table 3-3 and shown in Figure 3-5 and Figure 3-6. These areas are further
described in Values and Sensitivities of the Western Australian Marine Environment (EA-00-RI-10062,
Appendix C).

The Yoorn OA and light and noise boundary area intersects the Montebello Australian Marine Park
(AMP), within the Special Use Zone (Figure 3-5). The Montebello AMP is also the closest AMP to the
J&P OA at 23.8 km; however, neither the OA or light and noise boundary overlaps. There are no
additional protected areas identified for the light and noise boundary areas for any of the three
wells.

Four World Heritage Areas (WHA) were identified from the EPBC Protected Matters database as
occurring within the EMBA, they are the Australian Convict Sites (Fremantle Prison Buffer Zone),
Australian Convict Sites (Fremantle Prison), Ningaloo Coast WHA and Shark Bay, Western Australia
WHA. The values of these sites have been described in Values and Sensitivities of the Western
Australian Marine Environment (EA-00-RI-10062, Appendix C).

There are no Ramsar sites that are located within the OAs or EMBA.

Seven National Heritage Properties, ranging from Natural, Indigenous and Historic, were identified
from the EPBC Protected Matters database as occurring within the EMBA. Shark Bay, Western
Australia and the Ningaloo Coast were identified as the two natural National Heritage Properties; the
single indigenous National Heritage Property is the Dampier Archipelago (including Burrup
Peninsula); and the four historic National Heritage Properties were the Batavia Shipwreck Site and
Survivor Camps Area 1629- Houtman Abrolhos, Dirk Hartog Landing Site 1616 - Cape Inscription Area,
Fremantle Prison (former) and HMAS Sydney Il and HSK Kormoran Shipwreck Sites (Table 3-3). The
values of these sites have been described in the in Values and Sensitivities of the Western Australian
Marine Environment (EA-00-RI-10062, Appendix C).

The EMBA overlaps a number of Australian Marine Parks (AMPs) as well as State Marine Parks and
Marine Management Areas (Table 3-6).

AMPs are recognised under the EPBC Act for protecting and maintaining biological diversity and
contributing to a national representative network of marine protected areas. Management plans for
AMPs have been developed and came into force on 1 July 2018. Under these plans AMPs are
allocated conservation objectives (IUCN Protected Area Category) based on the Australian IUCN
reserve management principles in Schedule 8 of the EPBC Regulations 2000. The management zones,
associated with the AMPs identified within the EMBA, and the relevant objectives are detailed in
Table 3-4 and Table 3-5.

Key ecological features (KEFs) which are components of the marine ecosystem that are considered to
be important for biodiversity or ecosystem function and integrity of the Commonwealth Marine Area
are also included in the EPBC Act Protected Matters Database results (Appendix D) Neither of the
OAs overlap any KEFs (Figure 3-4). However, the EMBA overlaps a number of KEFs. Table 3-3 lists the
KEFs within the EMBA, together with their distance from the OAs. Further detail on these KEFs is
provided in the values of these sites have been described in the in Values and Sensitivities of the
Western Australian Marine Environment (EA-00-RI-10062, Appendix C).
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Table 3-7 summarises the EPBC Act protected matters that may be affected by planned and
unplanned events within the OAs and EMBA. For each protected matter the table provides links to
relevant planned and unplanned events within Section 6 and 7 that may create an impact.

There are no Wetlands of International Importance identified in any of the OAs or in the EMBA.
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Table 3-3: Protected Areas, Key Ecological Features and Threatened Ecological Communities within the Operational Areas and EMBA

Value/sensitivity IUCN Classification Yoorn OA J&P OA
World Heritage Properties (WHA) Shark Bay - - - v
Ningaloo Reef - - - v
Australian Convict Sites (Fremantle Prison - - - v
Buffer Zone)
Australian Convict Sites (Fremantle Prison) - - - v
Commonwealth Heritage Places Mermaid Reef — Rowley Shoals - - - v
Ningaloo Marine Area - - - v
Learmonth Air Weapons Range Facility - - - v
Lancelin Defence Training Area - - - v
Scott Reef and Surrounds — - - - v
Commonwealth Area
National Heritage Natural Shark Bay - - - v
Properties
P The Ningaloo Coast - - - v
Indigenous Dampier Archipelago (including Burrup - - - v
Peninsula)
Historic Batavia Shipwreck Site and Survivor - - - v
Camps Area 1629 — Houtman Abrolhos
Dirk Hartog Landing Site 1616 — Cape - - - v
Inscription Area
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Value/sensitivity

IUCN Classification

Fremantle Prison (former) - v

HMAS Sydney Il and HSK Kormoran - v

Shipwreck Sites

Australian Marine Parks Montebello Australian Marine Park Multiple Use Zone v

(IUCN V1)

Mermaid Reef Australian Marine Park National Park Zone v
(IUCN 1)

Argo-Rowley Terrace Australian Marine Multiple Use Zone v

Park (IUCN V1)
National Park Zone
(IUCN 1)
Special Purpose Zone
(Trawl) (IUCN VI)

Kimberley Australian Marine Park Multiple Use Zone v
(IUCN V1)

Eighty Mile Beach Australian Marine Park Multiple Use Zone v
(IUCN V1)

Dampier Australian Marine Park Multiple Use Zone v
(IUCN V1)
Habitat Protection Zone
(IUCN IV)
National Park Zone
(IUCN 1)

Gascoyne Australian Marine Park Multiple Use Zone v
(IUCN V1)
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Value/sensitivity

IUCN Classification

National Park Zone
(IUCN 1)

Habitat Protection Zone
(IUCN V)

Ningaloo Australian Marine Park

Recreational Use Zone
(IUCN V)

National Park Zone
(IUCN 1)

Perth Canyon Australian Marine Park

Habitat Protection Zone
(IUCN V)

Multiple Use Zone
(IUCN V1)

National Park Zone
(IUCN 1)

South-west Corner Australian Marine Park

Multiple Use Zone
(IUCN V1)

National Park Zone
(IUCN 1)

Special Purpose Zone
(Mining)

Two Rocks Australian Marine Park

Multiple Use Zone
(IUCN V1)

National Park Zone
(IUCN 1)

Carnarvon Canyon Australian Marine Park

Habitat Protection Zone
(IUCN V)
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Value/sensitivity

Name

Shark Bay Australian Marine Park

IUCN Classification

Multiple Use Zone
(IUCN V1)

Yoorn OA

J&P OA

EMBA

Abrolhos Australian Marine Park

Habitat Protection Zone

(IUCN 1V)

Multiple Use Zone
(ITUCN VI)
National Park Zone
(IUCN 1)

Special Purpose Zone
(IUCN V1)

Jurien Australian Marine Park

National Park Zone
(IUCN 1)

Special Purpose Zone
(IUCN V1)

State Marine Parks and Marine
Management Areas

Rowley Shoals Marine Park

Sanctuary Zone
Recreation Zone
General Use Zone

Montebello Islands Marine Park

National Park (IUCN I1)

Sanctuary Zone

Barrow Island Marine Park

Sanctuary Zone

Barrow Island Marine Management Area

Conservation Area

Unzoned Area

Ningaloo Marine Park

National Park (IUCN I1)
Sanctuary Zone

Special Purpose Zone
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Value/sensitivity

IUCN Classification

Recreation Zone
General Use Zone
Muiron Islands Marine Management Area | Sanctuary Zone v
Special Purpose Zone
Recreation Zone
General Use Zone
Shark Bay Marine Park Multiple Use Zone v
(ITUNC VI)
Sanctuary Zone
Jurien Bay Marine Park General Use Zone v
Marmion Marine Park Multiple Use Zone v
(IUCN V1)

Key Ecological Features Glomar shoals - v
Ancient coastline at 125 m depth contour - v
Continental slope demersal fish - v
communities
Canyons linking the Cuvier Abyssal Plain - v
and the Cape Range Peninsula
Exmouth Plateau - v
Mermaid Reef and Commonwealth waters - v
surrounding Rowley Shoals
Canyons linking the Argo Abyssal Plain - v
with the Scott Plateau
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Value/sensitivity

IUCN Classification

Western demersal slope and associated
fish communities

Wallaby Saddle

Seringapatam Reef and Commonwealth
waters in the Scott Reef Complex

Western rock lobster

Ancient coastline at 90-120m depth

Commonwealth waters adjacent to
Ningaloo Reef

Commonwealth marine environment
surrounding the Houtman Abrolhos
Islands

Perth Canyon and adjacent shelf break,
and other west coast canyons

Cape Mentelle upwelling

Commonwealth marine environment
within and adjacent to the west-coast
inshore lagoons

Naturaliste Plateau
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Figure 3-4: Key Ecological Features within the EMBA, MEVA and OAs
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Table 3-4: Australian IUCN Reserve Management Principles (Schedule 8 of the EPBC Regulations

2000)
Applicable Marine Park IUCN Principles
Abrolhos AMP, Argo- The reserve or zone should be protected and managed to conserve its natural
Rowley Terrace AMP, condition according to the following principles.

Dampier AMP, Gascoyne
AMP, Mermaid Reef AMP,
Ningaloo AMP, Perth
Canyon AMP, Two Rocks Representative examples of physiographic regions, biotic communities, genetic
AMP, Jurien AMP resources, and native species should be perpetuated in as natural a state as possible
to provide ecological stability and diversity.

Natural and scenic areas of national and international significance should be
protected for spiritual, scientific, educational, recreational or tourist purposes.

Visitor use should be managed for inspirational, educational, cultural and
recreational purposes at a level that will maintain the reserve or zone in a natural or
near natural state.

Management should seek to ensure that exploitation or occupation inconsistent with
these principles does not occur.

Respect should be maintained for the ecological, geomorphologic, sacred and
aesthetic attributes for which the reserve or zone was assigned to this category.

The needs of indigenous people should be taken into account, including subsistence
resource use, to the extent that they do not conflict with these principles.

The aspirations of traditional owners of land within the reserve or zone, their
continuing land management practices, the protection and maintenance of cultural
heritage and the benefit the traditional owners derive from enterprises, established
in the reserve or zone, consistent with these principles should be recognised and
taken into account.

Abrolhos AMP, Carnarvon The reserve or zone should be managed primarily, including (if necessary) through

Canyon AMP, Dampier active intervention, to ensure the maintenance of habitats or to meet the
AMP, Gascoyne AMP, requirements of collections or specific species based on the following principles.
Ningaloo AMP, Perth

Habitat conditions necessary to protect significant species, groups or collections of
species, biotic communities or physical features of the environment should be
secured and maintained, if necessary, through specific human manipulation.

Canyon AMP

Scientific research and environmental monitoring that contribute to reserve
management should be facilitated as primary activities associated with sustainable
resource management.

The reserve or zone may be developed for public education and appreciation of the
characteristics of habitats, species or collections and of the work of wildlife
management.

Management should seek to ensure that exploitation or occupation inconsistent with
these principles does not occur.
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Applicable Marine Park IUCN Principles

People with rights or interests in the reserve or zone should be entitled to benefits
derived from activities in the reserve or zone that are consistent with these
principles.

If the reserve or zone is declared for the purpose of a botanic garden, it should also
be managed for the increase of knowledge, appreciation and enjoyment of
Australia’s plant heritage by establishing, as an integrated resource, a collection of
living and herbarium specimens of Australian and related plants for study,
interpretation, conservation and display.

Abrolhos AMP, Argo- The reserve or zone should be managed mainly for the ecologically sustainable use
Rowley Terrace, Dampier of natural ecosystems based on the following principles.

AMP, Gascoyne AMP,
Jurien AMP, Kimberley
AMP, Montebello AMP,
Shark Bay AMP Management practices should be applied to ensure ecologically sustainable use of
the reserve or zone.

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

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

South-west Corner AMP, Managed to allow specific activities though special purpose management
Abrolhos AMP arrangements while conserving ecosystems, habitats and native species. The zone
allows or prohibits specific activities.

Source: North-west Marine Parks Network Management Plan (Director of National Parks, 2018a); South- west Marine Parks
Network Management Plan (Director of National Parks, 2018b)

3.2.2.1 Australian Marine Parks

The Yoorn OA and light and noise boundary overlaps with the Montebello AMP (Figure 3-5). The
Montebello AMP is also the closest AMP to the J&P OA; and while the OA does not overlap, the light
and noise boundary areas intersect the AMP. There are no additional protected areas identified for
the light and noise boundary areas. The broader EMBA overlaps 31 AMPS. Values for these AMPs are
described below (Table 3-5) and further in Values and Sensitivities of the Western Australian Marine
Environment (EA-00-RI-10062, Appendix C).

Management plans for AMPs have been developed and came into force on 1 July 2018. Under these
plans AMPs are allocated conservation objectives (International Union for Conservation of Nature
(IUCN) Protected Area Category) (Table 3-4) based on the Australian IUCN reserve management
principles in Schedule 8 of the EPBC Regulations 2000. These principles determine what activities are
acceptable within the different zones of the AMP network. The Activity will be undertaken in
compliance with the AMP network zone rules. In the event of spill response operations being
required within an AMP, emergency spill response activities are allowed in accordance with the
Australian National Plan for Maritime Environmental Emergencies (MEE) without the need for a
permit, class approval or Activity license or lease issued by the Director of National Parks.
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Table 3-5: Values of Australian Marine Parks overlapping the EMBA

Australian
Marine Park

Management Zone/s

Abrolhos
Australian
Marine Park

Habitat Protection
Zone (IUCN V)

Multiple Use Zone
(IUCN V1)

National Park Zone
(IUCN 11)

Special Purpose
Zone (IUCN VI)

The Abrolhos Marine Park protected the following conservation
values:

+ Contains habitats, species and ecological communities associated
with four bioregions: Central Western Province; Central Western
Shelf Province; Central Western Transition; and South-west Shelf
Transition.

+ Seven key ecological features: the Commonwealth marine
environment surrounding the Houtman Abrolhos Islands (valued
for high levels of biodiversity and endemism); demersal slope
and associated fish communities of the Central Western Province
(valued as a species group that are nationally or regionally
important to biodiversity); mesoscale eddies (valued for high
productivity and aggregations of marine life); Perth Canyon and
adjacent shelf break, and other west-coast canyons (valued for
high biological productivity and aggregations of marine life, and
unique seafloor features with ecological properties of regional
significance); western rock lobster (valued as a species that plays
a regionally important ecological role); 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); and Wallaby Saddle (valued for high
productivity and aggregations of marine life).

+  Tourism, commercial fishing, mining, recreation including fishing,
are important activities in the Marine Park

Argo-Rowley
Terrace
Australian
Marine Park

Multiple Use Zone
(IUCN V1)

National Park Zone
(ITUCN 1)

Special Purpose
Zone (IUCN VI)

The Argo-Rowley Marine Park protected the following conservation
values:

+ Contains habitats, species and ecological communities associated
with the Northwest Transition and Timor Province.

+ Two key ecological features: canyons linking the Argo Abyssal
Plain with the Scott Plateau (valued for high productivity and
aggregations of marine life); and Mermaid Reef and
Commonwealth waters surrounding Rowley Shoals (valued for
enhanced productivity, aggregations of marine life and high
species richness).

+ The Marine Park is situated in the deeper waters of the region
and a range of seafloor features such as canyons on the slope
between the Argo Abyssal Plain, Rowley Terrace and Scott
Plateau. These are believed to be up to 50 million years old and
are associated with small, periodic upwellings that results in
localised higher levels of biological productivity

+ Biologically important areas within the Marine Park include
resting and breeding habitat for seabirds and a migratory
pathway for the pygmy blue whale.
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Australian
Marine Park

Management Zone/s

+ Commercial fishing and mining are important activities in the

Marine Park.
Carnarvon + Habitat Protection | The Carnarvon Canyon Marine Park protected the following
Canyon Zone (IUCN IV) conservation values:
Australian + Significant because it contains habitats, species and ecological
Marine Park communities associated with the Central Western Transition.
This includes deep-water ecosystems associated with the
Carnarvon Canyon.
+ The Marine Park lies within a transition zone between tropical
and temperate species and is an area of high biotic productivity.
+ A bioregion characterised by large areas of continental slope, a
range of topographic features such as terraces, rises and
canyons, seasonal and sporadic upwelling, and benthic slope
communities comprising tropical and temperate species.
+ Commercial fishing is an important activity in the Marine Park.
Dampier + Habitat Protection | The Dampier Marine Park protected the following conservation
Australian Zone (IUCN IV) values:
Marine Park + Multiple Use Zone | + Significant because it contains habitats, species and ecological
(IUCN VI) communities associated with the Northwest Shelf Province.
+ National Park Zone | + The Marine Park provides protection for offshore shelf habitats
(IUCN 1) adjacent to the Dampier Archipelago, and the area between
Dampier and Port Hedland, and is a hotspot for sponge
biodiversity
+ The Marine Park includes several submerged coral reefs and
shoals including Delambre Reef and Tessa Shoals
+ Biologically important areas within the Marine Park include
breeding and foraging habitat for seabirds, internesting habitat
for marine turtles and a migratory pathway for humpback
whales.
+ Port activities, commercial fishing and recreation, including
fishing, are important activities in the Marine Park.
Eighty Mile +  Multiple Use Zone The Eighty Mile Beach Marine Park protected the following
Beach (IUCN VI) conservation values:
Australian + Significant because it contains habitats, species and ecological
Marine Park

communities associated with the Northwest Shelf Province and
consists of shallow shelf habitats, including terrace, banks and
shoals.

+ most important areas for migratory shorebirds in Australia; and
the Western Australian Eighty Mile Beach Marine Park, providing
connectivity between offshore and inshore coastal waters of
Eighty Mile Beach.
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Australian
Marine Park

Management Zone/s

+ The bioregion includes diverse benthic and pelagic fish
communities, and ancient coastline thought to be an important
seafloor feature and migratory pathway for humpback whales.

+ Biologically important areas within the Marine Park include
breeding, foraging and resting habitat for seabirds, internesting
and nesting habitat for marine turtles, foraging, nursing and
pupping habitat for sawfish and a migratory pathway for
humpback whales.

+  Tourism, commercial fishing, pearling and recreation are
important activities in the Marine Park.

Gascoyne
Australian
Marine Park

Multiple Use Zone
(Vi)

Habitat Protection
Zone (IV)

National Park Zone

)

The Gascoyne Marine Park protects the following conservation
values:

+ Important foraging areas for migratory seabirds threatened and
migratory hawksbill and flatback turtles and vulnerable and
migratory whale shark;

+ A continuous connectivity corridor from shallow depths around
15 m out to deep offshore waters on the abyssal plain at over
5,000 m;

+ Seafloor features including canyon, terrace, ridge, knolls, deep
hole/valley and continental rise. It also provides protection for
sponge gardens in the south of the reserve adjacent to WA
coastal waters;

+ Ecosystem examples from the surrounding provinces;

+  Four key ecological features: Canyons linking the Cuvier Abyssal
Plain and the Cape Range Peninsula, Commonwealth waters
adjacent to Ningaloo Reef, Continental slope demersal fish
communities and Exmouth Plateau;

+ The canyons in the reserve are believed to be associated with the
movement of nutrients from deep water over the Cuvier Abyssal
Plain onto the slope where mixing with overlying water layers
occurs at canyon heads; and

+ The reserve therefore provides connectivity between the inshore
waters of the existing Ningaloo Commonwealth Marine Park and
the deeper waters of the area.

Jurien
Australian
Marine Park

National Park Zone
(IUCN 1)

Special Purpose
Zone (IUCN VI)

The Jurien Marine Park protects the following conservation values:

+  Significant because it includes habitats, species and ecological
communities associated with two bioregions: South-west Shelf
Transition; and Central Western Province.

+ Itincludes three key ecological features: ancient coastline
between 90 and 120 m depth (valued for relatively high
productivity, aggregations of marine life and high levels of

biodiversity and endemism); demersal slope and associated fish

communities of the Central Western Province (valued as a
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Australian
Marine Park

Management Zone/s

Values

species group that are nationally or regionally important to
biodiversity); and western rock lobster (valued as a species that

plays a regionally important ecological role).

The Marine Park contains a mixture of tropical species carried
south by the Leeuwin Current, and temperate species carried
north by the Capes Current. The Marine Park’s shelf habitats are
defined by distinct ridges of limestone reef with extensive beds
of macroalgae. Inshore lagoons are inhabited by a diverse range
of invertebrates and fish. Seagrass meadows occur in more
sheltered areas as well as in the inter-reef lagoons along exposed
sections of the coast.

Biologically important areas within the Marine Park include
foraging habitat for seabirds, Australian sea lions and white
sharks, and a migratory pathway for humpback and pygmy blue
whales.

The Noongar people have responsibilities for sea country in the
Marine Park.

The Marine Park contains two known shipwrecks listed under the
Historic Shipwrecks Act 1976—SS Cambewarra (wrecked in
1914), Oleander (wrecked in 1884).

Tourism, commercial fishing, mining and recreation, including
fishing, are important activities in the Marine Park. These
activities contribute to the wellbeing of regional communities

and the prosperity of the nation.

Kimberley
Australian
Marine Park

+

Multiple Use Zone
(V1)

The Kimberley Marine Park protects the following conservation
values:

+  Significant because it includes habitats, species ad ecological

+

+

Two key ecological features: ancient coastline between 90 and

communities associated with the Northwest Shelf Province,
Northwest Shelf Transition and Timor Province;

120 m depth (values for relatively high productivity, aggregations
of marine life and high levels of biodiversity and endemism) and
continental slope demersal fish communities (valued for high
levels of endemism and diversity and the second richest area for
demersal fish species in Australia);

Biologically important areas within the Marine Park include
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 foraging
habitat for whale sharks;
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Australian Management Zone/s Values

Marine Park

The national heritage listing for the West Kimberley recognises the
following key cultural heritage values:

1.1Wanjina Wunggurr Cultural Tradition which incorporates
many sea country cultural sites;

1.2Log-raft maritime tradition, which involved using tides and

currents to access warrurru (reefs) far offshore to fish;

1.3Interactions with Makassan traders around sea foods over
hundreds of years; and

1.4Important pearl resources that were used in traditional trade
through the wunan and in contemporary commercial
agreements.

Tourism, commercial fishing, mining, recreation, including fishing,
and traditional use are important activities in the Marine Park.

Mermaid Reef + National Park Zone | The Mermaid Reef Marine Park protected the following conservation
Australian (IUCN 1) values:

Marine Park + Significant because it contains habitats, species and ecological

communities associated with the Northwest Transition;

+ One key ecological feature: Mermaid Reef and Commonwealth
waters surrounding Rowley Shoals (valued for its high
productivity, aggregations of marine life and high species
richness);

+  Ecologically significant as they are considered the ecological
steppingstones for reef species originating in
Indonesian/Western Pacific waters;

+ Biologically important areas include breeding habitat for seabirds
and a migratory pathway for the pygmy blue whale; and

+ Tourism, recreation, and scientific research are important
activities in the Marine Park.

Montebello +  Multiple Use Zone The Montebello Marine Park protected the following conservation
Australian (IUCN V1) values:
Marine Park

+ Significant because it contains habitats, species and ecological
communities associated with the Northwest Shelf Province;

+ One key ecological feature: the ancient coastline at the 125-m
depth contour (valued as a unique seafloor feature with
ecological properties of regional significance);

+ The bioregion includes diverse benthic and pelagic fish
communities, and ancient coastline thought to be an important
seafloor feature and migratory pathway for humpback whales;

+ Biologically important areas within the Marine Park include
breeding habitat for seabirds, internesting, foraging, mating, and
nesting habitat for marine turtles, a migratory pathway for
humpback whales and foraging habitat for whale sharks; and
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Management Zone/s
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+  Tourism, commercial fishing, mining and recreation are
important activities in the Marine Park.

Ningaloo
Australian
Marine Park

+  Recreational Use

Zone (IUCN V)

+ National Park Zone

(IUCN 1)

The Ningaloo Marine Park protects the following conservation values:

+ Important habitat (foraging areas) for vulnerable and migratory
whale sharks;

+

Areas used for foraging by marine turtles adjacent to important
internesting sites;

Part of the migratory pathway of the protected humpback whale;
Foraging and migratory pathway for pygmy blue whales;
Breeding, calving, foraging and nursing habitat for dugong;

Shallow shelf environments which provides protection for shelf
and slope habitats, as well as pinnacle and terrace seafloor
features;

+  Seafloor habitats and communities of the Central Western Shelf

Transition;
+ Three key ecological features; and
+ The Ningaloo Coast World Heritage Property, the Ningaloo Coast

National Heritage listing and Ningaloo Marine Area
Commonwealth Heritage Listing.

Perth Canyon
Australian
Marine Park

+ Habitat Protection

Zone (IUCN 1V)

+ Multiple Use Zone

(IUCN V1)

+ National Park Zone

(IUCN 1)

The Perth Canyon Marine Park protects the following conservation
values:

+  Significant because it includes habitats, species and ecological
communities associated with four bioregions: Central Western
Province; South-west Shelf Province; Southwest Transition; and

South-west Shelf Transition.

+ Itincludes four key ecological features: Perth Canyon and
adjacent shelf break, and other west-coast canyons (valued for
high biological productivity and aggregations of marine 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
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Rottnest Island, linking the shelf with deeper ecosystems at
depths of up to 5000 m.

+  Biologically important areas within the Marine Park include
foraging habitat for seabirds, Antarctic blue, pygmy blue and
sperm whales, a migratory pathway for humpback, Antarctic blue
and pygmy blue whales, and a calving buffer area for southern
right whales.

+  The Swan River traditional owners have responsibilities for sea

country in the Marine Park.

+  Tourism, commercial shipping, commercial fishing, recreation,
including fishing, and defence training are important activities in
the Marine Park. These activities contribute to the wellbeing of
regional communities and the prosperity of the nation.

Shark Bay +  Multiple Use Zone The Shark Bay Marine Park protected the following conservation

Australian (IUCN VI) values:

Marine Park + Significant because it contains habitats, species and ecological
communities associated with the Central Western Shelf Province
and Central Western Transition.

+ The Marine Park provides connectivity between deeper
Commonwealth waters and the inshore waters of the Shark Bay
world heritage property.

+ Biologically important areas within the Marine Park include
breeding habitat for seabirds, internesting habitat for marine
turtles, and a migratory pathway for humpback whales.

+ Tourism, commercial fishing, mining and recreation, including
fishing, are important activities in the Marine Park.

South-west +  Multiple Use Zone The South-west Corner Marine Park protects the following

Corner (IUCN V1) conservation values:

,:/Iust-ralll;in ‘ + Natonal Park Zone | + significant because it contains habitats, species and ecological

arine Par
(IUCN 1) communities associated with three bioregions: Southern
+  Special Purpose Province; South-west Transition; and South-west Shelf Province.

Zone (Mining)

+ Itincludes six key ecological features: Albany Canyon group and
adjacent shelf break (valued for high productivity, aggregations
of marine life and unique seafloor features with properties of
regional significance); Cape Mentelle upwelling (valued for high
productivity and aggregations of marine life); Diamantina
Fracture Zone (valued as a unique seafloor feature with
ecological properties of regional significance); Naturaliste
Plateau (valued as a unique seafloor feature with ecological
properties of regional significance); 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
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relatively high productivity, aggregations of marine life and high
levels of biodiversity and endemism).

As the largest Marine Park in the South-west Network, it contains
a wide range of important ecosystems in both shallow and deep
water, reaching abyssal depths including the Diamantina

Fracture Zone, Naturaliste Plateau and Donnelly Banks, along
with many reefs and canyons. The Marine Park contributes to 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.

Biologically important areas within the Marine Park include
foraging habitat for seabirds, Australian sea lions, white sharks
and sperm whales, a migratory pathway for Antarctic blue,
pygmy blue and humpback whales, and a calving buffer area for

southern right whales.

The Nyungar/Noongar people have responsibilities for sea
country in the Marine Park.

The Marine Park contains 10 known shipwrecks listed under the
Historic Shipwrecks Act 1976.

Tourism, commercial fishing, commercial shipping, and
recreation, including fishing, are important activities in the
Marine Park. These activities contribute to the wellbeing of
regional communities and the prosperity of the nation.

Two Rocks
Australian
Marine Park

Multiple Use Zone
(IUCN V1)

National Park Zone
(IUCN 1)

The Two Rocks Marine Park protects the following conservation
values:

+

Significant because it includes habitats, species and ecological

communities associated with the South-west Shelf Transition.

It includes three key ecological features: the Commonwealth
marine 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 coast inshore lagoons, which are
key areas for the recruitment of rock lobster and other
commercially and recreationally important fish species.
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Australian Management Zone/s Values

Marine Park

+ Biologically important areas within the Marine Park include
foraging habitat for seabirds and Australian sea lions, a migratory
pathway for humpback and pygmy blue whales, and a calving
buffer area for southern right whales.

+  The Swan River traditional owners have responsibilities for sea

country in the Marine Park.

+  Tourism, commercial fishing, recreation, including fishing, and
scientific research are important activities in the Marine Park.
These activities contribute to the wellbeing of regional

communities and the prosperity of the nation.

Source: Director of National Parks (2018a and 2018b)
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Figure 3-5: Australian Marine Parks within the EMBA and Operational Areas
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3.2.2.2 State Marine Parks

There are nine State Marine Parks and two Marine Management Areas located in the EMBA:

+  Shark Bay Marine Park

+ Ningaloo Marine Park

+  Muiron Islands Marine Management Area

+ Barrow Island Marine Park

+ Barrow Island Marine Management Area

+ Marmion Marine Park

+ Jurien Bay Marine Park

+ Montebello Islands Marine Park

+ Rowley Shoals Marine Park.

The two OAs and the J&P light and noise boundary do not overlap any State Marine Parks. However,
the Yoorn light and noise boundary intersects the Montebello Islands Marine Park. Values for these
Marine Parks are outlined briefly in Table 3-6 below and are described further in Values and
Sensitivities of the Western Australian Marine Environment (EA-00-RI-10062, Appendix C).

Table 3-6: State Marine Parks overlapping the EMBA

State Marine

Park

Ningaloo
Marine Park

Values

The Ningaloo Marine Park covers an area of 263,343 km?, including both State and
Commonwealth waters, extending 25 km offshore. The park protects a large portion of
Ningaloo Reef, which stretches over 300 km from North West Cape south to Red Bluff. It is the
largest fringing coral reef in Australia, forming a discontinuous barrier that encloses a lagoon
that varies in width from 200 m to 7 km. Gaps that regularly intercept the main reef line
provide channels for water exchange with deeper, cooler waters (CALM 2005). The Ningaloo
Marine Park forms the backbone of the nature-based tourism industry, and recreational
activities in the Exmouth region. 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 (MPRA and CALM 2005).

Shark Bay
Marine Park

The Shark Bay Marine Park covers an area of 7,443 km?, extending from the WA state water
boundary, and a water depth range between 15 m and 220 m. The marine park is located
approximately 60 km offshore of Carnarvon, adjacent to Shark Bay world heritage property
and national heritage place.

The Shark Bay Marine Park is significant because it contains habitats, species and ecological

communities associated with the Central Western Shelf Province and Central Western
Transition.

The marine park supports a breeding habitat for seabirds, internesting habitat for marine
turtles and a migratory pathway for humpback whales.

Barrow Island
Marine Park

Barrow Island Marine Park is a significant breeding and nesting area for threatened sea turtles
and its waters support important coral reefs and a diversity of tropical marine animals.
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State Marine

Park

The marine park is 4,100 ha that supports large numbers of threatened green turtles on Turtle
Bay.

On the western side if Barrow Island, contains Biggada Reef that is only one of two significant
fringing reefs in the Montebello/Barrow Island reserve system.

Barrow Island

The Barrow Island Marine Management Area is offshore and relatively remote. It covers

Marine 114,500 hectares includes most of the waters around Barrow Island and the waters around the

Management Lowendal Islands.

Area The park is a significant breeding and nesting area for marine turtles and its waters support
important coral reefs, unique mangrove communities and a diversity of tropical marine
animals.

Threatened green, hawksbill and flatback turtles regularly use the sandy beaches of Barrow
Island for breeding and nesting.
Montebello More than 58,000 hectares of ocean surrounding 265 low-lying islands and islets that are

Islands Marine
Park

fringed by coral reefs populated with colourful tropical fish.

The Montebello Islands Marine Park, with its natural land and seascapes, barrier and fringing
coral reefs, wide variety of wildlife and rich maritime heritage.

Rowley Shoals
Marine Park

The Rowley Shoals include the State managed Rowley Shoals Marine Park and nearby Mermaid
Reef, Commonwealth managed Marine Park.

The Rowley Shoals Marine Park and Mermaid Reef Marine Park protect a chain of three coral
atolls at the edge of Australia’s continental shelf. The atolls have shallow lagoons inhabited by
diverse corals and abundant marine life.

Corals form a spectacular chain of reef systems, each covering about 80 km?. Shallow lagoons
within the reefs provide sheltered waters that are inhabited by diverse and abundant tropical
marine life. Further offshore, the seafloor slopes away to the abyssal plain, some 6000 metres
below.

Jurien Bay
Marine Park

The Jurien Bay Marine Park is a Class A marine park located on the central west coast of
Western Australia about 200 km north of Perth and covers an area of 82,375 ha (CALM 2005b).
Its western boundary is the seaward limit of Western Australian coastal waters. Its northern
boundary is the northern point of Dynamite Bay at Green Head (30° 4' 7.9" South), and its
southern boundary is located just south of Wedge (30° 50' 20" South) and is contiguous with
the southern boundary of the Wanagarren Nature Reserve.

Jurien Bay Marine Park is considered to be broadly representative of the Central West Coast
limestone reef system, which is a major marine ecosystem within this bioregion. The marine
biota of the area consists of an unusual mix of tropical and temperate species as well as many
endemic species (Larkum & Hartog, 1989).

The Marine Park is dominated by five major marine habitat types: seagrass meadows; bare or
sparsely vegetated mobile sand; shoreline and offshore intertidal reef platforms; subtidal
limestone reefs; and reef pavement (CALM 2005b). Marine wildlife includes 14 species of
cetaceans, a variety of sea and shorebirds which nest on the islands and the Australian sea lion
(North Fisherman Island to the north of Jurien Bay is one of the main breeding sites for sea
lions in the Central West Coast region and it is believed this breeding population is genetically
distinct from the southern coast population — Gales et al. 1992). Commercial fishing for
western rock lobster as well as commercial wetlining, abalone, shark netting, beach seining for
mullet and collecting of specimen shells and aquarium fish are carried out within the marine
park.
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State Marine

Park

Marmion
Marine Park

Marmion Marine Park was Western Australia’s first marine park, declared in 1987 and is a
multi-use reserve (CALM 2002). Marmion Marine Park is located offshore from Perth’s
northern suburbs, between Trigg Island and Burns Beach.

Habitats in the area include intertidal reef platforms, coastal sand beaches, a high limestone
reef about 1 km from shore, Little Island and the Three Mile Reef system. Of note are complex
assemblages of sea floor communities, including seagrass meadows, algal limestone pavement
communities and crevice animal associations (CALM 2002).

The marine park provides an important habitat for marine mammals, such as sea lions,
dolphins and whales. The island nature reserves within Marmion Marine Park provide an
important habitat for several species of seabirds and haul-out areas for Australian sea lions,
especially at Little Island and Burns Rocks (CALM 2002).

Muiron Islands
Management
Area

The Ningaloo Marine Park Management Plan (CALM 2005) created a MMA for the Muiron
Islands, immediately adjacent to the northern end of the Park. This is managed as an
integrated area together with the Ningaloo Marine Park, but its status as a MMA means that
some activities, including oil and gas exploration, are still permitted under a strict
environmental assessment process involving DMIRS.

The Muiron Islands, located 15 km northeast of the North West Cape, comprise the North and
South Muiron Islands and cover an area of 1,400 ha (AHC 2006). They are low limestone
islands (maximum height of 18 m above sea level (ASL)) with some areas of sandy beaches,
macroalgae and seagrass beds in the shallow waters (particularly on the eastern sides) and
coral reef up to depths of 5m, which surrounds both sides of South Muiron Island and the
eastern side of North Muiron Island. The Muiron Islands MMA was WA'’s first MMA, gazetted
in November 2004. It covers an area of 28,616 ha and occurs entirely within state waters
(CALM 2005).

Source: DBCA (2020a)
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Figure 3-6: State Marine Protected Areas within the EMBA, MEVA and Operational Areas
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3.2.3 Marine Fauna

Table 3-7 presents the environmental values and sensitivities (threatened and migratory species)
within each OA and EMBA. These include all relevant Matters of National Environmental Significance
(MNES) protected under the EPBC Act 1999 as identified in the PMST search for the operational areas
and EMBA (Appendix D). For each species identified, the extent of likely presence is provided. The
BIAs and habitats critical to the survival of a species are described in the Values and Sensitivities of
the Western Australian Marine Environment (EA-00-RI-10062, Appendix C) and overlap with
designated Biologically Important Areas (BIAs) are shown in Table 3-8. BIAs such as an aggregation,
breeding, resting, nesting or feeding areas or known migratory routes for these species are shown in
Figure 3-7 to Figure 3-31.

Note that terrestrial species (such as terrestrial mammals, reptiles and bird species) that appear in
the EPBC search of the EMBA and do not have habitats along shorelines are not relevant to the
activity impacts and risks have been excluded from Table 3-7.

The following environmental values and sensitivities have been identified as being relevant to the
activity, with information provided in the following subsections to supplement the information
available in Values and Sensitivities of the Western Australian Marine Environment (EA-00-RI-10062,
Appendix C):

+ Humpback whale migration
+  Pygmy blue whale

+ Marine turtles

+  Whale shark

+ Breeding seabirds.

A PMST search was also undertaken for the 20 km boundary around the YJP OAs relevant to light and
noise impact assessment. Of the species identified (in addition to those within the OAs), five have a
threatened species status; Northern Siberian Bar-tailed Godwit, Australian Painted Snipe, Short-
nosed Seasnake, Leaf-scaled Seasnake, and Sei Whale.

Relevant conservation advices, recovery plans and management plans for marine fauna identified in
the PMST for each OA, light and noise assessment boundaries and the EMBA are provided in
Table 3-7.

Table 3-8 identifies the BlAs that intersect each OA, the 20 km light and noise assessment boundary,
the MEVA and the EMBA.
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Table 3-7: Environmental Values and Sensitivities within the EMBA, Light/Noise Boundary Areas and Operational Areas — Threatened and Migratory
Marine Fauna

Value/sensitivity EPBC Act Yoorn OA Yoorn Light J&P OA J&P Light / EMBA Relevant aspects
Status / Noise Noise Presence
Boundary Boundary
Common name Scientific name
Southern Pygmy Acentronura australe | Marine - - - - MO Planned
Pipehorse
+  Light emissions
Helen’s Pygmy Acentronura larsonae | Marine MO MO - MO MO Noise emissions
Pipehorse .
Planned operational
Narrow sawfish, Anoxypristis Migratory MO LO MO MO KO discharges
Knifetooth sawfish cuspidata 4+ Planned drilling discharges
Corrugated Pipefish, Bhanotia fasciolata Marine - - - - MO +  Spill response operations
Barbed Pipefish Unplanned
Braun’s Pughead Bulbonaricus brauni Marine MO MO - MO MO +  Hydrocarbon
Pipefish, Pug-head releases/spills
Pipefish +  Interaction with marine
Gale’s Pipefish Campichthys galei Marine - - - - MO fauna
+  Introduction of invasive

Three-keel Pipefish Campichthys Marine MO MO MO MO MO marine species (IMS)

tricarinatus
Grey nurse shark (west | Carcharias taurus Vulnerable LO LO MO LO KO
coast population) (west coast

population)
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Value/sensitivity EPBC Act Yoorn OA Yoorn Light J&P OA J&P Light / EMBA Relevant aspects
Status / Noise Noise Presence
Boundary Boundary
Common name Scientific name
Oceanic whitetip shark | Carcharhinus Migratory LO LO LO LO LO
longimanus
White shark, Great Carcharodon Vulnerable MO MO MO MO FKO
white shark carcharias
Migratory
Pacific Short-bodied Choeroichthys Marine MO MO MO MO MO
Pipefish, Shortboded brachysoma
Pipefish
Muiron Island Pipefish | Choeroichthys Marine MO MO - MO MO
latispinosus
Pig-snouted Pipefish Choeroichthys suillus | Marine MO MO MO MO MO
Fijian Banded Pipefish Corythoichthys Marine - - - - MO
amplexus
Reticulate Pipefish, Corythoichthys Marine - - MO MO MO
Yellow-banded falvofasciatus
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Value/sensitivity EPBC Act Yoorn OA Yoorn Light J&P OA J&P Light / EMBA Relevant aspects
Status / Noise Noise Presence
Boundary Boundary

Common name Scientific name

Pipefish, Network
Pipefish
Australian Messmate Corythoichthys Marine - - - - MO
Pipefish, Banded falvofasciatus
Pipefish
Schultz’s Pipefish Corythoichthys Marine - - - - MO
schultzi
Roughridge Pipefish Cosmocampus Marine - - MO MO MO
banneri
Salt-water Crocodile, Crocodylus porosus Migratory - - - - LO
Estuarine Crocodile .
Marine
Banded Pipefish, Doryrhamphus Marine MO MO MO MO MO
Ringed Pipefish dactyliophorus
Bluestripe Pipefish, Doryrhamphus Marine - - MO MO MO
Indian Blue-stripe excisus
Pipefish, Pacific
Bluestripe Pipefish
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Value/sensitivity

Common name

Scientific name

EPBC Act
Status

Yoorn OA

Yoorn Light
/ Noise
Boundary

J&P OA

J&P Light /
Noise
Boundary

EMBA
Presence

Cleaner Pipefish, Janss’ | Doryrhamphus janssi | Marine MO MO MO MO MO

Pipefish

Many-banded Pipefish | Doryrhamphus Marine MO MO - MO MO
multiannulatus

Flagtail Pipefish Doryrhamphus Marine MO MO - MO MO
negrosensis

Ladder Pipefish Festucalex scalaris Marine MO MO - MO MO

Tiger Pipefish Filicampus tigris Marine MO MO MO MO MO

Northern river shark, Glyphis garricki Endangered - - - - MO

New Guinea river shark

Brock’s Pipefish Halicampus brocki Marine MO MO MO MO MO

Red-hair Pipefish, Halicampus dunckeri | Marine - - - - MO

Duncker’s Pipefish

Relevant aspects
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Value/sensitivity

Common name

Scientific name

EPBC Act Yoorn OA Yoorn Light
Status / Noise
Boundary

J&P OA

J&P Light /
Noise
Boundary

EMBA
Presence

Mud Pipefish, Gray’s Halicampus grayi Marine MO MO MO MO MO

Pipefish

Glittering Pipefish Halicampus nitidus Marine MO MO - MO MO

Spiny-snout Pipefish Halicampus Marine MO MO MO MO MO
spinirostris

Ribboned Pipehorse, Haliichthys Marine MO MO MO MO MO

Ribboned Seadragon taeniophorus

Upside-down Pipefish, | Heraldia nocturna Marine - - - - MO

Eastern Upside-down

Pipefish

Beady Pipefish, Steep- | Hippichthys penicillus | Marine MO MO MO MO MO

nosed Pipefish

Western Spiny Hippocampus Marine MO MO MO MO MO

Seahorse, Narrow- angustus

bellied Seahorse

Relevant aspects

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan

77 of 557



S0-91-BI-20003.01 Santos

Value/sensitivity EPBC Act Yoorn OA Yoorn Light J&P OA J&P Light / EMBA Relevant aspects
Status / Noise Noise Presence
Boundary Boundary
Common name Scientific name
Short-head Seahorse, Hippocampus Marine - - - - MO
Short-snouted breviceps
Seahorse
Spiny Seahorse, Thorny | Hippocampus histrix Marine MO MO MO MO MO
Seahorse
Spotted Seahorse, Hippocampus kuda Marine MO MO MO MO MO

Yellow Seahorse

Flat-face Seahorse Hippocampus Marine MO MO MO MO MO
planifrons

Hedgehog Seahorse Hippocampus Marine - - MO MO MO
spinosissimus

West Australian Hippocampus Marine - - - - MO

Seahorse subelongatus

Three-spot Seahorse, Hippocampus Marine MO MO - MO MO

Low-crowned trimaculatus

Seahorse, Flat-faced

Seahorse

Rhino Pipefish, Histiogamphelus Marine - - - - MO

Macleay’s Crested cristatus
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Value/sensitivity

Common name

Pipefish, Ring-back
Pipefish

Scientific name

EPBC Act
Status

Yoorn OA

Yoorn Light
/ Noise
Boundary

J&P OA

J&P Light /
Noise
Boundary

EMBA

Presence

Shortfin mako, mako Isurus oxyrinchus Migratory - LO LO LO LO

shark

Longfin mako shark Isurus paucus Migratory - LO LO LO LO

Porbeagle, mackerel Lamna nasus Migratory - - - - LO

shark

Australian Smooth Lissocampus caudalis | Marine - - - - MO

Pipefish, Smooth

Pipefish

Prophet’s Pipefish Lissocampus Marine - - - - MO
fatiloquus

Javelin Pipefish Lissocampus runa Marine - - - - MO

Reef manta ray, Manta alfredi Migratory KO KO MO KO KO

coastal manta ray

Giant manta ray, Manta birostris Migratory LO LO LO LO KO

chevron manta ray,
Pacific manta ray

Relevant aspects
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S0-91-BI-20003.01 Santos

Value/sensitivity

EPBC Act Yoorn OA Yoorn Light J&P OA J&P Light / EMBA
Status / Noise Noise Presence

Relevant aspects

Common name

Scientific name

Boundary

Boundary

Sawtooth Pipefish Maroubra perserrata | Marine - - - - MO

Tidepool Pipefish Micrognathus Marine MO MO MO MO MO
micronotopterus

Blind gudgeon Milyeringa veritas Vulnerable - - - - KO

Western Crested Mitotichthys Marine - - - - MO

Pipefish meraculus

Balston’s Pygmy Perch | Nannatherina Vulnerable - - - - LO
balstoni

Bonyhead Pipefish, Nannocampus Marine - - - - MO

Bony-headed Pipefish subosseus

Blind cave eel Ophisternon Vulnerable - - - - KO
candidum

Black Rock Pipefish Phoxocampus Marine MO MO - MO MO
belcheri

Leafy Seadragon Phycodurus eques Marine - - - - MO

Common Seadragon Phyllopteryx Marine - - - - MO
taeniolatus
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Yoorn Light
/ Noise
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J&P OA

J&P Light /
Noise
Boundary

EMBA
Presence

Dwarf sawfish, Pristis clavata Vulnerable KO KO KO KO KO
Queensland sawfish )
Migratory
Freshwater sawfish, Pristis pristis Vulnerable - - - - KO
largetooth sawfish, )
river sawfish, Migratory
Green sawfish, Pristis zijsron Vulnerable KO KO KO KO KO
Dindagubba, .
narrowsnout sawfish Migratory
Pugnose Pipefish, Pug- | Pugnaso curtirostris Marine - - - - MO
nosed Pipefish
Whale shark Rhincodon typus Vulnerable MO FKO FKO FKO FKO
Migratory
Pallid Pipehorse, Solegnathus Marine MO MO MO MO MO
Hardwick’s Pipehorse hardwickii
Gunther’s Pipehorse, Solegnathus lettiensis | Marine MO MO MO MO MO

Indonesian Pipefish

Relevant aspects
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Value/sensitivity EPBC Act Yoorn OA Yoorn Light J&P OA J&P Light / EMBA Relevant aspects

Status / Noise Noise Presence
Boundary Boundary

Common name Scientific name

Robust Ghostpipefish, | Solenostomus Marine MO MO MO MO MO

Blue-finned Ghost cyanopterus

Pipefish

Spotted Pipefish, Gulf Stigmatopora argus Marine - - - - MO

Pipefish, Peacock

Plpefish

Widebody Pipefish, Stigmatopora nigra Marine - - - - MO

Wide-bodied Pipefish,
Black Pipefish

Double-end Pipehorse, | Syngnathoides Marine MO MO MO MO MO
Double-ended biaculeatus

Pipehorse, Alligator

Pipefish

Bentstick Pipefish, Trachyrhamphus Marine MO MO MO MO MO
Bend Stick Pipefish, bicoarctatus

Short-tailed Pipefish

Straightstick Pipefish, Trachyrhamphus Marine MO MO MO MO MO
Long-nosed Pipefish, longirostris
Straight Stick Pipefish

Hairy Pipefish Urocampus Marine - - - - MO
carinirostris
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J&P Light / EMBA

Noise Presence

Boundary

Relevant aspects

Mother-of-pearl Vanacampus Marine - - - - MO
Pipefish margaritifer
Port Phillip Pipefish Vanacampus phillipi Marine - - - - MO
Longsnout Pipefish, Vanacampus Marine - - - - MO
Australian Long-snout | poecilolaemus
Pipefish, Long-snouted
Pipefish
Minke Whale Balaenoptera MO MO MO MO MO Planned

acutorostrata

Noise emissions

Long-nosed Fur-seal, Arctocephalus Marine - - - - LO Planned operational
New Zealand Fur-seal forsteri discharges
Antarctic minke whale, | Balaenoptera Migratory - - - - LO +  Planned drilling discharges
dark-shoulder minke bonaerensis +  Spill response operations
whale Unplanned
Sei whale Balaen‘optera Vu.lnerable, - MO MO MO FLO +  Hydrocarbon

borealis Migratory releases/spills
Bryde’s whale Balaenoptera edeni Migratory MO MO MO MO LO +  Marine fauna interaction

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan

83 of 557




SO-91-BI-20003.01

Santos

Value/sensitivity

Common name

Scientific name

EPBC Act
Status

Yoorn OA

Yoorn Light
/ Noise
Boundary

J&P OA
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Boundary

EMBA
Presence

Blue whale Balaenoptera Endangered LO LO LO LO FKO
musculus .
Migratory
Fin whale Balaenoptera Vulnerable, MO MO MO MO FLO
physalusk Migratory
Arnoux’s Beaked Berardius arnuxii - - - - MO
Whale
Pygmy Right Whale Caperea marginata Migratory - - - - FLO
Common Dolphin, Delphinus delphis MO MO MO MO MO
Short-beaked Dolphin
Dugong Dugong dugon Migratory - KO - - BKO
Marine
Southern right whale Eubalaena australis Endangered - - - - BKO
Migratory
Pygmy Killer Whale Feresa attenuata - - - - MO
Short-finned Pilot Globicephala - - - - MO
Whale macrorhynchus
Long-finned Pilot Globicephala melas - - - - MO

Whale

Relevant aspects
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Common name

Scientific name

Status

/ Noise
Boundary

Noise
Boundary

Presence

Risso’s Dolphin, Grampus griseus MO MO MO MO MO

Grampus

Southern Bottlenose Hyperoodon - - - - MO

Whale planifrons

Longman’s Beaked Indopacetus pacificus - - - - MO

Whale

Pygmy Sperm Whale Kogia breviceps - - - - MO

Dwarf Sperm Whale Kogia simus - - - - MO

Fraser’s Dolphin, Lagenodelphis hosei - - - - MO

Sarawak Dolphin

Dusky Dolphin Lagenorhynchus Migratory - - - - LO
obscurus

Southern Right Whale Lissodelphis peronii - - - - MO

Dolphin

Humpback whale Megaptera Vulnerable BKO BKO BKO BKO BKO
novaeangliae

Andrew’s Beaked Mesoplodon - - - - MO

Whale bowdoini
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Boundary Boundary

Presence

Blainville’s Beaked Mesoplodon - - - - MO
Whale, Dense-beaked densirostris

Whale

Gingko-toothed Mesoplodon - - - - MO
Beaked Whale, Gingko- | ginkgodens

toothed Whale, Gingko

Beaked Whale

Gray’s Beaked Whale, Mesoplodon grayi - - - - MO
Scamperdown Whale

Hector’s Beaked Whale | Mesoplodon hectori - - - - MO
Strap-toothed Beaked Mesoplodon layardii - - - - MO
Whale, Strap-toothed

Whale, Layard’s

Beaked Whale

True’s Beaked Whale Mesoplodon mirus - - - - MO
Australian sea-lion, Neophoca cinerea Vulnerable - - - - BKO
Australian sea lion

Irrawaddy Orcaella brevirostris - - - - MO
Australian Snubfin Orcaella heinsohni Migratory - - - - MO
Dolphin

Relevant aspects
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Killer whale, Orca Orcinus orca Migratory MO MO MO MO MO

Melon-headed Whale Peponocephala - - - - MO
electra

Sperm whale Physeter Migratory - - - - FKO
macrocephalus

False Killer Whale Pseudorca crassidens - MO LO LO LO

Indo-Pacific humpback | Sousa chinensis Migratory MO MO - MO KO

dolphin

Spotted Dolphin, Stenella attenuata MO MO MO MO MO

Pantropical Spotted

Dolphin

Striped Dolphin, Stenella coeruleoalba - - - - MO

Euphrosyne Dolphin

Long-snouted Spinner | Stenella longirostris - - - - MO

Dolphin

Rough-toothed Steno bredanensis - - - - MO

Dolphin

Shepherd’s Beaked Tasmacetus - - - - MO

Whale, Tasman Beaked | shepherdi

Whale

Relevant aspects
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Relevant aspects

Indian Ocean Tursiops aduncus Migratory LO LO MO LO KO
Bottlenose Dolphin, (Arafura/Timor Sea
Spotted bottlenose populations)
dolphin
Bottlenose Dolphin Tursiops truncates s. MO MO MO MO MO

str.
Cuvier’s Beaked Ziphius cavirostris - - - - MO
Whale, Goose-beaked
Whale
Horned Seasnake Acalyptophis peronii Marine MO MO MO MO MO Planned
Short-nosed seasnake | Aipysurus Critically - LO - - KO +  Light emissions

apraefrontalis Endangered Noise emissions

Marine +  Planned operational
discharges
Leaf-scaled Seasnake Aipysurus Critically - KO - - KO - .
. +  Planned drilling discharges
foliosquama Endangered
+  Spill response operations
Marine
Unplanned

Dubois’ Seasnake Aipysurus duboisii Marine MO MO MO MO MO +  Hydrocarbon
Spine-tailed Seasnake | Aipysurus eydouxii Marine MO MO MO MO MO releases/spills
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Dusky Seasnake Aipysurus fuscus Marine - - - - KO
Olive Seasnake Aipysurus laevis Marine MO MO MO MO MO
Shark Bay Seasnake Aipysurus pooleorum | Marine - - - - MO
Brown-lined Seasnake | Aipysurus tenuis Marine MO - MO MO MO
Stokes’ Seasnake Astrotia stokesii Marine MO MO MO MO MO
Loggerhead turtle Caretta caretta Endangered KO FKO LO KO BKO
Migratory
Marine
Green turtle Chelonia mydas Vulnerable KO FKO LO KO BKO
Migratory
Marine
Leatherback turtle Dermochelys Endangered LO LO LO LO FKO
coriacea Migratory
Marine
Spectacled Seasnake Disteira kingii Marine MO MO MO MO MO

Relevant aspects

+
+

Marine fauna interactions

Introduction of IMS
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Noise Presence
Boundary

Olive-headed Seasnake | Disteira major Marine MO MO MO MO MO
Turtle-headed Emydocephalus Marine - MO - - MO
Seasnake annulatus
North-western Ephalophis greyi Marine MO MO MO MO MO
Mangrove Seasnake
Hawksbill turtle Eretmochelys Vulnerable KO FKO LO KO BKO
imbricata
Migratory
Marine
Black-ringed Seasnake | Hydrelaps Marine - - MO MO MO
darwiniensis
Slender-necked Hydrophis coggeri Marine - - - - MO
Seasnake

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan

90 of 557



SO-91-BI-20003.01

Santos

Value/sensitivity

Common name

Scientific name

EPBC Act
Status

Yoorn OA

Yoorn Light
/ Noise
Boundary

J&P OA J&P Light /
Noise

Boundary

EMBA

Presence

Fine-spined Seasnake Hydrophis czeblukovi | Marine MO MO MO MO MO
Elegant Seasnake Hydrophis elegans Marine MO MO MO MO MO
Null Hydrophis mcdowelli | Marine - - MO MO MO
Spotted Seasnake, Hydrophis ornatus Marine MO MO MO MO MO
Ornate Reef Seasnake
Spine-bellied Seasnake | Lapemis hardwickii Marine - - - - MO
Olive Ridley Turtle, Lepidochelys olivacea | Endangered - - - - FLO
Pacific Ridley turtle )

Migratory

Marine
Flatback turtle Natator depressus Vulnerable AKO FKO AKO AKO BKO

Migratory

Marine

Relevant aspects
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Boundary Boundary
Common name Scientific name
Yellow-bellied Pelamis platurus Marine MO MO MO MO MO
Seasnake
Common sandpiper Actitis hypoleucos Migratory MO KO MO MO KO Planned
Marine +  Light emissions
Common noddy Anous stolidus Migratory MO LO MO MO LO +  Planned operational
discharges
Marine +  Spill response operations
Australian lesser noddy | Anous tenuirostris Vulnerable - - - - BKO Unplanned
melanops
+  Hydrocarbon
Fork-tailed swift Apus pacificus Migratory - - - - LO releases/spills
Marine
Cattle Egret Ardea ibis Marine - - - - MO
Flesh-footed Ardenna carneipes Migratory - - - - FLO
shearwater (also Puffinus .
. Marine
carneipes)
Sooty Shearwater Ardenna grisea (also | Migratory - - - - MO
Puffinus griseus)
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Marine
(Puffinus
griseus)
Wedge-tailed Ardenna pacifica Migratory - - - - BKO
shearwater (also Puffinus
- Marine
pacificus) )
(Puffinus
pacificus)
Ruddy turnstone Arenaria interpres Migratory - - - - RKO
Australasian Bittern Botaurus poiciloptilus | Endangered - - - - LO
Sharp-tailed sandpiper | Calidris acuminata Migratory MO MO MO MO RKO
Marine
Sanderling Calidris alba Migratory - - - - RKO
Marine
Red knot, knot Calidris canutus Endangered MO MO MO MO KO
Migratory
Marine
Curlew sandpiper Calidris ferruginea Critically MO LO MO MO KO
Endangered

Relevant aspects
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Migratory
Marine
Pectoral sandpiper Calidris melanotos Migratory MO MO MO MO KO
Marine
Red-necked stint Calidris ruficollis Migratory - - - - RKO
Long-toed Stint Calidris subminuta Migratory - - - - KO
Marine
Great knot Calidris tenuirostris Critically - - - - RKO
Endangered
Streaked shearwater Calonectris Migratory LO LO LO LO KO
leucomelas (also )
Puffinus leucomelas) Marine
Forest Red-tailed Calyptorhynchus Vulnerable - - - - KO
Black-Cockatoo, Karrak | banksia naso
Carnaby’s Cockatoo, Calyptorhynchus Endangered - - - - KO
Short-billed Black- latirostris
Cockatoo
Great Skua Catharacta skua Marine - - - - MO

Relevant aspects
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Relevant aspects

Red-rumped Swallow Cecropis daurica Migratory - - - - MO
Marine
(Hirundo
daurica)
Double-banded Plover | Charadrius bicinctus Migratory - - - - RKO
Marine
Greater sand plover, Charadrius Vulnerable - - - - KO
large sand plover leschenaultii )
Migratory
Marine
Lesser Sand Plover, Charadrius mongolus | Endangered - - - - RKO
Mongolian Plover )
Migratory
Marine
Red-capped Plover Charadrius mongolus | Marine - - - - RKO
Oriental plover Charadrius veredus Migratory - - - - KO
Marine
Black-eared Cuckoo Chrysococcyx Marine - - - - KO
osculans
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Relevant aspects

Oriental Cuckoo, Cuculus optatus Migratory - - - - MO
Horsfield’s Cuckoo
Amsterdam albatross Diomedea Endangered - - - - LO
amsterdamensis )
Migratory
marine
Tristan Albatross Diomedea Endangered - - - - LO
dabbenena )
Migratory
Marine
Southern Royal Diomedea Vulnerable - - - - FLO
albatross epomophora )
Migratory
Marine
Wandering albatross Diomedea exulans Vulnerable - - - - FLO
Migratory
Marine
Northern Royal Diomedea sanfordi Endangered - - - - FLO
albatross )
Migratory
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Relevant aspects

Marine
Grey falcon Falco hypoleucos Vulnerable - - - - KO
Christmas Island Fregata andrewsi Endangered - - - - FKO
Frigatebird, Andrew’s .
Frigatebird Migratory
Marine
Lesser frigatebird, Fregata ariel Migratory LO LO LO LO BKO
Least Frigatebird )
Marine
Great frigatebird, Fregata minor Migratory - - - MO LO
Greater Frigatebird )
Marine
Swinhoe’s Snipe Gallingo megala Migratory - - - - RLO
Marine
Pin-tailed Snipe Gallingo stenura Migratory - - - - RLO
Marine
Oriental pranticole Glareola maldivarum | Migratory - - - - KO
Marine
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White-bellied Sea- Haliaeetus Marine - LO - - BKO
Eagle leucogaster
Blue Petrel Halobaena caerulea Vulnerable - - - - MO
Marine
Pied Stilt, Black-winged | Himantopus Marine - - - - RKO
Stilt himantopus
Red-rumped Swallow Hirundo daurica Migratory - - - - MO
(Cecropis
daurica)
Marine
Barn Swallow Hirundo rustica Migratory - MO - - KO
Marine
Caspian tern Hydroprogne caspia Migratory - BKO - - BKO
(also Sterna caspia) )
Marine
(Sterna
caspia)
Silver Gull Larus Marine - BKO - - BKO
novaehollandiae
Pacific Gull Larus pacificus Marine - - - - BKO

Relevant aspects
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Malleefowl Leipoa ocellata Vulnerable - - - - KO
Broad-billed Sandpiper | Limicola falcinellus Migratory - - - - KO
Marine
Asian Dowitcher Limnodromus Migratory - - - - KO
semipalmatus )
Marine
Bar-tailed godwit Limosa lapponica Migratory - KO - - KO
Marine
Northern Siberian bar- | Limosa lapponica Critically - KO - - KO
tailed godwit, bar- menzbieri Endangered
tailed godwit
(menzbieri)
Black-tailed godwit Limosa limosa Migratory - - - - RKO
Southern Giant-Petrel, | Macronectes Endangered MO MO MO MO MO
Southern giant petrel giganteus )
Migratory
Marine
Northern giant petrel Macronectes halli Vulnerable - - - - MO
Migratory

Relevant aspects
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Marine
White-winged Fairy- Malurus leucopterus | Vulnerable - - - - LO
wren (Barrow Island), edouardi
Barrow Island Black-
and-white Fairy-wren
White-winged fairy- Malurus leucopterus | Vulnerable - - - - LO
wren (Dirk Hartog leucopterus
Island), Dirk Hartog
black-and-white fairy-
wren
Rainbow Bee-eater Merops ornatus Marine - - - - MO
Grey Wagtail Motacilla cinereal Migratory - MO - - MO
Marine
Yellow Wagtail Motacilla flava Migratory - MO - - KO
Marine
Eastern Curlew, Far Numenius Critically MO LO MO MO KO
eastern curlew madagascariensis Endangered
Migratory
Marine

Relevant aspects
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Little Curlew, Little Numenius minutus Migratory - - - - KO
Whimbrel
Marine
Whimbrel Numenius phaeopus Migratory - - - - RKO
Marine
Bridled tern Onychoprion Migratory - BKO - - BKO
anaethetus (also )
Sterna anaethetus) Marine
(Sterna
anaethetus)
Fairy Prion (southern) Pachyptila turtur Vulnerable - - - - KO
subantarctica
Marine
Osprey Pandion haliaetus Migratory MO BKO MO MO BKO
Marine
Abbott's booby Papasula abbotti Endangered - - - - MO
Marine
White-faced Storm- Pelagodroma marina | Marine - - - - BKO
Petrel
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Night Parrot Pezoporus Endangered - - - - MO
occidentalis
White-tailed tropicbird | Phaethon lepturus Migratory - - - - BLO
Marine
Red-tailed tropicbird Phaethon rubricauda | Migratory - - - - BKO
Marine
Red-necked Phalarope | Phalaropus lobatus Migratory - - - - RKO
Marine
Sooty albatross Phoebetria fusca Vulnerable - - - - LO
Migratory
Marine
Pacific Golden Plover Pluvialis fulva Migratory - - - - RKO
Marine
Grey plover Pluvialis squatarola Migratory - - - - RKO
Marine
Great-winged Petrel Pterodroma Marine - - - - FKO
macroptera
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Relevant aspects

Common name

Scientific name

Boundary Boundary

Soft-plumaged petrel Pterodroma mollis Vulnerable - - - - FKO
Marine
Little Shearwater Puffinus assimilis Marine - - - - BKO
Hutton’s Shearwater Puffinus huttoni Marine - - - - FKO
Red-necked Avocet Recurvirostra Marine - - - - RKO
novaehollandiae
Australian painted Rostratula australis Endangered - MO - - LO
snipe (also Rostratula .
. Marine
benghalensis)
(Rostratula
benghalensis
)
Little tern Sterna albifrons Migratory - - - - AKO
Marine
Lesser Crested Tern Sterna bengalensis Marine - BKO - - BKO
Roseate tern Sterna dougallii Migratory FLO BKO - - BKO
Marine
Sooty Tern Sterna fuscata Marine - BKO - - BKO
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Santos

Value/sensitivity

Common name

Scientific name

EPBC Act
Status

Yoorn OA

Yoorn Light
/ Noise
Boundary

J&P OA

J&P Light /
Noise
Boundary

EMBA
Presence

Australian fairy tern Sternula nereis nereis | Vulnerable FLO BKO FLO FLO BKO
Australian Pratincole Stiltia isabella Marine - - - - KO
Masked booby Sula dactylatra Migratory - - - - BKO
Marine
Brown booby Sula leucogaster Migratory - - - - BKO
Marine
Greater Crested Tern Thalasseus bergii Migratory - BKO - - BKO
Marine
(Sterna
bergii)
Indian yellow-nosed Thalassarche carteri | Vulnerable - - - - FMO
albatross
Migratory
Marine
Shy albatross Thalassarche cauta Endangered - - - - FLO
Migratory
Marine

Relevant aspects
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Value/sensitivity EPBC Act Yoorn OA Yoorn Light J&P OA J&P Light / EMBA Relevant aspects
Status / Noise Noise Presence
Boundary Boundary
Common name Scientific name
Campbell albatross, Thalassarche Vulnerable - - - - MO
Campbell Black- impavida )
browed albatross Migratory
Marine
Black-browed albatross | Thalassarche Vulnerable - - - - MO
melanophris .
Migratory
Marine
White-capped Thalassarche steadi Vulnerable - - - - FLO
albatross )
Migratory
Marine
Crested tern Thalasseus bergii Marine - BKO - - BKO
(also Sterna bergii) (Sterna
bergii)
Migratory
Hooded Plover Thinornis rubricollis Marine - - - - KO
Grey-tailed tattler Tringa brevipes (also | Migratory - - - - RKO
Heteroscelus )
brevipes) Marine
(Heteroscelu
s brevipes)
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Santos

EPBC Act
Status

Value/sensitivity

Common name Scientific name

Yoorn OA Yoorn Light J&P OA
/ Noise

Boundary

J&P Light / EMBA
Noise Presence
Boundary

Wood sandpiper Tringa glareola Migratory - - - - KO
Marine
Common greenshank, Tringa nebularia Migratory - - - - KO
greenshank )
Marine
Marsh Sandpiper, Little | Tringa stagnatilis Migratory - - - - RKO
Greenshank
Marine
Common Redshank, Tringa totanus Migratory - - - - RKO
Redshank
Marine
Painted button-quail Turnix varius Vulnerable - - - - LO
(Houtman Abrolhos) scintillans
Terek sandpiper Xenus cinereus Migratory - - - - RKO
Marine

Relevant aspects

Type of Presence:

MO — Species or species habitat may occur within area

LO — Species or species habitat may occur within area

KO — species or species habitat known to occur within area

AMO — Aggregation may occur within area

BMO — Breeding may occur within the area
BLO - Breeding likely to occur within the area
BKO — Breeding known to occur within the area

FMO - Foraging, feeding or related behaviour
may occur within the area

MMO - Migration may occur within area
MLO — Migration likely to occur within area
MKO — Migration known to occur within area
RMO — Roosting may occur within the area

RLO - Roosting likely to occur within the area
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Value/sensitivity EPBC Act Yoorn OA Yoorn Light J&P OA J&P Light / EMBA Relevant aspects
Status / Noise Noise Presence
Boundary Boundary

Common name Scientific name

ALO — Aggregation likely to occur within area FLO — Foraging, feeding or related behaviour RKO — Roosting known to occur within the area

likely to occur within area
AKO — Aggregation known to occur within area

FKO — Foraging, feeding or related behaviour
known to occur within area
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Table 3-8: Biologically Important Areas Identified in the Operational Areas, Light/Noise Boundary Area, MEVA and EMBA

Species BIA Area Yoorn OA Yoorn Light / J&P OA J&P Light / Presence in Presence in
Noise Noise Boundary MEVA EMBA
Boundary
Whale shark Foraging v
White shark Foraging v
Blue whale Foraging/Migration v
Pygmy blue Foraging v
whale
Migration v
Distribution v
Humpback Resting v
whale
Migration (north v
and south)
Nursing v
Calving v
Southern right Seasonal calving v
whale habitat
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Species BIA Area Yoorn OA Yoorn Light / J&P OA J&P Light / Presence in Presence in
Noise Noise Boundary MEVA EMBA
Boundary
Calving buffer - - - - - v
Sperm whale Foraging - - - - - v
Australian sea Foraging (male and - - - - - v
lion female)
Dugong Breeding - - - - v v
Calving - - - - v v
Nursing - - - - v v
Foraging - - - - v v
Green turtle Aggregation - - - - v v
Mating - v - - v v
Nesting - v - - v v
Internesting - v - - v v
Internesting buffer v v - - v v
(incl. critical
habitat)
Foraging - v - - v v
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Species BIA Area Yoorn OA Yoorn Light / J&P OA J&P Light / Presence in Presence in
Noise Noise Boundary MEVA EMBA
Boundary
Basking - - - - v v
Loggerhead Nesting - - - - v v
turtle
Internesting - - - v v
Internesting buffer - 4 - - v v
Foraging - - - - - v
Hawksbill turtle Mating - - - - v v
Nesting - - - - v v
Internesting - - - - v v
Internesting buffer v 4 - - v v
(incl. critical
habitat)
Foraging - - - - v v
Migration corridor - - - - v v
Flatback turtle Mating - - - - v v
Nesting - - - - v v
Internesting - - - - v v
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Santos

Species

BIA Area

Yoorn OA Yoorn Light / J&P OA J&P Light / Presence in Presence in

Noise Noise Boundary MEVA EMBA
Boundary

Internesting buffer v v v v v v
(incl. critical
habitat)
Foraging - - - - v v
Aggregation - - - - v v
Migration corridor - - - - v v
Common noddy Foraging - - - - - v
Foraging - - - - v v
(provisioning
young)
Australian lesser | Foraging - - - - v v
noddy (provisioning
young)
Flesh-footed Aggregation - - - - - v
shearwater
Foraging - - - - - v
Wedge-tailed Breeding/foraging v v 4 4 v v
shearwater
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Species BIA Area Yoorn OA Yoorn Light / J&P OA J&P Light / Presence in Presence in
Noise Noise Boundary MEVA EMBA
Boundary
Little penguin Foraging - - - - - v
(provisioning
young)
Lesser Breeding/Foraging - - - - v v
frigatebird
Caspian tern Foraging - - - - - v
(provisioning
young)
Pacific gull Foraging - - - - - v
Roseate tern Breeding/foraging v v - - v v
Foraging - - - - - v
(provisioning
young)
Bridled tern Foraging - - - - v v
Sooty tern Foraging - - - - v v
White-faced Foraging - - v v
storm petrel
Great-winged Foraging - - - - - v
petrel (provisioning
young)
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Santos

Species

BIA Area

Yoorn OA J&P OA Presence in

EMBA

Presence in
MEVA

Yoorn Light /
Noise
Boundary

J&P Light /
Noise Boundary

Soft-plumaged Foraging - - - - R v
petrel

White-tailed Breeding/foraging - - - - v v
tropicbird

Little shearwater | Foraging - - - - v v
Fairy tern Breeding/foraging - v - - v v
Little tern Resting - - - - v v
Brown booby Breeding/foraging - - - - - v
Indian yellow- Foraging - - - - - v
nosed albatross

Lesser crested Breeding/foraging - v - - v v
tern
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Figure 3-7: Biologically important areas for EPBC Protected Humpback Whale species within the
vicinity of the EMBA and Operational Areas
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Figure 3-8: Biologically important areas for EPBC Protected Pygmy Blue Whale species within the
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Figure 3-10: Biologically important areas for EPBC Protected Flatback Turtles within the vicinity of
the EMBA and Operational Areas
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Figure 3-12: Biologically important areas for EPBC Protected Hawksbill Turtles within the vicinity of
the EMBA and Operational Areas
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Figure 3-13: Biologically important areas for EPBC Protected loggerhead Turtles within the vicinity

of the EMBA and Operational Areas
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Figure 3-14: Habitat Critical areas for EPBC Protected Flatback Turtle within the vicinity of the
EMBA and Operational Areas
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Figure 3-15: Habitat Critical areas for EPBC Protected Green Turtle within the vicinity of the EMBA
and Operational Areas
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Figure 3-16: Habitat Critical areas for EPBC Protected Hawksbill Turtle within the vicinity of the
EMBA and Operational Areas
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Figure 3-17: Habitat Critical areas for EPBC Protected Loggerhead Turtle within the vicinity of the
EMBA and Operational Areas
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Figure 3-18: Biologically important areas for EPBC Protected Whale Sharks within the vicinity of the
EMBA and Operational Areas
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Figure 3-19: Biologically important areas for EPBC Protected Wedge-tailed Shearwater within the
vicinity of the EMBA and Operational Areas
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Figure 3-20: Biologically important areas for EPBC Protected Australian Lesser Noddy within the
vicinity of the EMBA and Operational Areas
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Figure 3-21: Biologically important areas for EPBC Protected Bridled Tern within the vicinity of the
EMBA and Operational Areas
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Figure 3-22: Biologically important areas for EPBC Protected Common Noddy within the vicinity of
the EMBA and Operational Areas
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Figure 3-23: Biologically important areas for EPBC Protected Fairy Tern within the vicinity of the
EMBA and Operational Areas
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Figure 3-24: Biologically important areas for EPBC Protected Lesser Crested Tern within the vicinity
of the EMBA and Operational Areas
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Figure 3-25: Biologically important areas for EPBC Protected Lesser Frigatebird within the vicinity of

the EMBA and Operational Areas
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Figure 3-26: Biologically important areas for EPBC Protected Little Shearwater within the vicinity of

the EMBA and Operational Areas
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Figure 3-27: Biologically important areas for EPBC Protected Little Tern within the vicinity of the
EMBA and Operational Areas
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Figure 3-28: Biologically important areas for EPBC Protected Roseate Tern within the vicinity of the
EMBA and Operational Areas
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Figure 3-29: Biologically important areas for EPBC Protected Sooty Tern within the vicinity of the
EMBA and Operational Areas
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Figure 3-30: Biologically important areas for EPBC Protected White-faced Storm Petrel within the
vicinity of the EMBA and Operational Areas
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Figure 3-31: Biologically important areas for EPBC Protected White-tailed Tropicbird within the

vicinity of the EMBA and Operational Areas
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3.2.3.1 Recovery Plans

Recovery Plans set out the research and management actions necessary to stop the decline of and
support the recovery of listed threatened species.

Table 3-9 summarises the actions relevant to the activity with more information on the specific
requirements of the relevant plans of management (including Conservation Advice and Conservation
Management Plans) applicable to the Activity and demonstrates how current management
requirements have been taken into account.
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Table 3-9: Threats and Strategies from Recovery Plans, Conservation Advice and Management Plans relevant to the Activity

Recovery Plan/Conservation Advice/Management Plan

Threats/strategies identified as relevant to
the activity

Addressed
(where relevant)

in EP Section

All vertebrate fauna

Threat Abatement Plan for Impacts of Marine Debris on
Vertebrate wildlife of Australia’s coasts and oceans (DoEE,
2018)

Marine debris

Section 7.6

All Sawfish and River
sharks including:

Dwarf Sawfish

Green Sawfish
Freshwater Sawfish
Northern River Shark

Sawfish and River Sharks Multispecies Recovery Plan
(2015)

Habitat degradation and modification

Section 7.2 and
7.3

Dwarf Sawfish

Approved Conservation Advice on Pristis clavate (Dwarf
Sawfish) (2009)

Habitat degradation and modification

Section 7.2 and
7.3

Green sawfish

Approved Conservation Advice on Pristis zijsron (green
sawfish) (2008)

Habitat degradation and modification

Section 7.2 and
7.3

Blind Gudgeon Approved Conservation Advice for Milyeringa veritas Pollution Section 7.2 and
(Blind Gudgeon) (2008) 7.3
Blind Cave Eel Approved Conservation Advice for Ophisternon candidum Pollution Section 7.2 and

(Blind Cave Eel) (2008)

7.3

Freshwater Sawfish

Approved Conservation Advice for Pristis pristis
(Largetooth sawfish) (2014)

Habitat Degradation and Modification

Section 7.2 and
7.3
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Recovery Plan/Conservation Advice/Management Plan

Threats/strategies identified as relevant to
the activity

Addressed
(where relevant)
in EP Section

Northern river shark

Approved Conservation Advice for Glyphis garricki
(northern river shark) 2014

Habitat degradation and modification

Section 7.2 and
7.3

Great white shark

Recovery plan for the White Shark (Carcharodon
carcharias) (2013)

Ecosystem effects as a result of habitat
modification and climate change

Section 7.2 and
7.3

Grey nurse shark (west
coast population)

Recovery Plan for the Grey Nurse Shark (Carcharias taurus)
(2014)

Pollution and disease

Section 7.2 and
7.3

Ecosystem effects as a result of habitat
modification and climate change

Section 7.2 and
7.3

(2015)

Whale shark Approved Conservation Advice for Rhincodon typus (whale Boat strike from large vessels Section 7.8
shark) (2015
A ) Habitat disruption from mineral exploration, Section 7.2 and
production and transportation 7.3
Blue whale Blue Whale Conservation Management Plan 2015 - 2025 Noise interference Section 6.4

Habitat modification

Section 7.2 and
7.3

Vessel disturbance

Section 7.8

Climate Variability and Change

Section7.1-7.4

Southern right whale

Conservation Management Plan for the Southern Right
Whale 2011 — 2021 (2012)

Vessel disturbance

Section 7.8

Habitat modification

Section 7.2 and
7.3

Noise interference

Section 6.4
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Recovery Plan/Conservation Advice/Management Plan

Threats/strategies identified as relevant to
the activity

Addressed
(where relevant)
in EP Section

Entanglement (marine debris)

Section 7.6

Climate Variability and Change

Section7.1-7.4

(sei whale) (2015)

(increasing port expansion and coastal
development)

Fin whale Approved Conservation Advice for Balaenoptera physalus Habitat degradation including pollution Section 7.2 and
(fin whale) (2015) (increasing port expansion and coastal 7.3
development)
Pollution (persistent toxic pollutants) Section 7.2 and
7.3
Noise interference Section 6.4
Vessel strike Section 7.8
Climate and Oceanographic Variability and Section7.1-7.4
Change
Sei whale Approved Conservation Advice for Balaenoptera borealis Habitat degradation including pollution Section 7.2 and

7.3

Pollution (persistent toxic pollutants)

Section 7.2 and
7.3

Noise interference

Section 6.4

Vessel strike

Section 7.8

Climate and Oceanographic Variability and
Change

Section7.1-7.4

Humpback whale

Noise interference

Section 6.4
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Recovery Plan/Conservation Advice/Management Plan

Threats/strategies identified as relevant to
the activity

Addressed
(where relevant)
in EP Section

Approved Conservation Advice for Megaptera
novaeangliae (humpback whale) (2015)

Habitat degradation including coastal
development and port expansion

Section 7.2 and
7.3

Entanglement (marine debris)

Section 7.6

Vessel strike

Section 7.8

Climate and Oceanographic Variability and
Change

Section7.1-7.4

Australian Sea-Lion

Approved Conservation Advice on Neophoca cinerea
Australian Sea Lion (2020)

Marine Debris

Section 7.6

Disease and Parasites

Section 7.7

Habitat degradation and pollution

Section 7.2 and
7.3

Noise interference

Section 6.4

Climate Change

Section7.1-7.4

Recovery Plan for the Australian Sea Lion (Neophoca
cinerea) (2013)

Habitat degradation Section 7.2 and
7.3
Disease Section 7.7

Pollution and oil spills

Section 7.2 and
7.3

Climate Change

Section7.1-7.4

Short-nosed sea snake

Approved Conservation Advice for Aipysurus
apraefrontalis (Short-nosed Sea Snake) (2011)

Habitat degradation

Section 7.2 and
7.3
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Recovery Plan/Conservation Advice/Management Plan

Threats/strategies identified as relevant to
the activity

Addressed
(where relevant)
in EP Section

Leaf-scaled Seasnake

Approved Conservation Advice for Aipysurus foliosquama
(Leaf-scaled Seasnake) (2011)

Degradation of reef habitat

Section 7.2 and
7.3

All marine turtles including:
Loggerhead Turtle

Green Turtle

Leatherback Turtle
Hawksbill Turtle

Flatback Turtle

Olive Ridley Turtle

National Light Pollution Guidelines for Wildlife Including Light pollution Section 6.3
Marine Turtles, Seabirds and Migratory Shorebirds (DoEE,

2020)

Recovery plan for marine turtles in Australia 2017 — 2027 Marine debris Section 7.6

(Commonwealth of Australia 2017)

Chemical and Terrestrial Discharge

Section 6.6, 6.7,

7.2-7.5
Vessel disturbance Section 7.8
Light Pollution Section 6.3
Noise interference Section 6.4

Habitat modification

Section 7.2 and
7.3

Disease and Pathogens

Section 7.7

Climate Change and Variability

Section7.1-7.4

Leatherback turtle

Commonwealth Conservation Advice on Dermochelys
coriacea (2008)

Boat strike

Section 7.8

Changes to breeding sites

Section 7.2 and
7.3

Marine Debris

Section 7.6

Degradation of foraging areas

Section 7.2 and
7.3
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Recovery Plan/Conservation Advice/Management Plan

Threats/strategies identified as relevant to

the activity

Addressed
(where relevant)
in EP Section

Climate Change

Section7.1-7.4

(Commonwealth of Australia 2019)

All seabirds and shorebirds National Light Pollution Guidelines for Wildlife Including Light pollution Section 6.3
Marine Turtles, Seabirds and Migratory Shorebirds (DoEE,
2020)

All seabirds Draft Wildlife Conservation Plan for Seabirds Light pollution Section 6.3

Habitat loss and degradation from pollution

Section 7.2 and
7.3

All threatened Albatrosses
and Giant Petrels including:

+  Southern Giant-Petrel

Indian Yellow-nosed
albatross

Shy Albatross

Campbell Albatross
Black-browed Albatross
White-capped Albatross
Soft-plumaged Petrel

Amsterdam Albatross

+ 4+ 4+ + + + o+

Tristan Albatross

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

Marine pollution

Section 7.2 and
7.3

Climate Change

Section7.1-7.4
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Recovery Plan/Conservation Advice/Management Plan

Threats/strategies identified as relevant to
the activity

Addressed
(where relevant)
in EP Section

+  Southern Royal Albatross
+  Wandering Albatross

+  Northern Royal
Albatross

+  Northern Giant Petrel

+  Sooty Albatross

Australian fairy tern

Approved Conservation Advice on Sternula nereis nereis
(Fairy Tern) (2011)

Qil spills, particularly in Victoria

Section 7.2 and
7.3

Curlew sandpiper

Approved Conservation Advice for Calidris ferruginea
(Curlew Sandpiper) (2015)

Habitat loss and degradation from pollution

Section 7.2 and
7.3

Eastern curlew

Approved Conservation Advice for Numenius
madagascariensis (Eastern Curlew) (2015)

Habitat loss and degradation from pollution

Section 7.2 and
7.3

Albatross) (2020)

Red knot Approved Conservation Advice for Calidris canutus (Red Pollution/contamination impacts Section 7.2 and
knot) (2016) 7.3
Habitat loss and degradation Section 7.2 and
73
Climate Change Section7.1-7.4
Shy Albatross Approved Conservation Advice Thalassarche cauta (Shy Marine plastics Section 7.6

Climate Change

Section7.1-7.4

Soft-plumaged petrel

Approved Conservation Advice for Pterodroma Mollis
(soft-plumaged Petrel) (2015)

N/A

N/A
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Recovery Plan/Conservation Advice/Management Plan

Threats/strategies identified as relevant to
the activity

Addressed
(where relevant)
in EP Section

Northern Siberian bar-
tailed godwit

Approved Conservation Advice Limosa lapponica menzbieri
(Bar-tailed godwit (northern Siberian)) (2016)

Habitat loss disturbance and degradation

Section 7.2 and
7.3

Pollution/contamination

Section 7.2 and
7.3

Disease

Section 7.7

Climate Change

Section7.1-7.4

Australian painted snipe

Approved Conservation Advice for Rostratula australis
(Australian Painted Snipe) (2013)

Habitat loss disturbance and modifications

Section 7.2 and
7.3

Australian Lesser Noddy

Conservation Advice Anous tenuirostris melanops
(Australian lesser noddy) (2015)

Pollution and oil spills

Section 7.2 and
7.3

Australasian Bittern

Conservation Advice Botaurus poiciloptilus (Australasian
Bittern) (2011)

Habitat degradation

Section 7.2 and
7.3

Climate Change

Section7.1-7.4

Great Knot

Conservation Advice Calidris tenuirostriss (Great knot)
(2016)

Habitat degradation

Section 7.2 and
7.3

Climate Change

Section7.1-7.4

Pollution and contaminants

Section 7.2 and
7.3

Disease

Section 7.7

Greater Sand Plover

Conservation Advice Charadrius leschenaultia (Greater
Sand Plover) (2016)

Habitat loss and degradation

Section 7.2 and
7.3

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan

147 of 557




SO-91-BI-20003.01

Santos

Recovery Plan/Conservation Advice/Management Plan

Threats/strategies identified as relevant to
the activity

Addressed
(where relevant)
in EP Section

Climate Change

Section7.1-7.4

Pollution/contamination

Section 7.2 and
7.3

Introduced Species

Section 7.7

Disease

Section 7.7

Lesser Sand Plover

Conservation Advice Charadrius mongolus (Lesser Sand
Plover) (2016)

Habitat loss and degradation

Section 7.2 and
7.3

Climate Change

Section7.1-7.4

Pollution/contamination

Section 7.2 and
7.3

Introduced Species

Section 7.7

Disease

Section 7.7

Christmas Island

National Recovery Plan for the Christmas Island Frigatebird

Habitat Loss

Section 7.2 and

Frigatebird (Fregata andrewsi) (2004) 7.3
Disease Section 7.7
Conservation Advice for the Christmas Island Frigatebird Habitat disturbance Section 7.2 and
(Fregata andrewsi) (2020) 7.3
Marine Debris - plastics Section 7.6
Disease Section 7.7
Blue Petrel Conservation Advice Halobaena caerulea (Blue Petrel) Habitat Loss, Disturbance and Modification Section 7.2 and

(2015)

7.3
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Recovery Plan/Conservation Advice/Management Plan

Threats/strategies identified as relevant to
the activity

Addressed
(where relevant)
in EP Section

Grey Falcon

Conservation Advice Falco hypoleucos (Grey Falcon) (2020)

Habitat Loss and Fragmentation

Section 7.2 and
7.3

Invasive Species

Section 7.7

Climate Change

Section7.1-7.4

Fairy Prion (southern)

Conservation Advice Pachyptila turtur subantactica (Fairy
Prion (Southern)) (2015)

Habitat Loss, Disturbance and Modification

Section 7.2 and
7.3

Abbott’s Booby

Conservation Advice for the Abbott’s Booby — Papasula
abbotti (2020)

Climate Change

Section7.1-7.4

Introduction of Disease

Section 7.7

Marine Debris - plastics

Section 7.6
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3.2.3.2 Humpback Whale

The OAs overlap a humpback whale migration BIA (Figure 3-7) whilst the EMBA also overlaps resting,
nursing and calving BIAs.

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. The waters up to 50 km from the coast of north-west WA are
designated as a migration BIA and the Exmouth Gulf is an important resting area, particularly for
mothers and calves on their southern migration (DEWHA 2008).

Humpback whales leave the Antarctic feeding grounds around March or April each year, reaching the
Ningaloo Coast between approximately May and August on their northern migration. They
commence their southern migration around August, with mothers and calves using known resting
and nursing grounds along the way, significantly Exmouth Gulf along the Ningaloo Coast. Humpback
whales are present along the Ningaloo Coast from approximately May through October; however,
the exact timing of the migration can vary slightly from year to year, potentially as a result of water
temperature, the extent of Antarctic sea-ice, predation risk, prey abundance and changes to feeding
grounds (DBCA 2020b).

During the northbound migration, the data presented in Jenner et al. (2001) indicates the whales
appear to remain within the 200 m isobath near the Montebello Island before moving 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; whales are in transit and are
migrating from their southern polar ‘summer’ feeding grounds to their northern tropical ‘winter’
calving / breeding grounds.

3.2.3.3 Pygmy Blue Whale

The OAs overlap a distribution BIA for pygmy blue whale, whilst the MEVA and EMBA overlaps a
migration and foraging BIA (Figure 3-8).

The pygmy blue whale (Balaenoptera musculus brevicauda) is a subspecies of the blue whale, of
which there are four species. Pygmy blue whales migrate as solitary animals or in small groups along
the continental slope, typically at depths between 500 m and 1,000 m on the way to grounds in the
Banda and Molucca Seas near Indonesia, where calving is understood to occur (Double et al. 2012).

The northern migration passes the Perth Canyon from January to May and north bound animals have
been detected off Exmouth and the Montebello Islands between April and August (Double et al.
2012, McCauley and Jenner 2010). During the southern migration, pygmy blue whales pass south of
the Montebello Islands and Exmouth from October to the end of January, with a peak in late
November to early December (Double et al. 2012).

3.2.3.4 Marine Turtles

The BIAs and habitat critical to the survival of turtles are shown in Figure 3-10 to Figure 3-17. The
EMBA overlaps with BIAs for flatback, green, hawksbill and loggerhead turtles. The Yoorn OA
overlaps an internesting buffer critical to the survival of Green, Hawksbill and Flatback turtles, which
is also a designated BIA. An internesting buffer and critical habitat BIA also exist in the J&P OA for
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flatback turtles. These turtle species and their BIAs are shown in Table 3-8 and described further in
Values and Sensitivities of the Western Australian Marine Environment (EA-00-RI-10062, Appendix C).

In the Kimberley and Pilbara regions of Western Australia, from approximately the Lacepede Islands
to Exmouth, there is a mid-summer peak nesting season for flatback turtles. More specifically,
nesting and internesting in the Pilbara and south-west Kimberley stocks occurs between October and
March with a peak period of December to January (DoEE, 2017). Flatback turtle hatchlings do not
have an offshore pelagic phase. Instead, hatchlings grow to maturity in shallow coastal waters
thought to be close to their natal beaches (DoEE, 2017).

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

Western Australia (WA) is one of the largest remaining hotspots for hawksbill turtles (Fossette et al.,
2021). A study of 42 hawksbill turtles between 2000 and 2017 provided evidence that turtles from
WA rookeries (n =40) remained in WA waters during their internesting, migration and foraging life
phases, whereas those from Timor-Leste (n=2) migrated to and foraged in WA (Fossette et al., 2021).

Turtles migrating from WA rookeries remained on the continental shelf. The majority followed the
coastline and dispersed in a north-easterly direction while several turtles from the Montebello
Archipelago and Lowendals (Varanus Island, Beacon Island) moved in a south-westerly direction
towards the mainland with some of them stopping in the waters around Barrow Island. All hawksbill
turtles previously tracked from Australian rookeries have similarly remained on the Australian
continental shelf, migrating over similar distances. This reveals that hawksbill turtles are not only
exposed to anthropogenic threats during nesting season but also while migrating and foraging along
the coast (Fossette et al., 2021).

The study suggests that favourable foraging habitat for hawksbill turtles is available, predictable and
abundant enough throughout WA waters to allow adult females to undertake relatively short
migrations from WA rookeries which is a direct contrast to the two turtles from Timor-Leste that
migrated over 1,000 km to forage on the Australian continental shelf (Fossette et al., 2021).

3.2.3.5 Whale Shark

The whale shark (Rhincodon typus) is the world’s largest fish, and one of only three filter-feeding
shark species. Whale sharks have a broad distribution in tropical and warm temperate seas. In
Australian waters, they are known to aggregate at Ningaloo Reef and in the Coral Sea. The whale
shark is a highly migratory fish and only visits Australian waters seasonally, aggregating in coastal
waters off Ningaloo Reef between March and July each year. Seasonal aggregations are thought to
be linked to ‘pulses’ of food productivity. In general, migration along the northern WA coastline
broadly follows the 200 m isobath and typically occurs between July and November (TSSC 2015a).

The J&P OA intersects with a whale shark foraging BIA (Figure 3-18).
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3.2.3.6 Breeding Seabirds

The BIAs for seabird species within the EMBA are shown in Figure 3-19 to Figure 3-31. The EMBA
overlaps with BIAs for sixteen bird species. These species and BlAs are shown in Table 3-8 and
described in Values and Sensitivities of the Western Australian Marine Environment (EA-00-RI-10062,
Appendix C).

Yoorn OA overlaps with the breeding/foraging BIA for the roseate tern with the Montebello Islands
supporting the largest breeding population of Roseate Terns in WA (DEWHA 2008). Both the Yoorn
OA and J&P OA overlap with the breeding/foraging BIA for the wedge-tailed shearwater

Wedge-tailed Shearwaters are a pelagic, migratory visitor to WA; estimates indicate more than one
million shearwaters migrate to the Pilbara islands each year (DBCA 2017); out of an estimated global
population of 5 million (CoA 2012). Known breeding locations in the North-west Marine Region
include Forestier Island (Sable Island), Bedout Island, Dampier Archipelago, Passage Island, Lowendal
Island, islands off Barrow Island (Mushroom, Double and Boodie islands), islands in the Onslow area
(including Airlie, Bessieres, Serrurier, North and South Muiron and Locker islands), islands in
Freycinet Estuary, and south Shark Bay (Slope, Friday, Lefebre, Charlie, Freycinet, Double and Baudin
islands) (DEWHA 2008a). Breeding populations on some of the Pilbara inshore islands (e.g. Serrurier,
Locker, Airlie and Flat islands) have been estimated as approximately 1,000—10,000 (Conservation
Commission 2009).

North and South Muiron Island are significant nesting sites for the Wedge-tailed Shearwater, with
292,844 breeding pairs observed between March 2013 and January 2014 (Surman and Nicholson
2015).

3.2.4 Socio-economic Factors

Socio-economic activities that may occur within the operational areas and EMBA include commercial
fishing, oil and gas exploration and production, and to a lesser extent, recreational fishing and
tourism as summarised in Table 3 10.

More detailed descriptions of socio-economic consideration are provided in Values and Sensitivities
of the Western Australian Marine Environment (EA-00-RI-10062, Appendix C).
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Value/

sensitivity

Description

Yoorn J&P OA
(0] Presence
Presence

EMBA
Presence

Table 3-10: Summary of Socio-economic Activities that may occur within the YJP Operational Areas and EMBA

Relevant
events within
OAs

Relevant
events within
EMBA

Commercial Three Commonwealth fisheries Planned Unplanned
fisheries - management areas overlap the YJP OAs: Interaction Unplanned
Commonwealth the Western Tuna and Billfish Fishery, with other hydrocarbon
Southern Bluefin Tuna Fishery, and the marine users spills (Sections
Western Skipjack Tuna Fishery, however v v v (Section 6.1) 7.2-17.5)
there has been no recent recorded
activity (refer to Section 3.2.4.1 and
Table 3-12).
Commercial State fisheries that intersect the YJP OAs Planned Unplanned
fisheries - State are described in Section 3.2.4.1 and Table Interaction Unplanned
3-12. v v v with other hydrocarbon
marine users spills (Sections
(Section 6.1) 7.2-7.5)
Shipping Shipping using North West Shelf (NWS) Planned Unplanned
waters includes iron ore carriers, LNG and Interaction Unplanned
oil tankers and other vessels proceeding with other hydrocarbon
to or from the ports of Barrow Island, marine users spills (Sections
Varanus Island, Dampier, Port Walcott v X v (Section 6.1) 7.2-17.5)
and Port Hedland.
Vessel traffic may be encountered
throughout the operational areas as
commercial vessels transit around the
Dampier Archipelago, Montebello Islands
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Value/

sensitivity

Description

Yoorn J&P OA EMBA
(0] Presence Presence
Presence

Relevant

events within

OAs

Relevant
events within
EMBA

and Barrow Island and support vessel(s)
conduct operations with the offshore
infrastructure (Figure 3-40).

Recreational Within the operational areas, there are N/A Unplanned

fishing no known natural seabed features that Unplanned
would aggregate fishes and which are hydrocarbon
typically targeted by recreational fishers. spills (Sections
It is unlikely recreational fishing would 7.2-17.5)
occur in the operational areas, but it may X X v
occur in around the nearby Dampier
Archipelago and Montebello Islands.

Recreational fishing does occur within the
EMBA, and therefore could be impacted
by a spill arising from a vessel collision.

Defence The nearest Defence area is a training X X v N/A N/A
area located 45.5 km from the closest OA.

Shipwrecks There are no shipwrecks within the OAs. Planned Unplanned
The nearest historic shipwreck is located Interaction Unplanned
in the Dampier Archipelago. X X v with other hydrocarbon

marine users spills (Sections
(Section 6.1) 7.2-7.5)

Oil and gas Various petroleum exploration and Planned Unplanned
production activities have been Interaction Unplanned
undertaken within the northwest shelf. X X v with other hydrocarbon
The nearest to any of the OAs are Santos’

Reindeer platform, located approximately
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Value/

sensitivity

Description

3.5 km from the J&P OA and VOGA'’s

Yoorn
OA
Presence

J&P OA
Presence

EMBA
Presence

Relevant
events within
OAs

marine users

Relevant
events within
EMBA

spills (Sections

such as Exmouth, Dampier and Onslow.

Planned events are not predicted to have
a significant impact on tourism given that
the majority of operational activities
occur at a greater water depth than
aquatic recreational activities. The EMBA
overlaps a number of AMPs and State
Marine Parks along the length of the
Western Australian coastline. As such,
eco-tourism based on specific local values
(whale sharks, game fish, nearshore reef

Wandoo platform 20.8 km from J&P OA. (Section 6.1) 7.2-7.5)
Vessels servicing oil and gas operations in

the region may pass through the area en-

route to facilities, which is discussed

under ‘Shipping’ above.

Oil and gas facilities and permits are

present within the EMBA, operated by

other titleholders. As such, oil and gas

activities could be impacted by

unplanned events.

Tourism Recreational activities such as boating, N/A Unplanned
diving and fishing occur near the coast, Unplanned
Dampier Archipelago and Montebello hydrocarbon
Islands. These activities are concentrated spills (Sections
in the vicinity of the population centres 7.2-17.5)
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Value/ Description Yoorn J&P OA EMBA Relevant Relevant

sensitivity (0], Presence Presence events within events within
Presence OAs EMBA

snorkelling and diving) could be impacted
by unplanned events.

Cultural No known sites of Aboriginal Heritage N/A N/A
Heritage significance occur within the operational
areas. A search of the Department of
Planning, Lands and Heritage (DPLH)
Aboriginal Heritage Inquiry System was
undertaken and identified 2125
registered Aboriginal heritage sites that X X v
occur within the EMBA. The nearest sites
include middens, burial, ceremonial,
artefacts, rock shelters, mythological and
engraving sites recorded in the Dampier
Archipelago and on the Montebello and
Legendre Islands.
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3.2.4.1 Commercial Fisheries

A valuable and diverse commercial fishing industry is supported by both the offshore and coastal
waters in the NWS Region, mainly dominated by the Pilbara fisheries. The major fisheries in the
Pilbara region target tropical finfish, large pelagic fish species, crustaceans (prawns and scampi) and
pearl oysters. Commonwealth and State fisheries overlapping with the operational areas and the
EMBA are illustrated in Figure 3-32 to Figure 3-38. Table 3-12 describes each of these fisheries and
indicates which events associated with the activity may impact on these.

Consultation with the Department of Primary Industries and Regional Development (DPIRD) has
previously identified commercial fishing interests that exist in, or in close proximity to, proposed
activities under this EP. Further, Santos continually updates its understanding of the fisheries through
reviews of annual status of the fishery reports published by DPIRD and the Australian Bureau of
Agricultural and Resource Economics and Sciences (ABARES), other relevant fisheries management
publications, and fishery catch and effort data.

A review of available fishery management information for pelagic and demersal finfish fisheries
indicated that whilst fisheries management measures includes annual quotas, and closure of specific
areas all the time, none of the fisheries have specific time periods of closure for
spawning/aggregation.

Five Commonwealth-managed commercial fisheries have management areas that intersect with both
OAs:

+  Western Tuna and Billfish Fishery (Cwlth)
+  Western Skipjack Tuna Fishery (Cwlth)

+  Southern Bluefin Tuna (Cwlth)

+ Western Deepwater Trawl Fishery (Cwlth)

+ Northwest Slope Trawl Fishery (Cwlth).

However, not all the fisheries are active within the full extents of the management areas. Based on
historical fishing effort data (ABARES, 2020), species for the Western Tuna and Billfish Fishery,
Western Skipjack Tuna Fishery, and Southern Bluefin Tuna Fishery may occur within the YJP OAs but
no active fishing within the operation areas were identified (Figure 3-32 to Figure 3-38) (Table 3-12).

3.2.4.2 FishCube Data

Santos requested annual catch and effort data (FishCube data) from DPIRD for fisheries understood
to operate within or near to the operational areas. Data was assessed for 60 nm x 60 nm Catch and
Effort System (CAES) blocks for the following:

+ Catch and effort data for 2010-2020 and

+ Annual catch and effort data for 2010-2020.

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 six-year period). Where this applies, the Vessel Count is marked
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‘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.

Commercial Fisheries that have been identified to overlap with either or all of the YJP OAs are
identified below and a summary of the data is available in Table 3-11.

+  Pilbara Line Fishery (WA)

+ Pilbara Trap Managed Fishery (WA)

+  Pilbara Fish Trawl (Interim) Managed Fishery (WA)

+  Pilbara Crab Managed Fishery

+ Mackerel Managed Fishery (WA)

+  Nickol Bay Prawn Managed Fishery

+  West Australian Sea Cucumber Fishery

+ Onslow Prawn Managed Fishery.

Table 3-11: FishCube Data Summary

Migrations Description

Pilbara Line Fishery
(WA).

FishCube Data for 2010-2020 indicates that the fishery has either not been active
with no catch effort recorded, had less than three active vessels within the
operational areas or had a maximum of three active vessels. However, the last
time three active vessels were recorded in Yoorn OA was in October 2017, and in
March 2017 for J&P OA.

Pilbara Trap Managed
Fishery (WA)

FishCube Data for 2010-2020 indicates that the fishery has no catch effort
recorded and less than three active vessels within the OAs. However, in May and
July 2020, three vessels were recorded in the Yoorn and J&P OA.

Pilbara Fish Trawl
(Interim) Managed
Fishery (WA)

The Pilbara Fish Trawl Fishery has had up to four vessels active in the J&P OA
between 2010-2020. The data indicates no activity in the Yoorn OA.

Pilbara Crab Managed
Fishery

FishCube Data for 2010-2020 indicates the fishery has not been active with no
catch effort recorded and less than three active vessels within the OAs.

Mackerel Managed
Fishery (WA).

FishCube Data for 2010-2020 indicates that the fishery has not been with no catch
effort recorded and less than three active vessels within the OAs, with the
exception of August 2013 where three vessels were active in the Yoorn OA.

Nickol Bay Prawn
Managed Fishery

FishCube Data for 2010-2020 indicates that the fishery has not been active with no
catch effort recorded and less than three active vessels in the Yoorn OA. While the
J&P OA appears to experience seasonal activity between May and July most years
between 2010-2020.During peak months the area sees three to eight vessels
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Migrations Description

active in the area. Outside of the May-July period, the data indicates that the
fishery is not active with no catch effort recorded and less than three active
vessels within the J&P OA for all other times.

West Australian Sea FishCube Data for 2010-2020 indicates no activity by the fishery in either the
Cucumber Fishery Yoorn or J&P OAs since January 2019.

Onslow Prawn FishCube Data for 2010-2020 indicates the fishery has not been active in J&P OA.
Managed Fishery The data also shows the fishery has not been active within the Yoorn OA since

August 2011 with no catch effort recorded and less than three active vessels
recorded between August 2010 and August 2011.

Source: DPIRD (2019)

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 159 of 557



SO-91-BI-20003.01

Santos

115" E 116° E M7 E 118" E 19" E 120" E 121°E
1 = L 1 L 1 L - 1 @
e, i -y
Sy
ST
Pt (b
Tl r 4 .
s 7% |
i ®
it -
g
g
w
E
o d w
A Port Hedland
Dampiér @
K
» e ; Onslow -
& X o futh My
w w
w w
w w
w w
w w
2] 5 |2
B ]
w w
- L . SOURCE:
Operational Areas [\ Westem Skipjack Fishery ESRI 2020; Common wealth Fisheries 2006
l:l Light/N oise Assessment Boundary E Westem Deepw ater Traw| Fishery
0 40 80 nm
N
S S R E—
[ Jweva = North West Slope Traw Fishery J, |000s
' e
[ even Westem Tuna and Billfish U aokm
— - — (Coastal Waters Southern Blue Fin Tuna Fishery DATE: 28/10/2021 |SCALE @ A4 1:7,808 792 [Drawn: AC
MXD: P100216_5S00_CthFish_RevAmxd Chede: MK
— — -~ Exclusive Economic Zone CRS: GCS GDA 1994 Approve: DM
Figure 3-32: Commonwealth Fisheries within the EMBA and Operational Areas
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Figure 3-33: State Commercial Pilbara Fish Trawl (Interim) Management Area within the EMBA and
Operational Areas
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Figure 3-34: State and Commercial Pilbara Trap Managed Fishery Management Area within the
EMBA and Operational Areas
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Figure 3-35: State Commercial Pilbara Line Fishery Management Area within the EMBA and
Operational Areas
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Figure 3-36: State Commercial Pilbara Crab Managed Fishery Management Area within the EMBA
and Operational Areas
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Figure 3-37: State Commercial Mackerel Managed Fishery Management Area within the EMBA and
Operational Areas
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Figure 3-38: State Commercial Nickol Bay Prawn Managed Fishery Management Area within the
EMBA and Operational Areas
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Table 3-12: State and Commonwealth Fisheries in the Operational Areas and Moderate Exposure Value Area (MEVA)

Key Target / Indicator

Species

Licence Area
Description

Gear Types

Summary of Fishing Activities

Potential for interaction in
the Operational Areas

North West
Slope Trawl
Fishery

Harte & Curtotti
(2018)
Patterson et al.
(2018)

Patterson et al.
(2019)

Australian scampi
(Metanephrops
australiensis)

Smaller quantities
of velvet scampi
(M. velutinus) and
Boschma’s scampi
(M. boschmai) are
also harvested.

Mixed deep-water
snappers are also a
component of the

catch.

Extends from 114° E to
approximately 125° E
off the WA coast
between the 200 m
isobath and the outer
limit of the Australian
Fishing Zone (AFZ).

Deep water demersal
trawling

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

Fishing occurs year-round.

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

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 (t) over 114 days of
fishing effort.

Fishing effort increased in the 2017-2018
season. Total catch was 79.7 t over 219 days.

The fishery overlaps the
MEVA. However, the fishing
zone for North West Slope
Trawl Fishery extends past
the 200m depth and does
not interact with any of the
OAs which are at depths of
approximately 45-65m.

Target species are most
common on Globigerina
ooze (deep sea muds rich in
the shells of planktonic
organisms) at depths of
420-500m.

Western Tuna
and Billfish
Fishery

Key target species:
+ Bigeye tuna
+  Yellowfin tuna

+ Broadbill
swordfish
+  Striped marlin

+ Some albacore
tuna are also
taken.

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

Primarily pelagic
longline.

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

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

Over the last five years, fishing effort has been
concentrated south of the operational areas.
Fishing effort from 2014 to 2018 has been
recorded from offshore Point Cloates
(Exmouth) south along the WA coast to
Augusta in the south-west of WA

Since 2005, there has been fewer than five
vessels active in the Western Tuna and Billfish

The Western Tuna and
Billfish Fishery operates in
Australia’s Exclusive
Economic Zone and high
seas of the Indian Ocean. In
recent years, fishing effort
has concentrated off south-
west Western Australia,
with occasional activity off
South Australia.

The management area
overlaps all OAs and MEVA.
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Key Target / Indicator

Species

Licence Area
Description

Gear Types

Summary of Fishing Activities

Potential for interaction in
the Operational Areas

Fishery each year, down from 50 active vessels
in 2000 (ABARES Fishery Status Reports, 2020).

Western
Skipjack Fishery

Australian
Fisheries
Management
Authority (2019)

Skipjack tuna
(Katsuwonus pelamis)

The Western Skipjack
Tuna Fishery is located
in all Australia waters
west of 142° 30’ 00°E,
out to 200 nm from the
coast (Patterson et al.,
2019).

Purse seine

Some pole and line

There has been no fishing effort in the Skipjack
Tuna Fishery since the 2009 season, and in that
season, Activity concentrated off South
Australia (Patterson et al. 2019). Fishing in the
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.

The fishery management
area overlaps with the YJP
OAs and MEVA, however
no fishing activities have
occurred in the region since
2019.

Should the fishery
recommence efforts in the
future, fishing effort in the
OAs and wider MEVA will
not occur as historical
fishing effort was
concentrated off southern
Australia.

Southern Bluefin
Tuna Fishery

Patterson et al
(2019)

Southern Bluefin tuna

Fishery includes all
waters of Australia, out
to 200 nm from the
coast. Young fish move
from spawning grounds
in the north-east Indian
Ocean into the
Australian EEZ and
southward along the
Western Australian
coast (Patterson et al.,
2019).

Purse seine

Pelagic longline

Most of the Australian catch has been taken by
purse seine, targeting juvenile tuna in the
Great Australian Bight. Australian domestic
longliners operating along the east coast catch
some tuna and recreational fishing has
increased (Patterson et al. 2019).

No current effort on North West Shelf (NWS),
fishing Activity is concentrated in the Great
Australian Bight and off South-east Australia
(Patterson et al. 2019).

The management area of
the fishery overlaps with
the OAs and MEVA.

However, no overlap of
fishing activities occurs
within the OAs or MEVA
due to an overfished status.

Given the current
distribution of fishing effort
and fishing methods
utilised by the industry,
fishing for Bluefin tuna is
unlikely to occur in the OAs.

Western
Deepwater
Trawl Fishery

Key target species:
+ orange roughy
+  oreos

+ boarfish

The Western
Deepwater Trawl
Fishery (WDTF)
operates in
Commonwealth waters

Demersal trawl

Total fishing effort was comparatively low
between 2005-06 and 2016-17. Only three
vessels were active in 2017-18, trawl-hours
increased markedly to just over 1,100 hours.

No overlap of fishing
activities with the OAs.

The fishery operates within
the MEVA.
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Key Target / Indicator

Species

Licence Area
Description

Gear Types

Summary of Fishing Activities

Potential for interaction in
the Operational Areas

+ eteline and
apsiline snapper

+ sea bream

off the coast of WA
between the western
boundary of the
Southern and Eastern
Scalefish and Shark
Fishery in the south
(115°08'E) and the
western boundary of
the North West Slope
Trawl Fishery (NWSTF)
in the north (114°E).
There have been
recent changes to the
boundary of this
fishery to more closely
align with the 200 m
isobath.

Total catch had been relatively low in recent
years, consisting mostly of deepwater bugs,
with minimal catch of finfish. However, catches
increased substantially in 2017-18, consisting
mostly of ruby snapper, deepwater bugs and
mixed fish.

South West
Coast Salmon
Managed
Fishery

WA Salmon (Arripis
truttaceus)

The South West Coast
Salmon Managed
Fishery operates on
various beaches south
of the metropolitan
area and includes all
Western Australian
waters north of Cape
Beaufort except
Geographe Bay. This
fishery uses beach
seine nets to take
western Australian
salmon (Arripis
truttaceus). No fishing
takes place north of
the Perth metropolitan

Insufficient
information

Insufficient information

No fishing takes place north
of the Perth metropolitan
area, despite the managed
fishery boundary extending
to Cape Beaufort (WA/NT
border).
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Key Target / Indicator

Species

Licence Area
Description

Gear Types

Summary of Fishing Activities

Potential for interaction in
the Operational Areas

area, despite the
managed fishery
boundary extending to
Cape Beaufort
(Western
Australia/Northern
Territory (NT) border).

Pilbara Trap + Bluespotted
Managed emperor (Lethrinus
Fishery (PTMF) punctulatus)

+ Red emperor
(Lutjanus sebae)

+ Rankin cod
(Epinephelus
multinotatus)

+  Goldband snapper
(Pristipomoides
multidens)

+  Other demersal
snapper, emperor,
cod and grouper
species are also

The Pilbara Trap
Managed Fishery lies
north of latitude
21°44’S and between
longitudes 114°9.6'E
and 120°00’E on the
landward side of a
boundary
approximating the 200
m isobath and seaward
of a line generally
following the 30 m
isobath.

Demersal fish traps

In the 2018 season, there were six licenses in
the Pilbara Trap Fishery, held between two
operators.

In 2018, the total catch for the PTMF was 563 t,
making up 21% of the total catch by the PDSF
(Newman et al 2019).

Fishing occurs year-round.

Fishing Activity and target
species occur in the OAs
and MEVA.

FishCube data for the last
ten years reports that no
activity or less than three
vessels have operated in
the OAs.

caught.
Pilbara Line +  Goldband snapper The PLMF fishing boat Demersal long line In the 2018 season there are nine individual FishCube Data for 2010-
Managed (Pristipomoides licensees are permitted licences in the Pilbara Line Fishery, held by 2020 indicates that the
Fishery (PLMF) multidens) to operate anywhere seven operators. fishery has either not been

+ Ruby snapper
(Etelis carbunculus)

+  Other demersal
snapper, emperor,
cod and grouper
species are also
caught.

within "Pilbara waters",
bounded by a line
commencing at the
intersection of 21°56’S
latitude and the high
water mark on the
western side of the
North West Cape on

The total catch in 2018 for the PLMF was 93 t,
making up 3% of the total catch by the PDSF
(Newman et al 2019).

Fishing occurs year-round.

active with no catch effort
recorded, had less than
three active vessels within
the OAs or had a maximum
of three active vessels. The
last time three active
vessels were recorded in
Yoorn OA was in October
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Key Target / Indicator

Species

Licence Area
Description

Gear Types

Summary of Fishing Activities

Potential for interaction in
the Operational Areas

the mainland of WA;
west along the parallel
to the intersection of
21°56'S latitude and
the boundary of the
AFZ and north to
longitude 120°E.

2017, and in March 2017
for J&P OA.

Pilbara Fish
Trawl (Interim)
Managed
Fishery (PFTIMF)

Including:

+  goldbandsnapper
(Pristipomoides
multidens),

+ red emperor
(Lutjanus sebae),

+ bluespotted
emperor
(Lethrinus
punctulatus),

+  crimson snapper
(Lutjanus
erythropterus),

+ saddletail
snapper (Lutjanus
malabaricus),

+ Rankin cod
(Epinephelus
multinotatus),

+ brownstripe
snapper (Lutjanus
vitta),

+ rosy threadfin
bream
(Nemipterus
furcosus),

The Pilbara Fish Trawl
(Interim) Managed
Fishery is situated in
the Pilbara region in
the north west 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 misobath and
landward of the 200 m
isobath.

The Fishery consists of
two zones; Zone 1 in
the south west of the
Fishery (whichis closed
to trawling) andZone 2
in the North, which
consists of six
management areas.

Demersal Trawl

The trawl fishery lands the largest component
of the catch of demersal finfish in the Pilbara
(and North Coast Bioregion) comprising more
than 50 scalefish species.

Fishing Activity and target
species occur in the OAs
and MEVA.

The Pilbara Fish Trawl
Fishery has had up to four
vessels active in the J&P OA
between 2010-2020. The
data indicates no activity in
the Yoorn OA.
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Licence Area
Description

Gear Types

Summary of Fishing Activities

Potential for interaction in
the Operational Areas

+ spangled
emperor
(Lethrinus
nebulosus) and

+  frypan Moses’
snapper
(Argyrops
Lutjanusspinifer
russelli)

Gascoyne
Demersal
Scalefish
Managed
Fishery

(Jackson, et al.

2019)

Pink snapper
(Chrysophrys
auratus) and
goldband snapper
(Pristipomoides
multidens)

Other demersal
species caught
include tropical
snappers,
emperors, cods,
mulloway and
trevallies.

The Gascoyne
Demersal Scalefish
Managed Fishery
operates in the waters
of the Indian Ocean
and Shark Bay between
latitudes 23°07°30” S
and 26°30’S. Vessels
are not permitted to
fish in inner Shark Bay.

Commercial vessels in
these waters
historically focused on
the oceanic stock of
pink snapper during
the winter months. The
fishery licensed vessels
fish throughout the
year with mechanised
handlines and, in
addition to pink
snapper, catch a range
of other demersal
species.

Mechanised
handlines

The fishery principally operates in depths of
>20 m water in the Gascoyne Coast Bioregion.

In 2017/18 the total commercial catch reported
by the GDSMF was 210 t comprising 45 tonnes
of pink snapper, 96 of goldband snapper and
69 of other mixed species.

No overlap of fishing
activities within the OAs.

The fishery occurs in the
MEVA.
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Key Target / Indicator

Species

Licence Area
Description

Gear Types

Summary of Fishing Activities

Potential for interaction in
the Operational Areas

Mackerel
Managed
Fishery

(Area 2 —
Pilbara)

Lewis and
Brand-Gardner
(2017)

Mackie et al.
(2010)

Spanish mackerel
(Scomberomorus
commerson)

Grey mackerel (also
called broad-barred
Spanish mackerel),
school mackerel,
spotted mackerel,
shark mackerel and

other pelagic
species are also
caught as bycatch
species.

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

Management Area 1 of
the fishery (Kimberley
sector) extends from
1219 E to the WA/NT
border.

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

Management Area 3 of
the fishery
(Gascoyne/West Coast
sector) extends south
from 114° E to Cape
Leeuwin.

Primarily surface or
mid-water trolling by
line.

Jigging methods are
also used.

The fishery operates year-round, however,
most fishing effort occurs from April/May to
October/November. In the Pilbara sector,
approximately 65% of effort has historically
occurred from July to August.

The commerecial catch of Spanish mackerel
from all sectors of the fishery has been 270-330
per year since 2006.

FishCube Data for 2010-
2020 indicates that the
fishery has not been active
with no catch effort
recorded and less than
three active vessels within
the OAs, with the exception
of August 2013 where three
vessels were active in the
Yoorn OA.

Exmouth Gulf
Prawn Managed
Fishery

Western king
prawns (Penaeus
latisulcatus),

brown tiger prawns
(Penaeus
esculentus),

endeavour prawns
(Metapenaeus spp.)
and

banana prawns
(Penaeus
merguiensis).

Sheltered waters of
Exmouth Gulf
Essentially the western
half of the Exmouth
Gulf (eastern partis a
nursery ground). The
Muiron Islands and
Point Murat provide
the western boundary;
Serrurier Island
provides the northern
limit

Low opening otter
trawls

The total landings of prawns in 2018 were 880
tonnes, comprising 392 of brown tiger prawns,
174 of western king prawns and 313 of blue
endeavour prawns (Kangas, et al. 2019a).

Fishing activity occurs
within the Exmouth Gulf.

No overlap of fishing
activities with the OAs.
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Potential for interaction in
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Nickol Bay
Prawn Managed
Fishery (NBPMF)

Primarily targets
banana prawns
(Penaeus merguiensis)

Operates along the
western part of the
North-West Shelf in
coastal shallow waters

The boundaries of the
NBPMF are ‘all the
waters of the Indian
Ocean and Nickol Bay
between 116°45' east
longitude and 120° east
longitude on the
landward side of the
200 m isobath’. The
NBPMF incorporates
the Nickol Bay,
Extended Nickol Bay,
Depuch and De Grey
size managed fish
grounds

Otter trawl

The total landings of major penaeids for the
2018 season were 81 t, comprised of 66 t of
banana prawns, 13 t of brown tiger prawns and
1.5 t of blue endeavour prawns. Negligible
western king prawns (Kangas et al. 2019b)

FishCube Data for 2010-
2020 indicates that the
fishery has not been active
no catch effort recorded
and less than three active
vessels within the Yoorn
OA. The J&P OA appears to
experience seasonal activity
between May and July most
years between 2010-
2020.During peak months
the area sees three to eight
vessels active in the area.
Outside of the May-July
period, the data indicates
that the fishery is not active
with no catch effort
recorded and less than
three active vessels within
the J&P OA for all other
times.

Onslow Prawn
Managed
Fishery (OPMF)

Brown tiger prawns
(Penaeus
esculentus),

Banana prawns
(Penaeus
merguiensis).

The boundaries of the
OPMF are ‘all the
Western Australian
waters between the
Exmouth Prawn Fishery
and the Nickol Bay
prawn fishery east of
114239.9' on the
landward side of the
200 m depth isobath’.

Trawl

The total landings in 2018 was less than 60 t
(Kangas et al. 2019b)

FishCube Data for 2010-
2020 indicates the fishery
has not been active in the
J&P OA. The data also
shows the fishery has not
been active within the
Yoorn OA since August
2011 with no catch effort
recorded and less than
three active vessels
recorded between August
2010 and August 2011.
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Potential for interaction in
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Specimen Shell

Various shells

The fishing area

Hand collection,

The main method of specimen shell collection

The FishCube data shows

Managed includes all Western wading, diving in is by hand, by a small group of divers operating the fishery has not been
Fishery Australian waters shallow coastal from small boats in shallow coastal waters or active in the Yoorn OA since
between the high- waters. by wading along coastal beaches below the 2016 with less than 3
water mark and the One licence high-water mark. A current Exemption permits licences recorded.
200 m isobath. exemption permits the use of a remote-controlled underwater No catch effort and less
the use of ROV. vehicle at depths of up to 300 m. than 3 licences were
This is a limited entry fishery with 23 active recorded for the J&P OA.
licences in 2016. A maximum of two divers are Water depths in the OAs
allowed in the water per licence at any one are not conducive for this
time and specimens may only be collected by fishery. Fishing generally in
hand. Remotely operated vehicles were limited shallower waters.
to one per license in 2016.
Marine Various species of fish, The MAFMF can Hand collection, The fishery is typically more active in waters Activities in the operational
Aquarium Fish coral, algae, seagrass operate in all State diving south of Broome with higher levels of effort areas are unlikely due to
Managed and invertebrates waters (between the around the Capes region, Perth, Geraldton, the depth and the dive-
Fishery (MAFMF) NT border and South Exmouth, Dampier and Broome (Gaughan et based method of collection.
Australian border). al., 2019). FishCube data shows no
fishing effort within the
Yoorn OA, however up to 4
licences were recorded
between 2014-2018 in the
J&P OA.
West Coast Crystal crab (Chaceon The boundaries of this Fish traps Fishing effort and the target species occurs on No fishing Activity or target
Deep Sea albus) fishery include all the the west and south coasts of WA, primarily in species in the OAs.
Crustacean waters lying north of water depths of 400-900 m.
Managed latitude 34° 24'S (Cape
Fishery Leeuwin) and west of

the NT border on the
seaward side of the
150m isobath out to
the extent of the AFZ.
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Shark Bay Prawn
and Scallop
Managed
Fishery

(Kangas et al
2019c¢)

Western king
prawns (Penaeus
latisulcatus),

brown tiger prawns
(Penaeus
esculentus) and

lesser quantities of
endeavour
(Metapenaeus
endeavouri) and
coral prawns
(Metapenaeopsis
sp).

Within inner Shark Bay

Trawl nets

The total landings of target prawns in Shark Bay
in 2018 were 1,091 t, with 652 t of western
king prawn, 438 t of brown tiger prawn and 1t
of endeavour prawn.

No fishing Activity or target
species in the OAs.

Shark Bay Crab
Managed
Fishery

(WAFIC 2020)

Blue swimmer crab
(Portunus armatus)

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.

Trawl and trap

There are five crab trap permits with combined
total of 1500 units of entitlement (currently
valued at one trap each) in Shark Bay under the
Shark Bay Crab Fishery (Interim) Management
Plan 2005 which sets the number of traps that
can be fished, fishery specific spatial closures,
gear specifications and other controls.

No fishing Activity or target
species in the OAs

Shark Bay Seine
and Mesh Net

(WAFIC 2020)

whiting (mostly
yellowfin with
some goldenline),

sea mullet (Mugil
cephalus),

tailor (Pomatomus
saltatrix) and

Operates in the waters
of the Eastern Gulf,
Denham Sound and
Freycinet Estuary in
inner Shark Bay.

Uses a combination
of beach seine and
mesh net gears

Managed by limited entry, gear restrictions (eg.
vessel size, net length and mesh size) and
permanently closed waters (eg. Hamelin Pool,
Big Lagoon, Denham foreshore).

No fishing Activity or target
species in the OAs
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Santos

Key Target / Indicator

Species

Licence Area
Description

Gear Types

Summary of Fishing Activities

Potential for interaction in
the Operational Areas

+

western yellowfin
bream
(Acanthopagrus
morrisoni)

West Coast Rock
Lobster Fishery

Western rock lobster
(Panulirus cygnus)

West coast of Western
Australia between
Shark Bay and Cape
Leeuwin.

Pot-based

The total commercial landings of western rock
lobster in 2018 from the WCRLMF were 6,400 t
plus 9.5 t of “additional” domestic quota from
the Local Lobster Program.

No fishing Activity or target
species in the OAs.

Abalone
Managed
Fishery

Greenlip abalone
(Haliotis laevigata)

Brownlip abalone
(H. conicopora)

Shallow coastal waters
off the south-west and
south coasts of
Western Australia
Covers all Western
Australian coastal
waters, which are
divided into eight
management

areas.
Commercial fishing for
greenlip/brownlip
abalone is managed in
three separate areas.

Dive and wade

In 2018 the total commercial catch was 48 t
whole weight, 1 t less than the catch in each of
the last 2 seasons and only 71% of the 68 t
whole weight

No fishing Activity or target
species in the OAs.

Octopus Interim
Managed
Fishery

(Hart et al 2019)

Octopus (CF. Tetricus),
occasional bycatch of
(O. Ornatus) and (O.
Cyaneain) in the
northern parts of the
fishery

Zone 1 fishery is from
26° 30’S and 30° 00’S

Lines and pots

In 2018 the total commercial octopus catch
was 314 t live weight, which was 22% higher
than the 2017 catch of 257 t and represents
the highest catch recorded

No fishing Activity or target
species in the OAs.

Abrolhos Islands
and Mid-West
Trawl Managed
Fishery

Saucer scallops
(Ylistrum balloti), with
a small component
targeting the western
king prawn (Penaeus
latisulcatus)

All the waters of the
Indian Ocean adjacent
to Western Australia
between 27°51" south
latitude and
29°03'south latitude

Low opening otter
trawl systems.

Vessel counts range from 15 in 2010 to 5 in
2019. The fleet are restricted to very small
areas of higher scallop abundance (WAFIC
2020).

No fishing Activity or target
species in the OAs.
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Key Target / Indicator

Species

Licence Area
Description

Gear Types

Summary of Fishing Activities

Potential for interaction in
the Operational Areas

on the landward side
of the 200 m isobath’.

West Coast Key species targeted: Encompasses the Handline and Access to the fishery is restricted to 59 interim No fishing Activity or target
Demersal Pink snapper (Pagrus waters of the Indian Dropline managed permit holders. species in the OAs.
Scalefish auratus), Western Ocean just south of
(Interim Australian Dhufish Shark Bay (at 26 30’S)
Managed (Glaucosoma to just east of Augusta
Fishery) hebraicum) and (at 115 30°E) and
(WAFIC 2020) Baldchin Groper extends seaward to the

(Choerodon rubescens) 200nm boundary of the

but up to 100 species Australian Fishing Zone

caught. (AFZ) (Fairclough et al

2015).

West Coast Gummy shark Operates between 26° Demersal gillnets and Insufficient information No fishing Activity or target

Demersal Gillnet
and Demersal
Longline Interim

(Mustelus antarcticus),
dusky shark
(Carcharhinus

and 33°S.

demersal longline
(not widely used)

species in the OAs.

Managed obscurus), whiskery
Fishery shark (Furgaleus macki)

and sandbar shark (C.

plumbeus)
Pilbara Crab Blue swimmer The majority of the Commercial crab In 2018 the total commercial catch was 35 t. FishCube Data for 2010-
Managed (Portunus armatus), commercially and pots 2020 indicates the fishery
Fishery Mud Crab (Scylla spp) recreationally-fished Recreational fishers has not been active with no

(Johnston et al
2019)

stocks are
concentrated in the
coastal embayments
and estuaries between
Geographe Bay in the
south west and Nickol
Bay in the north.
Crabbing activity along
the Pilbara coast is

use drop nets
or scoop
nets or diving

catch effort recorded and
less than three active
vessels within the OAs.
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Key Target / Indicator

Species

Licence Area
Description

Gear Types

Summary of Fishing Activities

Potential for interaction in
the Operational Areas

centred largely on the
inshore waters from
Onslow through to Port
Hedland, with most
commercial and
recreational activity
occurring in and
around Nickol Bay.

West Australian
Sea Cucumber
Fishery

(DPIRD, 2018)

Sandfish (H. scabra),
Redfish (A. echinites)

While the fishery is
permitted to operate
throughout WA waters,
with the exception of
several permanently-
closed areas, fishing to
date has only occurred
in the NCB, from
Exmouth Gulf to the
Northern Territory
border. This fishery is
primarily a “pulse”
fishing operation,
whereby extremely
remote areas of the
Kimberley with
sandfish occurring in
commercial densities
are generally accessed
two or three times a
year for approximately
two to three weeks per
fishing trip. Other areas
are targeted less
frequently. Redfish
stocks have typically
been fished in the
Pilbara only for a

The West Australian
Sea Cucumber
Fishery is a hand-
harvest fishery, with
animals caught
principally by diving,
and a smaller
amount (less than
5%) by wading.

Sea cucumbers in WA are currently targeted
primarily by the commercial fishing sector, with
the recreational and customary harvest
considered to be negligible.

The total annual catch of sea cucumbers in the
WASCF has ranged between 0 (due to the
rotational harvesting approach) and 252
tonnes live weight in the last 10 years. The
fishery is managed through a range of input
controls including limited entry, a maximum
number of divers, spatial closures and gear
restrictions (that includes permission of only
hand-harvest methods). In addition to sandfish
and redfish, six other species are permitted to
be retained and records show minimal catches.

The fishery is not active
within the OAs. Activity
occurs in coastal areas and
Yoorn OA is 68.12 km from
coast, and J&P OA are 79.5
km from coast.
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Key Target / Indicator Licence Area Gear Types Summary of Fishing Activities Potential for interaction in

Species Description the Operational Areas

period of two months
every third year.

Hermit Crab Insufficient Insufficient information The fishery is not active
Fishery information within the OAs. Activity
occurs in coastal areas and
X X v

Yoorn OA is 68.12 km from
coast, and J&P OA are 79.5
km from coast.
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3.2.4.3 Recreational Fisheries

The OAs are located within the North Coast Bioregion, which is a focal point for winter recreational
fishing and is a key component of many tourist visits. The Dampier Archipelago, Lowendal Islands and
Montebello Islands are popular offshore recreational fishing locations.

The predominant target species include the tropical species such as tropical emperors, mangrove
jack, trevallies, sooty grunter, threadfin, cods and catfish, and invertebrate species including blue
swimmer crabs, mud crabs and squid. The offshore islands, coral reefs and continental shelf waters
contain other species such as tropical snappers, cod, mackerel, sharks and tunas for recreational
fishing opportunities (Gaughan, D.J. and Santoro, K. (eds). 2020). The OAs do not overlap any of
these mentioned fishing locations.

The closest coastline to any of the OAs is Trimouille Island (part of the Montebello Islands group),
which is approximately 20 km from the Yoorn OA, with next closest being Lowendal Island
(approximately 40 km).

Recreational fishing activities are primarily based out of the Montebello Islands. Given the distance
to the Yoorn-1 well and its water depths (approximately 45 m), recreational fishing activities in the
OAs are not expected to occur.

3.2.4.4 Petroleum Industry

Santos’ Reindeer platform is the closest petroleum facility, at approximately 3.5 km from the J&P OA
(Figure 3-39), followed by VOGA’s Wandoo platform (approximately 20.9 km from the J&P OA).

In the EMBA, there are many exploration and production permits and leases throughout the Western
Australian and Commonwealth waters which include current exploration and production activities
including platforms, floating, production, storage and offloading (FPSOs), pipelines, drilling and
potentially seismic activities. There are also onshore production facilities on Varanus Island and
Barrow Islands.
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Figure 3-39: Existing Petroleum Infrastructure within the EMBA
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3.2.4.5 Commercial Shipping

Large commercial vessels mostly associated with the oil and gas industry and Western Australian
major ports move through the OAs in transit.

The Australian Maritime Safety Authority (AMSA) has established a network of shipping fairways off
the north-west coast of Australia to manage traffic patterns (AMSA 2019). AMSA shipping routes
within and in close proximity to the OAs and the EMBA are shown in Figure 3-40.

There is one recognised shipping fairway in the Yoorn OA for vessels transiting in and out of Barrow
Island; and none for the J&P OA.
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Figure 3-40: AMSA ship locations and shipping routes within and close to the EMBA
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3.2.4.6 Tourism

Tourism activities occur within the EMBA in areas such as Ningaloo Marine Park, North West Cape,
Montebello Islands and the Dampier Archipelago. Popular water-based activities that may occur
within the EMBA include fishing, swimming, snorkelling/diving, surfing/windsurfing/kiting and
boating.

Seasonal nature-based tourism such as humpback whale watching, whale shark encounters and tours
of turtle hatching mainly occurring around Ningaloo Reef and Cape Range National Park. 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 (CALM 2005).

Given the water depths of the OAs and the lack of notable seabed features, there is unlikely to be
any tourism-based activities in the surrounding waters of the OAs.

Popular water-based activities that may occur in the MEVA and EMBA include fishing, swimming,
snorkelling, diving, surfing, windsurfing, kiting and boating. Within the MEVA these activities are
concentrated in the vicinity of the population centres such as Exmouth, Dampier, Onslow, Point

Samson and Port Hedland.

The nearest area where recreational activities are likely to occur is the Montebello Islands, which are
located approximately 20 km from the Yoorn OA. The nearest area to the J&P OA where recreation is
likely to occur is the Dampier Archipelago, which is located approximately 60 km south-south east.

Given the water depths of the OAs (45-65 m) and the lack of notable seabed features, there is
unlikely to be any tourism-based activities in the surrounding waters of the OAs, however there
could be seasonal tourism such as whale watching and fishing charters.

3.2.5 Windows of Sensitivity

Timing of peak activity for threatened species and other relevant, significant sensitivities is given in
Table 3-13.
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Table 3-13: Windows of Sensitivity in the Vicinity of the EMBA

Receptors

(critical life cycle stages)

All shoreline habitats

Coral (spawning periods)

Macroalgae shedding fronds

Other benthic and terrestrial habitats

Fish/Sharks and fisheries species

Whale sharks

Fisheries species spawning/aggregation times !

Marine Mammals

Dugong (breeding)

Australian sea lion (breeding)

Humpback whale (migration)

Blue whale (migration)

Marine Reptiles

Hawksbill turtle’s resident adult and juveniles?

Hawksbill turtle (mating aggregations?)

Hawksbill turtle (nesting and internesting?)

Hawksbill turtle (hatching?)
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Receptors

(critical life cycle stages)

Flatback turtles (resident adult and juveniles?)

Flatback turtle (mating aggregations?)

Flatback turtle (nesting and internesting?)

Flatback turtle (hatching?)

Flatback turtle (nesting?)

Green turtles (resident adult and juveniles?)

Green turtle (mating aggregations?)

Green turtle nestingand internesting?)

Green turtle (hatching?)

Loggerhead turtles (resident adult and
juveniles?)

Loggerhead turtle (mating aggregations?)

Loggerhead turtle (nesting and internesting?)

Loggerhead turtle (hatching?)

Leatherback turtles

Olive Ridley turtle

Short-nosed seasnake

Seabirds

Terns, shearwaters, petrels (nesting) -
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Receptors

(critical life cycle stages)

Commercial Managed Fisheries

Oil and gas

Shipping

Tourism/ recreational

Peak activity, presence reliable and predictable ! Information provided from Department of Fisheries consultation

Lower level of abundance/activity/presence 2|Information provided by K. Pendoley

Very low activity/presence

Activity can occur throughout year

Proposed timing of activity
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4 Stakeholder Consultation

OPGGS(E)R 2009 Requirements

If the Regulator’s provisional decision under regulation 9AA is that the environment plan includes material
apparently addressing all the provisions of Division 2.3 (Contents of an environment plan), the Regulator
must publish on the Regulator’s website as soon as practicable:

(a) the plan with the sensitive information part removed

(b) the name of the titleholder who submitted the plan

(c) a description of the activity or stage of the activity to which the plan relates
(d) the location of the activity

(e) a link or other reference to the place where the accepted offshore project proposal (if any) is
published

(f) details of the titleholder’s nominated liaison person for the activity.

Note: If the plan is a seismic or exploratory drilling environment plan, the Regulator must also publish an
invitation for public comment on the plan: see regulation 11B.

16 The environment plan must contain the following:

(b) areport on all consultations under regulation 11 A of any relevant person by the titleholder, that
contains:

(i) asummary of each response made by a relevant person

(ii) an assessment of the merits of any objection or claim about the adverse impact of each
activity to which the environment plan relates

(iii) a statement of the titleholder’s response, or proposed response, if any, to each objection or
claim

(iv) a copy of the full text of any response by a relevant person.

4.1 Summary

Santos proposes to drill three exploration wells in petroleum exploration permits WA-499-P, WA-
208-P and WA 546-P. The permits are in Commonwealth waters located approximately 103
kilometres, 87 km, and 87 km respectively offshore from Dampier in Western Australia.

Santos is familiar with stakeholders and other users of the marine environment in this region given
recent consultation in relation to the Dancer Exploration Drilling Environment Plan and
Commonwealth Waters Vessel Based Activity (VBA) Environment Plan. Santos has also been active
across these areas for many years including the Reindeer gas field and associated wellhead platform
since the Devil Creek Gas Plant operations commenced in 2011, and the Varanus Island Gas Plant
since activities commenced in the late 1980s.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 189 of 557



S0-91-BI-20003.01 Santos

Stakeholders (Table 4-1) were informed of activities covered in this EP via several channels of
engagement commencing in July 2021, including:

+  WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Package
distributed to identified stakeholders on 21 July 2021

+  WA-499-P, WA-208-P and WA-546-P Exploration Drilling Consultation Package for Commercial
Fishers distributed to identified fishing licence holders on 22 July 2021

+ Santos’ Quarterly Consultation Update issued in July 2021 and distributed to a broad group of
stakeholders including many identified in Table 4-1

+  WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Package
Update distributed to identified stakeholders on 26 October 2021

+ WA-499-P, WA-208-P and WA-546-P Exploration Drilling Consultation Package Update distributed
to identified fishing licence holders on 26 October 2021.

Based on Santos’ experience with previous drilling Environment Plans and from subsequent
stakeholder feedback and regulator discussions, the primary stakeholder issues of concern for this
activity are:

+ Interaction with other Marine users and commercial fishers (addressed in Section 3.2.4).

Santos has considered all stakeholder responses and assessed the merits of all objections and claims
about the potential impact of the proposed activity. The process adopted to assess these claims is
outlined in Section 4.4. A summary of Santos’ response statements to the objections and claims is
provided in Table 4 2.

Santos considers that consultation with relevant stakeholders has been adequate to inform the
development of this EP. Notwithstanding this, Santos recognises the importance of ongoing
stakeholder consultation and notification and these are described in Table 8-4.

4.2 Stakeholder Identification

Santos understands retaining a broad licence to operate depends on the development and
maintenance of positive and constructive relationships with a comprehensive group of stakeholders
in the community, government, non-government, other business sectors and other users of the
marine environment. Fostering effective consultation between Santos and relevant stakeholders is
an important part of this process.

Santos began the stakeholder identification process for this EP with a review of its stakeholder
database, including stakeholders consulted for other recent activities in the area. The list of
stakeholders was then reviewed and refined based on the defined operational areas (refer to
Section 2.1) and the relevance of the stakeholder according to Regulation 11A of the OPGGS (E)
Regulations and NOPSEMA Bulletin #2 Clarifying statutory requirements and good practice
consultation (November 2019). More specifically, stakeholders for this EP were identified through
the following:

+ Regular review of legislation applicable to petroleum and marine activities
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+ ldentification of marine user groups and interest groups active in the area (e.g., commercial
fisheries, other oil and gas producers, merchant shipping, etc.)

+ A review, as required, of the most recent Department of Primary Industries and Regional
Development (DPIRD) FishCube data

+ Updated fishing licence holder contact details, from these identified fisheries, as provided by
DPIRD

+ Discussions with identified stakeholders to identify other potentially impacted persons

+  Active participation in industry bodies and collaborations (e.g., APPEA, AMOSC, NERA)

+

Records from previous consultation activities in the area.

Currently identified stakeholders and an assessment of their relevance under the OPGGS (E)
Regulations for the purposes of consultation for this activity are listed in Table 4-1.

Table 4-1: Assessment of Relevance of Identified Stakeholders for the Proposed Activities

Stakeholder

Relevant to
Activity

Relevance / Reason for Engagement

Australian
Hydrographic Office
(AHO)

Considered
relevant persons
under Regulation

The AHO is the part of the Commonwealth Department
of Defence responsible for maintaining and
disseminating nautical charts, including the distribution

11A (1) (a) of Notice to Mariners.
The operational areas are in commonwealth waters.
Australian Maritime Considered AMSA is the statutory and control agency for maritime

Safety Authority
(AMSA)

relevant persons
under Regulation

safety and vessel emergencies in Commonwealth
Waters. AMSA is a relevant agency when proposed

11A (1) (a) offshore activities may impact on the safe navigation of
commercial shipping in Australian waters.
The operational areas are in commonwealth waters.
Department of Considered Defence is a relevant agency where the proposed

Defence (Defence)

relevant persons
under Regulation

activity may impact operational requirements;
encroach on known training areas and/or restricted

11A (1) (a) airspace, or when nautical products or other maritime
safety information is required to be updated.
The operational areas are in commonwealth waters.
Australian Fisheries Considered AFMA is responsible for managing Commonwealth

Management
Authority (AFMA)

relevant persons
under Regulation
11A (1) (a)

fisheries and is a relevant agency where the activity
has the potential to impact on fisheries resources in
AFMA managed fisheries.

Department of
Agriculture, Water
and the Environment
(DAWE) — Biosecurity
(marine pests)

Considered
relevant persons
under Regulation
11A (1) (a)

The DAWE (marine pests) has primary policy and
regulatory responsibility for managing biosecurity for
incoming goods and conveyances, including biosecurity
for marine pests.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan

191 of 557



SO-91-BI-20003.01

Santos

Stakeholder

Relevant to
Activity

Relevance / Reason for Engagement

The Department is the relevant agency where an
offshore activity has the potential to transfer marine
pests between installations and mainland Australia.

The operational areas are in commonwealth waters.

Department of
Agriculture, Water
and the Environment

Considered
relevant persons
under Regulation

DAWE (fisheries) has primary policy responsibility for
promoting the biological, economic and social
sustainability of Australian fisheries. The Department is

(DAWE) — Fisheries 11A (1) (a) the relevant agency where the activity has the
potential to negatively impact fishing operations and /
or fishing habitats in Commonwealth waters.

Department of Considered DAWE (vessels and aircraft) has inspection and

Agriculture, Water
and the Environment
(DAWE) —Biosecurity
(vessels, aircraft and
personnel)

relevant persons
under Regulation
11A (1) (a)

reporting requirements to ensure that all conveyances
(vessels, installations and aircraft) arriving in Australian
territory comply with international health regulations
and that any biosecurity risk is managed. The
department is the relevant agency where the
titleholder’s activity involves:

+  the movement of aircraft or vessels between
Australia and offshore petroleum activities either
inside or outside Australian territory

+  the exposure of an aircraft or vessel (which leaves
Australian territory not subject to biosecurity
control) to offshore petroleum activities.

Director of National
Parks (DNP)

Considered
relevant persons
under Regulation

The DNP is the statutory authority responsible for
administration, management and control of
Commonwealth marine reserves (CMRs). The Director

11A (1) (a) of National Parks is a relevant person for consultation
where:

+  the activity or part of the activity is within the
boundaries of a proclaimed Commonwealth
marine reserve

+  activities proposed to occur outside a reserve may
impact on the values within a Commonwealth
marine reserve; and / or

+  an environmental incident occurs in
Commonwealth waters surrounding a
Commonwealth marine reserve and may impact on
the values within the reserve.

Australian Marine Qil Considered AMOSC operates the Australian oil industry’s major oil

Spill Centre (AMOSC)

relevant persons
under Regulation
11A (1) (a)

spill response facility.
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Stakeholder

Relevant to

Relevance / Reason for Engagement

Department of

Activity

Considered

DoT is the control agency for marine pollution

Primary Industries

relevant persons

Transport (DoT) relevant persons emergencies in State waters.
under Regulation
11A (1) (b)
Department of Considered DPIRD is responsible for managed West Australian

State fisheries.

Biodiversity,
Conservation and
Attractions (DBCA)

relevant persons
under Regulation
11A (1) (b)

and Regional under Regulation The operational areas intersect with state managed
Development 11A (1) (b) fisheries.

(DPIRD)

Department of Considered DBCA is a relevant State agency responsible for the

management of State marine parks and reserves and
protected marine fauna and flora.

Department of
Mines, Industry
Regulation and

Considered
relevant persons
under Regulation

Department responsible for the management of
offshore petroleum in the adjacent State waters.

under Regulation
11A (1) (e)

Safety (DMIRS) 11A (1) (c)
Pilbara Port Considered Pilbara Ports Authority manages port land at Dampier,
Authority relevant persons Port Hedland, Ashburton and Cape Preston East, and

facilitates the development of land and leases to
support port-related industries.

Western Australian
Fishing Industry
Council (WAFIC)

Considered
relevant persons
under Regulation
11A (1) (e)

WAFIC is the peak industry body representing the
interests of the WA commercial fishing, pearling and
aquaculture sector.

Commonwealth
Fisheries Association

Considered
relevant persons

The CFA was engaged as a representative body for
Commonwealth fisheries. The CFA is also listed on the

Association (PPA)

relevant persons
under Regulation

(CFA) under Regulation AFMA website as a contact for petroleum operators to
11A (1) (e) use when consultation with fishing operators is
required.
Pearl Producers Considered The PPA is the peak representative organisation of The

Australian South Sea Pearling Industry. PPA
membership includes all Pinctada maxima pearl oyster

Bluefin Tuna Industry
Association (ASBTIA)

relevant persons
under Regulation
11A (1) (e)

11A (1) (e) licensees that operate within the Australian North-
west Bioregion.
Australian Southern Considered ASBTIA represents the Australian SBT industry. ASBTIA

is also listed on the AFMA website as a contact for
petroleum operators to use when consultation with
Commonwealth fishing operators is required.

Tuna Australia

Considered
relevant persons

Tuna Australia represents statutory fishing right
owners, holders, fish processors and sellers, and
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Stakeholder

Relevant to

Relevance / Reason for Engagement

Activity

under Regulation
11A (1) (e)

associate members of the Eastern and Western Tuna
and Billfish fisheries.

Marine Tourism WA
(MTWA)

Considered
relevant persons
under Regulation
11A (1) (e)

MTWA represents the charter sector in WA. MTWA is
identified as being able to assist in reaching its
membership to inform them of activity timing should
this be requested.

Recfishwest

Considered
relevant persons
under Regulation
11A (1) (e)

Recfishwest is the peak body representing recreational
fishers in WA. Recfishwest is identified as being able to
assist in reaching its membership to inform of activity
timing should this be requested.

Conservation Council
of Western Australia

Considered
relevant persons
under Regulation
11A (1) (e)

CCWA is a non-profit, non-government conservation
organisation. CCWA represents more than

100 community environmental organisations from
across WA

Mackerel Managed
Fishery (Area 2)

Considered
relevant persons
under Regulation
11A (1) (d)

Based on a review of DPIRD information, the Mackerel
Managed Fishery (Area 2) boundary overlaps the
proposed operational areas and the licence holders in
this fishery should be consulted.

Pilbara Line Fishery

Considered
relevant persons
under Regulation
11A (1) (d)

Based on a review of DPIRD information, the Pilbara
Line Fishery boundary overlaps the proposed
operational areas and the licence holders in this fishery
should be consulted.

Pilbara Trap
Managed Fishery

Considered
relevant persons
under Regulation
11A (1) (d)

Based on a review of DPIRD information, the Pilbara
Trap Managed Fishery boundary overlaps the proposed
operational areas and the licence holders in this fishery
should be consulted.

Pilbara Fish Trawl
Interim Managed
Fishery

Considered
relevant persons
under Regulation
11A (1) (d)

Based on a review of DPIRD information, the Pilbara
Fish Trawl Interim Managed Fishery boundary overlaps
the proposed operational areas and the licence holders
in this fishery should be consulted.

Pearl Oyster
Managed Fishery

Considered
relevant persons
under Regulation
11A (1) (e)

Based on a review of DPIRD information, and in
previous consultation with WAFIC, licence holders in
the Pearl Oyster Managed Fishery should be consulted
via the Pearl Producers Association.

Onslow Prawn
Fishery

Considered
relevant persons
under Regulation
11A (1) (d)

Based on a review of DPIRD fishery information, the
Onslow Prawn Fishery boundary overlaps the proposed
operational areas and the licence holders in this fishery
should be consulted.

Nichol Bay Prawn
Managed Fishery

Considered
relevant persons
under Regulation
11A (1) (d)

Based on a review of DPIRD fishery information, the
Nichol Bay Prawn Fishery boundary overlaps the
proposed operational areas and the licence holders in
this fishery should be consulted.
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Stakeholder Relevant to Relevance / Reason for Engagement
Activity

Pilbara Crab Fishery Considered Based on a review of DPIRD fishery, the Pilbara Crab
relevant persons Fishery boundary overlaps the proposed operational
under Regulation areas and the relevant licence holders in this fishery
11A (1) (d) should be consulted.

4.3 Stakeholder Consultation

The approach to stakeholder consultation for this EP follows the process adopted by Santos for all its
EPs. Some modifications to this approach have been made based on feedback from WAFIC,
commercial fishers and NOPSEMA. These include:

+ Where required, providing more detailed information to commercial fishers, targeted to their
fishery, in the initial consultation packs

+ Where required, engaging WAFIC to assist in the review and distribution of commercial fisher
consultation material

+ Refinements to the stakeholder identification process to clearly identify and maintain current lists
of ‘relevant’ persons

+  Clearly documenting and tracking notification commitments to relevant persons.

Key stakeholders were contacted prior to providing the WA-499-P, WA-208-P and WA-546-P
Exploration Drilling Stakeholder Consultation package to increase activity awareness and to
encourage two-way communication. Stakeholders, wherever possible, were provided personal
emails with information tailored to their functions, interests and activities, including outlining why
they have been identified as a relevant stakeholder.

The consultation package contains details such as an activity summary, location map, coordinates,
water depth, distance to key regional features, exclusion zone details and estimated timing and
duration. This consultation package outlined potential risks and impacts together with a summary of
proposed management control measures.

Individual fishing licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration
Drilling Commercial Fishers Stakeholder Consultation package by via post.

The intent of providing this level of information early in the consultation process was to facilitate
each party proceeding with their business in a safe and efficient manner, and without loss or conflict,
by minimising the extent of interruption by the activities on commercial fishing operators’ activities
to the lowest practicable level.

Stakeholders were afforded at least six weeks to review consultation packs, although Santos
accepted stakeholder feedback after this period. A summary of the Consultation material sent to
stakeholders is contained in Appendix F.
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4.4 Assessment of Stakeholder Objections and Claims

A summary of the stakeholder consultation undertaken for this EP, including Santos’ assessment of
all stakeholder comments received, is outlined in Table 4-2.

Full transcripts between Santos and stakeholders are provided in the WA-499-P, WA-208-P and WA-
546-P Exploration Drilling Environment Plan Sensitive Stakeholder Information Report (SO-91-BI-
20003.03) as a confidential submission to NOPSEMA.

Santos adopted the following process to address objections and claims received during the
consultation process:

+ Santos acknowledged receipt of all comments made by stakeholders.

+ Santos assessed the merits of all objections and claims made by stakeholders. This included
assessing all reasonably available options for resolving or mitigating the degree to which a
stakeholder’s functions, interests or activities may be affected. Control measures were proposed
and adopted where reasonably practicable.

+  Santos responded to all stakeholder objections and claims, and advised the stakeholder how each
of their objections and claims would be addressed in the EP.

+ Santos invited the stakeholder to provide additional feedback and comment.

+ As soon as possible, or on publication of the EP on the NOPSEMA website, Santos will advise the
stakeholders listed in Table 4-2 or their industry body, the EP was available for public review and
comment.

A similar process was applied to information provided and requests made by stakeholders not
deemed to be an objection or claim.

Santos recognises the importance of ensuring a high degree of transparency in how a titleholder
manages ongoing stakeholder consultation during the life of the EP. As such, should additional
stakeholder comments be received to those described in Table 4-1 then Santos will assess the
comments using the above process and update the EP to document the assessment of additional
objections or claims.

In relation to stakeholder consultation Santos is of the opinion that Regulation 10A of the OPGGS(E)
Regulations has been met.
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Table 4-2: Consultation Summary for Activity

Stakeholder Stakeholder Consultation Summary (OPGGS(E) Regulation 16 (b)(i))

Commonwealth departments/agencies

Australian AHO was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July 2021.

Hydrographic Office AHO acknowledged receipt of the consultation material on 22 July 2021.

(AHO) AHO was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October
2021.

AHO acknowledged receipt of the consultation material on October 2021.
AHO notification requirements, as requested by AMSA (refer to below), are addressed in Table 8-4.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
No assessment required. No response required.
Australian Maritime AMSA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July
Safety Authority 2021.
(AMSA) AMSA responded on 22 July 2021 advising:

+  Please ensure that timely and relevant Maritime Safety Information (MSl) is promulgated for the area and nature of your
operations. To promulgate MSI, you should contact the Australian Hydrographic Office at datacentre@hydro.gov.au no less than
four weeks before operations, with details relevant to the operations. The AHO will promulgate the appropriate Notice to Mariners
(NTM), which will ensure other vessels receive information of your activities. [REQUEST 001]

+  Notify AMSA’s Joint Rescue Coordination Centre (JRCC) by e-mail to rccaus@amsa.gov.au (Phone: 1800 641 792 or +61 2 6230
6811) for promulgation of radio-navigation warnings at least 24-48 hours before operations commence. AMSA’s JRCC will require
the vessel details (including name, callsign and Maritime Mobile Service Identity (MMSI)), satellite communications details
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Stakeholder Stakeholder Consultation Summary (OPGGS(E) Regulation 16 (b)(i))

(including INMARSAT-C and satellite telephone numbers), area of operation, requested clearance from other vessels and any other
information that may contribute to safety at sea. JRCC will also need to be advised when operations start and end. [REQUEST 002]

+  You should plan to provide updates to both the Australian Hydrographic Office and the JRCC on progress and, importantly, any
changes to the intended operations. [REQUEST 003].

+  We remind vessels of their obligation to comply with the International Rules for Preventing Collisions at Sea (COLREGS), in
particular, the use of appropriate lights and shapes to reflect the nature of your operations (e.g. restricted in the ability to
manoeuvre). Vessels should also ensure their navigation status is set correctly in the ship’s AlS unit. INFORMATION 001]

+ To obtain a vessel traffic plot showing Automatic Identification System (AIS) traffic data for your area of interest, please visit AMSA’s
spatial data gateway and Spatial @AMSA portal to download digital data sets and maps. [INFORMATION 002]

Santos responded to AMSA on 6 August 2021 and addressed the matters raised in their correspondence of 22 July 2021 (refer assessment of
stakeholder objections, claims, information and requests below).

AMSA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October
2021.

No further feedback has been received from this stakeholder.

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the
WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.

Santos considers the level of consultation to be adequate and will address any additional comments from this stakeholder should they arise
in the future.

Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests

[REQUEST 001] Santos will notify the AHO no less than four working weeks before Santos responded to AMSA confirming the
operations commence, where practicable. notifications requirements would be addressed in
Notification requirements are addressed in Table 8-4. the EP.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 198 of 557



S0-91-BI-20003.01 Santos

Stakeholder Stakeholder Consultation Summary (OPGGS(E) Regulation 16 (b)(i))

[REQUEST 002] Santos will notify AMSA’s JRCC at least 24—-48 hours before Santos responded to AMSA confirming the
operations commence and advise when operations start and end. notifications requirements would be addressed in
Notification requirements are addressed in Table 8-4. the EP.

[REQUEST 003] Santos will provide updates to both the AHO and the JRCC on any Santos responded to AMSA confirming the
changes to the intended operations notifications requirements would be addressed in
Notification requirements are addressed in Table 8-4. the EP.

[INFORMATION 001] Santos notes the advice reminding vessels of their obligation to Santos responded to AMSA and acknowledged
comply with the International Rules for Preventing Collisions at Sea (COLREGS). their feedback.

[INFORMATION 002] Santos notes the information provided on traffic data. Santos responded to AMSA and acknowledged
their feedback.

Department of Defence Defence was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July
(Defence) 2021.

Defence was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October
2021.

No response has been received to date.

Defence has previously requested continued liaison with AHO, in particular to ensure the AHO is notified three weeks prior to the actual
commencement of activities.

Santos has addressed AHO notification requirements, in Table 8-4.

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the
WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.

Santos considers the level of consultation to be adequate and will address any additional comments from this stakeholder should they arise
in the future.

Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
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Stakeholder Stakeholder Consultation Summary (OPGGS(E) Regulation 16 (b)(i))
No assessment required. No response required.
Australian Fisheries AFMA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July
Management Authority 2021.
(AFMA) AFMA responded on 9 August 2021 advising:

+ Itis important to consult with all fishers who have entitlements to fish within the proposed area. This can be done through the
relevant fishing industry associations or directly with fishers who hold entitlements in the area. In particular we request that you
consult directly with Commonwealth concession holders in the North West Slope Trawl Fishery, as well as the Western Australia
Fishing Industry Council (WAFIC). AFMA provided guidance on where to find this information [REQUEST 001]

Santos responded to AFMA on 10 August 2021 and addressed the matters raised in their correspondence of 9 August 2021 (refer assessment
of stakeholder objections, claims, information and requests below).

AFMA responded on 12 August 2021 and confirmed the proposed operational areas for the WA-499-P, WA-208-P and WA-546-P Exploration
Drilling program do not intersect with the fishery boundary.

AFMA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October
2021.

No further feedback has been received from this stakeholder.

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the
WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.

Santos considers the level of consultation to be adequate and will address any additional comments from this stakeholder should they arise
in the future.

Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests

[REQUEST 001] Santos has consulted directly with relevant fishers and fishing Santos responded to AFMA and acknowledged
industry associations as outlined in Table 4-1 and Table 4-2. their advice. Santos also provided mapping to
AFMA to indicate the North West Slope Trawl
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The proposed operational areas for the WA-499-P, WA-208-P and WA-546-P
Exploration Drilling program do not intersect with the North West Slope Trawl
Fishery and therefore consultation is not required.

Fishery did not intersect with the proposed
operational areas.

Department of
Agriculture, Water and
the Environment
(DAWE) - Biosecurity
(vessels, aircraft and
personnel)

The department was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21
July 2021.

The department was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26
October 2021.

No response received to date.
The department has previously advised Santos of their Agriculture biosecurity requirements.

The Environment Plan refers to applying to the Department, using the form provided, at least one month prior to the commencement of the
activity, for the MODU and associated support vessel/s biosecurity risk to be assessed as low (as applicable to vessel and location).

Notification requirements are addressed in Table 8-4 of the EP.

Santos considers the level of consultation to be adequate and will address any additional comments from this stakeholder should they arise
in the future.

Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)),
information and requests

Statement of response, or proposed response, to
the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests

No assessment required. No response required.

Department of
Agriculture, Water and
the Environment
(DAWE) - Biosecurity
(marine pests)

The department was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21
July 2021.

The department was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26
October 2021.

No response received to date.
Management of invasive marine pest species is addressed in Section 7.7.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the
future.
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Stakeholder Stakeholder Consultation Summary (OPGGS(E) Regulation 16 (b)(i))
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation

16 (b)(iii)), and information and requests

No assessment required. No response required.
Department of The department was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21
Agriculture, Water and July 2021.
the Environment The department was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26
(DAWE) - Fisheries October 2021.

No response received to date.

Santos has assessed the impact to fish and commercial fisheries in Section 6.1 and 6.2. and consulted with relevant licence holder and
fishing industry associations as outlined in Table 4-1 and Table 4-2.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
No assessment required. No response required.
Director of National The Director of National Parks (DNP) was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation
Parks (DNP) package via email on 21 July 2021.

DNP responded on 1 September 2021 and provided the following feedback:

+  DNP noted the EP for WA-499-P, located within Montebello Marine Park, has already been approved and therefore will not be
considered in this comment. [INFORMATION 001]

+ Based on the information provided, we note that the planned activities do not overlap any Australian Marine Parks. You have noted
that the Jelen-1 wellhead is approximately 29.8 km from the Montebello Marine Park. You have noted that the Parnassus-1 wellhead
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Stakeholder Stakeholder Consultation Summary (OPGGS(E) Regulation 16 (b)(i))

is approximately 26.8 km from the Montebello Marine Park. Therefore, there are no authorisation requirements from the DNP.
[INFORMATION 002].

+ To assist in the preparation of an EP for petroleum activities that may affect Australian marine parks, NOPSEMA has worked closely
with Parks Australia to develop and publish a guidance note that outlines what titleholders need to consider and evaluate. In
preparing the EP, you should consider the Australian marine parks and their representativeness. In the context of the management
plan objectives and values, you should ensure that the EP [REQUEST 001]:

+ identifies and manages all impacts and risks on Australian marine park values (including ecosystem values) to an acceptable level and
has considered all options to avoid or reduce them to as low as reasonably practicable.

+ clearly demonstrates that the activity will not be inconsistent with the management plan.

+ DNP do not require further notification of progress made in relation to this activity unless details regarding the activity change and
result in an overlap with or new impact to a marine park, or for emergency responses (see details below) [REQUEST 002].

+  Emergency responses: the DNP should be made aware of oil/gas pollution incidences which occur within a marine park or are likely
to impact on a marine park as soon as possible. Notification should be provided to the 24-hour Marine Compliance Duty Officer on
0419 293 465. The notification should include [REQUEST 003]:

— titleholder details
— time and location of the incident (including name of marine park likely to be affected)
—  proposed response arrangements as per the Oil Pollution Emergency Plan (e.g. dispersant, containment, etc.)
— confirmation of providing access to relevant monitoring and evaluation reports when available; and
— contact details for the response coordinator.
Note that the DNP may request daily or weekly Situation Reports, depending on the scale and severity of the pollution incident.

Santos responded to DNP on 2 September 2021 and addressed the matters raised in their correspondence of 28 July 2021 (refer assessment
of stakeholder objections, claims, information and requests below).

Santos contacted DNP on 17 September via phone call and a follow up email to clarify that the approved EP for WA-499-P was for a
geophysical survey only and that the exploration drilling within WA-499-P was included in this EP, therefore drilling activities are proposed to
occur within the Montebello AMP.
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DNP responded on 20 September with the following additional feedback:

+ DNP noted that additional comments relate to exploration drilling within WA-499-P that will occur within the Montebello Marine Park
[INFORMATION 003]

+ We recommend the EP give consideration to avoiding impacts upon migratory species, such as considering the use of low power and shut
down zones and timing of the activity — with particular attention to managing the risk to turtle foraging and internesting locations.
[REQUEST 004].

+ The DNP requests notification to marineparks@awe.gov.au if the EP is approved by NOPSEMA. If the EP is approved, the DNP also
requests notification at least 10 days prior to all activities occurring within the marine park (excluding transiting) and at the conclusion of
that activity. Notification information should be consistent with the guidance note. [REQUEST 002].

Santos responded to DNP on 22 September 2021 and addressed the matters raised in their correspondence of 20 September 2021 (refer

assessment of stakeholder objections, claims, information and requests below).

DNP was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October

2021.

DNP responded on 28 October 2021 and provided the following comments:
+ We note the changes to the operational areas of the well sites.

+ We confirm the combination and expansion of the Parnassus-1 and Jelen-1 operational areas remain located outside of Montebello
Marine Park.

We also confirm that the operational area of Yoorn-1 located within Montebello Marine park has been reduced.

+ The DNP requests notification to marineparks@awe.gov.au if the EP is accepted by NOPSEMA. If the EP is approved, the DNP also requests
notification at least 10 days prior to all activities occurring within the marine park (excluding transiting) and at the conclusion of that
activity. Notification information should be consistent with the guidance note. [REQUEST 002]

Santos responded to DNP on 28 October 2021 and addressed the matters raised in their correspondence of 28 October 2021 (refer
assessment of stakeholder objections, claims, information and requests below).

Santos considers the level of consultation to be adequate and will address any additional comments from this stakeholder should they arise
in the future.
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Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)),
information and requests

Statement of response, or proposed response, to
the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests

[INFORMATION 001] Noted.

Santos responded to Marine Parks and
acknowledged their comment.

[INFORMATION 002] Santos notes the planned activities do not overlap any
Australian Marine Parks (noting follow up clarification communications with DNP
addressed in REQUEST 002 AND REQUEST 004].

Santos responded to Marine Parks and
acknowledged their comment.

[INFORMATION 003] Noted

Santos responded to Marine Parks and
acknowledged their comment.

[REQUEST 001] Santos is following the NOPSEMA guidance note Petroleum activities
and Australian Marine Parks (N-04750-GN1785 A620236) in preparation of the EP
and OPEP, where relevant.

Santos responded to Marine Parks and confirmed
the guidance note was being followed in
preparation of the EP and OPEP where relevant.

[REQUEST 002] Notification requirements are addressed in Table 8-4

Santos responded to Marine Parks and
acknowledged their notification requirements

[REQUEST 003] The Qil Pollution Emergency Plan (OPEP) for the activity will include
DNPs notification requirements. These can be found in Section 7 of the OPEP.

Santos responded to Marine Parks and confirmed
the required notification requirements would be
included in Section 7 of the OPEP.

[REQUEST 004] Santos has considered the relevant values of the Montebello Marine
Parks when preparing the EP, in particular the presence of habitat important to
marine turtles, seabirds, migrating humpback whales and foraging whale sharks as
well as the presence of the Ancient Coastline at 125m depth contour Key Ecological
Feature (KEF). Neither of the operational areas overlap the Ancient Coastline at 125
m depth KEF. Control measures adopted to manage interactions with fauna and the
KEF are described in Section 8 of the EP.

Santos responded to Marine Parks and confirmed

Control measures adopted to manage interactions
with fauna and the KEF are described in Section 8

of the EP.
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AMOSC AMOSC was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July
2021.
AMOSC was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October
2021.

No response received to date.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
No assessment required. No response required.
State Government Departments
Department of DoT was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July 2021.
Transport (DoT) DoT responded on 28 July 2021 advising:

+ if thereis a risk of a spill impacting State waters from the activity, please ensure that the department is consulted as outlined in the
Department of Transport Offshore Petroleum Industry Guidance Note — Marine Qil Pollution: Response and Consultation
Arrangements (July 2020). [REQUEST 001]

Santos responded to DoT on 6 August 2021 and addressed each of the matters raised in their correspondence of 28 July 2021 (refer
assessment of stakeholder objections, claims, information and requests below).

DoT was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October
2021.

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the
WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.

Santos considers the level of consultation to be adequate and will address any additional comments from this stakeholder should they arise
in the future.
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Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation

16 (b)(iii)), and information and requests

[REQUEST 001] Santos will provide the department a copy of the WA-499-P, WA- Santos responded to DoT and acknowledged their
208-P and WA-546-P Exploration Drilling OPEP for review, upon submission to request.
NOPSEMA.

Department of Primary DPIRD was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July
Industries & Regional 2021.

Development (DPIRD) DPIRD was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October
2021.

DoT responded on 29 October 2021 advising:

+ if there is a risk of a spill impacting State waters from the activity, please ensure that the department is consulted as outlined in the
Department of Transport Offshore Petroleum Industry Guidance Note — Marine Qil Pollution: Response and Consultation
Arrangements (July 2020). [REQUEST 001]

Santos responded to DoT on 29 October 2021 and addressed each of the matters raised in their correspondence of 29 October 2021 (refer
assessment of stakeholder objections, claims, information and requests below).

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the
WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.

Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to

information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests

No assessment required. No response required.

DBCA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July 2021.
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DBCA responded on 30 July 2021 and provided the following feedback in relation to its responsibilities under the Biodiversity Conservation
Act 2016 and the Conservation and Land Management Act 1984:

Department of
Biodiversity and
Conservation
Attractions (DBCA)

+

+

DBCA has previously provided comment to Santos in relation to petroleum production activities in proximity to ecologically
sensitive receptors including marine parks and other reserves managed by DBCA under the CALM Act. In particular, DBCA’s
comments relate to the need for comprehensive baseline monitoring of these receptors and oil spill response preparedness. Noting
that DBCA has received responses from Santos in relation to this advice, DBCA would like to reiterate its comments in this instance
in relation to the Montebello Islands Conservation Park and Marine Park, Lowendal Islands Nature Reserve, and Barrow Island
Nature Reserve, Marine Park and Marine Management Area, which are located in proximity to the proposed decommissioning
activities. [INFORMATION 001]

Should Santos Limited have any additional information in relation to its monitoring or oil spill response preparedness for these
decommissioning activities for DBCA’s information, this would be welcome. Santos should be aware that any activities requiring
access to reserves managed by DBCA under the CALM Act or requiring the taking / disturbance of threatened fauna listed under the
BC Act in State waters may require additional approvals under this legislation, and early consultation with DBCA is recommended.
[INFORMATION 002]

Please continue to provide all notifications to EMBadmin@dbca.wa.gov.au. [REQUEST 001]

Santos responded to DBCA on 4 August 2021 and addressed each of the matters raised in their correspondence of 30 July 2021 (refer
assessment of stakeholder objections, claims, information and requests below).

DBCA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October

2021.

No further feedback has been received from this stakeholder.

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the
WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.

Santos considers the level of consultation to be adequate and will address any additional comments from this stakeholder should they arise
in the future.

Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation

16 (b)(iii)), and information and requests
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[INFORMATION 001] Santos notes DBCA response. Santos responded to DBCA and acknowledged
their comments.

[INFORMATION 002] Santos clarified that the proposed activity under the EP is Santos responded to DBCA and clarified their
drilling activity and not decommissioning. comments.
The EP will include detailed descriptions of the various sensitivities described, and
risks will be to as low as reasonably practicable.

The WA-499-P, WA-208-P and WA-546-P Exploration Drilling OPEP will be available
on the NOPSEMA website once it has been accepted by NOPSEMA.

[REQUEST 001] Santos will continue to provide all future notifications to the Santos responded to DBCA and acknowledged
required email address. their comments.

Notification requirements are addressed in Table 8-4

Department of Mines, DMIRS was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July
Industry Regulation 2021.

and Safety (DMIRS) DMIRS responded on 27 August 2021 and provided the following comments:

+  DMIRS notes that the proposed activity will be assessed under the Offshore Petroleum and Greenhouse Gas Storage (Environment)
Regulations 2009 and regulated by the National Offshore Petroleum Safety and Environmental Management Authority (NOPSEMA)
[INFORMATION 001]

+ DMIRS has reviewed the notification and does not require any further information at this stage [INFORMATION 002].
+  Subsequently, please:

—  provide pre-start notification confirming the start date of the proposed activity and a cessation notification to inform
DMIRS upon completion of the activity to petroleum.environment@dmirs.wa.gov.au. [REQUEST 001]

— ensure the environment plan/s include information about the reporting of environmental incidents that could potentially
impact on any land or water in State jurisdiction, including that any notifications or reports are to be sent to
petroleum.environment@dmirs.wa.gov.au. [REQUEST 002]

Santos responded to DMIRS on 30 August 2021 and addressed each of the matters raised in their correspondence of 27 August 2021 (refer
assessment of stakeholder objections, claims, information and requests below).
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DMIRS was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October

2021.

No further feedback has been received from this stakeholder.

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the

WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.

Santos considers the level of consultation to be adequate and will address any additional comments from this stakeholder should they arise

in the future.

Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)),
information and requests

Statement of response, or proposed response, to
the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests

[INFORMATION 001] Santos notes DMIRS response.

Santos responded to DMIRS and acknowledged
their comments.

[INFORMATION 002] Santos notes DMIRS response.

Santos responded to DMIRS and acknowledged
their comments.

[REQUEST 001] Santos will provide pre-start notification confirming the start date of
the proposed activity and a cessation notification to inform DMIRS upon completion
of the activity to petroleum.environment@dmirs.wa.gov.au.

Notification requirements will be contained in Section 8 of the EP.

Santos responded to DMIRS and confirmed their
notification requirements would be addressed in
Section 8 of the EP.

[REQUEST 002] Santos will ensure the environment plan includes information about
the reporting of environmental incidents that could potentially impact on any land or
water in State jurisdiction, including that any notifications or reports are to be sent
to petroleum.environment@dmirs.wa.gov.au.

Notification requirements will be contained in Section 8 of the EP.

Santos responded to DMIRS and confirmed their
notification requirements would be addressed in
Section 8 of the EP.

Pilbara Ports Authority

The Pilbara Ports Authority was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via

email on 21 July 2021.
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The Pilbara Ports Authority was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via
email on 26 October 2021.

No response received to date.

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the
WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

Representative organisatio

Western Australian
Fishing Industry
Council (WAFIC)

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
No assessment required. No response required.
ns

WAFIC was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July

2021.

WAFIC responded on 18 August 2021 and provided the following comments:

+ Inthe Oil Pollution Emergency plan can Santos confirm they have the following:

Santos responded to WAFIC on 24 August 2021 and addressed each of the matters raised in their correspondence of 18 August 2021 (refer
assessment of stakeholder objections, claims, information and requests below).

Baseline scientific data on aquatic organisms and the aquatic environment [REQUEST 001].
Detailed post spill scientific monitoring of aquatic organism and aquatic environment [REQUEST 002].
Communication strategy that considers the commercial fishing industry in the event of a spill event [REQUEST 003].

Support to the commercial fishing industry with regards to traceability of fish products to manage tainting risks, if required.
[REQUEST 004].

Financial assistance to the commercial fishing industry in the event of a spill event. [REQUEST 005].
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WAFIC responded on 10 September 2021 thanking Santos for providing an update and stated that WAFIC had no additional comments

regarding these activities.

WAFIC was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October

2021.

WAFIC responded on 28 October 2021 and advised WAFIC has no additional comments relating to proposed changes.

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the

WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.

Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)),
information and requests

Statement of response, or proposed response, to
the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests

[REQUEST 001] The OPEP includes an overview of Santos’ Scientific Monitoring Plans
which includes a description of the approach to collecting baseline.

Santos responded to WAFIC and addressed each
of the matters raised.

[REQUEST 002] The OPEP includes an overview of the process for scientific
monitoring post spills.

Santos responded to WAFIC and addressed each
of the matters raised.

[REQUEST 003] In the event of a major spill, notifications to state and
commonwealth government fisheries agencies, including the Australian Fisheries
Management Authority and WA Department of Primary Industries and Regional
Development (Fisheries) will be made if applicable. Although WAFIC is not in the list
of agencies notified by the Incident Management Team (IMT), WAFIC is listed as a
key stakeholder in Santos’ communications register and would be contacted in the
event of an oil spill.

Santos responded to WAFIC and addressed each
of the matters raised.

[REQUEST 004] There is a dedicated Scientific Monitoring Plan for Seafood Quality
which aims to identify potential human health risks due to the presence of
hydrocarbon concentrations in the flesh of targeted seafood species for
consumption.

Santos responded to WAFIC and addressed each
of the matters raised.
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[REQUEST 005] These matters are not addressed in an OPEP. Santos responded to a Santos responded to WAFIC and addressed each
similar query from WAFIC in January 2021 and provided WAFIC a copy of that of the matters raised.
response.
Commonwealth The CFA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July
Fisheries Association 2021.
(CFA) The CFA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October
2021.

No response received to date.

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the
WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.

All fisheries are described in Section 3.2.4.1, and potential impact to fisheries, fish habitat and commercial fishers are discussed in
Section 6.1 and 6.2.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
No assessment required. No response required.
Pearl Producers The PPA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July
Association (PPA) 2021.
The PPA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October
2021.

No response received to date.

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the
WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.
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All fisheries (include pearl oysters) are described in Section 3.2.4.1, and potential impact to fisheries, fish habitat and commercial fishers are
discussed in Section 6.1 and 6.2.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
No assessment required. No response required.
Australian Southern ASBITA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July
Bluefin Tuna Industry 2021.
Association (ASBTIA) ASBTIA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October
2021.

No response received to date.

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the
WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.

All listed fisheries are described in Section 3.2.4.1, and potential impact to fisheries, fish habitat and commercial fishers are discussed in
Section 6.1 and 6.2.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
No assessment required. No response required.
Tuna Australia Tuna Australia was provided WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July
2021.
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Tuna Australia was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26
October 2021.

No response received to date.

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the
WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.

All listed fisheries are described in Section 3.2.4.1, and potential impact to fisheries, fish habitat and commercial fishers are discussed in
Section 6.1 and 6.2

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests

No assessment required. No response required.

Recfishwest Recfishwest was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July
2021.
Recfishwest was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26
October 2021.

No response received to date.

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the
WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.

Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to

information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
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No assessment required. No response required.
Marine Tourism WA MTWA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July
(MTWA) 2021.
MTWA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October
2021.

No response received to date.

This stakeholder also receives Santos’ Quarterly Consultation Update for WA. Since July 2021 this update has provided information on the
WA-499-P, WA-208-P and WA-546-P Exploration Drilling Program.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests

No assessment required. No response required.

Conservation Council CCAW was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 21 July

of WA 2021.
CCWA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October
2021.

No response received to date.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.

Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to

information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests

No assessment required. No response required.
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State managed fisheries

Mackerel Managed These licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via post
Fishery (Area 2) on 22 July 2021.
The Licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via post on
26 October 2021.

No comments received to date from individual fishers in this fishery.

All fisheries are described in Section 3.2.4.1, and potential impacts to fisheries, fish habitat and commercial fishers are discussed in
Section 6.1 and 6.2.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
No assessment required. No response required.
Pilbara Line Fishery These licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via post

on 22 July 2021.

The Licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via post on
26 October 2021.

No comments received to date from individual fishers in this fishery.

All fisheries are described in Section 3.2.4.1, and potentials impact to fisheries, fish habitat and commercial fishers are discussed in
Section 6.1 and 6.2.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the
future.
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Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation

16 (b)(iii)), and information and requests

No assessment required. No response required.
Pilbara Trap Managed These licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via post
Fishery on 22 July 2021.
The Licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via post on
26 October 2021.

No comments received to date from individual fishers in this fishery.

All fisheries are described in Section 3.2.4.1, and potential impacts to fisheries, fish habitat and commercial fishers are discussed in
Section 6.1 and 6.2.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
No assessment required. No response required.
Pilbara Fish Trawl These licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via post
Interim Managed on 22 July 2021.
Fishery The Licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via post on
26 October 2021.

No comments received to date from individual fishers in this fishery.

All fisheries are described in Section 3.2.4.1, and potential impacts to fisheries, fish habitat and commercial fishers are discussed in
Section 6.1 and 6.2.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 218 of 557



S0-91-BI-20003.01 Santos

Stakeholder Stakeholder Consultation Summary (OPGGS(E) Regulation 16 (b)(i))

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
No assessment required. No response required.
Pearl Oyster Managed The PPA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via email on 22 July
Fishery 2021.
The PPA was provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via email on 26 October
2021.

No comments received to date from individual fishers in this fishery.

All fisheries (including pearl oysters) are described in Section 3.2.4.1 and potential impacts to fisheries, fish habitat and commercial fishers
are discussed Section 6.1 and 6.2.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
No assessment required. No response required.
Onslow Prawn Fishery These licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via post

on 22 July 2021.

The Licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via post on
26 October 2021.

No comments received to date from individual fishers in this fishery.
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All fisheries are described in Section 3.2.4.1, and potential impacts to fisheries, fish habitat and commercial fishers are discussed in
Section 6.1 and 6.2.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
No assessment required. No response required.
Nichol Bay Prawn These licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via post
Fishery on 22 July 2021.
The Licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via post on
26 October 2021.

No comments received to date from individual fishers in this fishery.

All fisheries are described in Section 3.2.4.1, and potential impacts to fisheries, fish habitat and commercial fishers are discussed in
Section 6.1 and 6.2.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.
Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to
information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests
No assessment required. No response required.
Pilbara Crab Fishery These licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation package via post

on 22 July 2021.

The Licence holders were provided the WA-499-P, WA-208-P and WA-546-P Exploration Drilling Stakeholder Consultation Update via post on
26 October 2021.
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Stakeholder Stakeholder Consultation Summary (OPGGS(E) Regulation 16 (b)(i))

No comments received to date from individual fishers in this fishery.

All fisheries are described in Section 3.2.4.1, and potential impacts to fisheries, fish habitat and commercial fishers are discussed in
Section 6.1 and 6.2.

Santos considers the level of consultation to be adequate and will address any comments from this stakeholder should they arise in the

future.

Assessment of the merits of objections and claims (OPGGS(E) Regulation 16 (b)(ii)), Statement of response, or proposed response, to

information and requests the objections and claims (OPGGS(E) Regulation
16 (b)(iii)), and information and requests

No assessment required. No response required
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4.5 Ongoing Consultation

Stakeholder consultation for this activity will be ongoing and Santos will work with stakeholders
before, during and after the activity. Should new stakeholders be identified (Section 4.1), they will be
added to the stakeholder database and included in all future correspondence as required, including
activity-specific notifications.

Santos, as a marine user, understands there will be the need to interact and communicate with other
marine users to ensure mutual and individual stakeholder goals are met. Santos has identified the
need for ongoing engagement with other marine users, including the fishing industry, as outlined in
Section 8.9.

To this end, Santos commits to the following ongoing stakeholder consultation process:

+  Prior to commencement of the activity, Santos will notify relevant stakeholders as listed, or as
revised, in Table 8-4 in Section 8.9. The notification will include information on activity timing,
vessel movements and vessel details.

+ Upon completion of the activity, Santos will provide a cessation notification to the relevant
stakeholders listed, or as revised, in Table 8-4 in Section 8.9. The final cessation notification will
advise stakeholders that the activity has ended.

+ Santos’ Quarterly Consultation Update (see Section 4.6) will include the WA-499-P, WA-208-P and
WA-546-P Exploration Drilling activity. This consultation will cease once the activity has ended.

Up to date knowledge of stakeholders will be managed as described in Section 8.9

Santos will assess any additional stakeholder objections or claims in accordance with Section 4.4.

4.6  Quarterly Consultation Update

Activities covered under this EP will be included in Santos’ Quarterly Consultation Update until they
can be listed as a ‘completed activity’, with updates scheduled for approximately March, June,
September and December annually.

The Quarterly Consultation Update is circulated to a broad group of Santos stakeholders, including
many of the stakeholders identified in Table 4-1.

If stakeholders request additional information or raise concerns on any activity listed in a Quarterly
Consultation Update, a dialogue with these stakeholders can continue during or post the preparation
of an EP and will be recorded for future reference. Santos commits to respond and address any
comments to the satisfaction of both parties and keep any consultation on file during and post
acceptance of an EP.

4.7  Addressing Consultation Feedback

Santos’ Consultation Coordinator is available before, during and after the activity to ensure
opportunities for stakeholders to provide feedback are available.

Santos will maintain records of all stakeholder consultation related this this EP and activity.
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4.8 Stakeholder related Control Measures, Performance Outcomes and
Standards

Control measures and performance outcomes and standards for stakeholder consultation are
included in Section 8.4.1.

If, in stakeholder consultation, a change to any control measure or activity outlined in this EP is

required, Santos will undertake an internal assessment using the management of change process
(Section 8.10.2).
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5 Environmental Impact and Risk Assessment

OPGGS(E)R 2009 Requirements

Evaluation of environmental impacts and risks

13(5) The environment plan must include:
(a) details of the environmental impacts and risks for the activity; and
(b) an evaluation of all the impacts and risks, appropriate to the nature and scale of each impact or
risk; and
(c) details of the control measures that will be used to reduce the impacts and risks of the activity to
as low as reasonably practicable and an acceptable level.

13(6) To avoid doubt, the evaluation mentioned in paragraph (5)(b) must evaluate all the environmental
impacts and risks arising directly or indirectly from:

(a) all operations of the activity; and

(b) potential emergency conditions, whether resulting from accident or any other reason.

Environmental impact and risk assessment refers to a process whereby planned and unplanned
events that will or may occur during an activity are quantitatively and/or qualitatively assessed for
their impacts on the environment (physical, biological, and socio-economic) at a defined location and
specified period of time. In addition, unplanned events are assessed on the basis of their likelihood of
occurrence which contributes to their level of risk.

Santos has undertaken environmental impact and risk assessments for the planned events (including
any routine, non-routine and contingency activities) and unplanned events in accordance with the
OPGGS(E)R.

Provided in this section of the EP is the following information relating to the environmental impact
and risk assessment approach:

+ Terminology used
+ Summary of the approach.

A full description of the process applied in identifying, analysing and evaluating the impacts and risks
relating to the planned activity is documented in Santos’ Offshore Division Environmental Hazard
Identification and Assessment Guideline (EA-91-1G-00004_5).

5.1 Impact and Risk Assessment Terminology

Common terms applied during the impact and risk assessment process and used in this EP are
defined in Table 5-1. For a more comprehensive listing of the terms and definitions used in
environmental impact and risk assessment, refer to Santos’ Offshore Division Environmental Hazard
Identification and Assessment Procedure (EA-91-1G-00004_5).

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 224 of 557



SO-91-BI-20003.01

Santos

Table 5-1: Impact and Risk Assessment Terms

Name Definition

Acceptability

Determined for both impacts and risks. Acceptability of events is in part determined by the
consequence of the impact following management controls. Acceptability of unplanned
events is in part determined from its risk ranking following management controls. For both
impacts and risks, acceptability is also determined from a demonstration of the ALARP
principle, consistency with Santos Policies, consistency with all applicable legislation and
consideration of relevant stakeholder consultation when determining management controls.

Activity Specific tasks and actions undertaken throughout the life cycle of oil and gas exploration,
production and decommissioning.
ALARP As Low As Reasonably Practicable
The term refers to reducing risk to a level that is As Low As Reasonably Practicable. In
practice, this means showing through reasoned and supported arguments, that there are no
other practicable options that could reasonably be adopted to reduce risks further.
Authorised Person with authority to make the decision or take the action. Examples are Vessel Master,
Person Field Superintendent, Supervisor, Person-in-charge, Company Authorised Representative, and

Project Manager.

Control Measure

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

DMIRS

Department of Mines, Industry Regulation and Safety

Environment

Includes the natural and socio-economic values and sensitivities which will or may be affected
by the activity.

Is defined by NOPSEMA and DMIRS as:

(a) ecosystems and their constituent parts, including people and communities
(b) natural and physical resources

(c) the qualities and characteristics of locations, places and areas

(d) the heritage value of places

(e) the social, economic and cultural features of the matters mentioned in paragraphs (a),
(b), (c) and (d).

Environmental
consequence

A consequence is the outcome of an event affecting objectives.

Note 1 An event can be one or more occurrences and can have several cases.
Note 2 An event can consist of something not happening.

(Reference ISO 73:2009 Risk Vocabulary)

Environmental
impact

Defined by NOPSEMA! as any change to the environment, whether adverse or beneficial,
wholly or partly resulting from a planned or unplanned event®

Defined by DMIRS as any change to the environment, whether adverse or beneficial, that
wholly or partly results from a petroleum activity of an operator.

ENVID

Environmental hazard identification workshop

1 Defined by the Offshore Petroleum and Greenhouse Gas Storage (Environment) Regulations 2009
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Environmental
risk

Applies to unplanned events. Risk is a function of the likelihood of the unplanned event
occurring and the consequence of the environmental impact that arises from that event.

Hazard

A situation with the potential to cause harm

Grossly
disproportionate

Where the sacrifice (cost and effort) of implementing a control measure to reduce impact or
risk grossly exceeds the environmental benefit to be gained.

Impact The process of determining the consequence of an impact (in terms of the consequence to
assessment the environment) arising from a planned or unplanned event over a specified period of time.
Likelihood The chance of an unplanned event occurring.

Non-routine An attribute of the planned activity that may occur or will occur infrequently during the

planned event

planned activity. A non-routine planned event is intended to occur at the time.

Planned activity

A description of the activity to be undertaken, including the services, equipment, products,
assets, personnel, timing, duration and location and aspect of the activity.

Planned event

An event arising from the activity which is done with intent (i.e. not an unplanned event) and
has some level of environmental impact. A planned event could be routine (expected to occur
consistently throughout the activity) or non-routine (may occur infrequently if at all). Air
emissions, bilge water discharge and drill cuttings discharge would be examples of planned
events.

Receptor

A feature of the environment that may have environmental, social and/or economic values.

Risk

The effect of uncertainty on objectives.

Risk assessment

The process of determining the likelihood of an unplanned event and the consequence of the
impact (in terms of economic, human safety and health, or ecological effects) arising from the
event over a specified period of time.

Routine planned
event

An attribute of the planned activity that results in some level of environmental impact and
will occur continuously or frequently through the duration of the planned activity.

SLT

Senior Leadership Team

Unplanned event

An event that results in some level of environmental impact and may occur despite
preventive safeguards and control measures being in place. An unplanned event is not
intended to occur during the activity.

5.2 Summary of the Environmental Impact and Risk Assessment Approach

5.2.1

Overview

Santos operates under an overarching Risk Management Policy (QE-91-IF-10050). The company Risk
Procedure (SMS MS1 ST01) underpins the Risk Management Policy and is consistent with the
requirements of AS/NZS 1SO 31000:2018, Risk Management — Guidelines (I1SO, 2018).

The key steps to risk management are illustrated in Figure 5-1. The forum used to undertake the
assessment is the environmental hazard workshop, referred to as an ENVID, which is described in
Section 4 of Santos’ Offshore Division Environmental Hazard Identification and Assessment Guideline
(EA-91-1G-00004_5).
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Describe the activity and identiy the hazards (planned and unplanned events)
arising from the activity

Identify receptors in the environment that will or may be impacted by the
event and determine the nature and scale of impacts

Apply standard control measures

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

Treat risks and impacts by implementing additional controls as needed

Determine residual impact and risk ranking and

ensure activity is ALARP and acceptable

Figure 5-1: Environmental Impact and Risk Assessment Process

Santos’ Environmental Hazard Identification and Assessment Guideline (EA-91-1G-00004) includes
consideration of the following key areas in an impact and risk assessment:

Description of the activity (including location and timing)

Description of the environment (potentially affected by both planned and unplanned activities)
Identification of relevant persons

Identification of legal requirements (‘legislative controls’) that apply to the activity

Santos policy and SMS requirements

Principles of Ecologically Sustainable Development (ESD)

Santos acceptable levels of impact and risk.

+ + + + + + +

These factors were considered in an environmental impact and risk assessment workshop held in
September 2020 in which environmental hazards were identified and assessed (ENVID workshop).
The workshop involved participants from Santos' Health, Safety and Environment (HSE), Projects and
Operations departments and specialist environmental consultants.

5.2.2 Describe the Activity and Hazards (planned and Unplanned Events)

A description of the activity is required in order to determine the planned events that will take place
and the credible unplanned events that may occur. The location, timing and scope of the activity
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must be described in order to determine the impacts from planned events, and the impacts and risks
from unplanned events since these have a bearing upon the environment that may be affected
(EMBA) by the activity.

The outcome of this assessment is detailed in the relevant sub-sections of Sections 6 and 7.
5.2.3 Identify Receptors and Determine Nature and Scale of Impacts

A description of the environment (natural and socio-economic) within which hazards from the
activity will, or may occur, is required. This constitutes a crucial stage of the risk assessment, as an
understanding of the environment that will or may be affected is required to determine the type and
consequence of impacts from the activity being assessed. The environment must be understood
with respect to the spatial and temporal limits of the activity and key resources at risk that will or
could be impacted by planned and unplanned events. Santos has developed a Values and Sensitivities
of the Marine and Coastal Environment (EA-00-RI-10062) reference document which describes the
existing environment that may be affected by Santos activities and is reviewed and updated on an
annual basis.

Where the existing environment is being reviewed for regulatory approvals, a comparison shall be
made against the Values and Sensitivities of the Marine and Coastal Environment (EA-00-RI-10062). A
new protected matters search is required to ensure a thorough understanding of the existing
environment to ensure all risks are assessed.

The extent of actual impacts from each planned activity or risks from each unplanned activity, are
assessed using, where required, modelling (e.g. hydrocarbon spills) and scientific reports. The
duration of the event is also described including the potential duration of any impacts should they
occur. Receptors identified as potentially occurring within impacted area(s) are detailed in Section 3
and Appendix D.

5.3 Describe the Environmental Performance Outcomes and Control
Measures

For each planned and unplanned event, a set of Environmental Performance Outcome(s), Control
Measures, Environmental Performance Standards and Measurement Criteria are identified. The
definitions of the performance outcomes, control measures, standards and measurement criteria
must be consistent with the OPGGS(E)R 2009, and the NOPSEMA EP Content Requirements Guidance
Note (NOPSEMA, 2019).

For any hazard, additional controls, must also be considered and either accepted for use or rejected
based on whether the standard controls reduce impacts and risks to levels that are ALARP and
acceptable (refer Section 5.5 and 5.6).

Controls are allocated in order of preference according to Figure 5-2.
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Control Effectiveness Example

Eliminate Removal of the risk.

Refueling of vessels at port eliminates the risks of an offshore refueling.

Change the risk for a lower one.

Substitute
The use of low-toxicity chemicals that perform the same task as a more
toxic additive.

. . Engineer out the risk.

Engineering
The use of oil-in-water separator to minimise the volume of oil
discharged.

Isolation Isolate people or the environment from the risk.

The use of bunding for containment of bulk liquid materials.

o - Provide instructions or training to people to lower the risk.
Administrative

The use of Job Hazard Analysis to assess and minimise the
environmental risks of an activity.

Protective Use of protective equipment.

Containment and recovery of spilt hydrocarbons.

Figure 5-2: Hierarchy of Controls

5.4 Determine the Impact Consequence Level and Risk Rankings (on the
basis that all control measures have been implemented)

This step looks at the causal effect between the aspect/hazard and the identified receptor. Impact
mechanisms and any thresholds for impacts are determined and described, using scientific literature
and modelling where required. Impact thresholds for different critical life stages are also identified
where relevant.

The consequence level of the impact is then determined for each planned and unplanned event using
the Santos Environment Consequence Descriptors (Appendix G).

These detailed environmental consequence descriptions are based on the consequence of the impact
to relevant receptors in the following categories:

Threatened/migratory/local fauna
Physical environment/habitat
Threatened ecological communities
Protected areas

Socio-economic receptors.

+ + + + +

This process determines a consequence level, based on set criteria for each receptor category, and
takes into consideration the duration and extent of the impact, receptor recovery time and the effect
of the impact at a population, ecosystem or industry level.
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For unplanned events, a risk ranking is also determined using an assessment of the likelihood
(likelihood ranking) of the event as well as the consequence level of the potential impact should that
event occur. Likelihood rankings are provided in the Santos risk in Table 5-3.

The level of information required to complete the impact or risk assessment depends on the nature
and scale of the impact or risk. This process determines a consequence level based on set criteria for
each receptor category and takes into consideration the duration and extent of the impact, receptor
recovery time and the effect of the impact at a population, ecosystem or industry level. Impacts to
social and economic values are also considered based on existing knowledge and feedback from
stakeholder consultation. As the result of historic consultation with stakeholders, the social and
economic values in the region that are of interest are evident.

As planned events are expected to occur during the activity, the likelihood of their occurrence is not
considered during the risk assessment, and only a consequence level is assigned.

Table 5-2: Summary of Environmental Consequence Descriptors

Consequence Consequence Level Description

Level

I Negligible | No impact or negligible impact.

Il Minor Detectable but insignificant change to local population, industry or ecosystem factors.

1} Moderate | Significant impact to local population, industry or ecosystem factors.

v Major Major long-term effect on local population, industry or ecosystem factors.

\" Severe Complete loss of local population, industry or ecosystem factors AND/ OR extensive
regional impacts with slow recovery.

\ Critical Irreversible impact to regional population, industry or ecosystem factors.

For unplanned events, the consequence level of the impact is combined with the likelihood of the
impact occurring (Table 5-3), to determine a residual risk ranking using the corporate Santos risk matrix
(Table 5-4). For oil spill events, potential impacts to environmental receptors are assessed where they
occur within the EMBA using results from modelling.

Table 5-3: Likelihood Description

No. Matrix Description

f Almost Certain Occurs in almost all circumstances OR could occur within days to weeks

e Likely Occurs in most circumstances OR could occur within weeks to months

d Occasional Has occurred before in Santos OR could occur within months to years

c Possible Has occurred before in the industry OR could occur within the next few years
b Unlikely Has occurred elsewhere OR could occur within decades

a Remote Requires exceptional circumstances and is unlikely even in the long term
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Table 5-4: Santos Risk Matrix

Consequence

_

Medium Very High Very High Very High

Medium Medium Very High Very High

Medium Very High

Likelihood

Very High

Medium

Medium Medium

5.5 Evaluating if impacts and Risks are ALARP

For planned and unplanned events, an ALARP assessment is undertaken to demonstrate that the
standard control measures adopted reduce the impact (consequence level) or risk to ALARP. This
process relies on demonstrating that further potential control measures would require a
disproportionate level of cost/effort in order to reduce the level of impact or risk. If this cannot be
demonstrated, then further control measures are adopted. The level of detail included within the
ALARP assessment is based upon the nature and scale of the potential impact or risk. For example,
more detail is required for a risk ranked as "Medium’ compared to a risk ranked as "Low’.

5.6 Evaluating Impact and Risk Acceptability

Santos considers an impact or risk associated with the proposed activity to be acceptable if the
following criteria are met:

+ The consequence of a planned event is ranked as | or Il; or a risk of impact from an unplanned
event is ranked Very Low to Low

+ 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 has 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’ Environmental Management Policy
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+ Performance standards are consistent with industry standards and best practice guidance (e.g.,
National Biofouling Management Guidance Guidelines for the Petroleum Production and
Exploration Industry (Marine Pest Sectoral Committee, 2018))

+ Performance outcomes and standards are consistent with stakeholder expectations

+ Performance standards have been demonstrated to reduce the impact or risk to ALARP.
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6
6.1

6.1.1

Extent

Duration

6.1.2

Planned Activities Risk and Impact Assessment
Interaction with Other Marine Users

Description of Event

Interaction with other marine users may occur as a result of:
+  Vessel Operations

The geophysical survey will take up to 20 days at the J&P OA. The survey for Yoorn is covered under a
separate EP and is not within the scope of this EP. No support vessels are required during the
geophysical survey; and there is no exclusion zone around the survey area.

The movement of vessels within the operational areas has the potential to result in interactions with
other marine users.

The MODU will be supported by approximately two support vessels, however this EP has accounted
for a maximum of four support vessels. There will be at least one support vessel with the MODU at
all times. The support vessels will be either stationary or operating at slow speeds while undertaking
activities within the operational areas. No vessels will be anchoring within the operational areas.

Vessels transiting to and from the operational areas are not included in the scope of this EP and
operate under the Navigation Act 2012.
+ MODU Operations

The MODU will be within the vicinity of the operational areas for a maximum duration of 90 days at
the Yoorn OA; and up to 50 days at each well location within the J&P OA. While the MODU is in
position there will be a 500 m PSZ that will be maintained around the MODU at all times.

The Activity could potentially inhibit or be a disturbance to marine user groups including commercial
shipping, fishing and other oil and gas activities.

For commercial fishing licence holders, the level of interaction could lead to temporary displacement
to fishing grounds. The presence of the MODU and support vessels could pose a navigational hazard
and a collision risk (refer to Section 7.2).

Within the OAs

For the duration of the Activity, as described in Section 2.2

Nature and Scale of Environmental Impacts

Potential Receptors: Commercial Fishers, Recreational Fishers and Tourism, Commercial Shipping,

Petroleum Activity

Santos has identified the following stakeholders as potential marine users of the operational areas;
commercial fishers, recreational fishers, commercial shipping, and other petroleum-related vessels.
These users maybe temporarily displaced by the physical presence of the MODU and support vessels,
and the survey vessel. The potential effects of noise from vessels on marine users, specifically
commercial fishers, is addressed in Section 6.4.
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6.1.2.1 Socio-economic

Commercial Fishers

Commercial fishers have been identified as relevant stakeholders and are considered to be the main
marine user within the OAs. There are three Commonwealth fisheries which overlap the YJP OAs; the
Western Tuna and Billfish Fishery, Western Skipjack Tuna Fishery, and Southern Bluefin Tuna Fishery.

There are also eight State fisheries that overlap with either or all of the OAs. These are summarised
in Table 3-12.

An analysis of the historical fishing effort data, current fishery closures, depth range of activity,
fishing methods and consultation feedback (refer to Section 4 and Table 3-12) has revealed that
there is a low potential for interaction with commercial fisheries. None of the Commonwealth
fisheries identified in Section 4.4 are likely to be active in the YPJ OAs. For State-managed fisheries
the 2010-2020 FishCube data (DPIRD 2019) indicated:

+ The Pilbara Line Fishery has recorded limited catch effort since 2010-2020 with no activity or less
than three active vessels within the OAs; with the exception of October 2017 for Yoorn OA and
March 2017 for J&P OA where the fishery was active with a catch effort and three active vessels.

+ The Pilbara Trap Managed Fishery has recorded limited catch effort since 2010-2020 with less
than three active vessels within the OAs. However, May and July 2020 recorded three vessels in
the Yoorn and Jelen OAs, but no change to the Parnassus data.

+ Pilbara Fish Trawl (Interim) Managed Fishery has had recent fishing activity within the J&P OA
with a recordable catch effort and a vessel count of up to four active vessels. The fishery has no
recorded activity in the Yoorn OA.

+ Pilbara Crab Managed Fishery has recorded no activity or less than three active vessels within
both OAs.

+ Mackerel Managed Fishery has recorded limited catch effort since 2010-2020 with less than three
active vessels within the OAs.

+ Nickol Bay Prawn Managed Fishery has recorded limited catch effort throughout the 2010-2020
period with less than three active vessels within the Yoorn OA. The data for the J&P OA indicates
seasonal activity from May — July with up to eight active vessels during that period. Outside of this
time there are less than three active vessels within the J&P OA.

+ West Australian Sea Cucumber Fishery has recorded no activity within the OAs since January
2019. Prior to this, the fishery has not been active with no catch effort recorded and less than
three active vessels in both OAs.

+ Onslow Prawn Managed Fishery has no recorded activity within the J&P OA. The data also shows
limited catch effort within the Yoorn OA since 2010-2020 with less than three active vessels.

The loss of fishing grounds due to the presence of the two OAs will be minimal and temporary due to
the short duration of the activity.

Indigenous subsistence fishing and traditional hunting may occur in waters close to shorelines,
outside of the operational areas and therefore interactions with the MODU and support vessels will
not occur. Ongoing consultation with indigenous users has raised no concerns about the oil and gas
activity occurring in offshore waters.

Recreational Fishers and Tourism
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There are various charter fishing companies that operate out of Dampier. The closest coastline to any
of the OAs is Trimouille Island (part of the Montebello Islands group), which is approximately 20 km
from the Yoorn OA, with the next closest being Lowendal Island (approximately 39 km).

Recreational fishing activities are primarily based out of the Montebello Islands. Given the distance
to the Yoorn-1 well and its water depths (approximately 45 m), recreational fishing activities in the
OAs is not expected to occur.

Recreational activities such as snorkelling, diving, surfing and fishing activities are more likely to
occur in shallow waters around the Dampier Archipelago and off the Dampier coast, however
interaction with these activities and the MODU and support vessels are unlikely to occur. As such,
impacts to tourism are not expected.

Commercial Shipping

The Yoorn OA intersects with a shipping fairway from Barrow Island. The J&P OA does not intersect
with any recognised shipping routes, with the nearest designated shipping route located 30 km away
(Figure 3-40). Analysis of historical Automatic identification system (AIS) shipping data indicates that
vessels operating in the area are in the oil and gas industry. Vessel traffic is largely confined to the
two designated shipping fairways servicing Port Hedland. Other vessels within the area are
commonly proceeding to and from other major ports in the area (ports of Dampier, Port Walcott,
Port Hedland, Barrow Island, Varanus Island and Onslow). Should commercial vessels need to deviate
from planned routes to avoid the Activity vessel, this may slightly increase transit times and fuel
consumption. As the OAs are in open waters with no grounding or navigational hazards, it is not likely
that any such deviation would increase the potential for vessel collision or grounding.

Oil and Gas Activities

The North West Shelf (NWS) is a major oil and gas hub in Australia, with several companies operating
within the area. The closest is to the J&P OA, which is the Reindeer platform; also operated by
Santos. The activity occurs in a particularly dense area of the NWS with respect to the main oil and
gas operational and exploratory fields. There is no existing oil and gas facilities or infrastructure
within any of the OAs.

6.1.3 Environmental Performance Outcomes and Control Measures

Environmental Performance Outcomes (EPOs) relating to this event include:

+ Reduce impacts on other marine users through the provisions of information to relevant
stakeholders such that they are able to plan for their activities and avoid unexpected interference
[YJP-EPO-01]

The Control Measures considered for this Activity are shown in Table 6-1 with Environmental
Performance Standards (EPS) and Measurement Criteria for the EPOs described in Section 8.4.
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Table 6-1: Control Measures Evaluation for Interaction with Other Marine Users

Control
Measure
(CM)
Reference

Control measure

Environmental benefit

Potential
cost/issues

Evaluation

YJP-CM-024 | MODU MODU has an Automatic Benefits considered | Adopted — Benefits
identification Identification System (AIS) | to outweigh considered to
system to aid in its detection at negligible costs to outweigh negligible

sea. Reduces risk of Santos WA costs to Santos.
environmental impact
from vessel collisions.

YJP-CM-032 | No fishing from Personnel are prohibited Negligible costs. Adopted — Benefits
MODU and from recreational fishing considered to
vessel activities on MODU or outweigh negligible

vessels costs to Santos

YJP-CM-022 | Santos Ensures other marine Limited additional Adopted — Benefits
stakeholder users, such as commercial | costs to Santos. considered to
consultation fishers, are aware of Stakeholders time outweigh negligible
strategy upcoming installation and | required to review costs. Important

commissioning operations | consultation control to ensure

so they can plan their material and other marine users

business accordingly. communicate with are aware of

Santos. upcoming operations

and potential
business disruptions.
Provides an
opportunity for
Santos and
stakeholders to
discuss additional
ways of minimising
on-water
interference and
business disruptions.

YJP-CM-014 | Maritime Ensures other marine Costs associated Adopted — Benefits
Notices users are aware of the with the personnel | considered to

presence of the MODU time in issuing outweigh negligible

and support vessels, and notifications and costs. Maritime

static data collection. closing out queries | requirement to issue
and responses. marine notices.

YJP-CM-038 | Petroleum Requested 500 m No additional costs | Adopted —The
Safety Zone exclusion zones around to Santos. Other requested exclusion
(PSZ) established | the vessel prevents other | marine users may of other marine users
to reduce vessels from getting too be temporarily is temporary. Marine
potential for close and causing damage | excluded from users will still be able
collision or small areas, to access the
interference operational areas.
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Control
Measure
(CM)
Reference

Control measure

Environmental benefit

Potential
cost/issues

Evaluation

with other to equipment of either disrupting their Normal navigation at
marine user party. activities. sea process whereby
activities. shipping vessels
avoid navigational
risks. Hence, the
safety benefits to all
marine users
outweighs any
potential costs.
YJP-CM-031 | Lighting will be Reduces the risk of Negligible costs of Adopted — The safety
used as required | collisions with other acquiring and benefits of having
for safe work marine users. operating navigation
conditions and navigation equipment and
navigational equipment, as procedures
purposes. required by outweighs any cost.
maritime law. This is a maritime
requirement.
YJP-CM-015 | Support vessel(s) | Crew of support vessels No additional costs. | Adopted — No
will maintain constant additional costs. This
bridge watch, including is a commitment in
for third party vessels the Safety Case
which may be Revision.
approaching or enter the
exclusion zone.
AIS Reduces risk of impact
from vessel collisions
YJP-CM-033 | MODU MODU location not within | Negligible costs. Adopted — Benefits
positioning AMSA defined shipping considered to
fairway to reduce outweigh negligible
potential impacts to the costs to Santos
marine users transiting without impacting on
the area. the drilling location
requirements for this
activity.
N/A Manage the Would eliminate potential | High cost in moving | Rejected —
timing of the impacts to other marine schedule due to Stakeholders and
operational users. MODU availability. | shippingin the area
activities to Not considered all year round. Cost
avoid peak feasible as marine grossly
marine user users could disproportionate to
periods (e.g., potentially be in low socio-economic
fishing). the area all year benefit given the

round. The area

location of the
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Control Control measure
Measure
(C™m)

Reference

Environmental benefit

Potential
cost/issues

that stakeholders
are excluded from
is small (500 m)
when compared to
the area available
to other marine
users and there is
low marine user
activity in the area
as evidenced
through
consultation.

Evaluation

activity has low-
usage by commercial
fishers or areas of
tourism.

other active
marine users,
where safe to do
SO

the ability to avoid others
when drilling, in unlikely
event that interaction
with marine user requires
the vessel to avoid other
user. Note primary
controls around
stakeholder engagement
and navigational lighting
will suffice this control to
not be implemented.

N/A Reduce the Would reduce the The increased risk Rejected — The
radius of the potential impacts to other | of vessel collision is | increased risk of
exclusion zone marine users (shipping not acceptable. vessel collision is not
around the and fishing) as they would | Cost grossly acceptable. Cost
MODU. be excluded from a disproportionate to | grossly

smaller area. benefit given the disproportionate to

location of the benefit given the
activity has low location of the
usage by activity has low
commercial fishers | usage by commercial
and does not fishers and does not
overlap with any overlap with any
commercial commercial shipping
shipping lanes or lanes or areas of
areas of tourism. tourism. The PSZ is a
The 500 m safety proscribed area
exclusion zoneis a (AMSA) and
proscribed area therefore cannot be
(AMSA) and reduced.
therefore cannot
be reduced.

N/A Avoidance of The MODU doesn’t have | The MODU needs | Rejected — Not

to be stationary
and is not able to
move from its
position. If it has to
move from it
position this will
delay drilling.

feasible as the
MODU needs to be
stationary. However,
primary controls to
avoid other marine
users is thorough
stakeholder
engagement.
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6.1.4 Environmental Impact Assessment

Table 6-2: Impacts and Consequence Ranking — Interaction with Other Marine Users

Receptor Consequence Level

Threatened, migratory Not applicable — related to socio-economic receptors only.
or local fauna

Physical environment or
habitat

Threatened ecological
communities

Protected areas

Socio-economic The impact of the MODU and vessel operations on socio-economic receptors
receptors are considered to be | (Negligible) due to the fact that:

+ The Yoorn OA intersects with a shipping fairway from Barrow Island.
The J&P OA does not intersect with any recognised shipping routes,
with the nearest located 30 km south. Any risk to commercial
shipping activities is mitigated through notifications sent to the
AMSA's Joint Rescue Coordination Centre (JRCC) for Auscoast
warnings and the Australian Hydrographic Service (AHS) for Notices
to Mariners, as outlined in Section 6.1.3.

+  Vessels could be expected to divert around the OAs, but this would
be a temporary exclusion given the duration of the activity — for
drilling, a maximum duration of 90 days at the Yoorn OA; and up to
50 days at each well for the J&P OA; and up to 20 days at the J&P OA
for the geophysical survey.

+  Tourism activities may occur around the Dampier Archipelago and the
Montebello Islands. The Yoorn OA is 20.77 km from the closest
Montebello Island but are not expected to occur in the OA given the
water depth (approximately 45 m), lack of seafloor features and
distance from shore.

+  Given the distance to J&P from the closest coastline (approximately
80 km), no recreational activities are expected in the J&P OA.

+  The two OAs are not extensively fished — commercially, traditionally
or recreationally. During drilling, the exclusion area (PSZ) at each OA
is small (500 m), for a relatively short duration (between a maximum
of 50-90 days each). There is no formal exclusion zone for the survey
activities. The activity is unlikely to cause any fishing impacts.

+ There are no oil and gas facilities or infrastructure within the OAs,
with the closest being the Santos Reindeer wellhead platform 3.5 km
from J&P OA.

+  Stakeholder consultation and a review of recent shipping data did not
raise any concerns regarding disruptions to commercial shipping or
other oil and gas operators.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 239 of 557



S0-91-BI-20003.01 Santos

Receptor Consequence Level

+  All equipment will be removed from the seafloor once each well is
complete (unless in an emergency such as a cyclone resulting in
MODU temporarily departing the operational areas).

Overall worst-case | - Negligible
consequence
6.1.5 Demonstration of ALARP

There are no alternatives to the use of a MODU and support vessels to undertake the activity. The
OPGGS Act requires the presence of a 500 m PSZ. Other navigational controls, as specified in the
Navigation Act, will also be implemented (lighting, communication aids and charting). If the
management controls are adhered to, then the risk of interacting with other users of the sea will
have been reduced to ALARP.

Santos’ stakeholder consultation process is described in Section 4. Throughout the duration of EP
preparation, details of the activity have been communicated to relevant stakeholders as appropriate.
In consultation, stakeholders are made aware of the proposed area from which other marine users
may be excluded for the duration of the activity, and the potential schedule. Notice to Mariners will
be issued detailing the location and nature of activities and the vessels will maintain navigation aids.

During operational activities, support vessels may assist in maintaining the 500 m PSZ around the
MODU, to reduce the potential incursion by other marine users. No concerns have been raised by
stakeholders regarding the potential exclusion from the proposed operational areas.

With the controls adopted, the assessed residual consequence for this impact is negligible and
cannot be reduced further. Additional control measures were considered but rejected since the
associated cost / effort was grossly disproportionate to any benefit as detailed in Section 6.1.3.
Therefore, it is considered that the impact is ALARP.

6.1.6 Acceptability Evaluation

Is the consequence ranked as | (Negligible) or Il
(Minor)?

Is further information required in the
consequence assessment?

Are risks and impacts consistent with the
principles of ecological sustainable development
(ESD)?

Are risks and impacts consistent with relevant
legislation, international agreements and
conventions, guidelines and codes of practice
(including species recovery plans, threat
abatement plans, conservation advice and
Australian Marine Park zoning objectives)?
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Yes — maximum consequence from interaction with
other marine users is | (Negligible).

No — potential impacts and risks are well
understood through the information available.

Yes — activity evaluated in accordance with Santos’
Environmental Hazard Identification and
Assessment Procedure, which considers principles
of ecologically sustainable development.

Yes — management consistent with Safety of Life at
Sea (SOLAS) 1974 and Navigation Act 2012.

IUCN principles of nearby reserves (Montebello
Marine Park) (Multiple Use Zone — IUCN Category
V1) are met (Table 3-4).
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Are risks and impacts consistent with Santos’ Yes —aligns with Santos’ Environmental, Health and
Environmental, Health and Safety Policy? Safety Policy.

Are risks and impacts consistent with stakeholder Yes — WAFIC raised concerns for fishers in relation
expectations? to the presence of the PSZ and the potential impacts
to fishers. Santos responded to WAFIC's concerns
during consultation outlining the controls in place to
address their concerns, including the provision of
additional information during support vessel
inductions.

AFMA requested Santos consult directly with
Commonwealth concession holders in the North
West Slope Trawl Fishery and WAFIC, which Santos
confirmed was undertaken.

AMSA requested that appropriate notifications of
activity are made to AMSA’s JRCC and the Australian
Hydrographic Office (for Notice to Mariners); and
that timely and relevant Maritime Safety
Information (MSI) is promulgated for the area and
nature of operations.

DNP requested the EP gives consideration to
avoiding impacts upon migratory species — with
particular attention to managing the risk to turtle
foraging and internesting locations. DNP also
requested notifications as per the Petroleum
Activity and Australian Marine Park Guidance Note
(NOPSEMA, 2020) regarding timing and information
provided.

Santos considers these concerns to have been
addressed or will be addressed as per the Activity
Notification and Reporting Requirements

(Table 8-4).

Are performance standards such that the impact Yes —see ALARP above.
or risk is considered to be ALARP?

The presence of the MODU and vessels is not expected to significantly affect other marine users,
including commercial fishing operations or shipping traffic, given:

+ The PSZ (500 m) is a small exclusion zone in the context of the wide-open ocean environment

+ Short duration of the drilling activity — up to 90 days at the Yoorn OA, and up to 50 days each well
location within the J&P OA, depending on weather, equipment and drilling progress

+ Absence of any existing navigation hazards within the OAs.

A PSZ around the MODU is required under the OPGGS Act, and the controls proposed will ensure
that other users are aware of its presence and readily able to navigate accordingly, such that
potential impacts are ALARP and are considered to be environmentally acceptable.
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6.2 Seabed Disturbance

6.2.1 Description of Event

Potential seabed disturbance (temporary) may occur in the operational areas as a result of:

+  Geophysical survey activities
During the survey, sediment samples will be collected using a winch or crane, which will
disturb approximately 1.5 m deep and 1 m? area per sample; with a total seabed disturbance
of approximately 4 m?at the J&P OA.
A single transponder will be temporarily placed on the seabed, then recovered, with a total
disturbance of approximately 1 m?at both well locations within the J&P OA.

The survey for Yoorn-1 is covered under a separate EP and is not within the scope of this EP.

+  Drilling activities

— Move in and Rig Up

—  Well design

—  Plug and Abandonment

—  Contingency Activities (re-spud and side-track drilling)
Positioning of the jack up MODU requires the three MODU legs (spud cans) to be jacked up
during rig positioning to avoid contact with the seabed. Once at the desired location and with
the MODU stationary, the legs are lowered to be fully in contact with the seabed and the
MODU raises itself approximately 20 m above the sea surface and the cantilever will be
skidded out. The predicted seabed disturbance from the jacked up MODU legs (spud cans) is
estimated to be:

+  Approximately 260 m? per leg, equating to a footprint of approximately 780 m? for
the well (three legs x 260 m?) for each of the three wells.

Contingency activities may require the MODU to move and rig-up in a different location,
increasing the seabed disturbance footprint.
Should contingency activities be required, the maximum footprint would be the same size,
resulting in a doubling of the seabed disturbance area to approximately 1,560 m?for each of
the three wells.
There will be no anchoring or mooring of support vessels within the OAs.
Upon commencement of drilling, the conductor hole will have a surface area of <1 m? at the
drilling location.
During the activity, additional potential seabed disturbance may also occur in the operational
areas due to ROV activities and from dropped objects (e.g., riser, tote tanks, etc.). For solid
objects that may be accidentally dropped overboard and are heavy enough to sink through
the water column and subsequently land on the seabed, see Section 7.6 (Non-Hydrocarbon
Releases — Solids).

Seabed disturbance from drilling and cement discharges is discussed in Section 6.7.

All seabed disturbance will occur within the OAs.

For MODU positioning and drilling activities, the estimated direct physical disturbance of the
seabed is approximately 780 m? per well (planned) or <1,560 m? per well (if contingency
activities are required.

For geophysical survey activities (at J&P OA only), the direct physical disturbance is
approximately 5 m2.
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Temporary - for the duration of the activity, with recovery within weeks to months following
removal of the MODU spud cans from the seabed within the area; and after seabed sampling.

6.2.2 Nature and Scale of Environmental Impacts

Potential receptors: Physical environment (benthic habitats), threatened or migratory fauna (marine
mammals, marine reptiles, sharks and rays, fish), protected and significant areas (marine parks) and

socio-economic receptors (commercial fishing).

Operational activities may disturb seabed and benthic habitat through the following impacts:

+ Direct physical disturbance of an area of seabed habitat, including benthic fauna, of
approximately 780 m? (planned) or 1,560 m?, if contingency activities are required (for drilling
each well)

+ Direct physical disturbance of an area of seabed habitat, including benthic fauna, of
approximately 5 m? (for surveying at the J&P OA)

+ Indirect disturbance to benthic habitats and associated marine fauna by sedimentation

+ Increased turbidity of the near-seabed water column.

6.2.2.1 Physical environment

Benthic Habitats

The positioning of the MODU associated with the drilling activity and geophysical survey activities
will directly contact the seafloor and will inevitably result in localised impact (direct and indirect) to
water quality and benthic habitat (and associated fauna) in the operational areas.

The OAs do not contain any significant or unique areas of benthic habitat. As described in

Section 3.2.2, the benthic habitats within the operational areas are primarily calcareous gravel, sand
and silt most likely composed of sparse benthic and epi-benthic communities with low biodiversity
given known uniformity of benthic habitats across the NWS and within this geotechnical province
(Middle Shelf 2) (Williams et al. 2010; NGI, 2018).

No significant seabed features or biota have been found in the immediate region surrounding the
OAs.

Indirect impacts associated with a temporary (several hours) and localised (within tens of metres)
decline in water quality due to increased suspended sediments or sedimentation of the seabed are
not expected to affect any values and sensitivities of regional importance. It is not considered that
localised impacts within the OAs will result in significant indirect impacts (i.e. turbidity) to nearby
shoals and banks, offshore reefs or islands given their distance from the OAs.

The potential impacts of seabed disturbance caused by the planned activities are considered
negligible due to the following:

+ Depressions on the seabed left by the MODU spud cans once the MODU has moved off site, and
small depressions left by sediment sampling are predicted to infill as a result of movement of
sediments by water currents and by the deposition of detrital matter. Given the nature of the
habitat and associated benthic communities (Section 3.2.2), recolonisation would also be
expected to be rapid.
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+ No known sensitive seabed features (e.g., reefs, canyons, shipwrecks, KEFs) or benthic primary
producer habitat (e.g. areas of hard corals, seagrass, macroalgae or mangroves) are present in the
OAs. The minor and temporary disturbance to seabed habitat from the placement of the MODU
spud cans and survey techniques is not considered to cause any significant effect on ecosystem
function given the sparseness of benthic cover.

+ The overall footprint for disturbance within each OA is estimated to be <1,560 m? per well
(allowing for contingency activities but will be more likely be <780 m?) and to involve benthic
habitats and fauna assemblages that are considered widespread throughout the region
(Section 3.2.2) and able to rapidly re-establish following physical disturbance. The scale of
disturbance will be insignificant when compared to the vast areas of similar habitat throughout
the NWS.

6.2.2.2 Threatened / Migratory Fauna

Habitat modification is identified as a potential threat to a number of marine fauna species in
relevant Recovery Plans and Conservation Advice (Table 3-9). Disturbance of the seabed is not
anticipated to significantly affect mobile marine fauna, such as marine mammals, marine reptiles,
fish, sharks and rays. The area of seabed to be disturbed within the OAs also represents a negligible
portion of the habitat available for these species. No decrease in local population size, area of
occupancy of species, loss or disruption of critical habitat or disruption to the breeding cycle of any of
these protected matters is expected.

The Yoorn OA is much closer to the nearest coastline than the J&P OA and intersects with BIAs for
the loggerhead turtle (internesting and nesting), and green, flatback and hawksbill turtles
(internesting and critical nesting habitat). However, internesting activities typically occur within
shallower waters. The habitat present within the Yoorn OA is representative of habitats within the
broader BIA and the region. Permanent displacement of habitat from seabed disturbance is not
expected due to the small scale of the activity.

Fish, sharks and rays may also forage in the soft sediments for marine invertebrates. However, given
the small scale of the activity (total of <5,000 m? for all three wells) and the regional availability of
habitat, seabed and benthic habitat disturbance is not expected to affect these species.

6.2.2.3 Protected and significant areas and socio-economic receptors

Commercial fisheries that target benthic fauna in the operational areas are not predicted to be
significantly affected due to the short duration of the activity and the area of seabed disturbance is
insignificant compared to the total available fishing area. Potential impacts to benthic habitats and
subsequently to associated fish species of commercial importance are likely to be localised with the
impact to, and displacement of, fish insignificant at a population level.

The Yoorn OA intersects the Montebello Marine Park (Multiple Use Zone — IUCN Category VI).
Conservation values of the marine park (as outlined in Section 3.2.3) have the potential to be
impacted by seabed disturbance through impacts to the physical environment and marine fauna. The
J&P OAis 23.7 km from the closest AMP.
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Similarly, the temporary turbidity and sedimentation associated with the placement and retrieval of
spud cans is not considered likely to cause a significant environmental impact given the sparseness of
benthic cover (Section 3.2.2) and the highly localised impact zone. In this context, any potential
sediment movement caused by the activity is likely to have minimal impacts.

6.2.3 Environmental Performance Outcomes and Control Measures

The EPO relating to this event is:

+ Seabed disturbance is limited to planned activities and defined locations within the operational
areas. [YJP-EPO-07]

The control measures considered for this event are shown in Table 6-3, and the EPS measurement
criteria for the EPOs are described in Section 8.4.

Table 6-3: Control Measure Evaluation for Seabed Disturbance

Control Control Environmental Benefit Potential Evaluation
Measure Measure Cost/Issues

Reference
[\ [o

YJP-CM-003 | MODU move No accidental contact Personnel costs Adopted — Benefits
procedure with the seabed and associated with of ensuring
subsea infrastructure ensuring procedures are
during the MODU moves | procedures are in followed and
limiting seabed place and measures
disturbance. implemented implemented

during inspections. | outweigh the costs
of personnel time.

YJP-CM-039 | Recovery of all Prevents ongoing impact | Minimal additional | Adopted — Helps to
deployed to the seabed due to cost to recover minimise impacts
equipment equipment being left in equipment and extent of seabed

situ disturbance.

N/A Use of MODU Would reduce seabed Not feasible for Rejected — Not
with Dynamic disturbance as no jack-up rigs. technically feasible
Positioning (DP) contact of MODU with to use a DP MODU
Systems only the seabed. to drill the wells.

(i.e. no spud

cans or anchors)

YJP-CM-025 | Anchoring No planned anchoring of | Additional fuel Adopted - MODU
MODU and support costs due to does not require
vessels within vessels moving or anchors. Benefits of
operational areas idling. ensuring procedure
reduces seabed is followed and
disturbance area as no controls

implemented,
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anchor or anchor chain outweigh the costs

drag/placement. of personnel time in
implementation of
control.

6.2.4 Environmental impact Assessment

Table 6-4: Impacts and Consequence Ranking — Seabed Disturbance

Receptor Consequence Level

Threatened, migratory No sensitive seabed features are expected within the permit area based on
or local fauna surveys at similar water depths in adjacent permits.

The areas of seabed that will be impacted are expected to include calcareous
gravel, sand and silt. These sediments are un-vegetated and likely to have sparse
benthic and epi-benthic communities with low biodiversity (refer to

Section 3.2.2) and include species with widespread regional distributions.
Therefore, significant loss of habitat is not expected.

Marine invertebrates may inhabit soft sediments and can contribute to the diet
of some fauna. The area of soft sediment habitat that is potentially impacted is
small compared to the amount of habitat available and therefore the
disturbance is not expected to affect prey availability, or protected fauna
species.

Habitat modification is identified as a potential threat to a number of marine
fauna species in relevant Recovery Plans and Conservation Advice (Table 3-9).
However, the area of disturbance has not been identified as a habitat that
supports any protected species. Impacts will be temporary, and the area
potentially impacted is small compared to the size of the areas used by these
species for foraging. Therefore, no long-term impacts to these species are
expected. No decrease in local population size, area of occupancy of species,
loss or disruption of critical habitat or disruption to the breeding cycle of any of
these protected matters is expected.

Given the small-scale area of the activity, minor and short-term nature of
indirect impacts and the regional availability of the habitats present, seabed and
benthic habitat disturbance is not expected to impact threatened or migratory
species at a population level. The consequence level is therefore considered to
be | (Negligible).

Physical environment The area of physical environment and habitat that will be impacted during the
or habitat proposed activities is small (total of <5,000 m?2 for all three wells) compared to
the area of similar habitat in the wider environment and is expected to re-
establish following disturbance. As such, long-term or significant impacts to
habitat values or ecosystem function are not expected. Impacts to the physical
environment or habitat are assessed as | (Negligible).

Threatened ecological Not applicable — No threatened ecological communities are identified in the area
communities where seabed disturbance could occur.
Protected areas The Yoorn OA intersects the Montebello Marine Park (Multiple Use Zone - IUCN

Category VI). The relevant values of the marine park are not anticipated to be
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Receptor Consequence Level

significantly affected by seabed distance activities, and therefore the
consequence has been assessed as (1) Negligible.

There are no Protected Areas identified in the area where seabed disturbance
could occur for the J&P OA.

Socio-economic Not applicable — Disturbance of the seabed and benthic habitat within the
receptors operational areas is highly unlikely to impact socio-economic receptors such as
shipping and tourism. Any minor alteration or modification to habitats is not
expected to impact commercial fisheries’ target species based on the small size
of disturbance relative to the available fishing grounds.

No stakeholder concerns have been raised regarding this aspect.

Worst-case | - Negligible
consequence level

6.2.5 Demonstration of ALARP

There are no reasonably practicable alternatives to the use of vessels and a jack-up MODU in order
to undertake the activity. The use of a MODU with DP systems only, which would eliminate
disturbance to the seabed from placement of spud cans, is not feasible for the three wells as the
water depth is too shallow (45 — 65 m). Other MODUs (such as semi-submersible MODUs) require
anchoring, which results in a greater area of seabed disturbance than that of a jack-up MODU.
Additionally, the water depth within the operational areas is too shallow for a moored
semisubmersible MODU.

Seabed disturbance associated with the activity will be limited to the placement of the MODU spud
cans on the seabed when the rig is jacked up, and potentially from ROV activities; and transponder
placement and sampling during the geophysical survey. The disturbance will involve an area of
benthic habitats (i.e., primarily soft sediments with little epifauna) that are widely represented at a
regional scale on the NWS. Given the relatively small area (<1,560 m? per well, allowing for
contingency activities) and the temporary nature of disturbance from the MODU presence (up to 50
days at each well location within the J&P OA, and up to 90 days for Yoorn-1), the impacts are not
considered to be significant. The MODU move procedure is designed to limit the extent of direct
seabed disturbance. The MODU will not anchor and the support vessels will not require moorings or
anchoring in the operational areas, further reducing potential impacts to the benthic environment.
Impacts will be localised to within the operational areas and benthic habitat would be expected to
recolonise within weeks to months following completion of the activity.

Given the lack of sensitive receptors within the operational areas and the expected rapid recovery
time, negligible environmental impacts are expected.

All practicable control measures have been reviewed (Section 6.2.3) and those adopted are
considered appropriate to manage the impacts such that the residual consequence is assessed to be
negligible and cannot be reduced further. The proposed management controls for seabed
disturbance are in accordance with the Santos’ risk management criteria and are considered
appropriate to manage the risk to ALARP.
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6.2.6  Acceptability Evaluation

Is the consequence ranked as | (Negligible) or I Yes — maximum consequence from seabed
(Minor) disturbance is | (Negligible).

Is further information required in the No — potential impacts and risks are well
consequence assessment? understood through the information available.

Are risks and impacts consistent with the Yes — activity evaluated in accordance with Santos’
principles of ecological sustainable development Environmental Hazard ldentification and
(ESD)? Assessment Procedure, which considers principles
of ecologically sustainable development.

Are risks and impacts consistent with relevant N/A — no relevant requirements regarding this event
legislation, international agreements and in this area, given the localised nature and extent of
conventions, guidelines and codes of practice the operational facilities.

(including species recovery plans, threat IUCN principles of nearby reserves (Montebello

abatement plans, conservation advice and Marine Park) (Multiple Use Zone — IUCN Category
Australian Marine Park zoning objectives)? Vl) are met (Table 3-4).

Are risks and impacts consistent with Santos’ Yes — aligns with Santos’ Environmental, Health and
Environmental, Health and Safety Policy? Safety Policy.

Are risks and impacts consistent with stakeholder Yes — no concerns raised.
expectations?

Are performance standards such that the impact Yes — see ALARP above.
or risk is considered to be ALARP?

6.3 Light Emissions

6.3.1 Description of Event

Light emissions will occur as a result of:

+  Vessel operations

+ MODU Operations
On the MODU and support vessels they will routinely have external lighting to facilitate
navigation and safe operations at night. Lighting typically consists of bright white (i.e., metal
halide, halogen, fluorescent) lights, and are not dissimilar to other offshore activities in the
region, including fishing and shipping.
Lighting levels will be determined primarily by operational safety and navigational
requirements under relevant legislation, specifically the Navigation Act 2012.

The MODU and support vessels will be required to generate navigational lighting at night to

indicate their position and they must indicate their limited ability to manoeuvre during
operations under the Navigation Act 2012.

+ ROV Operations
The ROV will be used during the activity and it will require the use of spot lighting while it is
underwater working. Lighting will typically consist of bright white (i.e., metal halide, halogen,
fluorescent) lights.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 248 of 557



S0-91-BI-20003.01 Santos

A minimum level of lighting is required for safety and navigational purposes onboard the
MODU and support vessels so it cannot be eliminated if the proposed activity is to proceed.

Extent The light assessment boundary of 20 km from the source will be used as the extent of light
exposure, in accordance with National Light Pollution Guidelines for Wildlife (Commonwealth
of Australia, 2020).

This additional 20 km buffer around each operational area is the extent relevant to the
impact assessment for planned light emissions. As this extends beyond the described area
designated as the OA (Section 2.1.2) for other planned activities; the values and sensitivities
of this additional 20 km area were identified using PMST reports (Appendix D). Table 3-7
identifies the species identified within each 20 km area; and Table 3-8 identifies the BIAs
intersected by the light assessment boundaries.

Duration Navigational and safety lighting will be required on a 24-hour basis for the duration of the
activity as described in Section 2.2.

6.3.2 Nature and Scale of Environmental Impacts

Potential Receptors: Ambient Light, Threatened, migratory or local fauna (marine mammals, marine
turtles, sharks, rays, fish and seabirds).

Continuous lighting may result in localised alterations to normal marine fauna behaviours for fish,
sharks, marine turtles and seabirds that can alter foraging and breeding activity in marine turtles,
seabirds, fish and sharks. The species with greatest sensitivity to light are marine turtles and
seabirds.

A PMST search was undertaken for the 20 km light assessment boundary around each OA,
recommended in the National Light Pollution Guidelines. Table 3-7 identifies the species present
within the light boundary. Additional to the species found in the OAs, five have a threatened species
status; Northern Siberian Bar-tailed Godwit, Australian Painted Snipe, Short-nosed Seasnake, Leaf-
scaled Seasnake, and Sei Whale. However, the associated Conservation Advice do not identify light
emissions as a potential threat for these species.

Additional BIAs within the 20 km light assessment boundary for each well are shown in Table 3-8. Of
the additional BlAs identified, the three marine turtle species are known to be sensitive to light
(Flatback, Hawksbill and Green turtles).

6.3.2.1 Marine Mammals

There is no evidence to suggest that artificial light sources adversely affect the migratory, feeding or
breeding behaviours of marine mammals. Marine mammals predominantly utilise acoustic senses to
monitor their environment rather than visual sources (Simmonds et al., 2004), so light is not
considered to be a significant factor in marine mammal behaviour or survival.

Both OAs and light assessment boundaries overlap with the migration BIA for humpback whales and
the distribution BIA for pygmy blue whales. Light is not listed as a threat in the Approved
Conservation Advice for Megaptera novaeangliae (humpback whale) (2015) or Blue Whale
Conservation Management Plan 2015 — 2025 (2015), and impact from light to these species are not
anticipated.
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Light sensitive species have been identified by reviewing the National Light Pollution Guidelines for
Wildlife (Commonwealth of Australia, 2020). The National Light Pollution Guidelines for Wildlife have
been published to minimise the adverse impacts on marine fauna from artificial lighting. According to
the guidelines, a 20 km threshold provides a precautionary limit based on observed effects of sky
glow on marine turtle hatchlings demonstrated to occur at 15 — 18 km and fledgling seabirds
grounded in response to artificial light 15 km away (Commonwealth of Australia 2020).

6.3.2.2 Plankton, Fish (pelagic) and Sharks

Fish at the surface of the water have the potential to be impacted by artificial light. Sharks and rays
are not known to be significantly attracted to light sources at sea; however, they may be attracted to
the fish that are attracted to the light. Therefore, disturbances to behaviour may occur.

Fishes will likely not be affected by navigational lighting for mariners (Morandi et al. 2018). However,
other light emissions from the support vessels and MODU (such as deck lights for operational
requirements) in the operational areas may result in localised aggregation of fish in the immediate
vicinity of the vessel and MODU. This may result in an increase in predation on prey species
aggregating in the area, or exclusion of nocturnal foragers/predators from the area (Marchesan et al.
2005).

Artificial light can also influence dial vertical migration patterns of plankton (including planktonic life
stages of some fish species) in the surface waters and lead to migrations that occur outside of the
optimal window for that species (Gibson et al. 2001, cited in Morandi, 2018). The aggregation of
plankton from light may result in the presence of whale sharks foraging as they are filter feeders,
that primarily feed on plankton and zooplankton. There is a foraging BIA identified for the whale
shark that intersects the light assessment boundaries for the OAs, however the Species Profile and
Threats Database and Conservation Advice for the whale shark does not identify light emissions as a
threat (TSSC 2015a).

Overall, a short-term localised increase in fish activity is expected to occur as a result of lighting from
the MODU and vessels; however, with negligible impacts to the local fish population.

6.3.2.3 Marine Turtles

The Recovery Plan for Marine Turtles in Australia: 2017-2027 (Commonwealth of Australia 2017a)
highlights artificial light as one of several threats to marine turtles. Specifically, the plan indicates
that artificial light may reduce the overall reproductive output of a stock, and therefore recovery of
the species, by:

+ inhibiting nesting by females

+ creating pools of light that attract swimming hatchlings and increase their risk of predation

+ disrupting hatchling orientation and sea finding behaviour. Once in the ocean, hatchlings are
thought to remain close to the surface, orient by wave fronts and swim into deep offshore waters
for several days to escape the more predator-filled shallow inshore waters. During this period,
light spill from coastal port infrastructure and ships may ‘entrap’ hatchling swimming behaviour,
reducing the success of their seaward dispersion and potentially increasing their exposure to
predation via silhouetting (Salmon et al., 1992).
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The light assessment boundary (20 km buffer from the well location) intersects with the following
marine turtle BIAs / habitat critical to the survival of the species as shown in Table 3-8:

+ Yoorn light assessment boundary:

— Internesting buffer BIA for flatback, hawksbill, loggerhead and green turtles; and habitat
critical for the survival of the species

— Additional mating, nesting, interesting and foraging BIA for green turtles

+ J&P light assessment boundary:
— Internesting buffer BIA for flatback turtles.

The closest nesting beach to any of the OAs is Trimouille Island (and the rest of the Montebello
Islands); and the Lowendal Islands (approximately 20 km and 39 km from the Yoorn OA respectively);
which is just within the 20 km light assessment boundary recommended by the National Light
Pollution Guidelines (CoA, 2020). Trimoulle Island is a known nesting location for flatback and
hawksbill turtles; and green turtles are known to nest on sandy beaches of the Montebello Islands
(CoA, 2020).

These internesting areas are around the Montebello Islands (for all turtles) and the Dampier
Archipelago (for Flatback turtles).

Internesting areas vary between 20-60 km from a nesting beach for the different turtle species. The
Recovery Plan for Marine Turtles 2017-2027 identifies a 20 km internesting buffer for Hawksbill and
Green turtles; and 60 km for Flatback turtles (CoA 2020).

There is potential that light emissions from the Yoorn OA could impact marine turtle behaviour.

Potential impacts to marine turtles from light emissions during the activity is limited to transient
individuals including turtle hatchlings. The presence of these species nesting and inter-nesting BlAs
suggests those turtle species hatchlings may be exposed to increased predation within the light
assessment boundary (Thums et al., 2016). This likelihood is significantly reduced considering the
light source will be stationary for a short period of time during the activity.

The Recovery Plan for Marine Turtles in Australia: 2017-2027 specifies the following priority actions
for the Pilbara genetic stock of flatback turtles in relation to artificial light:

+ 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.

Experienced nesting females are unlikely to be disturbed by light, but first-time nesters may be
disturbed by light when they are selecting their first nesting beach (Pendoley, 2014). Given that the
closest beach is approximately 20 km from the Yoorn OA, there is potential that nesting females may
be disorientated by light emissions. Once in the water, turtle hatchlings orientate by wave fronts and
do not appear to rely on visual cues (Pendoley, 2014); therefore, light emissions should not cause
disorientation at that distance from land (i.e., approximately 20 km).

A study conducted by Whittock et al (2014) concluded that flatback turtles may demonstrate
internesting displacement at a distance up to 62 km from the nesting beaches, however, these
movements were confined to longshore movements in nearshore coastal waters. A study conducted
by the same author (Whittock et al 2016) defines a more precise flatback turtle internesting habitats
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along the NWS, which showed suitable internesting habitat was in waters 0-16 m deep and within 5-
10 km of the coastline, while unsuitable internesting flatback turtle habitats was defined as water
depth >25 m and >27 km from the coastline. Although the Yoorn light assessment boundary overlaps
the internesting BIA for the flatback turtle species, the offshore waters of the light assessment areas
are unlikely to be suitable internesting habitats due to the water depth (>25 m) and distance from
the coastline (with the nearest nesting site approximately 20 km from the Montebello Islands).

Due to overlap with the BIAs, it is likely that marine turtles will be encountered in the OAs during the
nesting and internesting seasons. Impacts to turtles from operational lighting are expected to be
restricted to localised attraction and temporary disorientation, but with no long-term or residual
impact due to the activity’s short-term nature (i.e., approximately 90 days to drill Yoorn-1). The
activity would only have the potential to impact one season of peak turtle activity.

Due to the distance from the nearest shoreline to the J&P OA (approximately 60 km), there is not
expected to be any impact on turtle nesting beaches and behaviour from light.

Given the location of the OAs, all artificial light sources are distant from nesting beaches and not
directly within the nearshore zone. The relatively low predicted light levels from navigation lighting
on the MODU and support vessels (and no flaring as part of the activity); and the temporary nature
of the artificial light at the nesting and internesting BIAs, disruption to biologically important
behaviours or displacement from the area is not predicted to occur at population levels.

It is considered that the activity will not compromise the objectives as set out in the marine turtle
recovery plan and impact of lighting associated with the activity to turtles is minor.

The potential impacts of light emissions to marine turtles from the activities are expected to be
restricted to localised attraction and temporary disorientation. There will be no long term or residual
impacts due to the activity being short-term and the light assessment boundary is within undesirable
environments for habitat critical to the survival of flatback turtles. It is considered that the activity
will not compromise the objectives as set out in the Recovery Plan for Marine Turtles and the impact
of lighting associated with the activity to turtles is Il (Minor).

6.3.2.4 Seabirds

Seabirds have been shown to be attracted to artificial light sources. Artificial light can disorient
seabirds and potentially cause injury and/or death through collision with infrastructure. Birds may
starve as a result of disruption to foraging, hampering their ability to prepare for breeding or
migration. High mortality of seabirds occurs through grounding of fledglings as a result of attraction
to lights and through interaction with vessels at sea (DoEE, 2020).

Studies conducted between 1992 and 2002 in the North Sea confirmed that artificial light was the
reason that birds were attracted to and accumulated around illuminated offshore infrastructure
(Marquenie et al., 2008). Birds may either be attracted by the light source itself or indirectly as
structures in deep water environments tend to attract marine life at all tropic levels, creating food
sources and providing artificial shelter for seabirds (Surman, 2002). The light sources associated with
the MODU and vessels may also provide enhanced capability for seabirds to forage at night.

In general, young birds (fledglings) are more likely to become disorientated by artificial light sources.
Fledglings have been observed being affected by lights up to 15 km away; and fledgling seabirds may
also not take their first flight if their nesting habitat never becomes dark (CoA 2020a). Emergence
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during darkness is believed to be a predator-avoidance strategy and artificial lighting may make the
fledglings more vulnerable to predation (CoA 2020a). It is thought that if artificial lights override the
sea-finding cues of a fledgling and initially disorient its path, they may not be able to imprint their
natal colony, preventing them from returning to nest when they mature (CoA 2020a).

The National Light Pollution Guidelines for Wildlife recommend using a 20 km threshold, which
provides a precautionary limit based on observed effects of sky glow on fledgling seabirds grounded
in response to artificial light 15 km away (Commonwealth of Australia 2020).

The light assessment boundary (20 km buffer from the operational areas boundary) intersects with
the following BIAs:

+ Yoorn light assessment boundary: breeding/foraging BIA for Wedge-tailed shearwater,
breeding/foraging BIA for the Roseate Tern, breeding/foraging for the Fairy Tern, breeding for the
Lesser Crested Tern

+ J&P light assessment boundary: breeding/foraging BIA for Wedge-tailed Shearwater.

The Yoorn OA is located approximately 20 km from the nearest land mass (Trimouille Island) that
may provide seabird roosting or breeding habitat. This is just within the 20 km buffer suggested by
the National Light Pollution Guidelines, and breeding behaviour could potentially be affected. For
wedge-tailed shearwaters at Muiron Islands, Cannell et al. (2019) reported mean foraging trip
distances, during different stages of the breeding cycle, as ranging from 183 — 5,113 km. As such, the
location of the Yoorn-1 well should not significantly impact foraging behaviour, given the large
distances typically covered by breeding individuals.

The wedge-tailed shearwater is listed as marine and migratory and does not have a recovery plan or
conservation advice. Light has not been identified as a threat to the wedge-tailed shearwater (DAWE,
2020a), or to the Fairy tern in the Approved Conservation Advice on Sternula nereis nereis (Fairy
Tern). The Roseate tern and Lesser crested tern do not have a recovery plan or conservation advice.
However, light pollution is listed as a threat in the Draft Wildlife Conservation Plan for Seabirds
(Commonwealth of Australia 2019).

The light sources associated with the MODU and support vessels may also provide enhanced
capability for seabirds to forage at night. The MODU and support vessels will be within the
operational areas for an anticipated maximum of 50 days each at the well locations within the J&P
OA, and up to 90 days for Yoorn-1 where the MODU will be stationary, and the support vessels will
constantly be moving throughout the operational area. As a result, they are unlikely to attract large
numbers of seabirds.

The survey vessel will only be at the well locations within the J&P OA for less than 10 days at each
well location.

Consequently, light emissions from the MODU and support vessels are unlikely to attract and/or
affect the behaviour of large numbers of seabirds and the impact of lighting associated with the
activity to seabirds is minor.

6.3.2.5 Protected and significant areas and socio-economic receptors

The Yoorn OA intersects the Montebello Marine Park (Multiple Use Zone — IUCN Category VI).
Conservation values of the marine park (as outlined in Section 3.2.2) have the potential to be
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impacted by seabed disturbance through impacts to the physical environment and marine fauna. The
J&P OA is approximately 23.8 km from the closest AMP.

Therefore, light emissions generated at the Yoorn OA have the potential to impact the values of the
Montebello Marine Park, which includes (relevant to light emissions) nesting, mating and
internesting habitat for marine turtles, and breeding and foraging habitat for seabirds. Potential
impacts to internesting turtles are not considered likely and nesting turtles are also considered less
vulnerable. Therefore, the potential impacts are limited to hatchlings that have left the nesting
beaches approximately 20 km away and are within the AMP. Light emissions from the MODU and
support vessels are unlikely to attract and/or affect the behaviour of large numbers of seabirds and
the impact of lighting associated with the activity to seabirds is minor.

6.3.3 Environmental Performance Outcomes and Control Measures

The EPO relating to this event is:

+ Reduce impacts to marine fauna from lighting through limiting lighting to that required by safety
and navigational lighting requirements [YJP-EPO-08]

The control measures for this activity are shown in Table 6-5 with EPS and measurement criteria for
the EPOs described in Section 8.4.

Table 6-5: Control Measure Evaluation for Light Emissions

Evaluation

Potential Cost/Issues

Environmental
Benefit

Control
Measure

Control
Measure
Reference
No.

Santos

Lighting is assessed
to only provide
necessary lighting for
safety and navigation
during the activity.
Reducing the
potential for
additional light
pollution to the
environment, thus
reducing the
potential impacts to
fauna.

YJP-CM-031 Lighting will be | Light spill from Cost is considered Accepted — Cost is
used as unnecessary lighting acceptable for the considered
required for reduced, even benefit that may be acceptable for the
safe work further lowering realised from this benefit that may be
conditions and | likelihood of impacts control. realised from this
navigational to the fauna from control.
purposes vessel lighting
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Santos

Control
Measure
Reference
No.

Control
Measure

Environmental
Benefit

Potential Cost/Issues

Evaluation

N/A

Manage the
timing of the
activity to
avoid sensitive
periods at the
location (e.g.
turtle
nesting/hatchi

ng).

Reduce risk of
impacts from light
emissions during
environmentally
sensitive periods for
listed marine fauna
(e.g. turtle nesting/
hatching).

High cost in moving or
delaying activity
schedule for
operational reasons
(schedule dependent
on availability of
offshore survey
vessel(s) and MODU
and well sequence).
The risk to all listed
marine fauna cannot
be reduced due to
variability in timing of
environmentally
sensitive periods and
unpredictable
presence of some
species.

Rejected — Given the
minimal risk of
impacts to listed
marine species (e.g.
turtles) occurring due
to lighting, the
financial and
environmental costs
of extending the
activity duration are
deemed grossly
disproportionate to
low environmental
benefits. The 20 km
light assessment
boundary for the
Yoorn OA intersects
with internesting,
nesting and/or
mating BIAs for
flatback, green and
hawksbill turtles
around the
Montebello Islands.

Impacts to turtles
from operational
lighting are expected
to be restricted to
localised attraction
and temporary
disorientation, but
with no long-term or
residual impact due
to the activity’s
short-term nature
(i.e., up to
approximately 90
days to drill Yoorn-1
and up to 50 days at
each well location
within the J&P OA).

Therefore, impacts
are not expected on
a population level or
to impact on turtle
habitat.
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Santos

Control
Measure
Reference
No.

N/A

Control
Measure

Review
lighting to a
type (colour)
that has less
impact.

Environmental
Benefit

Could reduce
potential impacts of
artificial light on
certain fauna

Potential Cost/Issues

High cost to complete
lighting change-out on
MODU and vessels in
area of low sensitivity.
Navigational lighting
colours are stipulated
by law.

Evaluation

Rejected — Cost
outweighs the
benefit. The Yoorn
OA is approximately
20 km from the
nearest turtle nesting
beaches. The 20 km
light assessment
boundary for the
Yoorn OA intersects
with internesting,
nesting and/or
mating BIAs for
flatback, green and
hawksbill turtles.
Impacts to turtles
from operational
lighting are expected
to be restricted to
localised attraction
and temporary
disorientation, but
with no long-term or
residual impact due
to the activity’s
short-term nature
(i.e., up to 90 days to
drill Yoorn-1).

Therefore, impacts
are not expected on
a population level or
to impact on turtle
habitat.

N/A

Limit or
exclude night-
time
operations.

Would eliminate
potential impacts of
artificial light during
hours of darkness
when light sources
are more apparent
and potential impacts
are greatest.

Would double
duration of activity;
increase impacts or
potential impacts in
other areas, including
increase in waste, air
emissions, risk of
vessel collision etc. A
minimal level of
artificial lighting will
still be required on-
board the MODU and
vessels on a 24-hour

Rejected — Given the
minimal risk of
impacts to turtles
occurring, the
financial and
environmental costs
by requiring all
works to be
undertaken during
daylight hours only
are not considered
appropriate given
the extended
duration of the
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Control Control Environmental Potential Cost/Issues Evaluation
Measure Measure Benefit
Reference
No.
basis for safety activity that would
reasons. occur.
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6.3.4 Environmental Impact Assessment

Table 6-6: Impacts and Consequence Ranking — Light Emissions

Receptor Consequence Level

Threatened, migratory Artificial lighting may result in behavioural changes to fauna, particularly
or local fauna marine turtles and seabirds.

The light assessment boundary (20 km buffer from the OA) intersects with the
following bird BIAs:

+ Yoorn light assessment boundary: breeding BIA for Wedge-tailed
Shearwater, breeding BIA for the Roseate Tern, breeding/foraging for the
Fairy Tern, breeding for the Lesser Crested Tern

+ J&P light assessment boundary: breeding BIA for Wedge-tailed
Shearwater.

The Yoorn OA is located approximately 20 km from the nearest land mass
(Trimouille Island) that may provide seabird roosting or breeding habitat. This is
just within the 20 km buffer suggested by the National Light Pollution Guidelines,
and breeding behaviour could potentially be affected. Given the large distances
typically covered by breeding individuals to forage, light from the Yoorn OA
should not impact foraging behaviour.

The light assessment boundary (20 km buffer from each well location) intersects
with the following marine turtle BIAs / habitat critical to the survival of the
species:

+  Yoorn light assessment boundary:
— internesting buffer BIA for flatback, hawksbill, loggerhead and
green turtles; and habitat critical for the survival of the species
— Additional mating, nesting, internesting and foraging BIA for green
turtles
+ J&P light assessment boundary: internesting buffer BIA for flatback turtles.

The closest nesting beach to any of the OAs is Trimouille Island (and the rest of
the Montebello Islands); and Lowendale Island (approximately 20 and
approximately 39 km from the Yoorn OA respectively); which is just within the 20
km light assessment boundary recommended by the National Light Pollution
Guidelines (CoA, 2020). Trimouille Island is a known nesting location for flatback
and hawksbill turtles; and green turtles are known to nest on sandy beaches of
the Montebello Islands (CoA, 2020).

Given that the closest beach is approximately 20 km from the Yoorn OA, there
is potential that nesting females may be disorientated by light emissions. Once
in the water, turtle hatchlings orientate by wave fronts and do not appear to
rely on visual cues (Pendoley, 2014); therefore, light emissions should not
cause disorientation at that distance from land (i.e., approximately 20 km).

Impacts to turtles from operational activity lighting are expected to be
restricted to localised attraction and temporary disorientation, but with no
long-term or residual impact due to the activity’s short-term nature (i.e., up to
90 days for drilling at the Yoorn OA).
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Receptor Consequence Level

Impacts to marine fauna are expected to be restricted to localised attraction
and temporary disorientation but with no long-term or residual impact and no
decrease in local population size, area of occupancy of species or loss or
disruption of critical habitat/ disruption to the breeding cycle. The potential
impacts are therefore considered to be Il (Minor).

Physical environment or | Not applicable — No impacts to physical environments and/ or habitats from

habitat light emissions are expected.

Threatened ecological Not applicable — No threatened ecological communities identified in the area
communities over which light emissions are expected.

Protected areas The Yoorn light assessment boundary intersects the Montebello AMP (Multiple

Use Zone - IUCN Category VI). The objective is to provide for ecologically
sustainable use and the conservation of ecosystems, habitats and native
species. The values of the marine park, with respect to the presence of marine
species (receptors) are described above and are assessed as Il (Minor).

No protected areas are identified in the J&P light assessment boundary.

Socio-economic Not applicable — Lighting is not expected to cause an impact to socio- economic
receptors receptors other than to act as a visual cue for avoidance of the area by other
marine users for safety purposes.

Overall worst-case Il - Minor
consequence

6.3.5 Demonstration of ALARP

With the described controls, the consequence of artificial light on marine fauna and seabirds is
considered to be negligible with insignificant impacts to ecological function. No population level
impacts are expected, and the consequence is considered environmentally acceptable. Artificial
lighting is required 24 hours a day for operational and navigational safety during the activity. A
minimum level of artificial lighting is required on a 24-hour basis to alert other marine users of the
activity. There are also minimum light requirements that will be necessary to provide safe working
conditions. To reduce lighting at night further would restrict the activity hours resulting in the activity
taking approximately twice as long to complete. This would increase the period of time the
operational areas would need to be avoided by other marine users and the amount of waste,
discharges and emissions produced.

The increased risks/ impacts with potentially larger scale consequences associated with reduced light
levels are considered to present a cost that is grossly disproportionate to any environmental benefit.
Given that lighting on the MODU and vessels will be consistent with industry standards and will result
in minor consequences, and that no reasonably practicable additional controls or alternatives were
identified, it is considered that the environmental impacts of using 24-hour artificial lighting at an
intensity to allow work to proceed safely are ALARP.

The closest nesting beach to either of the OAs is Trimouille Island (and the rest of the Montebello
Islands); and Lowendale Island (approximately 20 and approximately 39 km from the Yoorn OA
respectively); which is just within the 20 km light assessment boundary recommended by the
National Light Pollution Guidelines (CoA, 2020). Trimouille Island is a known nesting location for
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flatback and hawksbill turtles; and green turtles are known to nest on sandy beaches of the
Montebello Islands (CoA, 2020).

Given the location of the OAs, all artificial light sources are distant from nesting beaches and not
directly within the nearshore zone. The relatively low predicted light levels from navigation lighting
on the MOPU and support vessels (and no flaring as part of the activity), and the temporary nature of
the artificial light means disruption to biologically important behaviours or displacement from the
area is not predicted to occur at population levels.

The activity will not compromise the objectives as set out in the Recovery Plan for Marine Turtles in
Australia (Commonwealth of Australia, 2017a), the Draft Wildlife Conservation Plan for Seabirds
(Commonwealth of Australia 2019) or the National Light Pollution Guidelines for Wildlife
(Commonwealth of Australia, 2020), as biologically important behaviours of nesting adults and
emerging/ dispersing hatchlings can continue given the distance from the nearest nesting beaches.
The assessed residual consequence for this impact is negligible and cannot be reduced further.
Additional control measures were considered but rejected since the associated cost or effort was
grossly disproportionate to any benefit, as detailed in Section 6.3.3. Therefore, the use of 24-hour
per day artificial lighting at an intensity to allow work to proceed safely is considered ALARP.

6.3.6 Acceptability Evaluation

Is the consequence ranked as | (Negligible) or Il Yes — maximum consequence from light emissions is
(Minor) Il (Minor).

ER (T gy (TR T BV WL TG R R ENL LG No — potential impacts and risks are well
assessment? understood through the information available.

Are risks and impacts consistent with the Yes — activity evaluated in accordance with Santos’
principles of ecological sustainable development Environmental Hazard |dentification and
(ESD)? Assessment Procedure, which considers principles
of ecologically sustainable development.

Are risks and impacts consistent with relevant Yes — management consistent with the Convention
legislation, international agreements and of the Safety of Life at Sea (SOLAS) 1974 and the
conventions, guidelines and codes of practice Navigation Act 2012.

(including species recovery plans, threat Consistent with relevant species recovery plans,

abatement plans, conservation advice and conservation management plans and management
Australian Marine Park zoning objectives)? actions set out in Table 3-9, including but not

limited to:

+  National Light Pollution Guidelines for Wildlife
Including Marine Turtles, Seabirds and
Migratory Shorebirds (DoEE, 2020)

+  Recovery Plan for Marine Turtles in Australia
(2017)

+  Draft Conservation Plan for Seabirds (2019)

+  Approved Conservation Advice on Sternula
nereis nereis (Fairy Tern)
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+  North-west Marine Parks Network
Management Plan (2018).

IUCN principles of nearby reserves (Montebello
Marine Park) (Multiple Use Zone — IUCN Category
VI) are met (Table 3-4).

Are risks and impacts consistent with Santos’ Yes — aligns with Santos’ Environmental, Health and
Environmental, Health and Safety Policy? Safety Policy.

Are risks and impacts consistent with stakeholder Yes.

expectations? DNP requested the EP gives consideration to
avoiding impacts upon migratory species, such as
timing of the activity (relevant to light) — with
particular attention to managing the risk to turtle
foraging and internesting locations.

DNP also requested notifications as per the
Petroleum Activity and Australian Marine Park
Guidance Note (NOPSEMA, 2020) regarding timing
and information provided.

AMSA requested that vessels comply with the
International Rules for Preventing Collisions at Sea
(COLREGsS), in particular, the use of appropriate
lights and shapes to reflect the nature of
operations.

Santos considers these concerns to have been
addressed or will be addressed as per the Activity
Notification and Reporting Requirements

(Table 8-4).

Are performance standards such that the impact Yes —see ALARP.
or risk is considered to be ALARP?

Lighting of the MODU and support vessels is industry standard and required to meet relevant
maritime and safety regulations. The potential consequences of the anthropogenic light sources in
the operational areas are considered to be insignificant in nature and restricted to short-term
behavioural impacts on individual fauna that may be present in the operational areas during the
activity.

The 20 km light assessment boundary for Yoorn intersects with internesting, nesting and/or mating
BIAs for flatback, green and hawksbill turtles. Light emissions from the MODU and support vessels
are unlikely to attract and/or affect the behaviour of large numbers of seabirds and the impact of
lighting associated with the activity to seabirds is minor. Significant impacts are not expected on
fauna, including nesting turtles or hatchlings. No impacts to other Marine Park values are expected as
the operational areas and light assessment boundary do not overlap Marine Parks or Protected
Areas. No stakeholder concerns have been raised regarding lighting for the activity.

The potential consequence of light emissions on receptors is assessed as | (Negligible). With the
control measures in place, including compliance with navigational safety legislation, no significant
impacts are expected. Therefore, the impacts of light emissions to the receiving environment are
ALARP and considered environmentally acceptable.
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6.4 Noise Emissions

6.4.1 Description of Event

The operation of the MODU (including drilling activities) and support vessels will introduce a range
of underwater noises into the surrounding water column that will propagate through the water and
contribute to and/or exceed ambient noise levels in the area.

The main sources of underwater noise during operational activities are from:

Geophysical survey activities (MES, SSS and SBP)
Well Evaluation (VSP operations)

MODU Operations (such as drilling and machinery)
ROV Operations

Vessel Operations (e.g., vessel engines, thrusters and other machinery)

+ + + + 4+

Helicopter Operations (crew change requirements)

Extent

Impacts from all potential noise sources will be within 20 km of the noise source. This is based on:

+ aconservative estimate of how far noise will travel from VSP activities is within thousands of
metres (~2.4 km from the MODU).

+ noise from ROV operations being limited to when ROVs are operating within the OAs

+ asupport vessel using main engines and bow thrusters to maintain position will become
inaudible above background noise within thousands of metres (~1 km)

+ noise from helicopters being limited to when they are landing/taking off within the OAs

+ drilling operations.
A 20 km radius around the well location for Yoorn; and the survey footprint for the J&P OA has been
assumed as a conservative area within which impacts could occur, which includes physiological and
behavioural impacts to all fauna.
Cumulative effects from the activity and from other activities conducted in the vicinity are not
expected, due to the short-term nature of the VSP operations and geophysical survey activities, and
the low sound levels generated by continuous noise sources.
Duration For the duration of the Activity, as described in Section 2.2.

6.4.1.1 Noise generated by geophysical survey operations

Geophysical survey equipment, including multibeam echosounder (MBES), side-scan sonar (SSS) and
sub bottom profiler (SBP) will generate underwater acoustic emissions. The geophysical survey is
expected to take up to 20 days at the J&P OA to complete (noting the geophysical survey at the
Yoorn OA is covered by a separate accepted EP).

Multibeam Echosounder (MBES)

The representative MBES considered for the survey is an R2Sonic 2024, operating at 200-400kHz with
a 60° total beam width. The transmit power from this echo sounder is up to 221 dB re 1 pPa @1m
(SPL), with a short (15 ps to 1ms) pulse width, however the operational power level and pulse width
influence the potential sound fields. This source can be considered an impulsive sound source for
impact assessment purposes for this activity. Measurements for the R2Sonic 2024 were reported in
Martin et al. (2012), who measured a maximum SPL of 162 dB re 1 uPa at 4 m, with the system
operating at an average pulse length of 0.11 ms. The accumulated SEL over 363 measured pulses was
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121.5 dB re 1 uPa%s. Measurements of another similar system, the Reson SeaBat 8101 MBES
operating at 240 kHz were reported in Chorney et al. (2011). These measurements show that at 40
m, the PK levels are approximately 170 dB re 1 uPa, and the per-pulse SEL 130 dB re 1 pPa?s. Zykov
(2013) modelled an R2Sonic 2022, another similar MBES, and found that the sound levels would not
exceed an unweighted 171 dB re 1 pPa?s more than 2 m from the source while conducting a 2.5 h
geophysical survey. Additionally, this sonar generates only high frequency signals, and as such will
only be relevant for fauna with sensitivity to signals of approximately 200 kHz or higher, which
excludes low-frequency cetaceans, fish, and turtles.

Side Scan Sonar (SSS)

The representative SSS considered for this survey is the EdgeTech 4200-FS Digital Towfish which
outputs signals at 120 and 410 kHz. Measurements of an EdgeTech 4200 were reported in Austin et
al. (2013), focusing on the 120 kHz impulses. The authors reported a PK of less than 175 dB re 1 uPa
and an SPL of less than 170 dB re 1 pPa at 39 m, with the distance from in-beam pulses to an SPL of
160 dB re 1 pPa calculated to be 130 m. The sonar is highly directional, with distances to sound levels
outside the beam significantly less than those in the beam. The EdgeTech 4200-FS Digital Towfish in
use for this survey will be towed approximately 10 to 20 metres above the seabed, thus the beam
will be restricted to a swath close to the seabed. Additionally, this sonar generates only high
frequency signals, and as such will only be relevant for fauna with sensitivity to signals of
approximately 110 kHz or higher, as shown in Austin et al. (2013), which excludes low-frequency
cetaceans, fish, and turtles.

Boomer Sub Bottom Profiler (SBP)

The representative boomer SBP considered for this survey is an Applied Acoustics S-Boom Boomer
SBP being used with a CSP-D 2400 Joule power source, but only operating at 300 Joules. The output
from boomer SBP systems is highly dependent on the model and operational power levels. A
measurement of a very similar SBP, also operating at lower power levels, is the Applied Acoustics
AP3000 boomer SBP operating at both 750 and 1000 J reported in Martin et al. (2012). This boomer
had a primary frequency range of 100 to 1000 Hz. During the study, the acoustic data were collected
as close as 8 m to the source and directly below it. The data showed that the broadband source level
for the system was 203.3 dB 1 uPa @ 1 m SPL over 0.2 ms window length and 172.6 dB re 1 pPa%*s @
1 m SEL. They found that even with the closest measurement at 8 m, SPL values never exceeded 175
dB re 1 puPa, with the distance to 160 dB re 1 pPa calculated to be 12 m, and the unweighted
accumulated SEL over an entire measurement track (525 impulses) in 28 m of water which passed
directly over the recorder while operating at 1000 J was 161.5 dB re 1 pPa’s.Underwater acoustical
positioning equipment

An acoustic pulse is transmitted by the transceiver and detected by the subsea transponder, which
replies with its own acoustic pulse. The time from the transmission of the initial acoustic pulse until
the reply is detected is measured by the USBL system and is converted into a range. The transducer
will then send sound signals, typically at 19 to 33 kHz to a USBL transponder.

The source level and frequency range of the Sonardyne Ranger USBL from previous field
measurements (Warner and McCrodan 2011) were found to be 18-36 kHz and 204 dB re 1 uPa @1m
(SPL). The per-pulse SEL source level was 173 dB re 1 pPa%s @ 1 m, and the measured maximum PK
was approximately 170 dB re 1 puPa at 30 m. This source can be considered an impulsive sound
source for impact assessment purposes for this activity. Austin et al. (2012) calculated the distances
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to SPL isopleths for the Ranger USBL in open water and found the distance to 160 dB re 1 puPa (SPL)
to be 36 m. Considering 1000 impulses at 40 m range through summing the received SEL from each
impulse results in an unweighted SEL of 144 dB re 1 pPa’s, which can be used in a conservative
comparison against relevant SEL impact assessment thresholds.

6.4.1.2 Noise generated by the MODU

The MODU will generate noise from the operation of on-board machinery, including diesel engines,
mud pump, ventilation fans (and associated exhaust) and electrical generators, and also from the
operation of the drill string and drill bit during operations. McCauley (1998) reported noise levels
generated by a semi-submersible rig, during non-drilling periods the typical broadband level
encountered was approximately 113 dB (rms) re 1 uPa@125 m with various tones from the
machinery observable in the noise spectra. There was a significant variation in the broadband noise
during non-drilling periods, attributed to the operation of specific types of machinery. During periods
the broadband noise level increased to the order of 177 dB (rms) re 1 puPa@125 m. Studies
undertaken in the Arctic on different MODU types (including semi-submersible and drill ships)
indicate that noise levels dropped to 117 dB re 1 pPa within 1 km of the MODU and are much lower
than those for large commercial vessels operating at normal speeds (Austin et al., 2018).

In general, jack-up MODUs transmit less noise underwater than a semi-submersible platform or a
drill vessel due to a smaller surface area being in contact with the water column. Jack-up MODUs
have been measured to produce noise between 0.005 and 1.2 kHz during drilling activity with a
source level of 59 dB re 1 uPa m (Simmonds et al., 2004). A 2001 underwater acoustic survey (Marine
Acoustics, 2011) of a jack-up MODU operating in shallow waters (24.4 to 27.4 m water depth)
reported non-continuous (less than one second) noise levels exceeding 120 dB re 1 uPa, were
measured to a maximum range of 1.17 to 1.4 km from the MODU in a frequency band of 8.9 to 44.7
Hz. Underwater noise measured during this survey was at all times below 160 dB re 1 uPa.

6.4.1.3 Noise generated by vessels

Vessel operational noise consists of machinery noise (such as engine noise) and hydrodynamic noise
(such as water flowing past the hull and propeller singing). All machinery on a ship radiates sound
through the hull into the water.

For support vessels, the noisiest anticipated activity is when the vessel uses thrusters to maintain its
position. McCauley (1998) measured underwater sound pressure levels equivalent to approximately
182 dB re 1 uPa @ 1 m with a frequency range of 20 Hz to 10 kHz from a support vessel holding
station in the Timor Sea. The thruster noise dropped below 120 dB re 1 pPa within 3 to 4 km and was
audible above ambient noise up to 20 km away (McCauley, 1998). This has been taken as the
greatest noise-generating activity for assessment purposes, as other vessel activities will require the
vessel to be idle or moving. McCauley (1998) measured underwater sound levels from the Pacific
Ariki, a 64 m long support vessel with 8000 HP (6,000 kW) main engines during calm conditions in the
Timor Sea in 110 m of water while transiting at 11 knots, and found the distance to 120 dB re 1 uPa
to be approximately 1 km.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 264 of 557



S0-91-BI-20003.01 Santos

6.4.1.4 Noise generated by helicopters

Sound traveling from a source in the air (such as a helicopter) to a receiver underwater is affected by
both in-air and underwater propagation processes, which are further complicated by processes
occurring at the air-seawater surface interface (such as wind and waves). The level of noise received
underwater depends on source altitude and lateral distance, receiver depth, water depth and other
variables.

Helicopter engine noise is emitted at various frequencies; however, the dominant tones are generally
of a low frequency below 500 Hz (Richardson et al., 1995). Sound pressure in the water directly
below a helicopter is greatest at the surface and diminishes with increasing receiver depth. Noise
also reduces with increasing helicopter altitude, but the duration of audibility often increases with
increasing altitude, with sound penetrating water at angles less than 13°. The noise from the flyover
of a Bell 214 helicopter (stated to be a noisy model) has been recorded underwater (Richardson et
al., 1995). The sound source was 162 dB re 1 pPa @ 1 m at its peak and had frequency of 155 Hz.

Helicopter activities produces strong underwater sounds for brief periods when the helicopter takes
off/lands on the survey vessel. Sound from helicopter activities is very localised and infrequent (i.e.
for crew change)

6.4.1.5 Noise generated from vertical seismic profile operations

Hydrocarbon-bearing formations identified during drilling may be evaluated using wireline logging
tools and VSP before completing the activity. If this is the case, VSP will be performed using
geophones (receivers) positioned at different levels inside the wellbore and a seismic source near the
ocean surface. The seismic source is typically a three 250 cubic inch air gun configuration deployed
approximately 5 m below the water surface from the MODU, or potentially a support vessel. In
addition to tying well data to seismic data, the VSP also enables the conversion of seismic data to
zero-phase data and distinguishes primary reflections from multiples. VSP typically takes
approximately 12 to 18 hours per well, with approximately 130 shots in total, and is undertaken at
the completion of drilling.

VSP generates higher intensity noise than routine drilling operations. Modelling of the VSP sound
source (JASCO, 2020) predicts that the maximum sound exposure level (SEL) from VSP activities is
around 216 decibels (dB) re 1uPa?m?2s. The model predicts a maximum distance to SEL thresholds of
180, 170 and 160 dB re 1uPa% as 50 m, 260 m and 970 m respectively.

6.4.1.6 Noise generated from ROV operations

During the activities associated with the drilling, notably inspections of the seabed prior to and/or
after drilling, and in the event of dropped objects, ROVs may be used. This will be undertaken from a
vessel or MODU and the noise generated will typically be of considerably lower intensity than vessel
noise.

As underwater sound levels are dependent on the primary (noisiest) sound source rather than being
strictly additive, and since ROV operations will be undertaken from a vessel or MODU, they will make
little contribution to the overall noise emissions associated with MODU and/or vessel activities, as
described above and are not risk assessed further.
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6.4.2 Nature and Scale of Environmental Impacts

Potential Receptors: Threatened/migratory fauna (invertebrates, marine mammals (particularly
cetaceans), marine turtles, sharks, rays and fish).

A PMST search was undertaken for the 20 km noise assessment boundary around the operational
areas as a conservative buffer. Of the species identified in addition to those present in the OAs, five
have a threatened species status; Northern Siberian Bar-tailed Godwit, Australian Painted Snipe,
Short-nosed Seasnake, Leaf-scaled Seasnake, and Sei Whale (Table 3-7). These species do not have
associated Conservation Advice or Recovery Plans.

Additional BIAs within the 20 km noise assessment boundary for each well are shown in Table 3-8. Of
the additional BlAs identified, the three marine turtle species are known to be sensitive to noise
emissions (Flatback, Hawksbill and Green turtles) (CoA, 2020). A whale shark foraging BIA intersects
the noise assessment boundary; however, the associated Conservation Advice does not identify
noise emissions as a threat (TSSC, 2015a).

Marine fauna use sound in a variety of functions, including social interactions, foraging, orientation
and responding to predators. Underwater noise can affect marine fauna in three main ways:

Attraction

Increased stress levels

Disruption to underwater acoustic cues
Localised avoidance

+ + + + +

Injury to hearing or other organs. Hearing loss may be temporary (temporary threshold shift

(TTS)) or permanent (permanent threshold shift (PTS))

+ Disturbance leading to behavioural changes or displacement to fauna. The occurrence and
intensity of disturbance is highly variable and depends on a range of factors relating to the animal
and situation

+ Masking or interfering with other biologically important sounds (including vocal communications,
echolocation, signals and sounds produced by predators or prey)

+ Indirectly by inducing behavioural and physiological changes in predator or prey species.

The nature and scale of impacts must be considered in the context of the ambient noise
environment. Ambient underwater noise levels are dependent on location, and are often dominated
by local wind noise, waves, biological noise and ship traffic. Wind speed and seabed conditions have
a clear influence on the ambient noise level. Fish choruses are capable of raising background noise
levels to 120 to 130 dB re 1 puPa (McCauley, 2011). Anthropogenic underwater noise sources in the
region comprise shipping and small vessel traffic, petroleum-production and exploration-drilling
activities and sporadic petroleum seismic surveys.

The extent of the impacts of underwater noise on marine animals will depend upon the frequency
range and intensity of the noise produced and the type of acoustic signal (i.e. continuous (MODU,
support vessels) or impulsive (VSP, SSS and SBP). These sound sources are both non-impulsive
(vessel) and impulsive (MBES, SSS and a boomer SBP), and thus require the consideration of different
criteria to assess their potential impact.

Marine fauna respond variably when exposed to underwater noise from anthropogenic sources, with
effects dependent on a number of factors, including distance from the sound source, water depth
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and bathymetry, the animal’s hearing sensitivity, type and duration of sound exposure and the
animal’s activity at time of exposure. Broadly, the effects of sound on marine fauna can be
categorised as:

+  Acoustic masking —anthropogenic sounds may interfere with, or mask, biological signals, therefore
reducing the communication and perceptual space of an individual. Auditory masking impacts may
occur when there is a reduction in audibility for one sound (signal) caused by the presence of
another sound (noise). For this to occur the noise must be loud enough and have a similar
frequency to the signal and both signal and noise must occur at the same time.

+ Behavioural response — behavioural impacts will depend on the audible frequency range of each
potential receptor in relation to the frequency of the noise, as marine animals will only respond
to acoustic signals they can detect, as well as the intensity of the noise. The intensity of behavioural
responses of marine mammals to sound exposure ranges from subtle responses, which may be
difficult to observe and have little implications for the affected animal, to obvious responses, such
as avoidance or panic reactions. The context in which the sound is received by an animal affects
the nature and extent of responses to a stimulus. The threshold for elicitation of behavioural
responses depends on received sound level, as well as multiple contextual factors such as the
activity state of animals exposed to different sounds, the nature and novelty of a sound, spatial
relations between a sound source and receiving animals, and the gender, age, and reproductive
status of the receiving animal.

+  Physiological impacts — auditory threshold shift (temporary and permanent hearing loss) — marine
fauna exposed to intense sound may experience a loss of hearing sensitivity, or even potentially
mortal injury. Hearing loss may be in the form of a temporary threshold shift (TTS) from which an
animal recovers within minutes or hours, or a permanent threshold shift (PTS) from which the
animal does not recover.

Available threshold criteria associated with behavioural and physiological impacts for sensitive
receptors have been derived from a number of sources (NMFS, 2018; NMFS, 2014; Popper et al.,
2014). These criteria have been compared with measured and predicted sound levels for different
sound sources to assess potential impacts.

6.4.2.1 Invertebrates

Underwater noise emissions from the activity are not expected to cause a change in behaviour to
benthic invertebrates.

Continuous noise

Benthic invertebrates are unlikely to be negatively impacted from noise generated from vessel
operations, there is no convincing scientific evidence for any significant effects induced by non-
impulsive noise in benthic invertebrates.

Plankton, including fish eggs and larvae, and pelagic invertebrates could drift into close proximity to
high-energy noise sources (for example, bow thrusters). However, any negative impacts that could
occur would be restricted to within metres of the sound source. At such a localised extent, impacts
would be negligible at an ecosystem or population level.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 267 of 557



S0-91-BI-20003.01 Santos

Impulsive noise

For impulsive noise and benthic invertebrates, the source is an important consideration in the
assessment. Low frequency sources, such as the boomer SBP, can be considered for the purposes of
this assessment in the context of scientific findings relevant to seismic surveys, with no other
information available to suggest a more appropriate alternative. Therefore, for the boomer SBP,
impulsive noise, the sound levels defined in Day et al. (2016) and Payne et al. (2008) are considered
appropriate to guide an impact assessment (Table 6-7).

Table 6-7: Impulsive Noise: Criteria for Noise Exposure for Invertebrates

Receptor Sound levels

Invertebrates: effect at the seafloor (Day et al., 2016) 186 to 190 dB SEL
192 to 199 dB SEL2an
209 to 212 dB PK-PK

Invertebrates: no effect at the seafloor (Payne et al., 2008) 202 dB PK-PK

Site-specific modelling was not conducted against these thresholds for the proposed activities.
However, the Beach Energy Otway Basin Geophysical Survey (Wood and McPherson, 2017) did
conduct acoustic modelling. This work, as described above, was in similar water depths and geological
environment, therefore, the results can be used to conduct a high-level comparative assessment. The
site-specific study in the Otway found that none of the sound levels listed in Table 6-7 were exceeded.
This result is estimated to be appropriate for geophysical survey activities within the operational areas.

The short duration of VSP and SBP activities is expected to reduce the potential for impact on plankton
and invertebrates. Any negative impacts that could occur would be restricted to within metres of the
sound source. At such a localised extent, impacts would be negligible at an ecosystem or population
level.

There are no thresholds or information available for the assessment of the potential impacts from
high-frequency sources such as SSS or MBES on either water column or benthic invertebrates. These
sources are often used to assess and quantify plankton densities, including within McCauley et al
(2017), who used a Simrad EK60 echosounder operating at 120 kHz.

6.4.2.2 Fish and Sharks

All fish species can detect noise sources, although hearing ranges and sensitivities vary substantially
between species (Dale et al., 2015). Sensitivity to sound pressure seems to be functionally correlated
in fishes to the presence and absence of gas-filled chambers in the sound transduction system. These
enable fishes to detect sound pressure and extend their hearing abilities to lower sound levels and
higher frequencies (Ladich and Popper, 2004; Braun and Grande, 2008). Based on their morphology,
Popper et al. (2014) classified fishes into three animal groups comprising:

+ Fishes with swim bladders whose hearing does not involve the swim bladder or other gas volumes
+ Fishes whose hearing does involve a swim bladder or other gas volume
+ Fishes without a swim bladder that can sink and settle on the substrate when inactive.

Thresholds for PTS and recoverable injury are between 207 dB PK and 213 dB PK (depending on the
presence or absence of a swim bladder), and the threshold for TTS is 186 dB SELcum (Popper et al.,

2014). Given there is no exposure criteria for sharks and rays, the same criteria are adopted, though
typically sharks and rays do not possess a swim bladder.
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The EPBC PMST Report for the noise assessment boundary identified several fish species including
the whale shark (listed as Vulnerable and Migratory). The whale shark has a foraging BIA that
intersects the noise assessment boundaries for both OAs (Table 3-8). However, the Conservation
Advice for the whale shark (Rhincodon typus) (TSSC, 2015a) does not identify noise emissions as a
threat.

Individual demersal fish may be impacted in the vicinity of the activity and tuna and billfish and other
mobile pelagic species may transverse the operational areas. However, the OAs are not known to be
an important spawning or aggregation habitat for commercially caught targeted species. Therefore,
no impacts to fish stocks are expected.

The criteria defined in Popper et al. (2014) for continuous (Table 6-8) and impulsive (Table 6-9) noise
sources has been adopted.

Table 6-8: Continuous Noise: Criteria for Noise Exposure for Fish

Potential Mortality and Impairment Behaviour
Marine Fauna Potential Recoverable injury TTS Masking
Receptor mortal injury
Fish: (N) Low (N) Low (N) (N) High (N)
No swim bladder | (I) Low () Low Moderate () High Moderate
(particle motion (F) Low (F) Low (1) Low (F) (1
detection) (F) Low Moderate Moderate
(F) Low
Fish: (N) Low (N) Low (N) (N) High (N)
Swim bladder () Low () Low Moderate () High Moderate
not involved in (F) Low (F) Low (1) Low (F) (1
hearing (particle (F) Low Moderate Moderate
motion (F) Low
detection)
Fish: (N) Low 170 dB SPL for 48 h 158 dBSPL | (N) High (N) High
Swim bladder (1) Low for12 h (1) High (n
involved in (F) Low (F) High Moderate
hearing (F) Low
(primarily
pressure
detection)
Fish eggs and fish | (N) Low (N) Low (N) Low (N) High (N)
larvae (1) Low (1) Low (1) Low (n Moderate
(F) Low (F) Low (F) Low Moderate (n
(F) Low Moderate
(F) Low

Source: Popper et al. (2014)

Note: Relative risk (high, moderate, low) is given for animals at three distances from the source defined in
relative terms as near (N) — tens of meters, intermediate (I) - hundreds of meters, and far (F) — thousands of

meters.
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Table 6-9: Impulsive Noise: Criteria for Noise Exposure for Fish

Potential Marine Mortality and Impairment Behaviour
F R t Potential tal
Ana RECEptor . ? At MmOt Recoverable TTS Masking
injury . .
injury

Fish: > 219 dB SEL24h > 216 dB SEL24h >>186 dBSE | (N) Low (N) High
No swim bladder | or or L24h (1) Low (1) Moderate
(particle motion >213 dB PK >213 dB PK (F) Low (F) Low
detection)
Fish: 210 dB SEL24h 203 dB SEL24h >>186 dBSE | (N) Low (N) High
Swim bladder not | or or L24h (1) Low () Moderate
involved in > 207 dB PK > 207 dB PK (F) Low (F) Low
hearing (particle
motion
detection)
Fish: 207 dB SEL24h 203 dB SEL24h 186 dB SEL2 (N) Low (N) High
Swim bladder or or 4h (1) Low (1) High
|nvol.ved |n. ' > 207 dB PK > 207 dB PK (F) (F)
hearing (primarily Moderate Moderate
pressure
detection)
Fish eggs and fish | >210 dB SEL24h (N) Moderate (N) (N) Low (N)
larvae or (1) Low Moderate (1) Low Moderate

> 207 dB PK (F) Low (|) Low (F) Low (|) Low

(F) Low (F) Low

Source: Popper et al. (2014)

Note: Relative risk (high, moderate, low) is given for animals at three distances from the source defined in
relative terms as near (N) — tens of meters, intermediate (I) - hundreds of meters, and far (F) — thousands of

meters.

Continuous noise

Based on criteria developed by Popper et al. (2014) for noise impacts on fish, vessel and MODU noise
has a low risk of resulting in mortality and a moderate risk of TTS impacts when fish are within tens
of metres of a vessel. The most likely impacts to fish from noise will be behavioural responses.
Popper et al. (2014) identified a moderate risk of behavioural impacts to fish in near (tens of metres)
and intermediate distances (hundreds of metres) from the noise source. Masking could occur within
thousands of metres under a worst-case scenario of vessel operations, however typically any effect
will be limited to within hundreds of metres.

Whale sharks could potentially be impacted from operational noise if in the area, whale sharks would
be expected to show avoidance to vessel noise, although they are likely to tolerate low level noise,
because whale sharks have been observed swimming close to oil and gas platforms on the North West
Shelf.
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Impulsive noise

Based on available criteria from Popper et al (2014), potential impacts of survey and positioning
equipment on fish have been assessed. Impulsive noises from survey equipment could result in
physiological impacts to fish located within metres of the sound source considering the results
presented in Section 6.4.1. The likelihood of fish being close enough to the sound source for
physiological impacts to occur is considered remote.

Behavioural impacts to fish from survey equipment noise will be limited to behavioural responses
within metres of the noise source. Fish (including sharks and rays) may be temporarily displaced from
the vicinity of the noise emissions. The only survey equipment with energy below 1 kHz is the
boomer SBP, all other equipment which operates at higher frequencies is unable to be heard by most
fish, which further reduces the risk of impact (Ladich and Fay, 2013).

The impact of masking is low at all ranges, apart from fish who specialise in pressure detection,
which can be impacted in a moderate way at thousands of metres. However, this is only relevant for
the boomer SBP, as all other sources have signals outside the hearing range of most fish in the
region, which reduces the risk of impact. Impacts to fish and sharks are not considered significant as:

+ Noise levels from the MODU, helicopters and vessels that may cause behavioural responses are
expected to generally be confined to the OAs and concentrated within a radius of a few hundred
metres of the noise source.

+ Due to the very short duration and infrequent use of VSP, the potential effects are expected to fall
off rapidly with distance from the source and be unlikely to cause significant impacts to any
marine fauna populations. The noise emissions associated with the activity are not expected to
have the intensity to cause physical injury, unless fauna were in very close proximity (tens of
metres) to VSP activities.

+ Noise effects to fish may result in indirect impacts to fisheries in the operational areas that are
restricted to moderate within hundreds of meters of the MODU/vessels, as detailed above. With
the majority of the noise emissions being of short duration and of limited extent, any impact on
commercial or recreational fishing is expected to be minimal.

+ Implementation of the Environmental Checklist for MODU Seismic Operations [YJP-CM-018]
during VSP activities, including ‘soft starts’ of the source, fauna observation prior to and for the
duration of VSP operations, and shut-down procedures, will reduce the potential for impacts to
marine fauna. Beyond 500 m of the MODU (i.e., the limit of the shut-down zone) there would be a
zone of influence in which VSP activities may elicit a behavioural response, most likely to maintain
a separation distance from the source, for the short duration of VSP. Based on Santos’
calculations the zone of influence could extend out to at least 1,200 m.

6.4.2.3 Marine Mammals

No known aggregation, resting, breeding or feeding areas for cetaceans intersect the 20 km noise
assessment boundary for either of the OAs. However, cetaceans may travel through the area, with
the noise assessment boundaries overlapping the migration BIA for the humpback whale and the
distribution BIA for the pygmy blue whale (Table 3-8). The humpback whale is expected to be the
most frequently encountered particularly during annual migrations given the overlap area with the
migration BIA. Recovery plans for humpback whales and blue whales identify noise interference as a
potential threat. Both of these species are low-frequency cetaceans.
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To better reflect the auditory similarities between phylogenetically closely related species, but also
significant differences between species groups among the marine mammals, Southall et al. (2007)
assigned the extant marine mammal species to functional hearing groups based on their hearing
capabilities and sound production.

Exposure to intense impulsive noise may be more hazardous to hearing than continuous (non-
impulsive) noise. Impulsive sound sources include the VSP which are outside the auditory range of
baleen whales (humpback and pygmy blue whales) but within the mid-frequency cetacean auditory
range (orca, sperm whales and dolphins). The PTS and TTS thresholds (for impulsive and continuous
sources) are from National Marine Fisheries Service (NMFS) (2018) which is the most current
technical guidance for assessing the effect of anthropogenic sound on marine mammal hearing.
These thresholds are also adopted in the more recent Southall et al. (2019) review. These thresholds
that detail receptor noise impacts and behavioural response for continuous noise (MODU, support
vessels) and impulsive noises (VSP) are summarised in Table 6-10 and Table 6-11.

Behavioural reactions to acoustic exposure are generally more variable, context-dependent, and less
predictable than the effects of noise exposure on hearing or physiology. Hence, it is difficult to
determine thresholds for behavioural response in individual cetaceans as the way they respond often
varies (Nowacek et al. 2004, Gomez et al. 2016, and Southall et al. 2019) and is influenced by both
biological and environmental factors such as age, sex and the activity at the time. Observed
disturbance responses to anthropogenic sound in cetaceans include altered swimming direction;
increased swimming speed including pronounced ‘startle’ reactions; changes to surfacing, breathing
and diving patterns; avoidance of the sound source area and other behavioural changes.

For non-impulsive noise, NMFS currently uses step function (all-or-none) threshold of 120 dBre 1
KPa SPL (unweighted) to assess and regulate noise-induced behavioural impacts for marine mammals
(NOAA, 2019), while for impulsive noise, NMFS uses step function thresholds of 160 dB re 1 pPa SPL
(unweighted) (NOAA, 2018; NOAA, 2019). The behavioural disturbance threshold criteria applied is
from NMFS (2014) which is the current interim U.S. National Marine Fisheries Service (NMFS)
criterion (NMFS 2014) for marine mammals and which summates the most recent scientific literature
on the impacts of sound on marine mammal hearing so considered the most relevant to this activity.

Auditory masking impacts may occur when there is a reduction in audibility for one sound (signal)
caused by the presence of another sound (noise). For this to occur the noise must be loud enough
and have a similar frequency to the signal and both signal and noise must occur at the same time.
Therefore, underwater noise produced by the VSP and SBP may interfere with the ability of marine
animals to detect natural sounds. This effect has the potential to interfere with animals’
communication and socialisation, the detection of predators and prey, and navigation and
orientation. There is little information available regarding auditory masking in whales (Richardson et
al., 1995), although it has been suggested that an observed lengthening of calls in response to low-
frequency noise in humpback whales and orcas may be a response to auditory masking (Fristrup et
al., 2003; Foote et al., 2004).

The EPBC PMST Report for the operational areas identified several marine mammal species including
blue whale (E), fin whale (V), humpback whale (V) and sei whale (V). Noise is not listed as a threat in
the Approved Conservation Advice for Balaenoptera physalus (fin whale) (TSSC, 2015b), or Approved
Conservation Advice for Balaenoptera borealis (sei whale) (TSSC, 2015c).
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Blue Whale Conservation Management Plan 2015 - 2025 (DoE, 2015a) lists noise disturbance as a
threat, specifically relating to impulsive sound sources and acute industrial noise such as pile driving.
Shipping noise in busy shipping channels is also identified as a potential source of noise emissions,
although the risk assessment determines that consequences would be restricted to individuals, and
no population level effects expected. The plan requires that anthropogenic noise in distribution areas
will be managed such that any blue whale continues to utilise the area without injury. As injury is not
expected as a result of continuous or impulsive sound sources resulting from the activity, impacts will
be managed in adherence with the Management Plan.

Approved Conservation Advice for Megaptera novaeangliae (humpback whale) (TSSC, 2015d) lists
noise disturbance as a threat.

Table 6-10: Continuous Noise: Acoustic Effects of Continuous Noise on Low-frequency Cetaceans:
Unweighted SPL and SEL24h Thresholds

Hearing Group NMFS (2014) NMFS (2018)
Behaviour PTS onset thresholds TTS onset thresholds
(received level) (received level)
SPL Weighted SEL24h Weighted SEL24h
(Lp; dB re 1 uPa) (LE,24h; dB re 1 uPa2-s) (LE,24h; dB re 1 uPa2-s)
Low-frequency 199 179
cetaceans 120
Mid-frequency 198 178
cetaceans

Table 6-11: Impulsive Noise: Unweighted SPL, SEL24h and PK Thresholds for Acoustic Effects on
Low-frequency Cetaceans

Hearing Group = NMFS (2014) NMFS (2018)

Behaviour PTS onset thresholds (received TTS onset thresholds (received
level) level)
SPL (Lp; Weighted PK Weighted PK
dB re 1 pPa) SEL24h (Lpk; dBre 1 SEL24h (Lpk; dBre 1
(LE,24h; dBre1 uPa) (LE,24h; dBre1 uPa)
uPa2:s) uPa2:s)
Low-frequency 183 219 168 213
Cetacean 160
Mid-frequency 185 230 170 224
Cetaceans

Continuous noise

Auditory masking impacts may occur when there is a reduction in audibility for one sound (signal)
caused by the presence of another sound (noise). For this to occur the noise must be loud enough
and have a similar frequency to the signal and both signal and noise must occur at the same time.
Therefore, the closer the whale is to the vessel, and the more overlap there is with their vocalisation
frequencies, the higher the probability of masking. The potential for masking and communication
impacts is therefore classified as high near the vessel (within tens of metres), moderate within
hundreds to low within thousands of metres (Clark et al., 2009).
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There is a potential for auditory masking impacts to whales due to vessel noise however impacts are
considered temporary and localised because the individual and the vessels will be almost constantly
moving and therefore no single area will be impacted for any length of time.

The estimated distances to behavioural and physiological thresholds (as listed in Table 6-10) for
marine mammals from vessels are provided in Table 6-12.

Table 6-12: Estimated distances to behavioural and physiological thresholds for marine mammals
from vessels

Potential Marine Fauna Receptor = Estimated Distance Justification

Low-frequency (LF) Cetaceans 12m Based upon accumulation of unweighted SEL
over 24 h for a vessel with a source level of
166.3 dB re 1 pPa (SPL), and applying practical
spreading loss

Mid-frequency (MF) Cetaceans Not predicted to Not predicted to occur for vessels with a

and Dugongs occur significantly greater power output (McPherson
et al. 2019)

Low-frequency (LF) Cetaceans 266 m Based upon accumulation of unweighted SEL

over 24 h for a vessel with a source level of
166.3 dB re 1 pPa (SPL), and applying practical
spreading loss

Mid-Frequency (MF) Cetaceans Not predicted to Not predicted to occur for vessels with a

and dugongs occur significantly greater power output (McPherson
et al. 2019)

Low-frequency (LF) Cetaceans Considering a vessel with a source level of

Mid-frequency (MF) Cetaceans Within 1200 m 166.3 dB re 1 pPa (SPL), and applying practical

spreading loss, see (McPherson et al., 2019).

In addition to levels where PTS and TSS impacts are observed there have been observations of marine
mammals reacting to aircraft and other anthropogenic impacts, specifically:

+ Reactions of cetaceans to circling aircraft (fixed wing or helicopter) are sometimes conspicuous if
the aircraft is below an altitude of 300 m, uncommon at 460 m and generally undetectable at 600
m (NMFS, 2001).

+ Baleen whales sometimes dive or turn away during overflights, but sensitivity seems to vary
depending on the activity of the animals. The effects on cetaceans seem transient, and occasional
overflights probably have no long-term consequences on cetaceans.

+ Observations by Richardson and Malme (1993) indicate that, for bowhead whales, most individuals
are unlikely to react significantly to occasional single-pass low-flying helicopters transporting
personnel and equipment at altitudes above 150 m.

+ Leatherwood et al. (1982) observed that minke whales responded to helicopters at an altitude of
230 m by changing course or slowly diving.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 274 of 557



S0-91-BI-20003.01 Santos

This is relevant to understanding the potential impacts of helicopter operations within the noise
assessment boundary (primarily during landing and take-off).

Impulsive noise
The sound levels from positioning equipment, MBE, SSS and SBP are described in Section 6.4.1.

The Behavioural Response of Australian Humpback Whales to Seismic Surveys (BRAHSS) found short-
term changes in the behaviour of migrating humpback whales that were exposed to seismic air guns.
These changes in behaviour included dive behaviour (making less progress southwards) and social
behaviour; however, the study noted that no ‘abnormal’ behaviours were noted (such as groups
turning and migrating in the opposite direction, groups ceasing to migrate or moving at high speed,
abnormally high or low rates of surface behaviours, cessation of breeding interactions, etcetera (Cato
et al., 2019).

Humpback whale populations have increased since being placed on the threatened species list for
exploitation from whaling, resulting in a higher abundance of species off our Western Australian
coastline. Humpback whales have been able to thrive and increase in numbers despite the heavy oil
and gas exploration. A study presented by Bejder et al. (2016) has prompted a review of the species
being down listed under Commonwealth legislation and regulations, as they are not eligible for listing
as a threatened species under all statutory criteria.

Survey and positioning equipment could cause auditory masking of vocalisations of cetaceans due to
the overlap in frequency range between signals and vocalisations. However, due to the limited
propagation range of the relevant frequencies (higher frequencies attenuate rapidly), the range at
which the impact could occur will be, within hundreds of metres. The masking will apply to MF
whales for the positioning equipment, MBES, SSS and SBP with all signals above 2 kHz.

VSP operations conducted over a period of up to 18 hours will result in the thresholds for PTS, TTS and
behavioural impacts being exceeded. Impulsive sound sources will decrease quickly with distance from
the source, with modelling showing that within 260 m of a VSP source the received level will be below
the PTS and TTS onset thresholds. Marine mammals may show behavioural responses to noise
emissions; however, this is expected to be localised (approximately 1 km from the MODU / support
vessels, approximately 2.4 km from VSP operations). Given the transient and mobile nature of marine
mammals, and the short-term nature of the VSP activities, the impact of noise on marine mammals is
expected to be limited.

Given the transient and mobile nature of the survey, the operating frequencies and noise maxima of

the survey equipment (detailed in Section 2.3), effects of noise on marine mammails (in other words,

humpback whale) is expected to be limited to behavioural responses within up to a few kilometres of
the vessel depending on the heading range of the receptors.

The noise assessment boundaries for all three wells are located within the migration BIA for Humpback
Whales and distribution BIA for Pygmy Blue Whales; however behavioural responses will be limited to
1 km from the MODU / support vessels, 2.42 km from VSP operations. This represents a small
proportion of the overall BIAs and is unlikely to present a barrier to movement or disrupt migratory
pathways or behaviour. Impacts will be managed in adherence with the Blue Whale Conservation
Management Plan 2015 - 2025 (DoE, 2015a) and Approved Conservation Advice for Megaptera
novaeangliae (humpback whale) (TSSC, 2015d).
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6.4.2.4 Marine Turtles

The 20 km noise assessment boundary intersects with the following marine turtle BIAs / habitat
critical to the survival of the species as shown in Table 3-8:

+ Yoorn noise assessment boundary:

— internesting buffer BIA for flatback, hawksbill, loggerhead and green turtles; and habitat
critical for the survival of the species

— additional mating, nesting, internesting and foraging BIA for green turtles

+ J&P noise assessment boundary:
— Internesting buffer BIA for flatback turtles.

A study that investigated flatback turtle internesting behaviour found that the 30 m depth contour
encompassed the vast majority of internesting activities (i.e., resting on the seabed) (Pendoley,
2017). Another study by Whittock et al. (2016) identified suitable internesting habitat for flatbacks to
be between 0 and 16 m deep and within 5 to 10 km off the coastline. These studies demonstrate
that, while marine turtles may be present in offshore waters during the internesting period, they are
typically freely moving through these areas before they return to shallow waters to rest in the days
leading up to nesting activity. Therefore, it is possible that marine turtles will traverse through the
operational areas during the peak internesting period.

Turtles have been recorded successfully breeding on Varanus Island over the last 20 years with an
estimated survival probability of over 94% (Prince and Chaloupka, 2011). This would indicate that the
industrial uses on Varanus Island, inclusive of the operational noise emissions, have had little to no
measurable impact on adult turtles nesting on Varanus Island and, to date, have not shown to have
led to a long-term decrease in the size of the adult marine turtle nesting population.

The Recovery Plan for Marine Turtles in Australia (Commonwealth of Australia, 2017a) highlights
noise interference from anthropogenic activities as a threat to marine turtles. The plan refers to
vessel noise and the operation of some oil and gas infrastructure as sources of chronic (continuous)
noise in the marine environment, exposure to which may lead to avoidance of important turtle
habitat. The Recovery Plan notes there is limited information available on the impact of noise on
marine turtles and that the impact of noise on turtle stocks may vary depending on whether
exposure is short (acute) or long term (chronic). Turtles have been shown to respond to low
frequency sound, with indications that they have the highest hearing sensitivity in the frequency
range 100 to 700 Hz (Bartol and Musick, 2003).

Finneran et al. (2017) presented revised thresholds for sea turtle injury and hearing impairment (TTS
and PTS). Their rationale is that sea turtles have best sensitivity at low frequencies and are known to
have poor auditory sensitivity (Bartol & Ketten, 2006; Dow Piniak et al., 2012; Martin et al., 2012).
Accordingly, TTS and PTS thresholds for turtles are likely more similar to those of fishes than to
marine mammals (Popper et al., 2014).

Studies show that behavioural responses occur to received sound levels of approximately 166 dB re 1
KPa and that avoidance responses occur at around 175 dB re 1 pPa (McCauley et al., 2000). These
levels overlap with the sound frequencies produced by vessels and VSP activities. Based on the
limited data regarding noise levels that illicit a behavioural response in turtles, the lower level of 166
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dB re 1 pyPa level drawn from National Science Foundation (NSF, 2011) is typically applied, both in
Australia and by NMFS, as the threshold level at which behavioural disturbance could occur.

The recommended criteria for impulsive and continuous sound sources are shown in Table 6-13 and
Table 6-14.

Table 6-13: Continuous Noise: Criteria for Vessel Noise Exposure for Turtles

Potential Popper et al. 2014 Finneran et al. (2017)
Marine Weighted SEL2an (LE,2an; dB re 1 pPa?:s)
Fauna
Receptor Masking Behaviour PTS onset threshold TTS onset threshold
Marine (N) High (N) High 220 200
Turtle (1) High (1) Moderate
(F) Moderate (F) Low

Note: Relative risk (high, moderate, low) is given for animals at three distances from the source
defined in relative terms as near (N) — tens of meters, intermediate (1) - hundreds of meters, and far
(F) — thousands of meters.

Table 6-14: Impulsive Noise: Criteria for Impulsive Noise Exposure for Turtles: unweighted SPL,
SEL24h and PK thresholds

Moein et al.

(1995),

McCauley et Finneran et al. (2017)
al. (2000b;

2000a)

NFS
(2011)

Behaviour PTS onset threshold TTS onset threshold

Weighted SEL2an
SPL (Ly; dB re 1 uPa) (LE,2an; dB re 1
uPa?-s)

Weighted
SEL2an (LE,24n;
dB re 1 uPa?s)

PK (Lo; dB
re 1 pPa)

PK (Lo; dB
re 1 pPa)

166 175 204 232 189 226

Continuous noise

Based on the criteria detailed within Table 6-13 there is a low risk of any injury to marine turtles from
vessel or MODU noise (Section 6.4.1). Behavioural changes, for example, avoidance and diving, are
only predicted for individuals in close proximity to the activity vessels (high risk of behavioural
impacts within tens of metres of a vessel and moderate risk of behavioural impacts within hundreds
of metres of a vessel). There is a high risk of masking within hundreds of metres of the vessel, and a
moderate risk of masking within thousands of metres from the vessel. Turtles have not been shown
to have a reliance on sound for finding food or avoiding predators. Sounds potentially could be used
by turtles in a social manner to synchronise activities during the nesting season (Ferrara et al., 2014);
however, this has not been demonstrated for marine turtles. The noises are relatively quiet (Ferrara
et al., 2014), and thus would only have a limited range of detection by turtles even in ideal
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conditions, with masking from natural sounds likely. The impacts from masking are expected to be
low.

Impulsive noise

The sound levels of the survey equipment and positioning equipment (Section 6.4.1) are below those
associated with the PK criteria for injury (Table 6-14) beyond a few metres and are low enough that
SEL criteria will not be reached (McPherson and Wood, 2017). Recoverable injury and TTS could
occur within tens of metres applying the relative risk criteria from Popper et al. (2014) (Table 6-14).
Behavioural changes, for example, avoidance and diving, are only predicted for individuals in close
proximity to the vessels (high risk of behavioural impacts within tens of metres of source and
moderate risk of behavioural impacts within hundreds of metres of the source).

Turtles are unlikely to experience masking even at close range to the source from all sources except
the boomer SBP. This is in part because the sounds from most survey and positioning equipment
(except the boomer SBP) are all outside of the hearing frequency range for turtles, which for green
and loggerhead turtles approximately 50 to 2000 Hz, with highest sensitivity to sounds between 200
and 400 Hz (Ridgway et al., 1969; Ketten and Bartol, 2005; Bartol and Ketten, 2006; Bartol, 2008;
Yudhana et al., 2010; Piniak et al., 2011; Lavender et al., 2012, 2014). The boomer SBP could
potentially mask turtle hearing, as it has a primary frequency range from 100 to 1000 Hz; however,
the low source levels mean the distances within which masking may occur for turtles will be within
hundreds to low thousands of metres.

VSP operations conducted over a period of up to 18 hours will result in the thresholds for PTS, TTS
and behavioural impacts being exceeded. However, the received levels will decline rapidly from the
source and be below thresholds for PTS and TTS within approximately 500 m of the source. Given the
transient and mobile nature of marine turtles, effects of noise are expected to be limited to
behavioural impacts during VSP activities. No impacts at a population level are anticipated.

In summary, temporary impairment from operational sounds to marine turtles due to TTS is
expected to only occur at close ranges (within tens of metres) (JASCO, 2016). Behavioural impacts
may occur at close to intermediate ranges (within hundreds of metres).

Considering the open-ocean location of the operational areas, only individual turtles may be affected
as they transit the area, and impacts are not considered significant based on the following:

+ The noise assessment boundaries for both OAs are within an internesting buffer habitat critical to
the survival of Flatback, Hawksbill and Green turtles, which is also designated a BIA. Considering
the water depths of the OAs (45-65 m) and the distance offshore (approximately 20 km to closest
nesting beach) compared to observed water depths and distances of internesting turtles, impacts
to turtles are not expected at the individual or population level

+ MODU noise emissions that are expected are below the thresholds for behavioural impacts, PTS
and TTS.

+ Vessel noise is expected to be below the thresholds for PTS and TTS given the typical size vessels
used during the activity and the slow vessel speeds within the operational areas, the received
levels may result in behavioural impacts, but for a limited duration and will not result in significant
impacts.

+ Helicopter noise will be intermittent during the activity, and below the thresholds for behavioural
impacts, PTS and TTS. Following guidelines outlined in Popper et al. (2014), marine turtles are at

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 278 of 557



S0-91-BI-20003.01 Santos

low risk of mortality or permanent injury due to continuous noise sources, such as VSP, even near
the source

+ Although VSP operations conducted over a period of up to 18 hours will result in the thresholds for
PTS, TTS and behavioural impacts being exceeded if they are exposed near the source, however,
individuals are expected to display behavioural response to the source, moving away and outside
the range at which TTS could occur. Given the transient and mobile nature of marine turtles, effects
of noise are expected to be limited to behavioural impacts during VSP activities. No impacts at a
population level are anticipated.

+ Although behavioural responses are expected to occur near the sources, these will be limited to
avoidance or temporary change in swimming behaviour.

6.4.2.5 Protected and significant areas and socio-economic receptors

The Yoorn noise assessment boundary intersects the Montebello Marine Park (Multiple Use Zone —
IUCN Category VI). Conservation values of the marine park (as outlined in Section 3.2.2) have the
potential to be impacted by noise emissions through impacts to marine fauna. The J&P noise
assessment boundary does not intersect any AMP.

Therefore, noise emissions generated at the Yoorn OA have the potential to impact the values of the
Montebello Marine Park, which includes (relevant to noise emissions) internesting habitat for marine
turtles, a migratory pathway for humpback whales and foraging habitat for whale sharks. As
described above, worst case noise impacts from the activity will potentially result in:

PTS or TTS to cetaceans within 12 m and 266 m from the vessel or MODU

TTS and PTS to cetaceans are not predicted to occur due to geophysical survey activities
Behavioural impacts to turtles within tens of metres of the vessel

Masking of turtles within hundreds to low thousands of metres of the SBP (not predicted with

+ + 4+ +

other equipment)
+ Masking of fish (including whale sharks) could occur within thousands of metres of the vessel or
the SBP.

6.4.3 Environmental Performance Outcome and Control Measures

The EPOs relating to this event include:

+ No injury or mortality to EPBC Act 1999 and WA Biodiversity Conservation Act 2016 listed marine
fauna during operational activities [YJP-EPO-05].

The control measures considered for this event are outlined in Table 6-15, and the EPS’ and
measurement criteria for the EPOs are described in Section 8.4.
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Table 6-15: Control Measure Evaluation for Noise Emissions

Control Control Measure Environmental Potential Evaluation

Measure Benefit Cost/Issues

Reference

No.

YJP-CM-001 | Procedure for Reduces risk of Operational costs to | Adopted — Benefits in
interacting with physical and adhere to marine reducing impacts to
marine fauna behavioural fauna interaction marine fauna outweigh

impacts to marine | restrictions, such as | the costs incurred by
fauna from vessels | vessel and Santos. Procedure aligns
and helicopters helicopter speed with Part 8 of the EPBC
because if marine and direction, are Act Policy Statement 2.1
fauna are sighted, based on legislated — Interaction between
then vessels can requirements and offshore seismic

slow down or must be accepted. exploration and whales.
move away.

Helicopters can

increase distances

from sighted

fauna if required.

YJP-CM-15 Support Vessel Monitoring of No additional cost— | Adopted —industry
surrounding industry practice. practice, benefits
marine outweigh cost.
environment to
identify potential Control drives
collision risks (and compliance with the
reducing harm) to EPBC Regulations.
cetaceans and
other marine
fauna.

YJP-CM-040 | Geophysical Potential Impracticable to Adopted — benefits in

Survey Pre-Start reduction in schedule activities reducing noise impacts
Requirements impact of noise to to avoid all listed to sensitive marine
some sensitive marine fauna due fauna
receptors based to variability in
on principles of timing of
the EPBC Policy environmentally
Statement 2.1 — sensitive periods
Part A and the constant or
unpredictable
presence of some
species. Short
duration activity
(i.e. a few days)
that is low risk to
marine fauna
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Control

Control Measure

Environmental

Potential

Evaluation

Measure Benefit Cost/Issues

Reference

No.

YJP-CM-018 | MODU seismic Includes controls Some operational Adopted — Benefits in
survey that reduce the costs associated reducing impacts to
procedures risk of harm to with implementing marine fauna outweigh

marine fauna. The | procedure to VSP the costs incurred.
checklist includes activities. Procedure aligns with
standards for: Part A of the EPBC Act
+  Marine Policy Statement 2.1 —

fauna Interaction between

observation. offshore seismic

exploration and whales.

+  Soft-start,

operational

and shut-

down

protocols?.
+  Low visibility

and night-

time

operations.

YJP-CM-041 | MODU Planned Reduces noise Operational costs Adopted- benefits in
Maintenance emissions from and labour or reducing noise impacts.
System (PMS) the MODU access

because requirements of
equipment is undertaking
operating within maintenance

its parameters

YJP-CM-042 | Vessel Planned Ensures Costs are standard Adopted- benefits in
Maintenance equipment which for routine PMS reducing noise impacts.
System (PMS) to generates noise is
maintain vessel operating
DP, engines and optimally and
machinery sound sources

levels are
appropriately
verified and
within desired
operating range.

YJP-CM-043 | Vessel activities Project No additional costs Adopted- no additional
environmental environmental associated with costs to implement
awareness and awareness and inclusion induction procedure
training training content.

(inductions) (inductions)
covers protected covers use
marine fauna protected marine
sighting fauna sighting
procedure procedure.
Provides
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Control Control Measure Environmental Potential Evaluation

Measure Benefit Cost/Issues

Reference

No.

explanation to
personnel for
Santos WA's
Protected Marine
Fauna Interaction
and Sighting
Procedure with
aim to increase
compliance.

N/A Heterodyne The hDVS can This technology Rejected — The worst-
distributed resultina may be feasible for case option of using VSP
vibration sensing reduction in time the well but has been retained for
(hDVS) spent by the availability cannot this well in the event
technology MODU on location | be guaranteed until | that this equipmentis

undertaking VSP the schedule is not available.
(and subsequent confirmed. Only
cost reduction), one vender who
and reduction in supplies this
the number of air- | technology.

gun shots

required for the

activity, therefore

decreasing the

marine fauna

exposure time to

underwater noise.

N/A Dedicated Marine | Improved ability Additional cost of Rejected — Cost
Fauna Observer to spot and contracting several disproportionate to
on vessels? identify marine specialist Marine increase in

fauna at risk of Fauna Observers environmental benefit
impact by vessel while the risk to all and given that crew
noise. listed marine fauna member will be
cannot be reduced observing for marine
due to variability in fauna during MODU VSP
timing of activities.
environmentally
sensitive periods
and unpredictable
presence of some
species.

N/A Site specific The distance at Additional cost to Rejected — The cost
acoustic which fauna could | contract consultant | associated with site
modelling? experience to develop a model specific modelling,

behavioural and produce outweighs any
impacts can be predicted noise environmental benefit,
predicted and outputs. and no further controls
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Control Control Measure
Measure
Reference

[\ [o

Environmental
Benefit

compared to
literary
publications.
Additional
management
controls can then
be included if
required to
support an ALARP
justification and
reduce potential
impacts to marine
fauna.

Potential
Cost/Issues

Evaluation

can be implemented to
reduce vessel noise or
VSP or SBP other than
not undertaking the
activity.

Given the potential
impacts are expected to
be minor and limited to
temporary and minor
behavioural changes
only, and noise levels
from vessels, SBP and
VSP will decay rapidly;
site specific modelling
will not provide
additional information
which would alter the
current ALARP position.
Also, the activity does
not occur in a humpback
whale resting, foraging,
calving or confined
migratory pathway, as
described in the
conservation advice.

N/A Noise
management
plant

Impacts are
predicted to be
minor (e.g.
potential
temporary and
minor behavioural
changes)
therefore, a
management
plan, and
associated
management
controls, will have
little or no benefit
in terms of
outcomes i.e.
reducing impacts
further.

No additional cost
other than
negligible personnel
costs of preparing
and reviewing the
management plan.

Rejected — The activity
does not occur in any
resting, foraging, calving
or confined migratory
pathway for protected
cetacean species,
therefore the cost
associated with the
development of a
management plan
outweighs the little or
no benefit for a short
duration activity which
has a minor impact (e.g.,
potential temporary and
minor behavioural
changes).
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Control Control Measure Environmental Potential Evaluation

Measure Benefit Cost/Issues

Reference

No.

N/A Use of Passive Improve detection | Costs of PAM Rejected — Cost
acoustic of some sensitive operators. disproportionate to
monitoring receptors. Operational costs of | increase in
(PAM)? shutdowns environmental benefit

potentially given the low-level

prolonging the behavioural response

activity. expected. Limited ability
of PAM to detect
cetaceans would provide
little benefit to the
species expected to be
present.

N/A Verification of Allow Costs of deploying Rejected — Relatively
noise levels implementation of | noise monitoring short duration of the

adaptive equipment and activity would prevent
management processing of data. noise verification being
controls should completed before the
impact be greater activity is finished. Cost
than expected. disproportionate to
increase in
environmental benefit
given the rapid
reduction in noise levels
from vessels and the
low-level behavioural
response expected.

N/A Operational Reduce risk of High cost in moving Rejected — Given the
activities to avoid impacts from or delaying activity minimal risk of impacts
coinciding with noise emissions schedule. The risk to threatened species
sensitive periods during to all listed marine (e.g. whales, whale
for marine fauna environmentally fauna cannot be sharks and turtles)
present in the sensitive periods reduced due to occurring, the financial
OAs. for listed marine variability in timing and environmental costs

fauna. of environmentally of amending the activity
sensitive periods schedule to suit multiple
and unpredictable sensitivity windows is
presence of some deemed grossly
species. disproportionate to low
environmental benefits.

N/A Spotter planes/ Increase detection | Marine fauna may Rejected — Cost is
vessels sent to of individuals or have moved away disproportionate to
spot fauna ahead groups of marine from the area by increase in
of the survey fauna which may the time the vessel environmental
vessel over whole be displaced or arrives. benefit.
survey area (EPBC | disturbed, during Cost of specialist
Policy Statement night-time aircraft with good

downward visibility,
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Control
Measure
Reference
No.

Control Measure

2.1-PartB.2 &
B.3)

Environmental
Benefit

operations when
visibility is low.

Potential
Cost/Issues

or cost of an
additional spotter
vessel additional
MFOs required on
board aircraft.
Additional risks to
environment
through use of
vessels/airplanes,
increased safety
risks to personnel
on board additional
vessels/airplanes.

Evaluation

N/A

Adaptive
Management:

+  Terminating
the survey
for 24 hours
if there are
3 or more
humpback
whale
induced
shutdowns/
power
downs
within the
previous 24-
hour period.

+  Terminating
the survey if
there are 3
consecutive
days of no
collection of
survey data
due to the
presence of
migrating
humpback
whales.

(EPBC Policy
Statement 2.1 —
Part B.6)

Potential
reduction in
impacts to
humpback whales

Impracticable to
schedule activities
to avoid all listed
marine fauna due
to variability in
timing of
environmentally
sensitive periods
and the constant or
unpredictable
presence of some
species. Short
duration activity
(i.e. a few days)
that is low risk to
marine fauna.

Rejected — shut down
impractical given the
unpredictable presence
of marine fauna and the
transient nature of
humpback whales
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Control
Measure
Reference

Control Measure

Environmental
Benefit

Potential
Cost/Issues

Evaluation

No.

N/A Pre-survey Increase Long lead time as a Rejected - limited
research would knowledge of research vessel sent | benefit for high cost and
involve sending a marine fauna out to the field added risk of vessel
dedicated activity in the would need to go collision and emissions
research vesselto | area. one year ahead of associated with a
the survey area the survey at the research vessel
ahead of time. planned time to
Allows for survey collect relevant
planning around data, survey areas
areas of peak often not defined
migration and >1yr. in advance,
aggregation, further risks from
therefore vessel collision and
reducing risks to emissions; Cost of
marine fauna research vessel.

(EPBC Policy
Statement 2.1 -
Part B.2)

N/A No start up or Reduce Increases time of Rejected — Cost
operations at probability of a survey. Increase disproportionate to
night-time / low cetacean cost due to increase in
visibility (EPBC occurring within increased survey environmental benefit.
Policy Statement the low time. Survey Risks associated with
2.1-Part B.2) power/shutdown objectives would physical presence also

zone and not not be met in increase with the
being detected. available increased survey time.
timeframe.

1As recommended in ‘Approved Conservation Advice for Megaptera novaeangliae (humpback whale) (2015)’

6.4.4

Environmental Impact Assessment

Table 6-16: Impacts and Consequence Ranking — Noise Emissions

Receptor Consequence Level

Threatened,

fauna

migratory or local

While the level of noise expected from temporary and intermittent operational
activities has the potential to cause physical injury to marine fauna, most species that
may transit through the OAs are expected to demonstrate avoidance behaviour if
noise levels approach those that could cause pathological effects. Avoidance
behaviour is likely to be localised (approximately 1 km) within the area of the activity
(due to small spatial extent of elevated noise) and temporary, i.e., for the duration of
the activity only.

Both noise assessment boundaries overlap a humpback whale migration BIA. Due to
behavioural responses to noise within the OA, humpback whales may be displaced
from a small proportion of the BIA. However, the area of overall represents a small
proportion of the BIA width, which is unlikely to present a barrier to movement or
disrupt migratory pathways or behaviour. The main migration path during the
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northward migration (July to October) of the humpback whale is centred along the
200 m bathymetric contour (Jenner et al., 2001), which is unlikely to intercept the
noise assessment boundaries which are 45-65 m deep. In addition, a pygmy blue
whale BIA for distribution overlaps the noise assessment boundaries, however
displacement of pygmy blue whales and whale sharks is not expected.

Some behavioural response to vessel noise could occur to benthic fish communities
within the noise assessment boundaries. The calcareous gravel, sand and silt seabed
of the OAs suggests there are unlikely to be any areas of particularly high abundance
or diversity of fishes within this area, although it is likely that there will be some
attraction of fishes to the subsea infrastructure.

Whale sharks may pass through the noise assessment boundaries for Yoorn and J&P
as the foraging BIA intersects each. Whale sharks would be expected to show a
behavioural response only, as it is unlikely that this species would swim within close
range (within metres) of high-energy sound sources (for example, bow thrusters) or
the geophysical survey activities that could result in physiological damage.

Potential PTS to low-frequency whales (for example, humpback and blue whales)
could occur within 12 m of the centre of the vessel (considering a representative
vessel that is 54 m long) if the vessel and the cetacean remained in the same place for
24 hours. However, the vessel will never remain in the one position for this long, and
as whales are also always moving, the potential for this impact is extremely low.
Behavioural impacts may be expected for marine mammals, that is, humpback
whales, from the vessels and equipment.

Although BIAs for marine turtles, including green, hawksbill and flatback turtles
(internesting buffer, including critical habitat) occur within the noise assessment
boundaries for the three wells, impacts are not expected on a population level or on
turtle habitat. Individuals may be encountered within the noise assessment
boundaries but are likely to be internesting adults due to the distance from the
closest nesting beaches (approximately 20 km to Trimouillle Island from Yoorn well
location). Behavioural impacts could occur within the immediate vicinity of the vessel
and equipment for a short duration and will likely result in the turtles moving away
from the area. As the area within which foraging and distribution of all turtles species
is widespread, the minimal disturbance is not expected to significantly impact the
critical habitat for turtles, or impact at a population level due to the nature and scale
of the activity (temporary, short duration, vessel based activity).

In the Recovery Plan for Marine Turtles in Australia, noise interference to marine
turtles is separated depending on whether the exposure is short (acute) or long-term
(chronic). Activities such as pile driving, seismic activity and some forms of dredging
generate acute noise, and sources of chronic noise are identified as including shipping
channels and the operation of some oil and gas infrastructure. The level of noise
generated by this activity is acute, temporary and may result in behavioural impacts
to marine turtles.

Given the generally low level of noise expected from the MODU, vessels, helicopters
and associated activities, and the relatively short duration of noise emissions,
significant impacts to threatened or migratory species are not expected. Some
temporary and localised behavioural response may result from the noise levels
emitted, but these will not be at levels that could cause mortality or injury to marine
fauna or cause a decrease in local population size or area of occupancy of species.
The consequence level for fauna is considered to be Il - Minor.

Physical Not applicable — Noise emissions will not impact the physical environment / habitats,
environment or apart from increasing ambient noise levels which is considered under other receptors.
habitat
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Threatened Not applicable — No threatened ecological communities identified in the area over
ecological which noise emissions are expected.
communities

Protected areas The Yoorn noise assessment boundary intersects the Montebello AMP (Multiple Use
Zone - IUCN Category VI). The objective is to provide for ecologically sustainable use
and the conservation of ecosystems, habitats and native species. The values of the
marine park, with respect to the presence of marine species (receptors) are described
above and are assessed as Il (Minor).

Noise emissions will impact a very small portion of the Montebello Islands AMP in the
immediate vicinity of the MODU, vessels and survey equipment at the Yoorn noise
assessment boundaries, with any impacts expected to be restricted to localised and
temporary impacts to marine fauna as they transit through the area and at a
behavioural level only.

No protected areas are identified in the J&P noise assessment boundary.

Noise levels are not expected to impact on habitats or species at a population or
community level.

Socio-economic Noise levels are not expected to impact on socio-economic receptors due to their low
receptors activity level within the vicinity of the OAs. Impacts to fish may result in indirect
impacts to fisheries in the area given the potential for temporary avoidance
behaviour during VSP activities. However, given the short duration of the activity,
limited impacts from the noise levels emitted from the activity (excepting VSP), the
area available for the respective commercial fisheries and the area over which
commercial species spawn, impacts to fisheries are considered negligible.

There are no recreation areas within the area expected to be impacted by noise. The
nearest recreation area is the Montebello Islands (approximately 22.1 km from the
Yoorn-1 well location).

Overall worst-case Il - Minor

consequence

6.4.5 Demonstration of ALARP

The use of the MODU, vessels and survey equipment is unavoidable if the operational activities are
to proceed as required. Equipment maintenance will keep the vessel noise levels to within normal
operating limits, which will also aid in reducing the likelihood of noise impacts to sensitive receptors.

The use of helicopters to transfer personnel to and from the MODU is necessary to allow operational
activities to occur safely and effectively, with some personnel required to be rotated to and from
other locations, and to provide for a rapid method of transferring to and from the MODU in the case
of an emergency. A performance standard prohibiting helicopters from landing or taking-off in the
presence of marine megafauna would introduce an unacceptable risk to human life.

The vessel is also expected to produce similar noise emissions to other marine vessels that frequent
or transit through the vicinity of the 20 km noise assessment boundaries (in other words, oil and gas
industry vessels). The vessel will adhere to the EPBC Regulations (Part 8) to ensure that actions are
undertaken to avoid marine mammals, turtles and whale sharks within 500 m of a vessel, and all
crews will be inducted into these requirements. It is further expected that the vessel will typically
emit sufficient noise for sensitive marine fauna to exhibit avoidance behaviour and move away from
the activity to avoid physical impact zones.
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The sound levels generated by geophysical surveys are medium to high frequency and decay rapidly
with distance travelled from the source, as demonstrated by Zykov (2013), with the furthest distance
noise is expected to travel is less than 1.5 km.

The selection of equipment is based on the operational objectives of the activity. The equipment
selected is generally tailored to the specific scope and location. Noise from the vessel will be
sufficient for sensitive marine fauna to exhibit avoidance behaviour away from the activity to greater
than the limited extent that the equipment would cause physiological impacts (within a few metres).
The use of equipment is necessary to undertake the survey to inform planned future activities. No
viable alternatives exist.

The VSP activity is short in duration, typically 12 - 18 hours, but cannot be eliminated as it is utilised
for obtaining necessary geological data. The use of an alternative technology (heterodyne distributed
vibration sensing (hDVS) technology) for undertaking VSP was considered as it can allow a reduction
in the number of shots required for the activity therefore decreasing marine fauna exposure to
elevated underwater noise. This technology may be feasible for the well but availability cannot be
guaranteed, therefore the use of hDVS has to be rejected. Consistent with EPBC Act Policy Statement
2.1 (Part A), Environmental Checklist for MODU Seismic Operations [YJP-CM-018] will reduce the risk
of impacts to marine fauna from VSP.

Santos have considered the actions prescribed in various recovery plans and conservation advices
such as Recovery Plan for Marine Turtles in Australia (Commonwealth of Australia, 2017), Blue Whale
Conservation Management Plan 2015—-2025 (2015) and Approved Conservation Advice for
Megaptera novaeangliae (humpback whale) (2015) when developing the controls relevant to
potential VBA to minimise noise impacts on marine cetaceans, sharks, fish and marine turtles.
Management controls are in place to reduce operating noise, including vessel and helicopter
operational protocols and VSP procedures, through adherence to the Santos’ Protected Marine
Fauna Interaction and Sighting Procedure (EA-91-11-00003). This requires compliance with Part 8 of
the Environment Protection and Biodiversity Conservation Regulations 2000 and includes controls to
reduce the risk of disturbance to or collision with EPBC Act— listed marine fauna. Santos has
considered the actions prescribed in the Recovery Plan for Marine Turtles in Australia
(Commonwealth of Australia, 2017a) when developing these controls to minimise noise impacts on
marine turtles.

Avoiding periods of higher sensitivity such as migration or nesting periods for whales and turtles (for
example) is not considered feasible. The noise assessment boundaries for the two OAs overlap with a
number of BIAs for fauna: humpback and blue whale migration that occurs across the NWS from
April to December, and nesting activities for various turtle species from August to April/May

(Table 3-13), this leaves a very small window of opportunity within which to conduct activities. Given
the low potential impacts to individual fauna, there is not expected to be an impact at population
level or significant impacts on migratory or nesting behaviours.

Significant impacts are not expected on fauna, including cetaceans and turtles, and the assessed
residual consequence for this impact is lI- Minor. Additional control measures were considered but
rejected since the associated cost or effort was grossly disproportionate to any benefit (see
Section 6.4.3). Therefore, the impact from noise associated with the activities is ALARP.
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6.4.6 Acceptability Evaluation

Is the consequence ranked as | (Negligible) Yes — maximum consequence from noise emissions is ||
or Il (Minor)? (Minor).

Is further information required in the No — potential impacts and risks are well understood
consequence assessment? through the information available.

R N IR T G R [ EI L L AW RLGEN  Yes — activity evaluated in accordance with Santos’
principles of ecological sustainable Environmental Hazard Identification and Assessment
development (ESD)? Procedure, which considers principles of ecologically
sustainable development.

Are risks and impacts consistent with Yes — Controls implemented during the Activity will
relevant legislation, international minimise the potential impacts to species identified in
ETACE N EEE R T BRI GESEN B Recovery Plans as having the potential to be impacted by
codes of practice (including species recovery EElJIYRIp eIl

plans, threat abatement plans, conservation Relevant species Recovery Plans, Conservation

advice and Australian marine park zoning Management Plans and management actions including:

objectives)? + Recovery Plan for Marine Turtles in Australia

(Commonwealth of Australia 2017a),

+ Approved Conservation Advice for Rhincodon typus
(whale shark) (TSSC, 2015a)

+ Approved Conservation Advice for Megaptera
novaeangliae (humpback whale) (TSSC, 2015d) and

+ Conservation Management Plan for Blue Whales
(DoE, 2015a).

+ North-west Marine Parks Network Management Plan
(2018)

+ IUCN principles of nearby reserves (Montebello
Marine Park) (Multiple Use Zone — IUCN Category VI)
are met (Table 3-4).

Are risks and impacts consistent with Yes — aligns with Santos’ Environmental, Health and Safety
Santos’ Environmental, Health and Safety Policy.
Policy?

Are risks and impacts consistent with Yes.

stakeholder expectations? DNP requested the EP gives consideration to avoiding
impacts upon migratory species, such as considering the
use of low power and shut down zones and timing of the
activity (relevant to noise) — with particular attention to
managing the risk to turtle foraging and internesting
locations. DNP also requested notifications as per the
Petroleum Activity and Australian Marine Park Guidance
Note (NOPSEMA, 2020) regarding timing and information
provided.

Santos considers these concerns to have been addressed

or will be addressed as per the Activity Notification and
Reporting Requirements (Table 8 4).

Are performance standards such that the Yes — see ALARP above.
impact or risk is considered to be ALARP?
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The drilling activities will be conducted over a short period (up to 90 days for Yoorn-1, and up to 50
days at each well within the J&P OA) and up to 20 days for the geophysical survey in a remote
offshore location with a relatively low probability of encountering significant numbers of noise
sensitive fauna.

Minimal behavioural changes are expected from all marine fauna in the noise assessment
boundaries, and therefore the negligible impacts expected from these noise sources are considered
environmentally acceptable. No long-term harm is expected to result to EPBC listed marine fauna
during operational activities. Through adherence to Santos’ Protected Marine Fauna Interaction and
Sighting Procedure (EA-91-11-00003), which drives compliance with EPBC Policy Statement Part 8,
the Activity is considered acceptable to undertake in the area. In addition, no concerns from
stakeholders (including fisheries) have been raised to indicate that the activity will have any
unacceptable impacts to socio-economic receptors.

The activity that will generate noise are standard offshore industry practice and the potential impacts
well documented. With the controls proposed including Part A of EPBC Act Policy Statement 2.1;
EPBC Regulations Part 8 (Vessels and Aircraft), and aligned with the applicable management actions
outlined in relevant Recovery Plans and Approved Conservation Advice, the potential consequences
of impacts to noise sensitive receptors in the area, including internesting flatback turtles are assessed
to be II- Minor and ALARP.

6.5 Atmospheric Emissions

6.5.1 Description of Event

Atmospheric emissions will occur as a result of:
+ MODU operations
+  Vessel operations

Gaseous greenhouse gas (GHG) emissions, such as carbon dioxide (CO2), methane (CHs) and nitrous
oxide (N20), along with non-GHG emissions, such as sulphur oxides (SOX) and nitrogen oxides (NOX),
are discharged to the atmosphere during continued operations of the MODU and vessel engines,
helicopters, generators, mobile and fixed plant, and equipment.

The MODU and support vessels may utilise ozone-depleting substances (ODS) in closed-system
rechargeable refrigeration systems. There is no plan to release ODS to the atmosphere.

Support vessels may also use an incinerator to manage wastes but will not incinerate inside the
500 m PSZ around the MODU.

When transferring dry bulk products used for drilling (e.g. barite, bentonite, cement), tank venting is
necessary to prevent tank overpressure. The vent air will contain minor quantities of product
particles, which will suspend in the air or settle on the sea surface.

Extent Localised: The quantities of gaseous and solid (powder) emissions are relatively small and will, under
normal circumstances, quickly dissipate into the surrounding atmosphere.

Duration For the duration of the Activity, as described in Section 2.2

6.5.2 Nature and Scale of Environmental Impacts

Potential receptors: Physical environment (air quality and climate).
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Hydrocarbon combustion may result in a temporary, localised reduction of air quality in the
environment immediately surrounding the discharge point during the activity. Non-GHG emissions,
such as NOX and SOX, can lead to a reduction in local air quality. GHG emissions are recognised to
also contribute to the greenhouse gas emissions loading globally.

Tank venting is a necessary safety control, and any dust emissions will be negligible and limited to
the immediate vicinity of the MODU and support vessels.

As the activity will occur in open-ocean offshore waters, the combustion of fuels and incineration in
such remote locations will not impact on air quality in coastal towns, the nearest being Dampier
(approximately 83 km south-south east from the J&P OA). The quantities of gaseous emissions are
relatively small and will quickly dissipate into the surrounding atmosphere. Air emissions will be
similar to other vessels operating in the region for both petroleum and non-petroleum activities.

Accidental release and fugitive emissions of ODS has the potential to contribute to ozone layer
depletion. Maintenance of refrigeration systems containing ODS is on a routine, but infrequent basis,
and with controls implemented, the likelihood of an accidental ODS release of material volume is
considered rare.

Potential impacts are expected to be short-term, and relate to localised reduction in air quality,
limited to the immediate vicinity of the emissions release. Atmospheric emission impacts are not
expected to have direct or cumulative impacts on sensitive environmental receptors or be above
National Environmental Protection (Ambient Air Quality) measures.

6.5.3 Environmental Performance Outcomes and Control Measures

The EPOs relating to this event include:

+ No unplanned objects, emissions or discharges to sea or air [YJP-EPO-04]; and
+ Reduce impacts to air and water quality from planned discharges and emissions from operational
activities [YJP-EPO-06].

The control measures for this event are shown in Table 6-17, and the EPS’ and measurement criteria
for the EPOs are described in Section 8.4.
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Table 6-17: Control Measure Evaluation for Atmospheric Emissions

Control Control Environmental Benefit Potential Cost/Issues  Evaluation

Measure Measure

Reference

No.

YJP-CM-021 Air pollution Ensure vessels are No additional costs, Adopted — Benefit
prevention operating with as this is a regulatory | of ensuring vessel
certification acceptable emissions requirement. is compliant

as per international outweighs the

standards. minimal costs and
it is a legislated
requirement.

YJP-CM-020 Fuel oil quality Ensure vessels are No additional costs, Adopted — no

operating with as this is a regulatory | additional costs
acceptable emissions requirement.

for vessel class as per

Australian standards.

YJP-CM-035 Marine Reduces emissions Cost associated with Adopted — Benefit
Assurance from vessels because implementing of ensuring vessel
Standard equipment operating procedures. is compliant

within its parameters. outweighs the
minimal costs and
it is a legislated
requirement.

YJP-CM-044 Ozone- Where present, ensure | No additional cost Adopted — Benefit
depleting vessels ODS are of ensuring no
substance managed in a way that ozone-depleting
(ODS) handling is responsible and as substance release
procedures per international outweighs the

standards. negligible costs.

YJP-CM-041 MODU Planned | Ensure vessel is No additional costs, is | Adopted —no
Maintenance running efficiency and industry best additional costs
System (PMS) are per manufacture practice.

specifications. As such
routine maintenance
endeavours to ensure
emissions are minimal.

YJP-CM-042 Vessel Planned Ensure vessel is No additional costs, is | Adopted —no
Maintenance running efficiency and industry best additional costs
System (PMS) are per manufacture practice.
to maintain specifications. As such
vessel DP, routine maintenance
engines and endeavours to ensure
machinery emissions are minimal.

Vessel
machinery,
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Control Control Environmental Benefit Potential Cost/Issues  Evaluation
Measure Measure

Reference
[\ [o

equipment and
maintenance

YJP-CM-011 Bulk transfer Nil Health and safety Adopted — The
procedure — requirement to health and safety

prevent tank over- requirement

pressure. outweigh the
negligible
environmental
impact.

YJP-CM-019 Waste Where present, ensure No additional cost Adopted —
incinerator vessels incinerator are Negligible

managed in a way that environmental

is responsible and as impact outweighs

per international the costs

standards. associated with
transporting waste
to shore for
landfill.

N/A No bulk Reduces probability of Bulk product is Rejected — Not
product potential impacts to air | required to perform feasible.
(powder) quality from the activity and
transfers. unintentional release. transfers of bulk

product are required.
Transfer activities are
carried out in
accordance with
MODU owner’s
procedures to reduce
the risk of an
unintentional
release.

N/A No incineration | Removes all emissions Increase in health risk | Rejected — Health
during vessel- associated with from storage of and safety risks
based incineration activities wastes. Increase in outweigh the
operations during the Project risk due to transfers benefit given the
activities (increased fuel usage, | offshore location.

potential increase in Cost associated

collision risk, disposal | \ith transporting

on land). waste to shore for
landfill or
incineration
outweighs onboard
incineration.
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Control
Measure

Control
Measure

Reference

[\ [o

Environmental Benefit

Potential Cost/Issues

Evaluation

Incineration on the
vessels (outside
the 500 m PSZ
around the MODU)
is a permitted
maritime
operation.

N/A Prohibit use of Eliminates emissions Lack of refrigeration Rejected — Based
Ozone- associated with ODS systems on board the | on cost to replace
depleting activities during the vessels would lead to | all equipment and
Substances project. unacceptable there is only a low
(ODS) workplace conditions | potential for

(i.e., air conditioning) | ozone-depleting
and poor food substance releases.
hygiene standards,

limiting the vessel’s

ability to undertake

the activity;

therefore, there is no

practical solution to

the use of

refrigeration. It is

noted that ozone-

depleting substances

are rarely found on

vessels.

N/A Use Reduces project Significant cost in Rejected — Cost
incinerators emissions associated changing unknown grossly
and engines with incinerators and vessel equipment. disproportionate
with higher engines. to low
environmental environmental
efficiency benefit (impact

rated Negligible).
6.5.4 Environmental Impact Assessment

Table 6-18: Impacts and Consequence Ranking — Atmospheric Emissions

Receptor Consequence Level

Threatened, migratory
or local fauna

Emissions from the Activity are relatively small and will, under normal
circumstances quickly dissipate into the surrounding atmosphere.
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Receptor Consequence Level

Any potential impacts are not expected to result in a decrease in local population
sizes particularly to seabirds or disruption to breeding cycles. The consequence of
air emissions to fauna is | (Negligible).

Physical environment The activity will occur in the open ocean and offshore waters, the combustion of
or habitat fuels and venting and rare ODS releases in such a remote location will not impact
on air quality in coastal towns. The quantities of gaseous emissions are relatively
small and will, under normal circumstances, quickly dissipate into the
surrounding atmosphere. The highly dispersive nature of local winds (i.e., strong
and consistent) is expected to reduce potentially harmful or ‘noticeable’ gaseous
concentrations within a short distance from the MODU or vessels. Therefore, the
consequence level is assessed as | (Negligible).

Threatened ecological Not applicable — No threatened ecological communities present.
communities

Protected areas Not applicable — Gaseous emissions are relatively small, will quickly dissipate into
the surrounding atmosphere, and are not considered to be a potential source of
impact for protected areas.

The Yoorn OA intersects the Montebello AMP (Multiple Use Zone - IUCN
Category VI). The objective is to provide for ecologically sustainable use and the
conservation of ecosystems, habitats and native species. The values of the
marine park, with respect to the presence of marine species (receptors) are
described above and are assessed as | (Negligible).

Socio-economic As the activities occur in offshore waters, the combustion of fuels and ODS
receptors releases in these remote locations will not impact on air quality in coastal towns.
The quantities of gaseous emissions are relatively small and will under normal
circumstances, quickly dissipate into the surrounding atmosphere. The highly
dispersive nature of local winds (i.e. strong and consistent) is expected to reduce
potentially harmful or ‘noticeable’ gaseous concentrations within a short
distance from the vessels. The consequence is assessed as | (Negligible).

Worst-case | - Negligible
consequence level

6.5.5 Demonstration of ALARP

Combustion of fossil fuels is essential to undertaking the activity to power the MODU, vessels,
helicopters and equipment. Practical and reliable alternative fuel types and power sources for the
MODU, vessels and helicopters have not been identified.

Bulk transfers are necessary to provide drilling materials and tank venting is a necessary safety
control. There are no safe and feasible alternatives to venting to complete the activity.

Incineration on the support vessels will not occur within the 500 m PSZ around the MODU.
Implementation of a zero-incineration policy on the vessels would result in significant costs
associated with the transport of waste to shore for disposal. Further transportation of the waste to
shore would increase the environmental impacts and risks associated with the drilling activity
through increased vessel movements and generate greater volumes of emissions associated with the
vessel movements. Since incineration is a permitted maritime operation in accordance with Marine
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Order 97 (reflecting International Convention for the Prevention of Pollution from Ships (MARPOL)
Annex VI requirements) it is considered ALARP.

Lack of refrigeration systems (i.e., air conditioning) on-board the MODU and vessels would lead to
unacceptable workplace conditions and poor food hygiene standards, limiting the MODU and/or
vessels’ ability to undertake the activities, therefore there is no practical alternative to the use of
refrigeration.

The assessed residual consequence for this impact is | (Negligible) and cannot be reduced further.
Additional control measures were considered but rejected, since the associated cost or effort was
grossly disproportionate to any benefit, as detailed in Section 6.5.3. Therefore, it is considered that
the impact of the activities conducted is ALARP.

6.5.6  Acceptability Evaluation

Yes — maximum consequence from atmospheric
emissions is | (Negligible).

Is the consequence ranked as | (Negligible) or Il
(Minor)

(VT TRV (o T EXA (o [y WL [T R R G EERIE WM No — potential impacts and risks are well

assessment?

Are risks and impacts consistent with the principles
of ecological sustainable development (ESD)?

Are risks and impacts consistent with relevant
legislation, international agreements and
conventions, guidelines and codes of practice
(including species recovery plans, threat
abatement plans, conservation advice and
Australian Marine Park zoning objectives)?

Are risks and impacts consistent with Santos’
Environmental, Health and Safety Policy?

Are risks and impacts consistent with stakeholder
expectations?

Are performance standards such that the impact or
risk is considered to be ALARP?

understood through the information available.

Yes — activity evaluated in accordance with Santos’
Environmental Hazard Identification and
Assessment Procedure, which considers principles
of ecologically sustainable development.

Yes — pursuant to Marine Order 97 (Marine
pollution prevention — air pollution), which gives
effect under Australian law to Australian Marine
Order 97.

IUCN principles of nearby reserves (Montebello
Marine Park) (Multiple Use Zone — IUCN Category
VI) are met (Table 3-4).

Yes — aligns with Santos’ Environmental Health and
Safety Policy.

Yes — no concerns raised.

Yes — see ALARP above.

Atmospheric emissions from vessels are permissible under the Protection of the Sea (Prevention of
Pollution from Ships) Act 1983, which is enacted in Australian waters by Marine Order 97 (Marine
pollution prevention — air pollution) (which also reflects MARPOL Annex VI requirements). This is an
internationally accepted standard that is utilised industry wide, and compliance with Australian
Marine Order standards is considered to be an appropriate management measure in this case.

The overall impacts to the atmosphere and sensitive receptors are expected to be | (Negligible) if the
emissions management is adhered to and impacts from emissions that are generated by the various
operational activities are considered to be ALARP and environmentally acceptable.
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6.6 Planned Operational Discharges

6.6.1 Description of Event

Planned operational discharges will occur as a result of:

+  Vessel Operations
+ MODU Operations
Discharges will include (refer to Table 6-19):

Sewage and grey water disposal
Putrescible waste disposal
Desalination brine disposal
Cooling water disposal

Boiler blowdown water

+ 4+ 4+ 4+ 4+ o+

Deck drainage disposal
+ Bilge water disposal.
Planned operational discharges will be treated in compliance with relevant legislation.

Impacts associated with planned operational discharges are typically restricted to the OAs,
given the low quantities of discharge and the short duration of the activity

Extent The small volumes discharged may cause localised nutrient enrichment, organic and
particulate loading, toxic impacts to marine fauna, thermal impacts and increased salinity.

Duration For the duration of the Activity, as described in Section 2.2; water quality conditions will
return to normal within minutes to hours of cessation of discharges.

6.6.1.1 MODU and Vessel Operations

MODU and support vessels will discharge planned operational discharges within the OAs. A
description of each discharge stream is provided in Table 6-19.

Table 6-19: Planned Operational Discharges from Vessel Operations

Discharge Description

Sewage and grey | The volume of sewage is directly proportional to the number of persons on-board the
water MODU and support vessels. Approximately 0.04 and 0.45 m? of sewage/ greywater will
be generated per person per day (EMSA, 2016). Treated sewage will be disposed in
accordance with Marine Order 96 (Marine pollution prevention — sewage)
requirements.

Putrescible Food scraps are generated onboard vessels (approximately 1 L of food waste per
waste person per day). The scraps are macerated and discharged within the OAs as permitted
under the Marine Order requirements.

Cooling water Seawater is used as a heat exchange medium for the cooling of machinery engines.
Seawater is drawn from the ocean and flows counter-current through closed-circuit
heat exchangers, transferring heat from the vessel engines and machinery to the
seawater. The seawater is then discharged to the ocean (i.e. it is a once-through
system). Cooling water temperatures vary depending upon the vessel’s engine
workload and activity.
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Discharge Description

Brine Brine generated from the water supply systems on-board the MODU and support

vessels will be discharged to the ocean at a salinity of approximately 10% higher than
seawater. The volume of the discharge is dependent on the requirement for fresh (or
potable) water and would vary between vessels and the number of people on-board.

Deck drainage Deck drainage from rainfall or wash-down operations would discharge to the marine
and bilge environment. The deck drainage would contain particulate matter and residual
chemicals such as cleaning chemicals, oil and grease. While in the OAs, the MODU and
support vessels may discharge oily water after treatment to 15 parts per million (ppm)
via Australian Marine Orders-approved oily water filter system. Bilge water will be
disposed in accordance with Marine Order 91 (Marine pollution prevention — oil, as
appropriate to class) requirements.

Assessment of the spillage of hydrocarbons and other environmentally hazardous
chemicals and liquid waste are discussed in Section 7.5 and 7.6.

6.6.2 Nature and Scale of Environmental Impacts

The potential environmental impacts from routine vessel discharges include:

temporary localised decline in water quality in the immediate vicinity of the discharge
localised increase in Biological Oxygen Demand (BOD)

localised increase in turbidity of surrounding waters

temporary and localised increase in sea surface water temperature

+ + + + +

temporary and localised increase in sea surface salinity.

Potential receptors: Physical environment (water quality), threatened or migratory fauna (marine

mammals, marine reptiles, sharks and rays, fish, seabirds), protected and significant areas (marine

parks)

6.6.2.1 Physical environment

Planned discharges associated with the activity will be small and intermittent, with volumes
dependent on a range of variables. The discharge point will be the same discharge point from the
MODU for the short-term duration of the drilling activity (maximum of 90 days at Yoorn OA, and up
to 50 days at each well location within the J&P OA), while the support vessels will be frequently
moving, as the vessels will not be stationary for long periods. The geophysical survey vessel will be
present at J&P OA for up to 20 days and does not require any support or supply vessels.

The discharge of non-hazardous wastes to the marine environment may result in a localised
reduction in water quality in the vicinity of the release location. The discharges are expected to be
dispersed and diluted rapidly, with concentrations of discharges significantly dropping within a short
distance from the discharge point. Changes to ambient water quality outside of the OAs is considered
unlikely to occur.

Eutrophication

The discharges of treated sewage and grey water may result in localised increases in nutrient
concentrations, exert BOD on the receiving waters and may promote localised elevated levels of
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phytoplankton and bacteria activity due to nutrient inputs. However, dispersion and dilution of
discharges is expected to be rapid as the discharges are of low volume and short duration (maximum
90 days at Yoorn OA and up to 50 days at each well location within the J&P OA), and the OAs are
located in deep offshore waters dominated by open ocean currents, resulting in short-term changes
to the surface water quality within the OAs.

Salinity Increases

The desalination of seawater results in a discharge of brine with a slightly elevated salinity (around
10% higher than seawater). Once discharged to the marine environment, the desalination brine,
being of greater density than seawater, will sink and disperse in the currents. On average, seawater
has a salt concentration of 35 parts per thousand (ppt). The volume of the discharge is dependent on
the requirement for fresh (or potable) water and the number of people on board the MODU and
support vessels.

Most marine species are able to tolerate short-term fluctuations in salinity in the order of 20-30%
(Walker and McComb 1990), and it is expected that most pelagic species would be able to tolerate
short-term exposure to the slight increase in salinity caused by the discharged brine.

Given the relatively low volume of discharge, low salinity increases and, open water surrounding the
MODU and support vessels, impact on the water quality in the OAs is expected to be negligible,
temporary and localised.

Changes in Temperature

Cooling water will be discharged at a temperature above ambient seawater temperature. Upon
discharge, it will be subjected to turbulent mixing and transfer of heat to the surrounding waters.

A study undertaken by Woodside (2008) detailed temperature dispersion modelling shows that the
water temperature of discharged water will decrease rapidly as it mixes with the receiving waters. It
identified discharge waters were less than 1°C (degrees Celsius) above background levels within 100
m (horizontally) of the discharge point. Vertically, the discharge will be within background levels
within 10 m of the discharge point (Woodside 2008).

Given the relatively short duration of the activity (up to 90 days at Yoorn OA and up to 50 days at
each well location within the J&P OA), low volume of cooling water, temperature differential, the
deep open water surrounding the vessels, impact on water quality is expected to be low and short-
term and within the immediate vicinity of the discharge.

Oily Water

Oily water discharged from MODU will be treated to a concentration (<15 ppm of oil content) that
will unlikely lead to any impacts to the receiving environment. Modelling by Shell (2010) indicates
that upon release, hydrocarbon and other chemical concentrations are rapidly diluted and expected
to be below Predicted No Effect Concentration (PNEC) within a relatively short period of time, within
less than 100 m of the discharge. That is, the concentration of any bilge or deck drainage discharge
will rapidly fall below levels which will adversely affect the marine environment and will most likely
not occur during long-term or short-term exposures.
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6.6.2.2 Threatened or migratory fauna

As discussed in the sections above, the discharge extent for all planned discharges is localised, and
rapid dilution is predicted to occur within the deep waters ranging from 40 - 50 m. Marine fauna
within the OAs are likely to be transient. If contact does occur with any marine fauna, it will be for a
short duration due to the rapid dispersion of the plume and the transient fauna movement, such that
any exposure is likely not of sufficient duration to cause a toxic effect.

Given the nature of discharged chemicals, the small volumes that could be released to the marine
environment and the nature of the marine environment within the vicinity of the OAs, the
operational planned discharges are not predicted to have ecologically significant effects.

Changes to Predator-Prey Dynamics

The discharge of sewage and macerated food wastes will create a localised and temporary food
source and may attract scavenging marine fauna or seabirds to the source which in turn can attract
predatory species. Discharges will be localised and temporary as they will be quickly broken down by
a combination of microbial action, consumed by scavenging fauna and/or dispersed by wave action
and local ocean currents. This is likely to limit the impacts of putrescible waste discharges to within
the vicinity of the discharge and to be temporary in nature.

6.6.2.3 Protected and significant areas

The Yoorn OA intersects the Montebello AMP (Multiple Use Zone - IUCN Category VI). Conservation
values of the marine park (as outlined in Table 3-4), have the potential to be impacted by planned
operational discharges through impacts to the physical environment and marine fauna.

Impacts to the physical environment and marine fauna are discussed in the sections above. Planned
operational discharges are not expected to significantly impact the conservation values of the
Montebello AMP.

The J&P OA is 23.8 km from the closest AMP.
6.6.3 Environmental Performance Outcomes and Control Measures

The EPOs relating to this event include:

+ No unplanned objects, emissions or discharges to sea or air. [YJP-EPO-04]

+ No injury or mortality to EPBC Act and WA Biodiversity Conservation Act 2016 listed marine fauna
during operational activities. [YJP-EPO-05]

+ Reduce impacts to air and water quality from planned discharges and emissions from operational
activities [YJP-EPO-06].

The control measures considered for this event are shown in Table 6-20, and EPS’ and measurement
criteria for the EPOs are described in Section 8.4.
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Table 6-20: Control Measure Evaluation for Planned Operational Discharges

Control Control Measure Environmental Potential Evaluation
Measure Benefit Cost/Issues
Reference
No.
YJP-CM-004 | Waste (garbage) Reduces probability of | Personnel cost of Adopted — Benefits
management Plan waste being vessel audits and of ensuring
discharged to sea, inspections, and in MODU/vessel is
reducing potential recording and compliant outweigh
impacts to marine reporting waste the minimal costs of
fauna. Ensures food management. personnel time and
waste is discharged in it is a legislated
manner that does not requirement.
pose risk to the
environment.
Ensures compliance
with Marine Orders
(94 and 95) and
MARPOL (Annex IlI
and V) requirements
as appropriate for
vessel class.
YJP-CM-007 | Chemical Selection | Ensures that planned Personnel time Adopted —
Procedure discharges to sea associated with Environmental
meet the criteria for chemical selection benefit of using
not being harmful to and approval as lower toxicity
the marine per chemical chemicals outweighs
environment selection process. procedural
according to MARPOL implementation
Annex V; or costs.
Gold/Silver/D or E
rated through OCNS;
or have a completed
Santos
ecotoxicological risk
assessment so that
only environmentally
acceptable products
are used.
YJP-CM-006 | Deck cleaning and Reduces potential Personnel time Adopted — Benefits
product selection. impacts of associated with of ensuring
inappropriate chemical selection, | MODU/vessels are
discharge of water to approval and compliant and those
sea associated with procurement as deck cleaning
deck cleaning. per chemical products planned to
selection process. be released to sea
meet Australian
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Control
Measure
Reference
No.

Control Measure

Environmental
Benefit

Potential
Cost/Issues

Evaluation

Marine Orders
criteria.

YJP-CM-027 | Sewage treatment Reduces potential Personnel cost Adopted — Benefits
system. impacts of associated with of ensuring

inappropriate ensuring vessel MODU/vessel is
discharge of sewage STP certificates are | compliant outweigh
at sea or additional in place during the minimal costs of
emissions associated vessel contracting personnel time and
with ship to shore of and in pre- it is a legislated
waste. mobilisation audits | requirement.
Ensure compliance and inspections,

with relevant Marine and in reporting

Orders and MARPOL discharge levels.

requirements as

appropriate for vessel

class.

YJP-CM-028 | Oily water Reduces potential Personnel cost Adopted — Benefits

treatment system. impacts of associated with of ensuring
inappropriate ensuring vessel MODU/vessel is
discharge of oily OWTS certificates compliant outweigh
water at sea or are in place during the minimal costs of
additional emissions vessel contracting personnel time and
associated with ship and in pre- it is a legislated
to shore of waste. mobilisation audits | requirement.
Ensure compliance and inspections,
with relevant Marine and in reporting
Orders and MARPOL discharge levels.
requirements as
appropriate for vessel
class.

YJP-CM-008 | General chemical Reduces potential for Personnel time Adopted — Benefits
management inappropriate associated with of ensuring
procedures. discharge of water at vessel inspection MODU/vessel is

sea, through and compliant outweigh
appropriate handling, implementation. the minimal costs of
to maintain planned personnel time and
discharges to sea it is a legislated
meet the criteria for requirement.

not being harmful to

the marine

environment.

N/A Discharge cooling Reduces temperature High costs to alter Rejected — Cost
water above sea gradient between all current vessels outweighs the
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Control
Measure
Reference
No.

Control Measure

level to allow it to
cool further
before mixing at
sea surface.

Environmental
Benefit

water discharge and
ambient waters
temperature,
resulting in reduced
potential
environmental
impact. However,
given depth of OAs,
risk of impacting
sensitive
environmental
receptor is unlikely.

Potential
Cost/Issues

to allow for
discharge of
cooling water at
different height,
not feasible on all
vessels, reduction
in temperature
would be minimal
compared to cost
of altering the
discharge height.

Evaluation

benefit given the
low impact expected
from planned
discharges and high
potential impacts
from risk transfer.
Discharge of cooling
water permitted
maritime practice.

N/A

Storage of all
wastes on-board
for disposal
onshore.

Eliminates risks to
receiving environment
associated with
deteriorating water
quality as a
consequence of
Project oily water by
avoiding requirement
to discharge.

This would result
in an increase in
environmental
impacts through
increased fuel
consumption and
increased
atmospheric
emissions, both by
the vessel (or
transport vessel)
having to return to
port a number of
times to unload
the wastes, and by
land transport to
the nearest
disposal facility.
Increased energy
consumption and
atmospheric
emissions would
also result from
the disposal (e.g.
incineration,
treatment etc.) of
the wastes

Rejected — Cost
outweighs the
benefit given the
low impact expected
from planned
discharges.

N/A

Storage of cooling
and brine water
onboard, prior to
discharge onshore

Eliminates risks to
receiving environment
associated with
deteriorating water
quality as a
consequence of
activity cooling water

This would result
in an increase in
environmental
impacts through
increased fuel
consumption and
increased

Rejected — Cost
outweighs the
benefit given the
low impact expected
from planned
discharges.
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Control Control Measure Environmental Potential Evaluation
Measure Benefit Cost/Issues

Reference
[\ [o

and brine by avoiding atmospheric
requirement to emissions, both by
discharge. the vessel (or
transport vessel)
having to return to
port a number of
times to unload
the wastes, and by
land transport to
the nearest
disposal facility.
Increased energy
consumption and
atmospheric
emissions would
also result from
the disposal (e.g.
incineration,
treatment etc.) of

the wastes
NA Mandatory closed Eliminates risk of oily Increased cost due | Rejected — Cost
drain system to water from deck being | to treatment outweighs the
prevent deck discharged overboard system required, benefit given the
drainage without treatment. modifications to low impact expected
discharged Ensures wastewater is MODU, vessels, from planned
overboard. directed to OWTS for storage space discharges and high
treatment prior to required for potential impacts
discharge. containment of from risk transfer.
drained liquids,
increase in
transfers to vessels
resulting in

increased potential
impacts and risks.
Increased transfers
results in increased
fuel usage,
increased safety
risks to personnel
during transfer
(e.g. crushing
between skips),
increase in crane
movements.
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6.6.4 Environmental Impact Assessment

Table 6-21: Impacts and Consequence Ranking — Planned Operational Discharges

Receptor Consequence Level

Threatened, migratory Operational discharges in the same location for an extended period of time

or local fauna may result in significant water quality perturbations and alteration to marine
fauna behaviour. Sensitive receptors that may be impacted include fish at
surface, marine turtles and mammals, and seabirds. Any effects on water
quality are expected to be within the surface waters only and have no effect on
seabed receptors. Given that the activity will be for a limited duration and is
located approximately 60 km from the nearest shoreline (Legendre Island and
Huay Island), impacts will be limited to short-term water quality impacts and
temporary behavioural effects observed in fish, marine mammals, sharks and
seabirds. Impacts to water quality will be experienced in the discharge mixing
zone which will be localised and will occur only as long as the discharges occur
(i.e., no sustained impacts), therefore recovery will be measured in hours to
days. Consequently, only short-term behavioural impacts are expected with no
decrease in local population size / area of occupancy of species / loss or
disruption of habitat critical / disruption to the breeding cycle / introduction of
disease.

Physical environment or
habitat

Given the nature of the planned operational discharges, the small volumes that
could be released to the marine environment, the high levels of dilution and
the nature of the marine environment in the vicinity of the OAs, impacts to the
physical environment and habitat are expected to be |- (Negligible).

Socio-economic Not applicable — planned operational discharges are not expected to impact on
receptors socio-economic receptors.

No stakeholder concerns have been raised regarding this event.

Threatened ecological Not applicable — No threatened ecological communities identified in the area
communities over which operational discharges are expected.

Protected areas The Yoorn OA intersects the Montebello AMP (Multiple Use Zone - IUCN
Category VI). The objective is to provide for ecologically sustainable use and
the conservation of ecosystems, habitats and native species. The values of the
marine park, with respect to the presence of marine species (receptors) and
water quality are described above and are assessed as | (Negligible).

No protected areas are identified in the area over which operational discharges
are expected for the J&P OA.

Overall worst-case | - Negligible
consequence

6.6.5 Demonstration of ALARP

Santos uses a risk-based approach to select chemical products ranked under the Offshore Chemical
Notification Scheme (OCNS). Central to the fluid selection process is the use of the OCNS. This
scheme lists and ranks all chemicals used in the exploration, exploitation, and associated offshore
processing of petroleum on the United Kingdom (UK) Continental Shelf. Santos uses chemicals with
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the least environmental impact, as determined under the OCNS ranking as a Gold and Silver for
chemicals that can be ranked using the Chemical Hazard and Risk Management (CHARM) model, or E
and D for chemicals not applicable to the CHARM model (i.e., inorganic substances, hydraulic fluids
or chemicals used only in pipelines).

The OCNS system uses the ecotoxicity data for offshore chemical products to assess the potential
environmental risk in the marine environment. The least environmentally hazardous grade is Gold
(CHARM assessed) and E (through a non-CHARM assessment). The OCNS system requires
bioaccumulation and biodegradation data and aquatic toxicity data from three trophic levels (algae,
crustaceans and fish) to predict the potential ecosystem risk and, in turn, rank the product by hazard
quotient.

Santos Operations Chemical Selection, Evaluation and Approval Procedure (EA-91-11-10001) requires
that chemicals for use and discharge are CHARM rated Gold or Silver, or non-CHARM rated E or D. To
achieve these rankings, the chemicals have the least environmental impact in terms of ecotoxicity,
biodegradation and bioaccumulation. If they are not highly rated (Gold/Silver/D/E) and no alternative
is available, a risk assessment is conducted providing justification for their use. Any chemicals which
are not OCNS CHARM or non-CHARM-able rated are risk assessed through the procedure (EA-91-II-
00001) to provide for a product that is environmentally acceptable for discharge to the marine
environment.

All operations chemicals potentially discharged to sea during the activity will conform to the Santos
Operations Chemical Selection, Evaluation and Approval Procedure (EA-91-11-10001) with all
chemicals identified and assessed by the Santos Environment Department prior to commencement
of the activity.

MODU and vessel presence is required to undertake the activity and the associated generation of
operational wastes cannot be eliminated. Onboard treatment of most wastes and their subsequent
discharge to the marine environment is considered to be the most environmentally sound method of
disposal, considering that the waste streams will either be treated to a level unlikely to cause
significant environmental harm or will be of a nature not considered to pose significant risk to the
receiving environment. In addition, they will meet legislated requirements, where applicable.

With the control measures adopted, the assessed residual consequence for this impact is I-
(Negligible) and cannot be reduced further. Additional control measures were considered but
rejected since the associated cost or effort was grossly disproportionate to any benefit, as detailed in
Section 6.6.3. Therefore, it is considered that the impact of operational discharges is ALARP.

6.6.6 Acceptability Evaluation

Is the consequence ranked as | (Negligible) or I Yes — maximum consequence from planned
(Minor) operational discharges is | (Negligible).

Is further information required in the No — potential impacts and risks are well
consequence assessment? understood through the information available.

Are risks and impacts consistent with the Yes — activity evaluated in accordance with Santos’
principles of ecological sustainable development Environmental Hazard Identification and
(ESD)? Assessment Procedure, which considers principles
of ecologically sustainable development.
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Are risks and impacts consistent with relevant Yes - management consistent with the Protection of
legislation, international agreements and the Sea (Prevention of Pollution from Ships) Act
conventions, guidelines and codes of practice 1983, which in Australian waters is enacted by the
(including species recovery plans, threat Marine Orders.

abatement plans, conservation advice and IUCN principles of nearby reserves (Montebello
Australian Marine Park zoning objectives)? Marine Park) (Multiple Use Zone — IUCN Category
V1) are met (Table 3-4).

Are risks and impacts consistent with Santos’ Yes — aligns with Santos’ Environmental, Health and
Environmental, Health and Safety Policy? Safety Policy.

Are risks and impacts consistent with stakeholder Yes — no concerns raised.
expectations?

Are performance standards such that the impact Yes — see ALARP above.
or risk is considered to be ALARP?

Release of non-hazardous discharges into the sea from vessels in Australian waters is permissible
under the Protection of the Sea (Prevention of Pollution from Ships) Act 1983, which in Australian
waters reflects Australian Marine Orders requirements respectively, and is enacted by:

+ Marine Order 91 (Marine pollution prevention — oil)
+ Marine Order 96 (Marine pollution prevention — sewage)
+ Marine Order 95 (Marine pollution prevention — garbage).

The operational discharges are not expected to significantly impact the receiving environment given
the management controls proposed, including compliance with all relevant Marine Orders
requirements. The Marine Orders are considered to be the most appropriate standard given that the
nature and scale of the events is expected to reduce the potential for environmental impacts to a
level that is considered ALARP and environmentally acceptable.

6.7 Planned Drilling Discharges

6.7.1 Description of Event

During drilling operations, drilling discharges including drilled solids or cuttings, drilling
fluids and solid additives (e.g., barite), brine and cement chemicals are expected. Depending
on the stage of activity, discharges may occur at the sea surface and/or seabed.

+  Drilling fluids and cuttings
The top hole and surface hole sections will be drilled ‘riserless’ using seawater and pre-
hydrated gel (PHG) sweeps to clean the hole. Drilled cuttings and drilling fluid (e.g.,
seawater and sweeps) will be discharge directly to the seabed while drilling the top hole
section and just below the sea surface (from the top of the conductor) while drilling the
surface hole section.

Once the surface casing is installed, thereby establishing a closed circulating system, the
remainder of the well will be drilled with a weighted brine/ shale-inhibited (e.g., Klashield)
water-based mud (WBM). The WBM will be discharged from the MODU at sea surface
either on cuttings (see below) or from surface storage tanks/ mud pits when no longer
required.
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The water-based drilling fluid will be comprised of water or brine (>90% aqueous) as the
major liquid phase. The remainder of the WBM will be made up of low toxicity drilling fluid
solid additives (e.g. barite) and chemicals that are either completely inert or additives in
such low concentrations they pose little or no risk to the environment.

Santos’ Drilling Fluids and Chemical Selection in Drilling Activities Procedure (EA-91-II-
00007) will ensure that only environmentally acceptable products are used.

+  Drilling chemicals

Chemicals required for drilling operations include, but are not limited to, brines, clays (such
as bentonite), acids, weighting materials, water-soluble polymers, pH controllers, alkalinity
controllers, defoamers, detergents and contingency lost circulation materials; as well as
cement, cement additives and spacers. Tracer dyes may also be used for leak detection and
cementing operations.

Santos’ Drilling Fluids and Chemical Selection in Drilling Activities Procedure (EA-91-II-
00007) will ensure that only environmentally acceptable products are used.

+  Residual drilling fluid discharges

The top hole and surface hole sections will be drilled with seawater and PHG sweeps. These
fluids will be mixed and blended on the MODU and stored in the surface mud storage tanks,
or mud pits, until they are pumped downhole and discharged at the seabed (top hole
section) or at the top of the conductor. Consumed volume will be replenished as required to
reach interval total depth (TD). Once TD is reached, the well will be displaced to a brine
and/or pre-hydrated water-based mud to aid wellbore stability. Excess sweeps and mud will
be retained in the surface mud pit system, if WBM is required to be pumped while running
surface casing.

Once the surface casing is run and cemented, surface residual volumes will be discharged,
due to incompatibility with the subsequent fluid system, to marine environment. The fluid
would be discharged at the sea surface via the master mud pit dump valve.

Once the surface casing string is installed, a WBM system will be maintained until well TD.
This mud system will be mixed and blended on the MODU and stored in the surface mud
storage tanks, or mud pits, until pumped downhole and recycled via the surface casing to
the MODU continuously.

Once TD is reached, and the well has been plugged and abandoned, residual drilling fluids
will be discharged to sea via the master mud pit dump value, unless reusable at Santos’ next
drilling location.

+  Tank cleaning

At stages during the activity, tanks may need to be cleaned, including mud pits (i.e. tanks
used to mix and hold brine, sweeps or WBM), cement mixing/ holding tanks and bulk
storage tanks. Cleaning may be required to remove or flush ‘dead’ or residual volumes of
WBM or settled inert solid material. The cement system will need to be flushed to prevent
curing inside the cement unit and pipework after each cement job is completed. In most
instances, tanks and pipework would be flushed with seawater or drill water and the diluted
fluid discharged to sea surface.

+ Cement operations
Cement will be used to fix casing strings in place, should drilling difficulties occur (e.g., well
re-spud, side-track, lost circulation), and to form cement plugs as permanent barriers when
abandoning the well.

Minor volumes of cement will be released at the seabed during installation of the main
conductor (estimated 30 m® maximum overspill) for each well. This will harden immediately
at the seabed, with no re-suspension expected. Once the main conductor and the surface
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casing have been installed, all further displaced fluids will be returned to the MODU. During
cementing operations, surface cementing equipment and lines will need to be flushed,
washed and cleaned with water to prevent hard setting. The residual cement and wash
water will be discharged to sea after each cement job. Cement spacer in well returns and
residual surface tank volumes will also be discharged to sea during cementing operations.

Excess cement (and dry bulks) will be discharged as a liquid over the edge (i.e. discharged to
the surface).

+  Plug and abandonment

The well will be permanently P&A’d by installing and testing down hole barriers (cement
plugs) prior to severing casing below seabed (mudline).

+  Bulk products

Once the well has been P&A’d, the unmixed bulk drilling fluid solid additives (barite and
bentonite), dry cement, brine and drill water will be managed in accordance with the
decision list in Table 6-22.

During the activity, the following estimated and approximate drilling discharges to the
marine environment could be expected from drilling each of the Jelen-1 and Parnassus-1
wells:

100 m? of drill cuttings discharged to the seabed (riserless top hole section)
500 m3 of drill cuttings discharged from the top of the conductor (surface hole
section)

+ 360 m3 of drill cuttings discharged at sea surface (remaining well sections)
5,000 m? of water-based drilling fluids discharged at sea surface
250 m3 of inhibited seawater discharged at seabed (based on surface hole
suspensions)

+ 5,500 m3 of seawater/ gel sweeps/ mud discharged at seabed (riserless surface
hole section)

+ 200 m3 of brine
30 m? of cement (wet) discharged to seabed
15 m3 of cement (wet or set) discharged at sea surface (i.e., cement spacer,
flushing tanks and lines)

+ 60 m3 of cement (wet) discharged at sea surface or 100 m3 at the seabed in the
event of a cement job not meeting technical and safety standards

+ 120 m3 each of stock cement/ barite/ bentonite/ brine at the end of the well in
the event the stocks cannot be re-used/ sold.

For the Yoorn-1 well, the estimated approximate drilling discharges are:

100 m3 of drill cuttings discharged to the seabed (top hole riserless section)
1,000 m? of drill cuttings discharged from top of conductor (surface hole
riserless section)
650 m? of drill cuttings discharged at sea surface (remaining well sections)
7,000 m3 of water-based drilling fluids discharged at sea surface
250 m3 of inhibited seawater discharged at seabed (based on surface hole
suspensions)

+ 6,500 m3 of seawater/ gel sweeps/ mud discharged at seabed (riserless top
hole section);

+ 200 m3 of brine
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60 m3 of cement (wet) discharged to seabed
15 m3 of cement (wet or set) discharged at sea surface (i.e., cement spacer,
flushing tanks and lines)

+ 30 m?of cement (wet) discharged at sea surface or 100 m? at the seabed in the
event of a cement job not meeting technical and safety standards

+ 200 m? each of stock cement/ barite/ bentonite/ brine at the end of the well in
the event the stocks cannot be re-used/ sold

Cutting discharge volumes are calculated based on the expected section sizes and lengths.
The total volume of drilling fluid and cement is an estimate based on previous drilling and
completion programs.

In the case of drilling issues (e.g., re-spud, side-tracking, interval length change, etc.) or
change to the drilling program, the total volume of drill cuttings, drilling fluid, brine, and/ or
cement may decrease or increase. In the event of a re-spud or side-track, the above total
volume would likely double.

Aqueous-based LCM may also be pumped downhole at times. These materials may be lost
to the geological formation, remain downhole, or exit the well at the surface and be
discharged from the MODU.

Tracer dyes may also be used during cementing operations and for equipment leak
detection.

Santos intends to keep unmixed bulk cement, barite, bentonite, and brine on-board the
MODU at the end of the drilling program. In the event that this activity is the final well in
the rig schedule, these substances will be disposed of according to the decision list in Table
6-22.

The larger drill cuttings are expected to settle directly around the MODU, whereas finer
particles associated with the drilling muds and cement discharges would be carried away
with the prevailing currents and eventually settle.

The seabed area affected by drill cuttings is expected to extend up to 1 km from the source,
although any environmental effects are expected to be restricted to within 50 m of the well.
Turbidity from drilling-related discharges is expected to affect water quality in the vicinity of
the MODU, albeit during a relatively short period of time.

Duration

Various drilling and cementing-related discharges will occur intermittently for the duration
of the activity, and may last for minutes (e.g., cleaning cement tanks) to several days (e.g.,
drill cuttings) over the course of the drilling activity.

Table 6-22: Decision List for Management of Bulk Powders and Brines Remaining on the MODU at
the end of the Well Exploration

Trigger Fate of Stock ‘ Reasoning

Well is not the last well in the Retain stock These products are expensive.

MODU schedule and ongoing
use of the product is
anticipated.

Stock will be retained on-board
for use in the next well or may
be sent for temporary storage

on a supply vessel.

This option eliminates
overboard disposal.

Santos’ preferred option is to
use all stock in subsequent
wells in the MODU schedule to
minimise activity costs and
reduce discharges.
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Well is the last well in the
MODU schedule and the next
Operator is willing to buy the
stock.

Sell stock

Stock will be retained on-board
or may be sent for temporary
storage on a supply vessel for
used by the next Operator.

This option eliminates
overboard disposal.

It may be possible for Santos
and the next Operator using
the MODU to transfer
ownership of the unmixed
stock. The implementation of
this option is dependent on
demand and commercial
agreements.

Well is the last well in the
MODU schedule and selling the
stock to the next Operator is
not an option.

Minimise stock

Santos will have measures in
place to reduce the stock
requiring disposal at the end of
the activity.

This option requires some
overboard disposal.

Stock minimisation measures
will be put in place without
compromising the minimum
bulk stock required for well
control or dealing with lost
circulation.

Well is the last well in the
MODU schedule, selling the
stock to the next Operator is
not an option but another
Santos operated MODU is in
proximity and can take on
stock

Transfer stock to alternative
MODU

This option eliminates
overboard disposal.

Stock can be transported to an

alternate MODU dependent

on:

+  Santos has another MODU
operating in the region;

+  Alternative MODU can use
the product;

+  Travel distance and cost
associated with
transporting the stock to
the alternative MODU are
not prohibiting; and

+  Alternate MODU has the
capacity to take on
additional stock.

All other disposal options have
been exhausted.

Overboard disposal of stock

Stock will be discharged as wet
slurry

Disposal volumes will be
minimal due to stock
minimisation.

Under normal circumstances
where the well is the last well
in the program and the well
drills to plan, the stock cement
usually does not exceed 120
m3. Barite and bentonite stocks
are unlikely to exceed 80 m?
each.

A decision log will be prepared
demonstrating that this
disposal option is ALARP and
acceptable.

1Bulk powders include any of the following: barite, bentonite and cement.
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6.7.1.1 Drilling Fluids and Chemical Selection

The Santos Drilling Fluid and Chemical Selection in Drilling Activities Procedure (EA-91-11-00007)
applies to drilling, completion and cement chemicals used downhole during the planned operations.
The procedure defines the requirement for chemicals to meet the following criterion at the time of
use to reduce environmental risk and impact:

+ Certified Gold, Silver, E or D through the OCNS; or

+ Pose Little or No Risk to the Environment (PLONOR) as listed by the Oslo and Paris Convention for
the Protection of the Marine Environment of the Northeast Atlantic (OSPAR); or

+ Risk assessed by Santos and deemed environmentally acceptable using Santos’ Santos Drilling
Fluid and Chemical Selection in Drilling Activities Procedure (EA-91-11-00007).

The criteria used for environmental acceptability includes aquatic toxicity, biodegradation and
bioaccumulation potential data. Where sufficient data is available, the chemical is risk assessed using
the OCNS non-CHARM Grouping method and chemicals that meet the selection criteria belonging to
the OCNS groups D or E are environmentally acceptable. According to the OCNS guidelines (CEFAS,
2010), the worst-case initial OCNS grouping would be group B based on aquatic toxicity data of LC50
or EC50 > 1 to 10 ppm. To obtain a final OCNS grouping of D, the chemical would need to be readily
biodegradable (>60% biodegradation in 28 days) and non-bioaccumulative (Log Pow <3 or BCF <100
and molecular weight > 700). The best case initial OCNS grouping would be group E based on aquatic
toxicity data of LC50/ EC50 >1,000 ppm. The best case final OCNS grouping would remain E with the
chemical readily biodegradable and non-bioaccumulative.

Where insufficient ecotoxicity data is available to assign a pseudo OCNS non-CHARM Group rating,
but there is sufficient ecotoxicity data available to determine the environmental hazard of the
chemical, environmental acceptability is based on:

+ Volume/ concentration

+ Ultimate fate

+ Ecotoxicity data (aquatic toxicity, biodegradability and/ or bioaccumulation data where
applicable, i.e., biodegradation and bioaccumulation potential are not applicable to inorganic
substances).

6.7.2 Nature and Scale of Environmental Impacts

Potential receptors: Physical environment (water guality, benthic habitat), fish (benthic & sharks,
marine mammals and marine turtles), protected and significant areas, and socio-economic receptors.

6.7.2.1 Physical environment

Drilling and cement-related discharges will be intermittent during the activity, with volumes
dependent on a range of variables. Their discharge to the marine environment will result in a
localised reduction in water quality. This would be expected to be temporary (minutes to hours) and
localised around the discharge point. The discharges are expected to be dispersed and diluted
rapidly, with concentrations significantly dropping with distance from the discharge point. Changes
to ambient water quality outside of the OAs are considered unlikely to occur.
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Specifics of potential impacts to water quality from the discharge of drilling fluids, cement, solid
additives (e.g., barite, bentonite), residual hydrocarbons and treated seawater are as follows:

Water Quality — Turbidity

Drilling solids (i.e., cuttings), cement and solid additives (e.g., barite, bentonite) will be discharged
during the activity. Discharges at the water surface or close to sea level will result in a reduction in
water quality from an increase in turbidity.

Once discharged, large particles and flocculated solids form a plume that settles quickly on the
seabed. Fine-grained unflocculated clay-size particles and other soluble components form another
plume in the water column that drifts with the prevailing currents away from the point source and is
diluted rapidly in the receiving waters (Neff, 2005). Turbidity increases from discharges at the seabed
will have less of an effect than discharges at the sea surface with little change in ambient light levels
since light will already be limited at this depth (approximately 45-65 m).

Any increases in suspended solids and subsequent decreases in available oxygen surrounding the
discharge location may result in a localised impact to organisms present in the water column.
Impacts may include obstructions to respiratory processes and other physiological processes as well
as behavioural changes due to a reduction in available oxygen or avoidance of the turbidity plume.
The increased particle load in the water column could adversely affect respiratory efficiency of small
fish species that become entrained in the turbidity plumes. However, large pelagic fish species and
megafauna (such as sharks and rays, marine turtles and cetaceans) are unlikely to be affected as
these mobile species would avoid the area or simply pass unaffected through turbid waters.

In well-mixed ocean waters, drilling fluids and cuttings are diluted by 100-fold within 10 m of the
discharge and by 1000-fold after a transport time of about 10 minutes at a distance of about 100 m.
Because of the rapid dilution of the drilling and cement discharges plume in the water column,
impacts to water column fauna and flora (e.g., plankton, fish) is unlikely (Neff, 2005). Drilling
discharge modelling (RPS-APASA, 2014) undertaken for the Outtrim East-1 drilling campaign (slightly
deeper water than the wells covered in this EP) conservatively predicted total suspended sediments
could be detectable at a distance of 933 m from the MODU, with concentrations at 2-3 milligrams
per litre (mg/L) above background levels in the region predicted within the immediate vicinity of the
MODU (<225 m).

Given the nature of the discharges and the nature of the marine environment within the vicinity of
the OAs, the impact on water quality from the discharge of drilling cuttings and fluids, cement and
related chemicals from planned cementing activities is expected to be low and short-term and is
unlikely to have spatially or ecologically significant effects.

Water Quality — Toxicity

Cementing discharges (cement, cement slurry, additives and spacers, etc.) has the potential to result
in toxicity effects. Discharge of cement at the sea surface has not demonstrated significant harm to
water column flora and fauna (Neff, 2005).

Components of WBM with potential toxicity to marine flora and fauna include metals associated with
inorganic salt components, organic polymers and additional organic additives as well as barite/
bentonite weighting agents. Metals present in drilling fluid generally resemble that of marine
sediments, albeit with concentrations of some metals higher than clean marine sediments (Neff,
2005). Metals associated with WBM drill cuttings have been shown to have a low bioavailability as
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they tend to remain in a non-ionic form, remaining bound to other compounds, presenting a low
toxicity risk to marine fauna (Neff, 2005). In general, the acute toxicity of WBM is low (Neff, 2005).

Bioaccumulation is the uptake and retention of xenobiotics (substances that are not natural
components of the environment) by organisms from their environment. This process can have
significant ecological consequences as pollutants move up the food chain to higher order species.
Numerous studies have been carried out in the Gulf of Mexico to test and evaluate a range of
biological, biochemical and chemical methodologies to detect and assess chronic sub-lethal biological
impacts in the vicinity of long duration activities associated with oil and gas exploration and
production. Contaminant concentrations at most locations studied were below levels thought to
induce biological responses (Kennicutt et al., 1996). Therefore, discharges associated with this
activity are not expected to have long-term effects due to bioaccumulation.

Smothering

The discharge of borehole materials during riserless drilling will occur at the well opening on the
seafloor until the conductor is installed. During cementing activities, cement returns to the seabed at
the well opening are associated with cementing the conductor. Direct contact with these discharges
is expected to smother any habitats, which may include soft sediment benthic invertebrates and
sessile epifauna.

Smothering may also occur as the suspended solids from the drilling discharges released at the
water’s surface settle to the seabed. The depth of accumulated sediments will be greatest close to
the well location where the heavier particles are deposited and decrease with increase in distance
from the source point.

The effects of drilling discharges on the benthic environment are related to the total mass of drilling
solids and drilling fluids discharged; the relative energy of the water column; and benthic habitat at
the discharge location (Neff, 2005). The effects of drilling fluids and cuttings piles on seabed
communities are caused mainly by burial and low sediment oxygen concentrations caused by organic
enrichment (Neff, 2005). With increasing thickness of drill cuttings, the number of taxa, abundance,
biomass and diversity of macrofauna has been found to significantly reduce (Trannum et al., 2010).

Recovery of benthic communities from burial and organic enrichment occurs by recruitment of new
individuals from planktonic larvae and migration from adjacent undisturbed sediments. Ecological
recovery usually begins shortly after completion of drilling and often is well advanced within a year.
Hardened cement will provide a surface for colonisation by epifauna. Full recovery may be delayed
until concentrations of biodegradable organic matter decrease through microbial biodegradation to
the point where surface layers of sediment are oxygenated. Case studies on impacts of water-based
muds and drilling discharges on soft sediment and benthic fauna are outlined below:

+ For Santos’ East Spar development, the area of impact from water-based mud discharges was not
more than 100 m from the drill site and short-lived (recovery in less than 18 months) (Sinclair
Knight Merz, 1996, 1997; Kinhill, 1998)

+ Benthic monitoring at the Stag production platform (water depth approximately 45 m) indicated
that drilling-induced impacts had less of an influence on infaunal assemblages through time than
small spatial scale natural variability (Kinhill, 1998)

+ Benthic monitoring at the Santos Van Gogh 3 well location (water depth approximately 350 m)
reported sediment deposition one month following drilling extended up to 180 m from the well
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location along the longest axis and 70 m along the shortest axis (Sea Serpent, 2008). Two months
later, monitoring confirmed that the extent of deposition had decreased to a uniform distance of
55 m around the well with a total area reduction of approximately one third (Sea Serpent, 2008).
The monitoring revealed that burrow-forming worms and crabs still persisted within the area of
sediment deposition (Sea Serpent, 2008).

Overall, impacts would likely be temporary, with rapid recolonisation of benthic infauna within the
cuttings layer, given the low toxicity of the material. Epifauna is likely to recolonise within weeks to
months.

6.7.2.2 Threatened / Migratory Fauna

As discussed in the sections above, the discharge extent for the drilling and cement discharges is
localised and temporary. Marine fauna within the OAs is likely to be transient. If contact does occur
with any marine fauna, it will be for a short duration due to the rapid dispersion of the plume and the
transient fauna movement, such that exposure time may not be of sufficient duration to cause a
toxic effect. Given the nature of the marine environment within the vicinity of the OAs, the drilling
and cement discharges are not predicted to have ecologically significant effects.

Habitat modification is identified as a potential threat to a number of marine fauna species in
relevant recovery plans and conservation advices (Table 3-9). Disturbance of the seabed is not
anticipated to significantly affect mobile marine fauna, such as marine mammals, marine reptiles,
fish, sharks and rays, given the sparse benthic and epi-benthic communities expected in the OAs.
Impacts to marine fauna is expected to be localised and while a decrease in local population size may
occur, no loss or disruption of habitat critical to the survival of a species or disruption to the breeding
cycle of any of these protected matters is expected.

A foraging BIA for the whale shark is within the J&P OA, however due to the small scale of the activity
and within the whale shark conservation advice (TSSC, 2015a), there are no threats to the species
regarding habitat degradation and change in water quality from drilling identified. Therefore, impacts
to whale sharks are not expected.

Fish, sharks and rays may also forage in the soft sediments for marine invertebrates; however, given
the small scale of the activity and the regionally availability of habitat, seabed and benthic habitat
disturbance from drilling and cement discharges is not expected to affect these species.

A humpback whale migration BIA, along with the pygmy blue whale distribution BIA are within the
YJP OAs. As a result of the activity being only a short duration (up to 90 days at Yoorn-1 and up to 50
days at each well location within the J&P OA) and a small scale along with both whale species
identified above have no threats related to a change in water quality from drilling within their
conservation advices and management plans. Therefore, impacts to humpback whales and pygmy
blue whales are not expected.

BIAs for the flatback turtle occurs within the YJP OAs, including the internesting buffer and critical
habitat (Figure 3-10 and Table 3-8). An internesting buffer and critical habitat BIA also exist in the
Yoorn OA for green and hawksbill turtles. However, internesting activities typically occur within
shallower waters than those in the YJP OA (as discussed in Section 3.2.3.4) (Whittock et al., 2016;
Pendoley, 2017). If a marine turtle was displaced from the area of seabed and benthic habitat
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disturbance, widespread internesting habitat is available in the immediate vicinity that marine turtles
could continue to use within the identified habitat critical to the survival of the species, and BlAs.

Protected and significant areas

The Yoorn OA intersects the Montebello Marine Park (Multiple Use Zone - IUCN Category VI).
Conservation values of the marine park (Table 3-4) through impacts to the physical environment and
marine fauna may occur within the marine park. Impacts to the physical environment and marine
fauna are discussed in the sections above, are localised and are not expected to significantly impact
the conservation values of the Montebello AMP.

The J&P OAis 23.8 km from the closest AMP.

6.7.3 Environmental Performance Outcomes and Control Measures

The EPOs relating to this event include:

+ No injury or mortality to EPBC Act 1999 and WA Biodiversity Conservation Act 2016 listed marine
fauna during operational activities. [YJP-EPO-05]

+ Reduce impacts to air and water quality from planned discharges and emissions from operational
activities [YJP-EPO-06].

The control measures considered for this activity are shown in Table 6-23 and EPS’ and measurement
criteria for the EPOs are described in Section 8.4.

Table 6-23: Control Measure Evaluation for Planned Drilling Discharges

Control Control Measure Environmental Benefit  Potential Evaluation

Measure Cost/Issues

Reference

No

YJP-CM-007 Chemical Aids in the process of Cost associated Adopted —
selection chemical management | with Environmental
procedure that reduces the implementation of benefit of using

impact of drilling procedure. lower toxicity
discharges to sea. Range of chemicals chemicals outweigh
Only environmentally reduced with procedural
acceptable products potentially higher implementation
are used. costs for costs.

alternative

products.

YJP-CM-029 Cuttings Reduces the High cost Adopted — Benefits
management concentration of associated with of implementing
system drilling mud on implementing procedure and

cuttings prior to procedure. measures
discharge while implemented
drilling with a closed outweigh costs.
circulating system,
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Control Control Measure Environmental Benefit = Potential Evaluation
Measure Cost/Issues
Reference
No
thereby reducing the
total volume of mud
lost to sea.

YJP-CM-030 Inventory control | Restricts the type and High cost Adopted — Benefits

procedure volume of drilling associated with of ensuring
discharges, and implementing procedures are
includes a decision- procedure. followed and
making framework for measures
managing left-over implemented
bulk products. outweigh costs.

YJP-CM-5 Quality control Contaminant limit Low cost Adopted -
limits for Barite concentrations in associated with Environmental

barite: ensuring the barite | benefit of using a
+ Mercury (Hg) - 1 selected by the barite with lower
mg/kg dry weight drilling contractor contaminant
in stock barite meets the concentrations
. contaminant limits. | outweigh the
+ Cadmium (Cd) -3 . .
] implementation
.mg/kg dry vs./elght costs
in stock barite
+ Puts a limit on the
contaminants
within the barite,
therefore
reducing sediment
contamination as
a result of cuttings
discharge or any
future cuttings
disturbance.

N/A Early Establishes a closed A conductor Rejected — Installing
establishment of circulating mud increases risk to extra casing strings
closed circulating | system, hence well design early in the well
system provides an (additional back- construction adds

opportunity to re-use pressure applied by | additional risk to
drilling fluids, thereby attempting to bring | personnel (large OD
reducing drilling fluid up to casing is heavy and
environmental rotary table difficult to handle)
discharges. Does not elevation). This has | and significant cost
reduce the volume of been seen to and does not
drilled cuttings exacerbate lost guarantee that a
discharged to sea. circulation and closed circulating
lead to stuck pipe system can be
situations.
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Evaluation

Potential
Cost/Issues

Control Control Measure Environmental Benefit
Measure

Reference

[\ [o)

maintained in
shallow formations.

shore of drilling/
cement waste
and bulk product.

discharges to sea,
reducing potential
impacts to marine
environment.

required for
containment of
waste; increase in
transfers to vessels
resulting in
increased potential
impacts and risks.
Increased transfers
results in increased
fuel usage,
increased safety
risks to personnel
during transfer
(e.g. crushing
between skips),
increase in crane
movements; high
cost to transport

N/A Extended cuttings | Releases drilled solids Significant cost Rejected — Chute
dump chute to (cuttings) deeper in associated with does not reduce
below sea surface | the water column, engineering, volume of cuttings

thereby potentially fabricating and/ or discharged. Chute
reducing spatial extent | installing chute. system introduces
and turbidity plume. Potential delays if higher costs and
chute becomes operational risk.
blocked. Higher Given the low
operational risk. environmental
Increased depth of impact of the
concentrated cuttings discharged
cuttings deposition | (due to the
may inhibit infauna | chemicals selected)
recovery at and the short
seabed. duration of
discharge in an area
that is not identified
as significant habitat
for marine fauna,
the additional cost is
considered
disproportionate to
the environmental
benefit.
N/A Skip and ship to Would eliminate Storage space Rejected — Cost

outweighs the
benefit given the low
impact expected
from drilling and
cement discharges
and increase in
safety risks and
additional costs.
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Control Control Measure Environmental Benefit Potential Evaluation
Cost/Issues

Measure
Reference
[\ [o)

and dispose
onshore.

6.7.4 Environmental Impact Assessment

Table 6-24: Impact and Consequence Ranking — Planned Drilling Discharges

Receptor ‘ Consequence Level

Threatened, No sensitive seabed features are expected within the area potentially impacted by
migratory or local drill cuttings based on detailed surveys conducted in similar water depths within
fauna adjacent permit areas.

Disturbance to the seabed may have indirect impacts to protected fauna if the
disturbance leads to a reduction on habitat quality or food availability.

The areas of seabed that will be impacted are expected to include soft sediments
with scattered epifauna. These sediments are un-vegetated and likely to have
sparse benthic and epi-benthic communities with low biodiversity (refer to
Section 3.2.1.1) and include species with widespread regional distributions.
Therefore, significant loss of habitat is not expected.

Marine invertebrates may inhabit soft sediments and can contribute to the diet of
some fauna. The area of soft sediment habitat that is potentially impacted is small
compared to the amount of habitat available. Therefore, the disturbance is not
expected to affect prey availability, and protected fauna species, significantly.
Recovery of benthic communities from burial and organic enrichment occurs by
recruitment of new colonists from planktonic larvae and immigration from adjacent
undisturbed sediments. Ecological recovery usually begins shortly after the end of
drilling and often is well advanced within a year. Full recovery may be delayed until
concentrations of biodegradable organic matter decrease through microbial
biodegradation to the point where surface layers of sediment are oxygenated.

Mobile marine species are expected either to avoid turbid stretches of water or pass
through with no significant impacts. The toxicity of WBM and cement is considered
low and the potential for bioaccumulation of any toxic compounds is negligible. As
with all chemicals selected for use in drilling operations by Santos, the chemicals
chosen for the activity will be either CHARM rated Gold or Silver (or E or D OCNS) or
risk assessed through the Chemical Risk Assessment process as being
environmentally acceptable, reducing the likelihood of any impacts.

The increased particle load in the water column could adversely affect respiratory
efficiency of fish, although most visual orientated fish species would likely avoid the
affected area. The OAs are in a high-energy, well mixed open water environment
and significant discharge plumes are not expected to occur outside of the areas
directly adjacent to the discharge location.

Habitat modification is identified as a potential threat to a number of marine fauna
species in relevant Recovery Plans and Conservation Advice (Table 3-9). However,
the area potentially impacted is small compared to the amount of habitat available
and therefore no long-term impacts to humpback whales, pygmy blue whales,
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whale sharks and flatback turtles is expected. No decrease in local population size,
area of occupancy of species, loss or disruption of habitat critical or disruption to
the breeding cycle of any of these protected matters is expected. Overall, the
consequence to marine fauna from any of the drilling discharges is considered I-
Negligible given the low toxicity of the drilling and cement discharges and there are
no significant impacts expected to threatened and migratory fauna.

Physical Local minor changes to soft sediment habitat will result from cuttings and
environment or associated drilling mud deposition near the MODU. Effects to benthic infauna
habitat communities from sedimentation resulting from drilling discharges have been

determined to most likely be a result of a change in sediment texture as opposed to
any toxicological effects, with increased clays and larger particles altering the
habitat suitability for some species.

Given the low toxicity of the materials to be discharged and the relatively small area
predicted to be significantly smothered, overall impacts are considered to be minor
to this habitat type and due to the loss of epifauna and infauna expected through
smothering and release of drilling and cement discharges. The impacts are
considered recoverable within weeks to months

For cement discharges, geomorphology of the habitat would be altered, with
cement hardening over time and blanketing the existing habitat. Although impacts
on the form of the seabed in the immediate vicinity of the MODU will be longer
term, the impacts are low in magnitude owing to the small area that would be
affected.

Overall, the consequence to the physical environment / habitat from any of the
drilling discharges is considered I- Negligible.

Threatened Not applicable — No threatened ecological communities are identified in the area
ecological where discharge effects could occur.
communities

Protected areas The Yoorn OA intersects the Montebello AMP (Multiple Use Zone - IUCN Category
VI). The objective is to provide for ecologically sustainable use and the conservation
of ecosystems, habitats and native species. The values of the marine park, with
respect to the presence of marine species (receptors) and water quality are
described above and are assessed as | (Negligible).

No protected areas are identified in the area over which operational discharges are
expected for the J&P OA.

Socio-economic Not applicable — No stakeholder concerns have been raised regarding this event.
receptors
Overall worst-case I- Negligible

consequence level

6.7.5 Demonstration of ALARP

Drilling fluids and cementing are a requirement of the activity, and the resultant fluid and solid by-
products cannot be eliminated or avoided. With the control measures adopted to minimise the
environmental impact of drilling discharges, the consequence was assessed as I-Negligible. In
particular, the application of Santos’ Drilling Fluid and Chemical Selection in Drilling Activities
Procedure (EA-91-11-00007), so that only environmentally acceptable products are used, ensures the
impacts to the environment will not be significant.
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If the activity is the last on the MODU schedule there will be discharges of bulk products prior to
moving off location. Alternatives to this will be considered first (refer Table 6-23), however bulk
discharges may be the most appropriate and cost-effective alternative. The discharge of drilling
fluids, cement and other chemicals to the marine environment is seen as the most viable
management method for this waste stream. In addition, control measures have been adopted to
reduce the impact of the waste stream to the marine environment to a minor consequence,
including processing the return fluids and on board the MODU prior to disposal, mixing chemicals to
further dilute them (e.g. as a slurry) prior to discharge and selecting chemicals using the chemical
selection procedure.

The high cost associated with any of the additional management controls that were rejected would
impact the financial viability of the activity. For this reason, they were assessed as being ‘grossly
disproportionate to environmental benefit’. The commitment to not discharge any residual drilling
fluids at all during the drilling program was rejected because of the high alternative disposal costs
and the low potential for environmental impact in the OAs.

With the control and management measures adopted, the assessed residual consequence for this
impact is |- Negligible. Additional control measures were considered but rejected since the associated
cost or effort was grossly disproportionate to any benefit, as detailed in Section 6.7.3. Therefore, it is
considered that the impact from drilling and cement discharges is ALARP.

6.7.6 Acceptability Evaluation

Is the consequence ranked as | (Negligible) or Il Yes — maximum consequence from drilling and cement
(Minor) discharges is |- Negligible.

B (VT TR TOY (o T  EXA (o [ W =Le (TG BT R LT LI 6= No — potential impacts and risks are well understood
assessment? through the information available.

Are risks and impacts consistent with the Yes — activity evaluated in accordance with Santos’
principles of ecological sustainable development Environmental Hazard Identification and Assessment
(ESD)? Procedure, which considers principles of ecologically
sustainable development.

Are risks and impacts consistent with relevant Yes — no legal or regulatory requirements regarding the

legislation, international agreements and drilling and cement discharges. No relevant requirements

conventions, guidelines and codes of practice regarding this event in this area, given the localised nature

(including species recovery plans, threat and extent of the operational activity.

abatement plans, conservation advice and IUCN principles of nearby reserves (Montebello Marine

Australian Marine Park zoning objectives)? Park) (Multiple Use Zone — IUCN Category VI) are met
(Table 3-4).

Are risks and impacts consistent with Santos’ Yes — aligns with Santos’ Environmental, Health and Safety

Environmental, Health and Safety Policy? Policy.

Are risks and impacts consistent with stakeholder Yes — no concerns raised.
expectations?

Are performance standards such that the impact Yes — see ALARP above.
or risk is considered to be ALARP?
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The use of drilling fluids and solid additives, and the generation of drilling discharges, is an
unavoidable part of the drilling program. It is accepted industry practice to discharge cuttings to sea,
along with any associated water-based drilling fluids.

Water quality and benthic impacts will be highly localised and largely concentrated immediately
around the surface hole location and MODU. The OAs are not located close to any sensitive
nearshore habitats; the nearest landmass is approximately 58 km away from the proposed well
location. No sensitive seabed features have been identified in any of the surveys conducted at similar
water depths adjacent to the J&P OA.

The seafloor of this area is strongly affected by cyclonic storms, and large tidal energy, which can re-
suspend sediments within the water column as well as move sediment across the seafloor. In this
context, drilling related discharges (in particular surface discharges) are expected to have minor
effect on water quality as the discharge plumes quickly dissipate with the prevailing currents. As
such, the potential for impacts from drilling discharges are predicted to be minor.

The drilling activity will only use WBM drilling fluids which are either completely inert or have
additives in such low concentrations they pose little or no risk to the environment. The application of
the chemical selection procedure for drilling and cementing chemicals is an important control
measure for reducing the toxicity of drilling discharges to the marine environment. In accordance
with the procedure, CHARM-rated Gold/ Silver and non-CHARM grouped E/ D chemicals managed
under the OCNS, or PLONOR substances listed by OSPAR, or chemicals risk assessed by Santos and
deemed environmentally acceptable, will be selected for the drilling program.

With control measures in place to minimise the environmental impact of drilling discharges, the
consequence was assessed as |- Negligible and ALARP. The managed discharges will not reduce the
habitat values of the area potentially affected as described in relevant Recovery Plans or Approved
Conservation Advice or be inconsistent with the strategies of these documents. No concerns have
been raised regarding this event by stakeholders.

Therefore, the minor impacts expected from proposed drilling discharges are considered to be
environmentally acceptable.

6.8 Spill Response Operations

6.8.1 Description of Event

In the event of a hydrocarbon spill, response strategies will be implemented where possible
to reduce environmental impacts to ALARP. The selection of strategies will be undertaken
through the Net Environmental Benefit Analysis (NEBA) process, outlined in this EP and the
Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Qil Pollution
Emergency Plan (YJP OPEP) (SO-00-BI-20002.02). Spill response will be under the direction
of the relevant Controlling Agency, as defined within the OPEP (Section 4.2), which may be
Santos and/or another agency. In all instances, Santos will undertake a ‘first-strike’ spill
response and will act as the Controlling Agency until the designated Controlling Agency
assumes control. The response strategies deemed appropriate for the worst-case oil spill
scenarios identified for the Activity are detailed in Table 6-6 of the OPEP and comprise:

+  Source control

+  Monitor and evaluate (operational monitoring)
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Mechanical Dispersion
Protection and Deflection
Shoreline Clean-up

Oiled Wildlife Response
Scientific Monitoring

+ o+ o+ 4+ o+

+  Waste Management.

While response strategies are intended to reduce the environmental consequences of a
hydrocarbon spill, poorly planned and coordinated response activities can result in a lack of,
or inadequate information being available, upon which poor decisions can be made,
exacerbating or causing further environmental harm. An inadequate level of training and
guidance during the implementation of spill response strategies can also result in
environmental harm over and above that already caused by the spill.

The greatest potential for impacts additional to those described for routine operations is
from shoreline clean-up and oiled wildlife response operations, where coastal and shoreline
habitat damage and fauna disturbance may occur.

Extent Extent of spill. Spill response could occur anywhere within the MEVA for the worst-case spill
scenarios. Some strategies will be concentrated in the vicinity of sensitive receptors in
coastal waters and along shorelines.

Duration As required.

6.8.2 Nature and Scale of the Environmental Impacts and Risks for the Activities

Spill response activities will involve the use of vessels which are required at a minimum, to display
navigational lighting. Vessels may operate in close proximity to shoreline areas during spill response
activities.

Spill response activities will also involve onshore operations including the use of vehicles and temporary
camps which may require lighting.

Potential +  Fauna (including Threatened/ Migratory/ Local Fauna)

TR LS +  Protected Areas

+  Socio-Economic Receptors

Lighting may cause behavioural changes to fish and sharks, birds and marine turtles which can have a
heightened consequence during key life-cycle activities, for example turtle nesting and hatching. Turtles
and birds, which includes threatened and migratory fauna (Table 3-7), have been identified as key fauna
susceptible to lighting impacts during spill response activities. Section 6.3 provides further detail on the
nature of impacts to fish and sharks, birds and marine turtles.

Spill response activities which require lighting may take place in protected areas important to turtles, for
example shoreline locations of the Montebello Islands, Barrow Island, the Ningaloo area and the Dampier
Archipelago are seasonally important for turtles. During nesting and hatching season (primarily over
summer months) lighting may cause behavioural impacts to turtles including aborted nesting attempts and
mis-orientation of newly hatched turtles which may increase mortality rates.

Spill response activities may also occur on shorelines used by nesting and feeding birds including seabirds
and shorebirds. Lighting can cause disorientation in flying birds, disrupting nesting and breeding
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behaviours and impact on the ability of birds to forage. Disturbance to feeding migratory shorebirds may
reduce their ability to replenish energy reserves and alter the timing and success of migratory flights.

Because of impacts to fauna, lighting has the potential to impact supported industries such as tourism and
indirect impacts on the values of protected areas.

Noise Emissions

Spill response activities will involve the use of aircraft and vessels which will generate noise both offshore
and in proximity to sensitive receptors in coastal areas.

Spill response activities will also involve the use of equipment on coastal areas during clean-up of
shorelines (e.g. pumps and vehicles), for accessing shoreline areas (e.g. vehicles) and for supporting
temporary camps (e.g. diesel generators).

Potential +  Fauna (including Threatened/ Migratory/ Local Fauna)
receptors

+  Protected Areas
+  Socio-Economic Receptors

Underwater noise from the use of vessels may impact marine fauna, such as fish (including commercial
species), marine reptiles and marine mammals in the worst instance causing physical injury to hearing
organs, but more likely causing short term behavioural changes, e.g. temporary avoidance of the area,
which may impact key life-cycle process (e.g. spawning, breeding, calving). Underwater noise can also
mask communication or echolocation used by cetaceans. Section 0 provides further detail on these
impacts from vessels and helicopters.

Cetaceans have been identified as the key concern for vessel noise within the EMBA. The humpback
migration BIA, pygmy blue whale migration, distribution and pygmy blue whale foraging BlAs are all within
the EMBA. Spill response activities using vessels have the potential to impact fauna in protected areas.

Noise and vibration from terrestrial activities on shorelines has the potential to cause behavioural
disturbance to coastal fauna including protected seabirds and turtles. Shoreline activities involving the use
of noise generating equipment may take place in important nesting areas for turtles and/or
roosting/feeding areas for shorebirds.

As a consequence of impacts to fauna (including shorebirds, marine mammals and fish), noise has the
potential to impact supported industries such as tourism and commercial fishing.

Atmospheric emissions

The use of fuels to power vessel engines, generators and mobile equipment used during spill response
activities will result in emissions of greenhouse gases (GHG) such as carbon dioxide (COz), methane (CHa)
and nitrous oxide (N20), along with non-GHG such as sulphur oxides (SOx) and nitrous oxides (NOXx).
Emissions will result in localised decrease in air quality.

Potential +  Physical Environment/habitat
receptors

+  Fauna (including Threatened/ Migratory/ Local Fauna)
+  Protected Areas

Atmospheric emissions from spill response equipment will be localised and while there is potential for
fauna and flora impacts, the use of mobile equipment, vessels and vehicles is not considered to create
emissions on a scale where noticeable impacts would be predicted. Emissions may occur in protected

areas, however, the scale of the impact relative to potential oil spill impacts is not considered great.

Operational discharges and waste

Operational discharges include those routine discharges from vessels used during spill response which may
include:

+ Bilge water
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+ Deck drainage
+  Putrescible waste and sewage
+  Cooling water from operation of engines
+ Desalination plant effluent (brine) and backwash water discharge.
In addition, there are specific spill response discharges and waste creation that may occur, including:
+  Cleaning of oily equipment/vessels and vehicles
+  Flushing water for the cleaning of shoreline habitats
+ Sewage/putrescible and municipal waste at camp areas
Creation, storage and transport of oily waste and contaminated organics.

Potential
receptors

Fauna (including Threatened/ Migratory/ Local Fauna)
Physical Environment/habitat
Protected Areas

+ o+ o+ o+

Socio-Economic Receptors

Operational discharges from vessels may create a localised and temporary reduction in marine water
quality. Effects include nutrient enrichment, toxicity, turbidity, temperature and salinity increases, as
detailed in Section 6.6.2. These may impact a different set of receptors than previously described in that
section given vessel use may occur in shallower coastal waters during spill response activities. Discharge
could potentially occur adjacent to marine habitats such as corals, seagrass, macroalgae, and in protected
areas (i.e. receptors anywhere within the EMBA), which support a more diverse faunal community,
however, discharges will be very localised and temporary.

Cleaning of oil contaminated equipment, vehicles and vessels, has the potential to spread oil from
contaminated areas to those areas not impacted by a spill, potentially spreading the impact area and
moving oil into a more sensitive environment.

Flushing of oil from shoreline habitats is a clean-up technique designed to remove oil from the receptor
that has been oiled and remobilise back into the marine environment and result in further dispersion of
the oil. The process of flushing has the potential to physically damage shoreline receptors such as
mangroves and rocky shoreline communities, increase levels of erosion, and create an additional, and
potentially higher, level of impact than if the habitat was left to bio-remediate.

Sewage, putrescible and municipal waste will be generated from onshore activities at temporary camps
which may include toilet and washing facilities. These wastes have the potential to attract fauna, impact
habitats, flora and fauna and reduce the aesthetic value the environment areas, which may be within
protected areas. The creation, storage and transport of oily waste and contaminated organics has the
potential to spread impacts of oil to areas, habitats and fauna not previously contaminated.

Physical presence and disturbance

The movement and operation of vessels, vehicles, personnel and equipment, undertaking of clean-up
activities and the set-up of temporary camp areas during spill response activities has the potential to
disturb the physical environment and marine/coastal habitats and fauna, which may include those habitats
and fauna within protected areas. Disturbance may also impact cultural values of an area. The movement
of vessels could potentially introduce invasive marine species attached as biofouling to nearshore areas,
while vehicle and equipment movement could spread non-indigenous flora and fauna.

Oiled wildlife response activities may involve deliberate disturbance (hazing), capture, handling, cleaning,
rehabilitation and release of wildlife which could lead to additional impacts to wildlife.

Potential +  Fauna (including Threatened/ Migratory/ Local Fauna)
receptors

+  Physical Environment/habitat

+ Protected Areas
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- +  Socio-Economic Receptors

The use of vessels may disturb benthic habitats in coastal waters including corals, seagrass, macroalgae
and mangroves. Impacts to habitats from vessels include damage through the deployment of
anchor/chain, nearshore booms and grounding. Vessel use in shallow coastal waters also increases the
chance of contact or physical disturbance with marine megafauna such as turtles and dugongs. Booms
create a physical barrier on the surface waters that has the potential to injure or entangle passing marine
fauna that are either surface breathing or feeding.

Vehicles, equipment, personnel used and cleaning activities during shoreline response activities have the
potential to damage coastal habitats such as dune vegetation, mangroves and habitats important to
threatened and migratory fauna including nests of turtles and birds and bird roosting/feeding areas.
Shoreline clean-up may involve the physical removal of substrates that could cause impact to habitats and
coastal hydrodynamics and alter erosion/accretion rates.

The presence of camp areas, although relatively short-term, may disrupt normal behaviour of coastal
species such as shorebirds and turtles, and could potentially interfere with nesting and feeding behaviours.

Oiled wildlife response may include the hazing, capture, handling, transportation, cleaning and release of
wildlife susceptible to oiling such as birds and marine turtles. While oiled wildlife response is aimed at
having a net benefit, poor responses can potentially create additional stress and exacerbate impacts from
oiling, interfering with life-cycle processes, hampering recovery and in the worst instance increasing levels
of mortality.

Impacts from invasive marine species are described in Section 7.7 and are not described further in this
section.

Impacts from invasive terrestrial species are similar in that the invasive species can out-compete local
species (e.g. weeds) and interfere with ecosystem processes. Non-native species may be transported
attached to equipment, vehicles and clothing. Such an introduction would be especially detrimental to
wilderness areas or protected terrestrial reserves which may have a relatively undisturbed flora and fauna
community.

The disturbance to marine and coastal natural habitat, as well as the potential for disruption to culturally
sensitive areas, which may occur in specially protected areas, may have flow on impacts to socio-economic
values and industry (e.g. tourism, fisheries).

Disruption to other users of marine and coastal areas and townships

Spill response activities may involve the use of vessels, equipment and vehicles, and the establishment of
temporary camps, in areas used by the general public or industry. The mobilisation of spill response
personnel into an affected area may also place increased demands on local accommodation and other
businesses.

Potential +  Socio-Economic Receptors

receptors:

The use of vessels in the nearshore and offshore environment and the undertaking of spill response
activities at shoreline locations may exclude the general public and industry use of the affected
environment. As well as impacting leisure activities of the general public, this may impact on revenue with
respect to industries such as tourism and commercial fishing. The mobilisation of personnel to small
communities has the potential to affect the local community through demands on local accommodation
and business, reducing the availability of services to members of the public.
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6.8.3
Operations

Environmental Performance and Control Measures — Spill Response

For EPOs, EPS and measurement criteria relating to spill response in event of a spill during this
Activity refer to the Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey

OPEP.

Table 6-25: Control Measure Evaluation for Spill Response Operations

Control Measure

Competent Incident
Management Team (IMT)
and oil spill responder
personnel.

Environmental Benefit

Ensures that spill
response strategy
selection and operational
activities consider the
potential for additional
environmental impacts.

Potential Cost/Issues

Personnel and operational
costs associated with
maintaining competent IMT
team and responder
personnel.

Evaluation

Adopted — Considered
a standard spill
response control.

Use of competent vessel
crew and personnel.

Reduces potential for
environmental impacts
from vessel usage.

Personnel and operational
costs associated with
maintaining contracts with
competent vessel crew and
personnel.

Adopted — Considered
a standard spill
response control.

Vessels and aircraft
compliant with Santos’
Protected Marine Fauna
Interaction and Sighting
Procedure (EA-91-11-
00003).

Reduces potential for
behavioural disturbance
to cetaceans.

No cost/issue associated with
this control measure

Adopted —Ensures
compliance with Part
8 of the EPBC
Regulations 2000,
which is considered a
standard spill
response control
(regulatory
requirement).

Select temporary base
camps in consultation
with Department of
Transport (DoT) and
Department of
Biodiversity, Conservation
and Attractions (DBCA).

Reduce coastal habitat
and fauna disturbance.

No cost/issue associated with
this control measure.

Adopted — Considered
a standard control to
be adopted by the
relevant Control
Agency.

International Air Pollution
Prevention (IAPP)
Certificate

Reduces level of air
quality impacts.

Personnel and operational
costs associated with
maintaining Air Pollution
Certificate.

Adopted — Considered
a standard spill
response control
(regulatory
requirement).
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Control Measure

Environmental Benefit

Potential Cost/Issues

Evaluation

Stakeholder consultation

Promotes awareness and
reduces potential impacts
from response to socio-
economic activities

Minimal cost in relation to
overall effort/costs in
managing incident

Adopted — Considered
a standard control for
incident management

Utility resource
assessment and support
to be conducted if activity
is of significant size in
comparison to the size of
the coastal community

Reduces potential impact
due to higher utility
demands causing
disruptions to local
community.

No cost/issue associated with
this control measure.

Adopted — Considered
a standard control.

Accommodation
assessment

Reduces strain on
accommodation.

No cost/issue associated with
this control measure.

Adopted - Considered
a standard control.

Transport Management
Plan

Reduces potential for
traffic disruptions.

No cost/issue associated with
this control measure.

Adopted — Considered
a standard control for
large scale
deployment in highly
populated areas.

Vessels meet applicable
Australian Marine Orders
and Marine Park sewage
disposal requirements

Reduces potential for
water quality impacts.

No cost/issue associated with
this control measure.

Adopted — Considered
a standard spill
response control
(regulatory
requirement).

Vessel meet applicable
Australian Marine Orders
requirements for oily
water (bilge) discharges

Reduces potential for
water quality impacts.

No cost/issue associated with
this control measure.

Adopted — Considered
a standard spill
response control
(regulatory
requirement).

Compliance with
controlled waste,
unauthorised discharge
and landfill regulations.

Ensures correct handling
and disposal of oily
wastes.

No cost/issue associated with
this control measure.

Adopted — Considered
a standard spill
response control
(regulatory
requirement).

Spill response activities
selected on basis of a net
environmental benefit
analysis.

Provides a systematic and
repeatable process for
evaluating strategies with
net least environmental
impact.

No cost/issue associated with
this control measure

Adopted — Considered
a standard spill
response control.

Vessels and aircraft
compliant with Santos’
Protected Marine Fauna
Interaction and Sighting

Reduces potential for
behavioural disturbance
to cetaceans.

No cost/issue associated with
this control measure

Adopted — Ensures
compliance with Part
8 of the EPBC
Regulations 2000,
which is considered a
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Control Measure

Environmental Benefit

Potential Cost/Issues

Evaluation

Procedure (EA-91-11-
00003).

standard spill
response control
(regulatory
requirement).

Use of shallow draft
vessels for shoreline and
nearshore operations.

Reduce seabed and
shoreline disturbance.

Operational costs associated
with operating shallow draft
vessels for shoreline and
nearshore operations.

Adopted — Considered
a standard control.

OSR Team Leader
assesses and selects
vehicles appropriate to
shoreline conditions.

Reduce coastal habitat
and fauna disturbance.

No cost/issue associated with
this control measure.

Adopted — Considered
a standard control.

Conduct shoreline,
nearshore habitat,
bathymetry assessment.

Reduce shoreline habitat
disturbance.

Operational costs associated
with conducting shoreline
nearshore habitat
assessment.

Adopted — Considered
a standard control.

Establish demarcation
zones for vehicle and
personnel movement
considering sensitive
vegetation, bird nesting
and roosting areas and
turtle nesting habitat.

Reduce coastal habitat
and fauna disturbance.

No cost/issue associated with
this control measure.

Adopted — Considered
a standard control.

Operational restriction of
vehicle and personnel
movement to limit
erosion and compaction.

Reduce coastal habitat
erosion and compaction.

No cost/issue associated with
this control measure.

Adopted — Considered
a standard control.

Prioritise use of existing
roads and tracks.

Reduce coastal habitat
and fauna disturbance.

No cost/issue associated with
this control measure.

Adopted — Considered
a standard control.

Select temporary base
camps in consultation
with DoT and DBCA

Reduce coastal habitat
and fauna disturbance.

No cost/issue associated with
this control measure.

Adopted — Considered
a standard control to
be adopted by the
relevant Control
Agency.

Soil profile assessment
prior to earthworks.

Reduce habitat disruption
and erosion.

Operational costs associated
with soil profile assessment.

Adopted — Considered
a standard control.

Use of Heritage Advisor if
spill response activities
overlap with potential
areas of cultural
significance.

Reduce disturbance to
culturally significant sites.

No cost/issue associated with
this control measure.

Adopted — Considered
a standard control to
be adopted by the
relevant Control
Agency.

Pre-cleaning and
inspection of equipment
(quarantine)

Reduces potential for
invasive species to
offshore islands

Cost/effort in inspecting
equipment

Adopted — Considered
a standard control.
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Control Measure

Environmental Benefit

Potential Cost/Issues

Evaluation

Adhere to WA Oiled
Wildlife Response Plan
and Pilbara Regional
Oiled Wildlife Response
Plan

Oiled wildlife hazing,
capture, handling and
rehabilitation meet
minimum standards as
outlined within the WA

Operational costs associated
with response plan.

Adopted — Considered
a standard control to
be adopted by the
relevant Control
Agency.

Oiled Wildlife Response
Plan.

6.8.4

Environmental Impact Assessment

Receptor Consequence Level

+ Threatened,
migratory, and
local fauna;
Protected Areas.
Socio-economic

receptors

The receptors considered most sensitive to lighting from vessel and shoreline
operations are seabirds/shorebirds and marine turtles, particularly over summer
months with respect to marine turtles where emerging hatchlings are sensitive to
light spill onto beaches. Following restrictions on night-time operations by spill
response vessels, which will demobilise to mooring areas offshore with safety
lighting only, impacts from vessels are considered to be | — Negligible.

The positioning of temporary camps will be done at direction of DoT/ DBCA and
following control measures on lighting colour and direction the consequence of
shoreline lighting is considered Negligible.

Fauna (including Threatened/ Migratory/ Local Fauna): | (Negligible) — Short term
behavioural impacts only to small proportion of local population and not during
critical lifecycle activity. No decrease in local population size / area of occupancy of
species / loss or disruption of habitat critical / disruption to the breeding cycle /
introduction of disease.

Protected areas: | (Negligible) — No or negligible impact on protected area values.
No decline of species population within a protected area. No or negligible
alteration, modification, obscuring or diminishing of protected area values.

Socio-economic receptors: | (Negligible) — no or negligible loss of value of the local
industry. No or negligible reduction in key natural features or populations
supporting the activity

Overall worst-case
consequence level

| — Negligible

+ Threatened,
migratory, and
local fauna;

+  Protected Areas.

+  Socio-Economic

Receptors

The receptor considered most sensitive to vessel noise disturbance are humpback
whales during migration season, when they come close to the Montebello Islands
and Barrow Island during their peak migration (July- October); and populations of
marine turtles, whale sharks and pygmy blue whales. However, following the
adoption of control measures to limit close interaction with protected fauna (i.e.
Santos Protected Marine Fauna Interaction and Sighting Procedure), a temporary
behavioural disturbance is expected only with a consequence of Negligible.

With respect to noise from onshore operations (mobile equipment and vehicles),
nesting, roosting or feeding birds are considered to be the most sensitive to noise,
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Receptor Consequence Level

in particular shorebirds may be aggregating at the Dampier Archipelago and
surrounding island groups. The equipment used is not considered to have
excessive sound levels and following direction by DoT and DBCA on the location of
temporary camp areas, the consequence to birds from noise is expected to be
Negligible.

Shorebirds may be official values of the protected area they occur in, and the
impact to the protected area from noise is also considered Negligible.

Fauna (including Threatened/ Migratory/ Local Fauna): | (Negligible) — Short term
behavioural impacts only to small proportion of local population and not during
critical lifecycle activity. No decrease in local population size / area of occupancy of
species / loss or disruption of habitat critical / disruption to the breeding cycle /
introduction of disease.

Protected areas: | (Negligible) — No or negligible impact on protected area values.
No decline of species population within a protected area. No or negligible
alteration, modification, obscuring or diminishing of protected area values.

Socio-economic receptors: | (Negligible) — no or negligible loss of value of the local
industry. No or negligible reduction in key natural features or populations
supporting the activity.

Overall worst-case | — Negligible
consequence level

+  Physical Atmospheric emissions from spill response equipment will be localised and
impacts to even the most sensitive fauna, such as birds, are expected to be
Negligible. Because of the localised and low level of emissions, impacts to
protected area values, physical environment and socio-economic receptors are
predicted to be Negligible.

environment and
habitat/air quality
+ Threatened,

migratory, and
Physical environment/habitat: | (Negligible) — No or negligible reduction in habitat

local fauna; )
area/function.

Protected areas.
Fauna (including Threatened/ Migratory/ Local Fauna): | (Negligible) — Short term

behavioural impacts only to small proportion of local population and not during
critical lifecycle activity. No decrease in local population size / area of occupancy of
species / loss or disruption of habitat critical / disruption to the breeding cycle /
introduction of disease.

Socio-economic

receptors

Protected areas: | (Negligible) — No or negligible impact on protected area values.
No decline of species population within a protected area. No or negligible
alteration, modification, obscuring or diminishing of protected area values.

Socio-economic receptors: | (Negligible) — no or negligible loss of value of the local
industry. No or negligible reduction in key natural features or populations
supporting the activity.

Overall worst-case | — Negligible
consequence level

Operational discharges from vessels may create a localised and temporary
reduction in marine water quality, which has the potential to impact shallow
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Receptor Consequence Level

+ Threatened,
migratory, and
local fauna;

+  Physical
environment and
habitats;
Protected areas.
Socio-economic

receptors

coastal habitats in particular, however, following the adoption of regulatory
requirements for vessel discharges, which prevent discharges close to shorelines,
discharges will have a Negligible impact to habitats, fauna or protected area
values. Furthermore, washing of vessels and equipment will take place only in
defined offshore hot zones preventing impacts to shallow coastal habitats.

Because of impacts to fauna, operational discharges from vessels has the potential
to impact supported industries such as tourism and commercial fishing however as
impacts to fauna are considered negligible any indirect impacts on socio-economic
receptors will also be | -negligible.

Onshore, the use of flushing water has the potential to damage sensitive shoreline
and intertidal habitats, e.g. mangroves, however low pressure flushing only will be
used, preventing further damage to habitats or erosion of sediments. For sensitive
habitats the deployment of booms will be considered to retain flushed
hydrocarbons, if this presents a net benefit. Following these control measures the
use of flushing to clean shorelines and intertidal habitats is seen to have a
Negligible additional impact to habitats, fauna or protected area values.

The cleaning of contaminated vehicles and equipment onshore has the potential
to spread oily waste and damage habitats if not contained. Decontamination units
will be in used during the spill response thus containing waste and preventing any
secondary contamination. The consequence of cleaning discharges is therefore
ranked as Negligible in terms of impacts to habitats, fauna or protected area
values.

Sewage, putrescible and municipal waste generated onshore will be stored and
disposed of at approved locations. The storage, transport and disposal of
hydrocarbon contaminated waste arising from spill response operation actions
such as shoreline clean up, will be managed by a Santos appointed waste
management contractor and dedicated waste containment areas will prevent the
spreading or leaching of hydrocarbon contamination.

Physical environment/habitat: | (Negligible) — No or negligible reduction in habitat
area/function.

Fauna (including Threatened/ Migratory/ Local Fauna): A (Negligible) — Short term
behavioural impacts only to small proportion of local population and not during
critical lifecycle activity. No decrease in local population size / area of occupancy of
species / loss or disruption of habitat critical / disruption to the breeding cycle /
introduction of disease.

Protected areas: | (Negligible) — No or negligible impact on protected area values.
No decline of species population within a protected area. No or negligible
alteration, modification, obscuring or diminishing of protected area values.

Socio-economic receptors: | (Negligible) — no or negligible loss of value of the local
industry. No or negligible reduction in key natural features or populations
supporting the activity.

Overall worst-case
consequence level

| — Negligible

The use of vessels and nearshore booms has the potential to disturb benthic
habitats including sensitive habitats in coastal waters such as corals, seagrass,
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macroalgae and mangroves. A review of shoreline and shallow water habitats, and
bathymetry, and the establishment of demarcated areas for access and anchoring
will reduce the level of impact to Negligible.

+ Threatened,
migratory, and

local fauna . . . .
The use and movement of vehicles, equipment and personnel during shoreline

response activities has the potential to disturb coastal habitats such as dune
environmentand | yegetation, samphire and mangroves, and important habitats of threatened and
habitats migratory fauna including nests of turtles and birds and bird roosting areas.
+  Protected areas. Furthermore, clean-up can involve physical removal of substrates that could cause
impact habitats, fauna and alter coastal hydrodynamics. As with vessel use, an
assessment of appropriate vehicles and equipment to reduce habitat damage,
along with the establishment of access routes/demarcation zones, and operational
restrictions on equipment/vehicles use will limit sensitive habitat damage and
damage to important fauna areas. The establishment of temporary camp areas
will be done under direction of DoT and DBCA with suitable advice sought if access
is needed to culturally significant areas. Following these and other control
measures the resultant consequence to the physical environment and habitat is
assessed as Minor, indicating that there may be a detectable reduction in habitat
area from response activities (as separate from spill impacts), but recovery will be
relatively rapid once spill response activities cease. As with all spill response
activities this disturbance will only occur if there is a net benefit to accessing and
cleaning shoreline areas.

+  Physical

The main direct disturbance to fauna would be the hazing, capture, handling,
transportation, cleaning and release of wildlife susceptible to oiling impacts, such
as birds and marine turtles. This would only be done if this intervention were to
deliver a net benefit to the species but may result in a Minor consequence
following compliance with the WA Oiled Wildlife Response Plan and the Pilbara
Region Oiled Wildlife Response Plan.

These habitats/environments are likely to be values of the protected area they
occur in, and the impact to the protected area from physical disturbance is also
considered Minor.

The disturbance to marine and coastal natural habitat, as well as the potential for
disruption to culturally sensitive areas, which may occur in specially protected
areas, may have flow on impacts to socio-economic values and industry (e.g.
tourism, fisheries). This impact is considered minor (l1).

Fauna (including Threatened/ Migratory Fauna): Il (Minor) — Detectable but
insignificant decrease in local population size. Insignificant reduction in area of
occupancy of species. Insignificant loss/disruption of habitat critical to survival of a
species. Insignificant disruption to the breeding cycle of local population

Physical environment/habitat: Il (Minor) — Detectable but localised and
insignificant loss of area/function of habitat. Rapid recovery evident within
approximately 1 year (seasonal recovery).

Protected Areas: Il (Minor) — Detectable but insignificant impact to on one or more
of protected areas values.

Socio-economic receptors: Il (Minor) — Detectable but insignificant short- term loss
of value of the local industry. Detectable but insignificant reduction in key natural
features or population supporting the local activity.
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Overall worst-case Il — Minor
consequence level

+  Socio-economic The use of vessels in the nearshore and offshore environment and spill response
activities at shoreline locations, and within townships, may exclude general public
and industry use. It should be noted that this is distinct from the socio-economic
impact of a spill itself which would have a far greater detrimental impact to
industry and recreation. Following the application of control measures it is
considered that the additional impact of spill response activities on affected
industries would be Minor.

receptors.

Socio-economic receptors: Il (Minor) - Detectable but insignificant short-term loss
of value of the local industry. Detectable but insignificant reduction in key natural
features or population supporting the local activity.

Overall worst-case Il = Minor
consequence level

6.8.5 Demonstration of ALARP

A NEBA is the primary tool used during spill response to evaluate response strategies with the goal of
selecting strategies that result in the least net impact to key environmental sensitivities. The NEBA
process conducted as a spill occurs, will identify and compare net environmental benefits of
alternative spill response options. The NEBA will effectively determine whether an environmental
benefit will be achieved through implementing a response strategy compared to undertaking no
response. NEBA will be undertaken by the relevant Control Agency for the activity. For those
activities under the control of Santos, the IMT Environmental Team Leader will be responsible for
reviewing the priority receptors and selected response strategies identified within this EP and
coordinating the NEBA for each operational period. This will ensure that at the strategy level, the
response operations reduce additional environmental impacts to ALARP.

Spill response activities will be conducted in offshore and coastal waters using vessels and aircraft.
The greatest potential for additional impacts from implementing spill response is considered to be to
wildlife in offshore waters from oiled wildlife response activities, and to shoreline habitats and fauna
receptors within shallow waters or on shorelines from shoreline clean-up activities.

Given the types of activities considered appropriate to responding to a worse-case spill and the scale
of operations, standard control measures adopted by Santos for spill response to reduce the level of
additional impacts are considered to reduce these impacts to ALARP. This includes working with the
relevant Control Agency for spill response and applying the process and standards e.g. for oiled
wildlife response as included within the WA Oiled Wildlife Response Plan.

Santos have considered the actions prescribed in the Recovery Plan for Marine Turtles in Australia
(Commonwealth of Australia, 2017a) and Approved Conservation Advice for other relevant
threatened fauna relevant to spill responses for the activities to minimise noise and light impacts on
marine cetaceans, fish, sharks and marine turtles, especially flatback turtles. The proposed activity
will not result in significant impacts on these species and implementation of identified control
measures is in line with the relevant Conservation Advice and Recovery Plans. Pollution events (such
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as hydrocarbon spills) could impact on fauna, and the use of vessels and equipment during the spill
response could result in potential impacts as described within this EP. Control measures in place for
vessel and helicopter use will reduce potential impacts to marine fauna and these are consistent with
current conservation advice. The assessed residual consequence for this impact is minor and cannot
be reduced further without grossly disproportionate costs. It is considered therefore that the impact

of the activities conducted is ALARP.

6.8.6 Acceptability Evaluation

Is the consequence ranked as | (Negligible) or I
(Minor)?

Is further information required to support or
validate the consequence assessment?

Are risks and impacts consistent with the
principles of ecological sustainable development
(ESD)?

Are control measures and performance
standards consistent with industry standards,
legal and regulatory requirements, including
protected matters?

Are control measures and performance
standards consistent with the Santos’
Environmental, Health and Safety Policy?

Are performance outcomes and standards
consistent with stakeholder expectations?

Are control measures and performance
standards such that the impact or risk is
considered to be ALARP?

Yes — Maximum consequence is Il (Minor) from planned
events and maximum risk is Medium.

No — potential impacts and risks well understood through the
information available.

Yes - Activity evaluated in accordance with the Environmental
Hazard Identification and Assessment Procedure which
considers principles of ESD.

Yes — IUCN principles of nearby reserves met (Section 3.2.3).
Control measures implemented will minimise the potential
impacts from spill response activities protected areas and
their values, and to species identified in Recovery Plans and
conservation advice as having the potential to be impacted.

Consistent with relevant species recovery plans, conservation
management plans and management actions set out in
Table 3-9.

Yes — aligns with Santos’ Environmental, Health and Safety
Policy.

Yes — No concerns raised.

During any spill response, a close working relationship with
relevant regulatory bodies (e.g. DoT, DBCA, AMSA) will occur
and thus there will be ongoing consultation with relevant
stakeholders on the acceptability of response operations.

Wildlife response will be conducted in accordance with the
WA Oiled Wildlife Response Plan (WA OWRP) and Pilbara
Regional Oiled Wildlife Response Plan.

Yes (see ALARP evaluation above).

The implementation of response activities to reduce the potential impacts from a spill are required
by legislation. The spill response options selected have been demonstrated to show a net
environmental benefit, are standard industry practice and consistent with relevant standards and
guidelines, including the NatPlan. No concerns from stakeholders have been raised regarding
response activities and the controls proposed reduce the consequences of the potential impacts to
minor and ALARP. The controls used during spill response activities are therefore considered to
reduce additional impacts and risks to an acceptable level.
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7 Environmental Assessment for Unplanned Events

OPGGS(E)R 2009 Requirements

Evaluation of environmental impacts and risks

13(5) The environment plan must include:
(a) details of the environmental impacts and risks for the activity; and

(b) an evaluation of all the impacts and risks, appropriate to the nature and scale of each impact or
risk; and

(c) details of the control measures that will be used to reduce the impacts and risks of the activity to
as low as reasonably practicable and an acceptable level.

13(6) To avoid doubt, the evaluation mentioned in paragraph (5)(b) must evaluate all the environmental
impacts and risks arising directly or indirectly from:

(a) all operations of the activity; and

(b) potential emergency conditions, whether resulting from accident or any other reason.
Environmental performance outcomes and standards
13(7) The environment plan must:

(a) set environmental performance standards for the control measures identified under
paragraph (5)(c); and

(b) set out the environmental performance outcomes against which the performance of the
titleholder in protecting the environment is to be measured; and

(c) include measurement criteria that the titleholder will use to determine whether each
environmental performance outcome and environmental performance standard is being met.

An ENVID workshop (as described in Section 5) for unplanned activities was held in July 2021 which
identified seven potential sources of environmental risks associated with unplanned events for this
activity. The results of the environmental assessment are summarised in Table 7-1. A comprehensive
risk and impact assessment for each of the unplanned events and subsequent control measures
proposed by Santos to reduce the risk and impacts to ALARP are detailed in the following subsections.

The following unplanned event was considered to not be a credible scenario given the water depths in
the OAs, and is therefore not discussed further in this section:

+ Hydrocarbon spill due to vessel grounding.

Vessel grounding can occur due to a loss of propulsion or to navigational error resulting in the vessel
running aground in shallow areas. Vessel grounding and subsequent fuel tank rupture were not
considered a credible scenario for this activity because the OAs are situated in deep water and there
are no charted reefs or islands that could pose a grounding hazard in the OAs.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 337 of 557



SO-91-BI-20003.01

Santos

Table 7-1: Summary of the Risk Assessment Ranking for Unplanned Activities

EP Section Event Consequence Likelihood Residual
Reference Risk Level
7.2 Hydrocarbon release (surface and IV - Major B - Unlikely Medium
subsea) from Loss of Well Control
(Lowc)
7.3 Hydrocarbon release (surface) of Il - Moderate B - Unlikely Low
MDO
7.4 Minor hydrocarbon releases Il - Minor B - Unlikely
(surface and subsurface)
7.5 Non-hydrocarbon and chemicals I- Negligible C - Possible
release (surface) - liquids
7.6 Release of Solid Objects I- Negligible C - Possible
7.7 Introduction of invasive marine Il - Moderate B - Unlikely
species
7.8 Marine fauna interaction Il - Minor B - Unlikely

7.1 Overview of Unplanned Release of Hydrocarbons

7.1.1 Credible Release Scenarios

Unplanned events may occur during the activity, resulting in the potential release of hydrocarbons
(condensate and Marine Diesel Qil (MDO)) to the marine environment. The release scenarios
assessed in Sections 7.2 to 7.3.

7.1.2 Release Scenario Selection

To identify the release scenarios that were considered credible for the activity, the following
potential scenarios were considered as described below:

+ Surface release of MDO from refuelling of the MODU or vessel collision / external impact
+ Loss of Well Control (LOWC), resulting in a subsea or surface release of condensate.

For LOWC, Santos have identified two representative spill modelling reports for the three wells,
based on their location and flow rate:

+ Yoorn-1: WA-499-P Exploration Drilling LOWC Spill Modelling (GHD, 2020a)
+ Jelen-1 and Parnassus-1: represented by the Dancer-1 Exploration Drilling Qil Spill Modelling
report (GHD, 2020b). The Dancer-1 well is 8.3 km from the closest proposed well (Parnassus-1).

For an MDO release, two representative spill modelling reports were also identified — the same

volume was modelled from two release locations:

+ Yoorn-1 well location: WA-499-P Geophysical and Geotechnical Surveys Diesel Spill Modelling
Report (GHD, 2019)
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+ Jelen-1 and Parnassus-1: represented by the MDO modelling undertaken in the Dancer-1
Exploration Drilling Oil Spill Modelling report (GHD, 2020b).

Table 7-2 presents the Maximum Credible Scenario (MCS) for each release scenario.

Table 7-2: Summary of Maximum Credible Spill Scenarios

Maximum Credible Spill

Scenario

Hydrocarbon
Type

Maximum Credible
Volume

Comment

EP
Section

Surface release of MDO from MDO 329 m3released over 0.5 Maximum credible 7.3
refuelling of the MODU or hours volume based of MDO
from the MODU or vessel as bunker tanks, with the
a result of an external impact largest tank having a
(vessel collision) which capacity of 329 m3.
ruptures an MDO tank.
Subsea release of gas- Yoorn 1,998,647 bbl (317,750 Maximum credible 7.2
condensate from a loss of condensate m?3) of liquid condensate volume modelled — with
well control analogue and 45,892 MMscf of gas highest flow potential
(Grader C) derived by combining
Surface release of gas- 1,990,310 bbl (316,424 . .
3 . the highest reservoir
condensate from a loss of m?3) of liquid condensate
flow parameters for the
well control and 45,696 MMscf of gas
well.
Subsea release of gas- Jelen and 273,130 STB (43,423 m?) Maximum credible 7.2
condensate from a loss of Parnassus liquid condensate and volume modelled — with
well control condensate 54,618 MMscf (1,547 highest flow potential
analogue million sm3) gas derived by combining
(Grader C) the highest reservoir

Surface release of gas-
condensate from a loss of
well control

271,436 STB (43,153 m?)
liquid condensate and
54,289 MMscf (1,537
million sm3) gas

flow parameters for the
well.

7.1.2.1 Non-credible Scenarios

Vessel grounding was discussed and considered but determined non-credible given the offshore

location of the OAs and water depths, and therefore, is not discussed further.

7.1.3  Spill Modelling Overview

Oil spill modelling was carried out with SINTEF’s Oil Spill Contingency and Response (OSCAR) system
(version 12.0). OSCAR is a system of integrated models to quantitatively assess the fate and transport
of hydrocarbons in the marine environment, as well as evaluate the efficacy of response measures.

OSCAR provides an integrated hydrocarbon transport and weathering model that accounts for
hydrocarbon advection, dispersion, surface spreading, entrainment, dissolution, biodegradation,

emulsification, volatilisation and shoreline interaction.

Three-dimensional (3D) OSCAR modelling was undertaken in stochastic mode (total of 150
realisations per scenario) with start dates spaced approximately fortnightly over a five-year period.
Inputs into the model were sourced from HYCOM (regional ocean currents, temperature and salinity
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profiles), TPX07.2 (tidal currents) and National Centre for Environmental Protection (NCEP)/ National
Centre for Atmospheric Research (NCAR) (regional winds).

The justification for the hydrocarbon type modelled is in the Hydrocarbon Specifications for
Modelling- Condensate Analogue section below.

Table 7-3 provides details on the model input specifications for the modelled scenarios presented in

Table 7-2.

Table 7-3: Model Input Specifications

Parameter

LOWC- Subsea scenario

Scenarios

LOWC- Surface release

Surface MDO

Location

Dancer-1 well

19° 58’ 19.30” S, 116° 20’ 56.51” E

Depth of Spill (m)

63 m

0 m (surface spill)

0 m (surface spill)

Hydrocarbon type

Jelen and Parnassus Condensate analogue (Dancer and
Reindeer condensate) simulated with Rev 2009 Grader

Marine Diesel Oil (MDO)

C analogue*
Liquid release volume 273,130 STB (43,423 m3) 271,436 STB (43,153 m?) | 329 m3
Gas release volume 54,618 MMscf 54,289 MMscf -
(1,546,595,369 sm3) (1,537,279,126 sm?)
Water release volume 81,211 STB (12,911 m?3) 80,374 STB (12,778 m3) -
Release duration 77 days 77 days 0.5 hours

Timing of release risk
period

All months**

Runs 150
Reference Dancer-1 Exploration Drilling Qil Spill Modelling report (GHD, 2020b)
Location Yoorn-1 well

20°20'34.09" S, 115°47'25.01" E

Depth of release

47 m

0 m (surface spill)

0 m (surface spill)

Hydrocarbon type

Yoorn condensate analogue (Linda Condensate)
simulated with Rev 2009 Grader C analogue*

Marine Diesel Oil (MDO)

Hydrocarbon discharge
rate

32,661 bbl/day week 1;
20,489 bbl/day week 11

32,492 bbl/day week 1;
20,428 bbl/day week 11

Gas release volume

45,892 MMscf

45,696 MMscf

(1,299,516,880 sm?3) (1,293,966,778 sm?3)
Liquid release volume 1.999x10° bbl 1.990x10° bbl 329 m?
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Average condensate-gas 43.6 bbl/MMscf 43.6 bbl/MMscf -

ratio

Time of the year All months**

Spill duration 77 days 0.5 hours

Modelling duration 112 days 35 days

Reference WA-499-P Exploration Drilling LOWC Spill Modelling WA-499-P Geophysical

(GHD, 2020a) and Geotechnical Survey

Diesel Spill Modelling
Report (GHD, 2019)

* Note Jelen-1 and Parnassus-1 LOWC modelling used Dancer-1 modelling, which uses Reindeer condensate as an analogue,
which was modelled as Rev 2009 13 Grader C (Grader C), selected from within the SINTEF Qil Library. Yoorn-1 LOWC
modelling used Linda condensate as an analogue, which was also modelled as Grader C.

** The stochastic model was run based on drilling occurring at any time of the year, with 120 realisations per scenario.

7.1.3.1 Weathering Modelling

Weathering modelling was undertaken with the SINTEF Oil Weathering Model (OWM). OWM
predicts the weathering (i.e. mass balance partitioning) of hydrocarbons under steady-state met-
ocean conditions. OWM simulations were run for sustained wind speeds of 1 m/s (low winds), 5 m/s
(moderate winds) and 10 m/s (high winds). The simulations are based on a test case of 100 m?3 of
hydrocarbon released instantaneously onto the sea surface.

7.1.3.2 Hydrocarbon Specifications for Modelling — Condensate Analogue
Oil spill modelling in OSCAR is undertaken by selecting a hydrocarbon modelling analogue from
within the SINTEF Oil Library that provides the best match to the expected (target) hydrocarbon.

Rev 2009 13 Grader C (Grader C) was selected from within the SINTEF Oil Library as the modelling
analogue for Reindeer Condensate, which was the analogue selected for the Dancer-1 modelling
(GHD, 2020b).

Grader C was also selected as the modelling analogue for Linda condensate, which was the analogue
identified for the Yoorn-1 modelling (GHD, 2020a).

A comparison of the distillation curves of Grader C and the Reindeer Condensates and Linda-1
condensate is presented in Figure 7-1 and Figure 7-2 respectively. Grader C was well matched to the
boiling point curve for both condensate types.
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Figure 7-1: Comparison of boiling point curves for Reindeer and Grader C
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Figure 7-2: Comparison of boiling point curves for Linda-1 and SINTEF’s Grader C Condensates

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 342 of 557



S0-91-BI-20003.01 Santos

7.1.4 Hydrocarbon Characteristics

7.1.4.1 Condensate

The hydrocarbon type for the LOWC scenarios was identified as Reindeer Condensate for Jelen-1 and
Parnassus-1; and Linda-1 condensate for Yoorn-1. Rev 2009 13 Grader C (Grader C) was selected
from within the SINTEF Oil Library as the modelling analogue for both.

Table 7-4 presents the bulk properties of Linda-1 condensate, Reindeer condensate and the SINTEF
condensate: Rev Grader C. A comparison of the bulk properties (Table 7-4) indicates a close match
between Grader C, Linda-1 and Reindeer condensate across all comparisons.

Table 7-4: Comparison of Hydrocarbon Properties of Linda-1 (Yoorn analogue), Reindeer (J&P
analogue) and SINTEF Grader C Condensates

Parameter Linda-1 Condensate Reindeer Condensate*  SINTEF Rev2009 13
Grader C

Specific Gravity 0.787 0.7862 0.779

API Gravity 48.2 48.5 50.1

Viscosity (cP) 1.33 @ 20°C 0.841 1.1 @ 13°C

Wax Content (%) 0.5 <5 0.6

Pour Point (°C) -27 <-36 -21

Asphaltene (%) <0.05 <0.5 0.01

*Source: Intertek (2019)
7.1.4.2 Marine Diesel

ITOPF (2011) and Australian Maritime Oil Spill Centre-AMOSC (2011) categorises diesel as a light
group Il hydrocarbon. In the marine environment, a 5% residual of the total quantity of diesel spilt
will remain after the volatilisation and solubilisation processes associated with weathering

(Table 7-5).

Table 7-5: Characteristics of MDO

Initial Viscosit Componen Volatil Semi- Low Residual Aromatic

density  y(cP) t es (%) volatile = Volatili (%) s (%)

g/cm? (15°C) s (%) ty (%)

t
?.5°C Boiling <180 180- 256- >380 Of whole
Points (°C) 265 oil <380
NON-PERSISTENT PERSISTEN
T

Marine 0.8368 4 % of total 6.0 34.6 54.4 <5 3.0
Diesel
Oil

Source: GHD (2020a)
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7.1.5 Hydrocarbon Exposure Values

To inform the impact assessment it is important to understand the concentrations of hydrocarbons
within the EMBA after a spill. To do this NOPSEMA recommends identifying hydrocarbon exposure
values that broadly reflect the range of consequences that could occur at certain concentrations
(NOPSEMA, 2019). The exposure values that have been applied to this EP are described below.

The EMBA shown in Figure 3-1 was identified using low exposure values predicted by modelling both
scenarios (GHD 2020a; 2020b). These low exposure values are not considered to be representative of
a biological impact, but they are adequate for identifying the full range of environmental receptors
that might be contacted by surface and/or subsurface hydrocarbons (NOPSEMA, 2019).

To inform impact assessment, exposure values that may be representative of biological impact have
also been identified. These are called “moderate exposure values” and “high exposure values”.
Moderate and high exposure values are modelled to identify the receptors contacted by surface,
subsurface (entrained hydrocarbon and DAH’s), and shoreline accumulation.

Determining exposure values that may be representative of biological impact is complex since the
degree of impact will depend on the sensitivity of the receptors contacted, the duration of the
exposure and the toxicity of the hydrocarbon type making the contact. The toxicity of a hydrocarbon
will also change over time, due to weathering processes altering the composition of the
hydrocarbon. To identify appropriate exposure values Santos have considered the advice provided by
NOPSEMA Bulletin #1 QOil Spill Modelling (April 2019) and scientific literature. The selected
hydrocarbon exposure values are discussed in Table 7-6, Table 7-7, Table 7-8 and Table 7-9 below.

Table 7-6: Surface Oil Exposure Values

Surface Oil Exposure Description

Concentration Value
(8/m?)

1 Low Risk Evaluation

It is recognised that a lower surface oil concentration of 1 g/m? (equivalent to a
thickness of 0.001 mm or 1 ml of oil per m?) is visible as a rainbow sheen on the
sea surface. Although this is lower than the exposure value for ecological impacts,
it may be relevant to socio-economic receptors and has been used as the
exposure value to define the spatial extent of the environment that might be
contacted (EMBA) from surface oil.

Response Planning

Contact at 1 g/m? (as predicted by oil spill trajectory modelling) is used as a
conservative trigger for activating scientific monitoring plans as detailed in the
OPEP.

10 Moderate Risk Evaluation

There is a paucity of data on surface oil concentrations with respect to impacts to
marine organisms. Hydrocarbon concentrations for registering biological impacts
resulting from contact of surface slicks have been estimated by different
researchers at about 10-25 g/m? (French et al., 1999; Koops et al., 2004; NOAA,
1996). The impact of surface oil on birds is better understood than on other
receptors.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 344 of 557



S0-91-BI-20003.01 Santos

Surface Oil Exposure Description

Concentration Value
(8/m?)

A conservative exposure value of 10 g/m? has been applied to impact assessment
from surface oil in Sections 7.2 to 7.3 of this EP. Although based on birds, this
hydrocarbon exposure value is also considered appropriate for turtles, sea snakes
and marine mammals (NRDAMCME, 1997).

Response Planning

Contact at 10 g/m? is not specifically used for spill response planning.

50 High Risk Evaluation

At greater thicknesses the potential for impact of surface oil to wildlife increases.
All other things being equal, contact to wildlife by surface oil at 50 g/m? is
expected to result in a greater impact.

Response Planning

Containment and recovery effectiveness drop significantly with reduced oil
thickness (McKinney et al., 2017; NOAA, 2014). McKinney et al. (2017) tested the
effectiveness of various oil skimmers at various oil thicknesses. Their results
showed that the oil recovery rate of skimmers dropped significantly when oil
thickness was less than 50 g/m?-(less than Bonn Agreement Code 4). Hence,
50g/m? has been set as a guide for planning effective containment and recovery
operations.

Similarly, surface oil >50 g/m? (Bonn Agreement Code 4/5 and equivalent to oil
observed as discontinuous or continuous true colour) is considered to be a lower
limit for effective dispersant operations and is therefore considered for planning.

Note that containment and recovery and dispersant application are assessed as
not being suitable response strategies for MDO or Reindeer Condensate.

Table 7-7: Shoreline Hydrocarbon Accumulation Exposure Values

Shoreline Exposure Description

Accumulation Value
(8/m?)

10 Low Risk Evaluation

An accumulated concentration of oil above 10 g/m? on shorelines is considered
to represent a level of socio-economic effect (NOPSEMA, 2019) e.g. reduction in
visual amenity of shorelines. This value has been used in previous studies to
represent a low contact value for interpreting shoreline accumulation modelling
results (French-McCay, 2005, 2006).

Response Planning

Not specifically used for response planning because below the limit that can be
effectively cleaned.

100 Moderate Risk Evaluation

The impact exposure value concentration for exposure to hydrocarbons
stranded on shorelines is derived from levels likely to cause adverse impacts to
marine or coastal fauna and habitats. These habitats and marine fauna known
to use shorelines are most at risk of exposure to shoreline accumulations of ail,
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Shoreline
Accumulation

(g/m?)

Exposure
Value

Description

due to smothering of intertidal habitats (such as mangroves and emergent coral
reefs) and coating of marine fauna. Environmental risk assessment studies
(French-McCay, 2009) report that an oil thickness of 0.1 mm (100 g/m?) on
shorelines is assumed as the lethal exposure value for invertebrates on hard
substrates (rocky, artificial or man- made) and sediments (mud, silt, sand or
gravel) in intertidal habitats.

A conservative exposure value of 100 g/m? has been applied for impact
assessment from shoreline accumulation of hydrocarbons in Sections 7.2 to 7.3
of this EP.

Response Planning

A shoreline concentration of 100 g/m?, or above, is likely to be representative of
the minimum limit that the oil can be effectively cleaned according (AMSA,
2015; NOPSEMA, 2019) and is therefore used as a guide for shoreline clean- up
planning. This exposure value equates to approximately % a cup of oil per
square meter of shoreline contacted.

1,000

High

Risk Evaluation

At greater thicknesses the potential for impact of accumulated oil to shoreline
receptors increases. All other things being equal, accumulation of oil above
1,000 g/m? is expected to result in a greater impact.

Response Planning

As oil increases in thickness the effectiveness of oil recovery techniques
increases. This value can therefore be used to prioritise oil recovery efforts,
assuming oil recovery is deemed to have an environmental benefit.

Table 7-8: Dissolved Hydrocarbon Exposure Values

Dissolved

hydrocarbons
(ppb)

10

Exposure
Value

Low

Description

Risk Evaluation

Dissolved Hydrocarbons (also referred to as dissolved WAF or DAH) include the
monoaromatic hydrocarbons (MAHs) (compounds with a single benzene ring
such as BTEX [benzene, toluene, ethyl benzene, and xylenes]) and polycyclic
aromatic hydrocarbons (PAHs) (compounds with multiple benzene rings such as
naphthalenes and phenanthrenes). These compounds have a greater
bioavailability that other components of oil and are considered to be main
contributors to oil toxicity. The toxicity of dissolved hydrocarbons is a function
of the concentration and the duration of exposure by sensitive receptors with
greater concentration and exposure time causing more sever impacts. Typically
tests of toxicity done under laboratory conditions measure toxicity as
proportion of test organisms affected (e.g. 50% mortality or LC50) at the end of
a set time period, often 48 or 96 hours.

French-McCay (2002) in a review of literature, reported LC50 for dissolved PAHs
with 96 h exposure, range between 30 ppb for sensitive species (2.5th-
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Dissolved

hydrocarbons
(ppb)

Exposure
Value

Description

percentile species) and 2,260 ppb for insensitive species (97.5th-percentile
species), with an average of about 250 ppb. The range of LC50s for PAHs
obtained under turbulent conditions (this includes fine oil droplets) was 6 ppb
to 410 ppb with an average of 50 ppb (French-McCay, 2002).

The dissolved hydrocarbon 10 ppb exposure value has been used to inform the
EMBA within Sections 7.2 to 7.3. An exposure value of 10 ppb is appropriate as
it is concentration that could have some potential negative effect on marine
organisms.

Response Planning

Contact at 10 ppb (as predicted by oil spill trajectory modelling) is used as a
trigger for activating scientific monitoring plans as detailed in the OPEP.
Establishes planning area for scientific monitoring based on potential for
exceedance of water quality triggers (NOPSEMA, 2019).

50 Moderate Risk Evaluation
Approximates potential toxic effects, particularly sublethal effects to sensitive
species (refer to above text). Consistent with NOPSEMA (2019). For most
marine organisms, a concentration of between 50 and 400 ppb is considered to
be more appropriate for risk evaluation.
Response Planning
Encompassed by response to 10ppb. There is no different response planning for
higher exposure values.

400 High Risk Evaluation

Approximates toxic effects including lethal effects to sensitive species
(NOPSEMA, 2019).

Response Planning

Encompassed by response to 10ppb. There is no different response planning for
higher exposure values.

Table 7-9: Entrained Hydrocarbon Exposure Values

Entrained

hydrocarbons
(ppb)

10

Exposure
Value

Low

Description

Risk Evaluation

Entrained hydrocarbons (also referred to as total WAF), as opposed to dissolved,
are oil droplets suspended in the water column and insoluble. Entrained
hydrocarbons are not as bioavailable to marine organisms compared to DAHs and
on that basis are considered to be a less toxic, especially over shorter exposure
time frames. Entrained hydrocarbons still have potential effects on marine
organisms through direct contact with exposed tissues and ingestion (NRC, 2005)
however the level of exposure causing effects is considered to be considerably
higher than for dissolved hydrocarbons.
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Entrained Exposure Description

hydrocarbons Value
(ppb)

Much of the published scientific literature does not provide sufficient information
to determine if toxicity is caused by entrained hydrocarbons, but rather the
toxicity of total oils which includes both dissolved and entrained components.
Variations in the methodology of the total water accommodated fraction (TWAF
(entrained and dissolved)) may account for much of the observed wide variation
in reported exposure values, which also depend on the test organism types,
duration of exposure, oil type and the initial oil concentration. Total oil toxicity
acute effects of total oil as LC50 for molluscs range from 500 to 2,000 ppb (Clark
et al., 2001; Long and Holdway, 2002). A wider range of LC50 values have been
reported for species of crustacea and fish from 100 to 258,000,000 ppb (Gulec et
al., 1997; Gulec and Holdway, 2000; Clark et al., 2001) and 45 to 465,000,000 ppb
(Gulec and Holdway, 2000; Barron et al., 2004), respectively.

The 10 ppb exposure value represents the very lowest concentration and
corresponds generally with the lowest trigger levels for chronic exposure for
entrained hydrocarbons in the ANZECC (2018) water quality guidelines. This is
consistent with NOPSEMA (2019) guidance.

Response Planning

Contact at 10 ppb (as predicted by oil spill trajectory modelling) is used as a
trigger for activating scientific monitoring plans as detailed in the OPEP.
Establishes planning area for scientific monitoring based on potential for
exceedance of water quality triggers (NOPSEMA, 2019).

100 Moderate Risk Evaluation

The 100 ppb exposure value is considered to be representative of sub-lethal
impacts to most species and lethal impacts to sensitive species based on toxicity
testing as described above. This is considered conservative as toxicity to marine
organisms from oil is likely to be driven by the more bioavailable dissolved
aromatic fraction, which is typically not differentiated from entrained
hydrocarbon in toxicity tests using water accommodated fractions (WAFs). Given
entrained hydrocarbon is expected to have lower toxicity than dissolved
aromatics, especially over time periods where these soluble fractions have
dissoluted from entrained hydrocarbon, the moderate exposure value is
considered appropriate for risk evaluation.

The entrained hydrocarbon 100 ppb exposure value has been used to inform the
risk assessments within Sections 7.2 to 7.3.

Response Planning

Encompassed by response to 10ppb. There is no different response planning for
higher exposure values.

7.1.6  Spill Risk Assessment Approach

A consistent risk assessment approach is applied to each unplanned hydrocarbon release scenario in
Section 7.2 (LOWC) and Section 7.3 (MDO). The spill risk assessment approach is based on Santos’ Oil
Spill Risk Assessment and Response Planning Procedure (QE-91-11-20003). The procedure describes
the spill risk assessment process as follows:
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+ ldentify the spatial extent of the EMBA. This has been completed for this EP as part of the
assessment of the existing environment and receptors that are known to occur or may occur
within the EMBA are described in Section 3

+ ldentify areas of high environmental value (HEV) within the EMBA (HEVSs are described in Areas of
High Environmental Value section)

+ ldentify and then risk assess hot spots. Hotspots are effectively a subset of HEVs and their
determination is described in Areas of High Environmental Value section)

+ ldentifies priorities for protection (for consideration of spill response strategies in the OPEP).

7.1.6.1 Spill EMBA

Defining the EMBA by an oil spill is the first step in oil spill risk assessment. For activities where there
is the potential for multiple spill scenarios, the spill scenario, or combination of spill scenarios,
resulting in the greatest spatial extent of impacts is used to define the overall EMBA for the activity.
The EMBA is further described in Section 3.1.

7.1.6.2 Areas of High Environmental Value

Santos has predetermined areas of HEV (Figure 7-3 and Figure 7-4) along the Western Australian
coastline by ranking these areas based on:

+ Protected area status — This is used as an indicator of the biodiversity values contained within that
area, where a World Heritage Area, Ramsar Wetland and Marine Protected Area will score higher
than areas with no protection assigned; and

+ BIAs of listed threatened species — These are spatially defined areas where aggregations of
individuals of a species are known to display biologically important behaviour, such as breeding,
feeding, resting or migration. Each one of these within the predefined areas contributes to the
score.

Further input to determine areas of HEV included:

+ Sensitivity of habitats to impact from hydrocarbons in accordance with the guidance document
Sensitivity Mapping for Oil Spill Response produced by IPIECA, the International Maritime
Organisation and International Association of Oil and Gas Producers

+ Sensitivities of receptors with respect to hydrocarbon-impact pathways

+ Status of zones within protected areas (i.e., IUCN (1a) and sanctuary zones compared to IUCN (VI)
and multiple use zones)

+ Listed species status and predominant habitat (surface versus subsurface)

+ Social values; i.e., socio-economic and heritage features (e.g., commercial fishing, recreational
fishing, amenities, aquaculture).

Tallied scores for each predefined area along the Western Australian coastline were then ranked
from 1to 5, with an assignment of 1 representing areas of the highest environmental value and
those with 5 representing the areas of the lowest environmental value.
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7.1.6.3 Hot Spots

While the entire EMBA will be considered during risk assessment and spill response planning, it is
best practice to concentrate greatest effort and level of detail on those parts of the EMBA that have:

+ The greatest intrinsic environmental value —i.e., HEV areas ranked 1-3
+ The highest probability of contact by oil (either floating, entrained or dissolved aromatic)
+ The greatest potential concentration or volume of oil arriving at the area.

These areas are termed ‘Hot Spots’. Defining Hot Spots is typically the first step in undertaking
detailed spill risk assessment and spill response planning. Hot Spots are a subset of HEV areas that:

+ Have the highest probability of contact (at least higher than 5%) above the impact assessment

+ exposure values for surface hydrocarbons and shoreline accumulation based on modelling results

+ Receive the greatest concentration or volume of oil, either floating or stranded oil, entrained
hydrocarbon or DAHs above contact exposure values described in Section 7.1.5.

7.1.6.4 Priorities for Protection

For the purposes of a spill response preparedness strategy, it is not necessary for all Hot Spots to
have detailed planning. For example, wholly submerged Hot Spots may only be contacted by
entrained hydrocarbon, and the response would be largely to implement scientific monitoring to
determine impact and recovery. Hot Spots with features that are not wholly submerged (i.e.,
emergent features) should have specific spill response planning conducted. This final determination
of ‘Priority for Protection’ sites, for the oil spill response strategy, is based on the worst-case
estimate of surface oil concentration, shoreline loading and minimum contact time at exposure value
concentrations.

Further detail on the process for selection of Priority for Protection sites is detailed in the Oil Spill Risk
Assessment and Response Planning Procedure (QE-91-11-20003).

The oil spill response strategies for Priority for Protection sites are undertaken within the activity
OPEP.

An assessment of each protection priority will be undertaken to determine the most appropriate spill
response strategies based on the type of oil and the values of the protection priority area. This can
be done through a strategic Net Environmental Benefit Analysis (NEBA) approach.
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7.1.6.5 Potential Hydrocarbon Impact Pathways

To help inform the hydrocarbon spill risk assessment receptors within the EMBA, the potential
physical and chemical impact pathways have been defined. Physical pathways include contact from
surface oil, accumulated shoreline oil, or entrained hydrocarbon droplets from an MDO or LOWC
condensate release. Chemical pathways include ingestion, inhalation or contact from any
hydrocarbon phase. These are summarised in Table 7-10 and the information is drawn upon within
the hydrocarbon risk assessment for each release scenario (Section 7.2 and Section 7.3). Table 7-11
further describes the nature and scale of the hydrocarbon spills associated with the Activity on
marine fauna and socio-economic receptors found within the MEVA.
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Table 7-10: Physical and Chemical Pathways for Hydrocarbon Exposure and Potential Impacts on Receptors

Receptor

Physical pathway

Potential impacts

Chemical pathway

Potential impacts

Rocky shorelines

Shoreline loading and attachment may
result in thin and sporadic coating of
hydrocarbon residues. Degree of oil
coating is dependent upon the energy of
the shoreline area, the type of the rock
formation and continual biodegradation
of the oil.

Impacts to flora (mangroves)
and fauna further described
below.

Chemical pathway to fauna and
flora via adsorption through
cellular membranes and soft
tissue, ingestion, irritation/
burning on contact and
inhalation.

Impacts to flora (mangroves)
and fauna further described
below.

Sandy beaches

Shoreline loading and water movement
may allow hydrocarbon residue to filter
down into sediments, continue to
biodegrade on the surface or remobilise
into surf zone. Degree of loading is
dependent upon the energy and tidal
reach of the shoreline, the type of the
sandy shore and continual weathering of
the oil.

Indirect impacts to nesting
and foraging habitats for
birds and turtles. Direct
impacts to infauna.

Chemical pathway to fauna and
flora via adsorption through
cellular membranes and soft
tissue, ingestion,
irritation/burning on contact and
inhalation.

Indirect impacts to nesting and
foraging habitats for birds and
turtles. Direct impacts
(mortality) to infauna through
toxic effects and smothering.

Intertidal platforms

Shoreline loading and water movement
may allow hydrocarbon residue to filter
down into sediments (e.g. within
wetlands) or continue to biodegrade on
the surface or remobilise into surf zone.
Degree of loading is dependent upon
the energy and tidal reach of the
shoreline, the type of the substrate and
continual weathering of the oil.

Indirect impacts to foraging

habitats for birds and turtles.

Direct impacts to infauna.

Chemical pathway to fauna and
flora via adsorption through
cellular membranes and soft
tissue, ingestion,
irritation/burning on contact and
inhalation.

Indirect impacts to foraging
habitats for birds. Direct
impacts (mortality) to infauna
through toxic effects and
smothering.
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Receptor

Physical pathway

Potential impacts

Chemical pathway

Potential impacts

Shallow sub-tidal
soft sediments

Hydrocarbon residue in the shallow
waters adjacent to shorelines may settle
to filter down into sediments. Degree of
loading is dependent upon the energy
and tidal reach of the shoreline, the type
of the substrate and continual
weathering of the oil.

Indirect impacts to foraging
habitats for turtles and fish.
Direct impacts to infauna.

Adsorption via cellular
membranes and soft tissue,

ingestion, irritation/burning on

contact and inhalation.

Indirect impacts to foraging
habitats for turtles and fish.
Direct impacts (mortality) to
infauna through toxic effects
and smothering.

Mangroves

Coating of root system reducing air and
salt exchange. Degree of coating is
dependent upon the energy and tidal
reach of the shoreline, the type of the
substrate and continual weathering of
the oil.

Yellowing of leaves.
Defoliation.

Increased sensitivity to
stressors.

Tree death.
Reduced growth.

Reduced reproductive
output.

Reduced seed viability.

External contact by oil and
adsorption across cellular
membranes.

Yellowing of leaves.
Defoliation.

Increased sensitivity to
stressors.

Tree death.

Reduced growth.

Reduced reproductive output.
Reduced seed viability.

Growth abnormalities.

Seagrasses and
macroalgae

Coating of leaves/thalli reducing light
availability and gas exchange. Degree of
coating depends upon the energy and
tidal reach of the shoreline, the type of
the receptor and continual weathering
of the oil.

Bleaching or blackening of
leaves.

Defoliation.

Reduced growth.

External contact by oil and
adsorption across cellular
membranes.

Mortality.

Bleaching or blackening of
leaves.

Defoliation.

Disease.

Reduced growth.

Reduced reproductive output.

Reduced seed/propagule
viability.
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Receptor Physical pathway Potential impacts Chemical pathway Potential impacts
Hard corals (coral Coating of polyps, shading resulting in Bleaching. External contact by oil and Mortality.
reefs) reduction on light availability. Degree of | |hcreased mucous adsorption across cellular Cell damage.
tingisd dent th ; b . . .
coating is dependent upon the production. membranes Reduced metabolic capacity.

metocean conditions, dilution, if corals
are emergent at all and continual
weathering of the oil. Disease.

Reduced growth. Reduced immune response.

Reduced growth.
Reduced reproductive output.
Reduced egg/larval success.

Growth abnormalities.

Non-coral benthic Coating of adults, eggs and larvae. Mortality. Ingestion and inhalation. Mortality.
invertebrates Degree of coating is dependent upon Behavioural disruption. External contact and adsorption | Cell damage.

the energy and tidal reach of the Impaired growth. across exposed skin and cellular Reduced metabolic capacity.

shoreline, the type of the receptor and membranes. .

. . . Reduced immune response.
continual weathering of the oil. Uptake of DAH across cellular
Disease.
membranes.

Reduced growth.
Reduced mobility and capacity 8

for oxygen exchange. Reduced reproductive output.

Reduced egg/larval success.
Growth abnormalities.

Behavioural disruption.
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Receptor

Physical pathway

Potential impacts

Chemical pathway

Potential impacts

Sharks, rays and fish

Coating of adults but primarily eggs and
larvae — reduced mobility and capacity
for oxygen exchange.

Mortality.

Oxygen debt.
Starvation.
Dehydration.
Increased predation.

Behavioural disruption.

Ingestion.

External contact and adsorption
across exposed skin and cellular
membranes.

Uptake of DAH across cellular
membranes (for example, gills).

Mortality.

Cell damage.

Flesh taint.

Reduced metabolic capacity.
Reduced immune response.
Disease.

Reduced growth.

Reduced reproductive output.
Reduced egg/larval success.
Growth abnormalities.

Behavioural disruption.

Birds (seabirds and
shorebirds)

Degree of coating is dependent upon
the energy and tidal reach of the
shoreline, the type of the receptor and
continual weathering of the oil.

Feather and skin irritation
and damage, with the
potential to cause secondary
impacts such as:

Physical restriction of flight
and swimming movement.

Mortality.

Hypothermia / impairing the
waterproofing of feathers.

Disruption to feeding /
starvation.

Disruption to breeding.

Disruption to migration.

Ingestion (during feeding or
preening). External contact and
adsorption across exposed skin
and membranes.

Mortality.

Cell damage, lesions.
Secondary infections.
Reduced metabolic capacity.
Reduced immune response.
Disease.

Reduced growth.

Reduced reproductive output.
Growth abnormalities.

Behavioural disruption.
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Receptor

Physical pathway

Potential impacts

Chemical pathway

Potential impacts

Marine reptiles

Degree of coating is dependent upon
the energy and tidal reach of the
shoreline, the type of the receptor and
continual weathering of the oil.

Irritation of eyes/mouth and
potential illness, which may
cause secondary impacts
such as:

Inhalation.
Ingestion.

External contact and adsorption
across exposed skin and

Mortality.
Cell damage, lesions.
Secondary infections.

Reduced metabolic capacity.

species).

Coating of feeding apparatus in some
species (baleen whales).

illness, which may cause
secondary impacts such as:

Mortality.

Disruption to feeding /
starvation.

Physical restriction.

Behavioural disruption.

External contact and adsorption
across exposed skin and
membranes.

Mortality. membranes. ,
. . . Reduced immune response.
Disruption to feeding / .
starvation. Disease.
Physical restriction. Reduced growth.
Behavioural disruption. Reduced hatchling success.
Reduced reproductive output.
Growth abnormalities.
Behavioural disruption.
Marine mammals Fur damage and matting, reduced Irritation of eyes/mouth, Inhalation. Mortality.
mobility and buoyancy (for applicable damage to fur and potential Ingestion. Cell damage, lesions.

Secondary infections.
Reduced metabolic capacity.
Reduced immune response.
Disease.

Reduced growth.

Reduced reproductive output.
Growth abnormalities.

Behavioural disruption.
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Receptor

Physical pathway

Potential impacts

Chemical pathway

Potential impacts

Plankton

Coating of feeding apparatus.

Reduced mobility and capacity for
oxygen exchange.

Mortality.

Behavioural disruption (for
example, reduced mobility).

Inhalation.
Ingestion.

External contact.

Mortality.

Impairment of biological
activities (for example, feeding,
respiration).

Reduced mobility.

Water quality and
sediment quality

Presence of hydrocarbon residue in the
water, which may filter down to
sediments or continue to biodegrade on
the surface.

Degree of loading in the water column is
dependent upon the influence of wave
energy and tidal range.

Impacts to flora and fauna,
as discussed in rows above.

Adsorption via cellular
membranes and soft tissue,
ingestion, irritation/burning on
contact and inhalation.
Impacts to flora and fauna, as
discussed in rows above.

Impacts to flora and fauna, as
discussed in rows above.

Protected areas

Coating of benthic habitats, shoreline
habitats and marine fauna/flora within
protected areas as discussed in rows
above.

Mortality, injury or
behavioural disruption to
marine fauna.

Death or impairment of
habitats within protected
areas.

Reduction in the quality of
the marine environment
within protected areas.

Environmental value of
protected areas is degraded.

Impacts to flora and fauna, as
discussed in rows above.

Mortality, injury or behavioural
disruption to marine fauna.

Death or impairment of habitats
within protected areas.

Reduced growth of benthic
habitats.

Reduction in the quality of the
marine environment within
protected areas.

Environmental value of
protected areas is degraded.
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Receptor

Physical pathway

Potential impacts

Chemical pathway

Potential impacts

Socio-economic
environment
(fisheries, tourism,
shipping, defence,
shipwrecks,
Indigenous users, oil
and gas)

Presence of hydrocarbon residue in the
water, which may filter down to
sediments or continue to biodegrade on
the surface.

Coating of benthic habitats, shoreline
habitats and marine fauna/flora within
protected areas as discussed in rows
above.

Degradation of cultural or
maritime heritage sites.

Disruption to tourism,
recreation or shipping
activities.

Reduction in resource
available for commercial and
recreational fisheries.

Impacts to flora, fauna and the
physical environment as
discussed in rows above.

Commercial/recreational fish
species —refer to ‘fish’ as
discussed above.

Degradation of cultural or
maritime heritage sites.

Disruption to tourism,
recreation or shipping activities.

Reduction in resource available
for commercial and recreational
fisheries.
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7.1.6.6 Summary of Potential Impacts

Table 7-11 provides a summary of the potential impacts of hydrocarbon releases to sensitive
receptors and values at the moderate exposure values (see Section 7.1.5).

Table 7-11: Nature and Scale of Hydrocarbon Spills on Environmental and Socio-economic

Receptors

Receptors

Impacts of Hydrocarbon release on sensitive receptors at the moderate exposure
value

Plankton
(including
zooplankton;
coral larvae and
Benthic
Invertebrates)

There is potential for localised mortality of plankton due to reduced water quality
and toxicity.

Plankton utilising surface waters as well as pelagic invertebrates (e.g. jellyfish)
could be impacted from surface, entrained or dissolved hydrocarbons. Physical
contact of small hydrocarbon droplets may impair plankton mobility, feeding
and/or respiration. Plankton could include the eggs and larvae of marine
invertebrates (including coral) and fish. The likelihood of this would be determined
by the extent and timing of the spill; for example, hard coral spawning occurs
primarily in March/April, so there is a heightened potential for impacts to coral
eggs and larvae to occur during this period. There is the potential for ingestion of
small hydrocarbon droplets or DAHs by filter feeding organisms (e.g. jellyfish, salps,
zooplankton), which could result in negative impact to some species.

Potential for impacts due to physical contact with entrained hydrocarbon is low for
Reindeer condensate and MDO, given the non-persistent nature of both
hydrocarbons.

Benthic invertebrates, particularly those using intertidal habitats of the Ningaloo
Coast, Barrow Island and Montebello Islands could be contacted at moderate
exposure values.

The abundance and diversity of epi-benthic invertebrates is likely to be highest in
shallow subtidal habitats such as hard corals, seagrasses, macroalgae. Benthic
invertebrates may be impacted by oiling interfering with feeding and respiratory
structures. There is also the potential for hydrocarbon to be ingested by filter
feeding invertebrates such as molluscs and sponges; bivalves could potentially
bioaccumulate hydrocarbons. Given the non-persistent nature of both
hydrocarbon, potential impacts from physical smothering are low. Recovery time of
intertidal habitats may be slightly longer for a Reindeer condensate release
compared to MDO, as greater proportion of the invertebrate population may be
exposed to entrained hydrocarbons in the event of a Reindeer condensate

(particularly subsea release) release compared to MDO.

Marine
mammals

Marine mammals are at risk of direct contact with MDO and condensate due to
chance of surfacing within the slick. Effects include irritation of eyes/mouth and
potential illness. In addition, surfacing in a slick may lead to accidental ingestion

of hydrocarbons or result in the coating of sensitive epidermal surfaces. There is

an increased potential for volatile hydrocarbons to be inhaled if marine mammals
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were to surface within a surface slick especially if close to the release sites where

the hydrocarbon would be relatively fresh (i.e. have a greater concentration of

volatile monocyclic aromatic hydrocarbons such as BTEX chemicals).

+  Lethal or sub-lethal physical and toxic effects such as irritation of eyes/mouth and
potential illness may occur should marine mammals contact dissolved and
entrained hydrocarbons in the water column. Marine mammals could potentially
ingest entrained hydrocarbon when feeding in open water.

+ 47marine mammals were identified by the EPBC Protected Matters search for the
EMBA (Section 3.2.3). BIAs overlapping the EMBA include:

—  Humpback whale - migration (north and south), resting, nursing and
calving

—  Blue whale - foraging/migration

—  Pygmy blue whale — foraging, migration and distribution

—  Sperm whale- foraging

— Australian sea lion — foraging (male and female)

— Dugong - breeding, foraging (high density seagrass beds), nursing and
calving

—  Southern Right Whale - seasonal calving habitat and calving buffer.

+  Of these species the humpback whale (migration and resting), pygmy blue
(distribution, migration and foraging) and dugong’s BIAs are closer to the YJP OAs
and are therefore likely to be exposed to greater concentrations of hydrocarbons
(at or above the moderate exposure values).

— Surface and entrained MDO and condensate at moderate exposure
concentrations could occur within the humpback whale migration BIA in the
event of an unplanned release. Should a hydrocarbon spill occur within
migration season (June to October) risk of impact to humpback whales is
greater. A greater proportion of the migrating population may be contacted
by surface or entrained hydrocarbons, and if individuals actively avoid the
spill (or spill response activities) migration pathways may be disrupted.

— Dugongs may be indirectly impacted via habitat loss due to reduction in
seagrass due to from contact with entrained hydrocarbons. Direct impacts to
dugongs could occur through foraging or ingesting seagrass coated with
hydrocarbon. Additionally, where surface slicks are expected to extend into
shallower coastal waters, impacts from contact with surface hydrocarbons
may also occur as they surface to breathe.

Marine reptiles +  Marine reptiles are at risk of direct contact with hydrocarbons due to chance of
surfacing within slick, effects include irritation of eyes/mouth and potential
illness. Entrained and dissolved hydrocarbons may lead to lethal or sub-lethal
physical and toxic effects such as irritation of eyes/mouth and potential illness.

+ The greatest potential for impact to turtles or seasnakes is likely to be in feeding
areas where surface and/or entrained hydrocarbons have contacted shallow
water foraging habitats (e.g. seagrass, hard coral and macroalgae) or, in the case
of turtles, at any turtle nesting beaches that have been contacted by stranded

surface MDO or Reindeer condensate.
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+  Green, hawksbill, flatback and loggerhead turtles utilise shallow waters and
nesting beaches of the Montebello Islands, Barrow Island and Lowendal Islands,
which may be contacted at moderate exposure values. The risk at these nesting
beaches is for hydrocarbons to contact adult females during nesting season or
turtle hatchlings 6-8 weeks following nesting or to accumulate on the shorelines.
Hydrocarbons may cause irritation to turtles’ sensitive organs such as eyes. In
terms of entrained hydrocarbons within shallow coastal waters turtles may be
sensitive since they feed in shallow water coral and macroalgae habitats and may
ingest entrained MDO or gas condensate as well as potentially being contacted on
external surfaces.

+ BIAs and habitat critical for the survival of the species for the flatback turtle,
green turtle, hawksbill turtle and loggerhead turtle all are within the extent of the
moderate exposure value for entrained hydrocarbons from the worst-case

credible spill, which is the largest area reaching moderate exposure value.

Seabirds and +  Lethal or sub-lethal physical and toxic effects such as irritation of eyes/mouth and

shorebirds potential illness may occur should seabirds and shorebirds be exposed to MDO
and Reindeer condensate at moderate exposure values, however it is commonly
thought that MDO does not cause problems for wildlife due to the lack of visible
oiling however may be toxic (WAOWRP, 2014).

+ Seabirds are at risk of contacting surface, entrained or dissolved MDO and
condensate while diving and foraging.

+  Shorebirds may encounter MDO and condensate accumulating on shorelines at
feeding, roosting and breeding sites.

+ Foraging seabirds may continue to forage within slicks as most fish survive
beneath floating slicks. Smothering of oil on seabird during foraging can lead to
reduced water proofing of feathers and ingestion while preening. In addition,
hydrocarbons can erode feathers causing chemical damage to the feather
structure that subsequently affects ability to thermoregulate and maintain
buoyancy on water.

+  Seabirds may ingest surface and/or entrained hydrocarbon when feeding in
affected offshore waters or coastal waters, however it is unlikely that significant
guantities of oil would be ingested. Coating of feathers on birds diving into
entrained hydrocarbon is a possibility although the concentration of hydrocarbon
is unlikely to lead to significant oiling since neither MDO nor Reindeer condensate
are particularly sticky when compared to other hydrocarbons. The risk of impact
is greater should a release within the chick rearing period, where adults forage
closer to breeding colonies. EPBC listed seabird species have BIAs for resting,
breeding or foraging that overlap the MEVA and are potentially impacted by a
hydrocarbon release. Potential impacts to these species would be greater should
a release occur within the periods of peak habitat use.

+ Therisk to shorebirds and coastal species would depend upon where
hydrocarbon accumulates; accumulation near nesting colonies or areas
supporting feeding aggregations (i.e. sand/mud flats) would result in greatest

impacts.
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Fish and sharks +  The most likely impact of DAHs and/or entrained hydrocarbon droplets on fish is
through the pathways of ingestion or the coating of gill structures. This could lead
to respiratory problems or accumulation of hydrocarbons in tissues. In the worst
instance this could lead to mortality, or sub-lethal stress. Although relatively low
entrainment of hydrocarbons in the water column is predicted for all scenarios
modelled, entrainment is expected to be greater for subsea condensate releases,
resulting in a higher potential for impact to fish.

+  There is potential for localised mortality of fish eggs and larva due to reduced
water quality and toxicity. Effects will be greatest in the upper 10 m of the water
column and areas close to the spill source where hydrocarbon concentrations are
likely to be highest and therefore demersal fish communities are not expected to
be impacted.

+  While fish and sharks do not generally break the sea surface, individuals may feed
at the surface for a short period. Hydrocarbon is expected to quickly disperse and
evaporate (modelling results indicate a significant proportion of the hydrocarbon
mass from the water surface evaporates within 24 hours at moderate wind
speeds for all hydrocarbon types), the probability of prolonged exposure to a
surface slick by fish and shark species is low.

+ A whale shark foraging BIA is within the J&P OA and within the moderate
exposure value area. Whale sharks are oceanic, but also come into shallower,
coastal waters to feeds in surface waters which often coincide with specific
productivity events that are a focus of feeding for the animals. It is therefore
possible that surface and/or entrained hydrocarbon and/or dissolved aromatic
hydrocarbon could come in contact with, or be ingested by, whale sharks

migrating or aggregating in the area at the time of release.

Shoreline +  There is a high probability of volumes of hydrocarbon to accumulate on

Habitats shorelines.

+  The Montebello Islands, Barrow Island, Lowendal Islands and Muiron Islands are a
regionally important nesting sites for flatback turtles. Impacts to turtles could
occur from surface hydrocarbons if oil accumulated on nesting beaches. Entrained
hydrocarbon could also contact sandy beaches at high tide. Such impacts would
be most likely to nesting females as they move up and down beaches or to turtle

hatchlings as they emerge from nests 6-8 weeks following nesting.

Hard corals + In the worst instance direct contact to intertidal corals by surface and/or
entrained hydrocarbon could lead to smothering and reduced capacity for
photosynthesis by zooxanthellae; or chemical toxicity across cellular structures
leading to coral bleaching or colony death. Direct contact by DAHs can cause
lethal and sub-lethal effects in corals, depending on the time and duration of
exposure of the concentrations, with sub-lethal effects including decreased
growth rates and reduced reproductive success (IPIECA, 1992). In the worst-case

instance, irreversible tissue necrosis and death could occur. While acute impacts
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to hard corals from oil spills are possible, they are most likely at high oil
concentrations (as opposed to chronic impacts which can occur at relatively low
concentrations over long periods) (NOAA, 2010).

+  Potential exists for hard coral to be contacted by entrained hydrocarbons
moderate exposure values at a number of locations, notably the Ningaloo
Coastline, Dampier Archipelago, Muiron island, Montebello Islands and Barrow
Island.

+  Given that MDO and condensate have relatively low persistence and are not
considered a sticky oil, hard coral exposure to a spill of the magnitude is expected
to be short term. This is particularly the case in areas where wave action is
conducive to dispersing oil (e.g. fringing coral reef with breaking waves or rocky
shorelines/platform with hard corals). Several studies have indicated that rapid
recovery rates may occur even in cases of heavy oiling (Burns et al., 1993;).
Further, tidal cycles/wave action is expected to prevent long term coating of
intertidal corals by surface oil.

+  The timing of an oil spill event in relation to other environmental stresses, such as
ambient temperature, or reproductive stage could also have significance in that
corals are likely to be more sensitive to oil spill events at times of physiological
stress. Coral spawning at Ningaloo Coast peaks during March/April with a minor
peak in October and spills during this period would likely have greatest potential
for impact to hard corals and their larvae.

Macroalgaeand | . As with hard corals, intertidal and subtidal macroalgae and seagrass could be

seagrass impacted by surface and/or entrained MDO and Reindeer condensate. Impacts
could include reduced capability for photosynthesis if the seagrass or macroalgae
were smothered; or toxic effects could occur from contact with the hydrocarbon.
Areas of seagrass that could be impacted based on moderate exposure values
being reached include coastal waters off the Ningaloo Coast as well as outer Shark
Bay.

+  Impacts to seagrass may present secondary impacts to species reliant on the
habitat such as Dugongs.

Mangroves + Mangrove root systems (including pneumatophores) are sensitive to physical
oiling from surface hydrocarbons. Impacts to mangroves include yellowing of
leaves, defoliation, reduced reproductive output and success, mutation and
increased sensitivity to other stresses (NOAA, 2010). There is the potential for
stands of mangroves at a number of shorelines, notably along the Ningaloo to be

contacted at moderate exposure values.

Intertidal + Intertidal mud/sandflats contacted at moderate exposure values have the

mud/sandflats potential to interfere with infaunal organisms (crabs, molluscs) etc. either by
modifying the habitat (blocking burrowing holes and binding sediments) or
smothering feeding/respiratory/locomotory structures of these organisms.

+ Secondary impacts may occur to fauna such as shorebirds which utilise the mud

and sandflats for feeding should they ingest contaminated invertebrates or

preening of feathers in the area.
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+ Important intertidal mud/sand flat areas along the Ningaloo Coastline are
associated with mangrove areas (e.g. Mangrove Bay), which could be contacted at
the moderate exposure values.

Intertidal rocky +  Contact to intertidal rocky reef areas could occur from surface entrained or
reefs dissolved hydrocarbons. These habitats often support attached invertebrates (e.g.
molluscs, hard and soft corals) and support mobile invertebrates that shelter in
crevices (e.g. crabs), which could potentially be exposed to lethal or sub-lethal

toxicity impacts.

Fisheries Several commonwealth and state fisheries are found within the MEVA and include:

5 commonwealth fisheries (3 fisheries have management areas within the YJP OAs)
22 state fisheries (7 fisheries intercept the YJP OAs)

Hydrocarbons in the water column can have toxic effects on fish (as outlined

+ + + 4+

above) and cause ‘tainting’ reducing catch rates and rendering fish unsafe for
consumption.

+  Exclusion zones surrounding a spill can directly impact fisheries by restricting
access for fishermen.

+ Hydrocarbon releases have the potential to lead to temporary financial losses due
to impact to fish. In the worst instance, a spill could lead to loss of (or loss of
function of) coastal intertidal habitat (e.g. seagrass meadows, mangrove
communities, intertidal mudflats), which provide nursery habitat for fishery
species (e.g. fish and crustaceans). Hydrocarbon contact on fish/invertebrate gill
structures, the ingestion of hydrocarbon by target species and the potential for
entrained hydrocarbon to interfere with the development of fish eggs and larvae

could also potentially impact fisheries for a period after the spill is contained.

Tourism + There is the potential for surface, entrained and/or dissolved aromatic
hydrocarbon to temporarily disrupt tourism activities which rely on the presence
of marine fauna and/or the use of vessels (e.g. snorkelling/scuba diving,
whale/whale shark watching/swimming and recreational fishing) via displacement
from an exclusion zone or a reduction in fauna abundance due to avoidance of
the area.

+ Impacts to recreational fishing may also occur due to impacts to fish as described
for Fisheries above.

+  Visible oiling from accumulated hydrocarbons is likely to occur on beaches on the
Montebello Islands, an important tourist location, where concentrations of
accumulated hydrocarbons are greatest.

Shipping + A number of shipping fairways intersect the EMBA and moderate exposure value
area.

+ Inthe event of a hydrocarbon spill shipping activities may be impacted by
exclusion zones surrounding a spill. Exclusion zones could reduce access for
shipping vessels for the duration of the response undertaken for spill clean-up (if
applicable) meaning vessels may have to take detours leading to potential delays

and increased costs.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan 366 of 557



S0-91-BI-20003.01 Santos

Defence +  Military exercise areas are located at Exmouth and Derby associated with the
Royal Australian Air Force (RAAF) Base Learmonth and Curtin respectively. These
training zones overlap the EMBA and moderate exposure value area. However,
they have been for aerial training are unlikely to be impacted by a hydrocarbon

spill.

Shipwrecks + There are shipwrecks within the EMBA and moderate exposure value area.
Surface hydrocarbons will have no impact on shipwrecks.

Notable shipwrecks include three historic shipwrecks at Pt Cloates along the
Ningaloo Coast (Fin, Perth and Zvir) and one historic shipwreck at North West
Cape (Fairy Queen). It is unlikely that contact would have any lasting impact on
these sites apart from a possible temporary reduction in aesthetic value for a

period.

Indigenous + Marine resource use by indigenous people is generally restricted to coastal
waters. Fishing, hunting and the maintenance of maritime culture and heritage
through ritual, stories and traditional knowledge continue as important uses of
the nearshore region and adjacent areas.

+ Indigenous users may be impacted by surface hydrocarbons, exclusion zones
around spill sites during spill response and fishing and hunting stocks may be
impacted by entrained and dissolved hydrocarbons.

+  The nearest sites include middens, burial, ceremonial, artefacts, rock shelters,
mythological and engraving sites recorded in the Dampier Archipelago and on the
Montebello and Legendre Islands.

Existing oil and + A number of oil and gas operators operate within the EMBA with existing projects
gas activity and infrastructure in place as well as continuing drilling and exploration programs.
A surface or subsea hydrocarbon spill has the potential to disrupt activity with

associated economic impact.

+  Exclusion zones surrounding spills will reduce access, potentially resulting in
delays to work schedules with possible subsequent financial implications.
Facilities such as Chevron’s Gorgon and WA Oil operations on Barrow Island could
be impacted in the event of an unplanned spill event through exclusion or access

restrictions in the event of spill response and clean-up activities (if applicable).

Protected Areas | . The EMBA overlaps 18 KEFs (Section 3.2.2). The following KEFs could be
contacted at the moderate exposure value:

—  Canyons linking the Cuvier Abyssal Plain and the Cape Range Peninsula -
the assemblages of epibenthic species of this KEF are unlikely to be
impacted by a hydrocarbon release. Aggregations of pelagic species,
including whale sharks, manta rays, humpback whales, sharks, large
predatory fish and seabirds, may be impacted by entrained and surface
hydrocarbons as described above

— Ancient coastline at 125 m depth contour — this feature may support
enhanced productivity and may attract opportunistic feeding by larger
marine life including humpback whales, whale sharks and large pelagic
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fish, these species could be impacted by entrained or surface
hydrocarbons

—  Canyons linking the Cuvier Abyssal Plain and the Cape Range Peninsula —
The Canyons linking the Cuvier Abyssal Plain and the Cape Range
Peninsula are defined as a key ecological feature as they are unique
seafloor features with ecological properties of regional significance,
which apply to both the benthic and pelagic habitats within the feature.

— Commonwealth water adjacent to Ningaloo Reef — The Commonwealth
waters adjacent to Ningaloo Reef are defined as a key ecological feature
for their high productivity and aggregations of marine life, which apply to
both the benthic and pelagic habitats within the feature.

—  Continental slope demersal fish communities — This species assemblage
is recognised as a key ecological feature because of its biodiversity
values, including high levels of endemism.

—  Exmouth Plateau — The Exmouth Plateau is defined as a key ecological
feature as it is a unique seafloor feature with ecological properties of
regional significance, which apply to both the benthic and pelagic
habitats within the feature. Mermaid Reef and Commonwealth waters
surrounding Rowley Shoals- this feature may support enhanced
productivity that contributes to this species richness is thought to be
facilitated by the breaking of internal waves in the waters surrounding
the reefs, causing mixing and re-suspension of nutrients from water
depths of 500—700 m into the photic zone

—  Glomar Shoals- the Glomar Shoals are regionally important for their high
biological diversity and high localised productivity.

—  Seringapatam Reef and Commonwealth waters in the Scott Reef complex
— Seringapatam Reef and Commonwealth waters in the Scott Reef
complex are defined as a key ecological feature as they support diverse
aggregations of marine life, have high primary productivity relative to
other parts of the region, are relatively pristine and have high species
richness, which apply to both the benthic and pelagic habitats within the
feature.

—  Wallaby Saddle — Wallaby saddle is defined as a key ecological feature
for its high productivity and aggregations of marine life. These values
apply to both the benthic and pelagic habitats within the feature.

— Ancient coastline between 90 and 120 m depth — The Ancient coastline
between 90 and 120 m depth is defined as a key ecological feature for
its potential high productivity and aggregations of marine life,
biodiversity and endemism. Both benthic habitats and associated
demersal communities are of conservation value.

—  Cape Mentelle upwelling — The Cape Mentelle upwelling is defined as a
key ecological feature for its relatively high productivity and
aggregations of marine life.

— Commonwealth marine environment surrounding the Houtman

Abrolhos Islands (and adjacent shelf break) — The Commonwealth
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marine environment surrounding the Houtman Abrolhos Islands (and
adjacent shelf break) is defined as a key ecological feature for its high
levels of biodiversity and endemism in benthic and pelagic habitats.

— Commonwealth marine environment within and adjacent to the west-
coast inshore lagoons — The Commonwealth marine environment within
and adjacent to the west-coast inshore lagoons is defined as a key
ecological feature for its high productivity and aggregations of marine
life. Both benthic and pelagic habitats within the feature are of
conservation value.

— Naturaliste Plateau — The Naturaliste Plateau is recognised as a key
ecological feature for its biodiversity values, including a unique seafloor
feature with ecological properties of regional significance, which apply
to its benthic and demersal habitats.

—  Perth Canyon and adjacent shelf break, and other west-coast canyons —
The Perth Canyon forms a major biogeographical boundary and it is
defined as a key ecological feature because it is an area of higher
productivity that attracts feeding aggregations of deep-diving mammals
and large predatory fish. It is also recognised as a unique seafloor
feature with ecological properties of regional significance.

— Demersal slope and associated fish communities of the Central Western
Province — The Demersal slope and associated fish communities of the
Central Western Province are recognised as a key ecological feature for
their high levels of biodiversity and endemism.

—  Western rock lobster — The Western rock lobster is defined as a key
ecological feature due to its presumed ecological role on the west coast
continental shelf.

Commonwealth | . protected areas within the moderate hydrocarbon exposure value for entrained
and State Marine

hydrocarbons (which covers the largest area compared with other hydrocarbon
Protected Areas

phases) are summarised below. For full descriptions of these areas refer to
Section 3.2.2 and Santos’ Values and Sensitivities of the Western Australian
Marine Environment (EA-00-RI-10062) Appendix C.
+ National and World Heritage Listed Areas:

— The Ningaloo Coast

—  Shark Bay, Western Australia

—  HMAS Sydney I

— HSK Kormoran

—  Dampier Archipelago (including Burrup Peninsula)

— Australian Marine Parks

— Montebello AMP

— Argo-Rowley Terrace AMP

—  Mermaid Reef AMP

— Gascoyne AMP

— Ningaloo AMP

—  Shark Bay AMP

—  Abrolhos AMP
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+  State Marine Parks and Marine Management Areas:

Muiron Islands Marine Management Area
Marmion Marine Park

Jurien Bay Marine Park

Montebello Islands Marine Park

Shark Bay Marine Park

Ningaloo Marine Park

Barrow Island MMA and Marine Park

Rowley Shoals Marine Park

+ These protected areas support all the habitats and faunal groups described
above. Impacts to the habitat/fauna receptors described above therefore have an
impact on the values of these reserves which could have flow-on effects to
tourism revenue of coastal communities that provide access to these protected
areas. The areas listed above may also support nursery/feeding/aggregation areas
for fisheries species and therefore may assist in maintaining healthy fish stocks

and commercial/recreational fisheries.
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7.2 Hydrocarbon Spill — LOWC

7.2.1 Description of Event

A LOWC during drilling may occur due to a number of reasons, including:
+  Shallow gas;
+  Well kick;
+  Tripping/Swabbing;
+  Loss of primary and secondary well control; and
+  Failure to keep the correct mud density.

In the event of a LOWC, condensate may be released to the marine environment with the
most likely release points at either the MODU drill floor or seabed.

Worst-case credible spill scenarios were estimated to cover the possibility of a LOWC from
any of the three wells drilled under this EP.

The worst-case credible spill scenarios were predicted by selecting the most likely
hydrocarbon flow parameters from the well to yield the credible maximum blowout
volumes and rates (i.e., environmentally credible worst-case volume and rate) from both
subsurface (seabed) and surface (MODU floor) unplanned releases. Key parameters for
input to this ‘worst-case’ blowout were taken from key Santos well design documents and
Well Design Automation System (WDAS), suitable analogues, latest reservoir models, or
Santos best estimates where information was unavailable.

Quantitative hydrocarbon spill modelling was undertaken for the worst-case subsurface
and surface spill scenarios. The LOWC worst-case discharge volumes that were used for
the hydrocarbon spill modelling were based on Santos WA's Technical File Note: Use of
the approved Yoorn-1 WCD TFN to define WCD parameters for other prospects in the
Dampier Sub-basin (Santos, 2021) which evaluated the worst case LOWC scenarios for
multiple wells in the Dampier Sub-basin, including the Parnassus and Jelen prospects, and
Santos’ Dancer-1 Worst Case Discharge Technical File Note Rev 0 (Santos, 2020; October
2020, SO-91-RR-20002). Outputs from the modelling were used to inform the
environmental impact assessment and to assist with emergency planning.

The Dancer-1 modelling was selected as a proxy for the Jelen-1 and Parnassus-1 wells, due
to:

+ Close proximity, as the Dancer-1 well is 8.3 km from the closest proposed well
(Parnassus-1)

+ The hydrocarbon analogue for all was identified as Reindeer condensate (modelled as
Grader C)

+ The LOWC flow rate for Jelen-1 and Parnassus-1 prospects &P is expected to be similar
to Dancer-1.

Stochastic spill modelling information - Volume and Type of Release

Hydrocarbons that could be released to the environment are natural gas and hydrocarbon
liquid (condensate) from a surface or subsea blowout. Quantitative hydrocarbon spill
modelling was undertaken for the worst-case subsea and surface spill discharge rates and
volumes from a LOWC to inform the environmental impact assessment and to assist with
emergency planning.

As explained in Section 7.1.2, Santos have identified two representative spill modelling
reports for the three wells, based on their flow rate and location:
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+ Yoorn-1: WA-499-P Exploration Drilling LOWC Spill Modelling (GHD, 2020a)

+ Jelen-1 and Parnassus-1: Dancer-1 Exploration Drilling Oil Spill Modelling report (GHD,
2020b). The Dancer-1 well is approximately 8.3 km from Parnassus-1, as the closest
well.

Key parameters including worst-case volumes released for each scenario modelled are
given in Table 7-3.
The environmental consequences of a LOWC are highly variable, dependant on the

characteristics of the hydrocarbon released, the dynamics of the receiving environment
and the proximity of the release point to sensitive environmental receptors.

Extent The MEVA and EMBA for the worst-case hydrocarbon spill from a LOWC was defined in
Section 3.1.

For information on the extent of potential impact associated with a LOWC, refer to
Section 7.2.2.

Duration The worst-case duration of a LOWC is predicted as 11 weeks / 77 days (refer to the OPEP).
This is the estimated time required to drill a relief well and gain control of the primary
well. Hydrocarbons would persist within the environment for a longer period of time,
although the condensate released is expected to weather quickly through evaporation
and dispersion.

7.2.2 Nature and Scale of Environmental Impacts

Hydrocarbon spills will cause a decline in water quality and may cause chemical (e.g., toxic) and
physical (e.g., coating of emergent habitats, oiling of wildlife at sea surface) impacts to marine
species. The severity of the impact of a hydrocarbon spill depends on the magnitude of the spill (i.e.,
extent, duration) and sensitivity of the receptor.

The magnitude of potential environmental impact from a condensate release (which behaves in a
similar manner in the marine environment to MDO) is dependent on multiple factors including
hydrocarbon type, release volume and rate, and ocean and weather conditions.

An assessment of the sensitive environmental receptors at risk from a LOWC condensate release has
been determined based on a literature review and trajectory and fate modelling described above.
Section 3 includes a description of biological environment present in the operational and/or spill
(MEVA) trajectory area.

Potential receptors: Physical environment (water and sediment quality, shoals and banks, benthic
habitats, offshore reefs and islands), threatened or migratory fauna (marine mammals, marine
reptiles, sharks, fish, rays and birds), protected and significant areas (marine parks, heritage areas,
key ecological features (KEFs)), socio-economic receptors (fisheries, tourism, recreation and other
third-party operators).

A LOWC release from the Yoorn-1 well to the marine environment would result in reductions in
water quality for at least one model time step (approximately an hour) at a probability greater than
10% across the 120 individual realisations over the following spatial extents (GHD, 2020a):

+ For a surface release scenario at the moderate (impact) thresholds:
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— Dissolved oil (50 ppb): approximately 100 km to the south-west, approximately 80 km to the
east, approximately 40 km to the north and approximately 40 km to the south from the release
point.

— Total submerged oil (100 ppb): approximately 150 km to the south-west, approximately 100
km to the east, approximately 70 km to the north and approximately 50 km to the south from
the release point.

— Surface oil (10 g/m?): approximately 80 km to the south-west, approximately 40 km to the
east, approximately 30 km to the north and approximately 30 km to the south from the release
point.

+ For a seabed release scenario at the moderate (impact) thresholds:

— Dissolved oil (50 ppb): approximately 90 km to the south-west, approximately 70 km to the
east, approximately 40 km to the north and approximately 40 km to the south from the release
point.

— Total submerged oil (100 ppb): approximately 120 km to the south-west, approximately 90 km
to the east, approximately 50 km to the north and approximately 40 km to the south from the
release point.

— Surface oil (10 g/m?): within approximately 10 km from the release point.

There is a 100% probability that condensate will contact shorelines with most shoreline loading on
the Montebello Islands. The worst-case shoreline accumulations predicted at the Montebello Islands
at the moderate (impact) threshold of 100 g/m? are 2,164 tonnes (of a total of 2,707 tonnes) and
1,037 tonnes (of a total of 1,187 tonnes) for the surface and seabed releases, respectively.

A LOWC release from the Dancer-1 well (representing Jelen-1 and Parnsauss-1) to the marine
environment would result in reductions in water quality over the following spatial extents (GHD,
2020b):

For a surface release scenario at the moderate (impact) thresholds:

+ Dissolved oil (50 ppb): approximately 105 km to the south-west, approximately 40 km to the east,
approximately 55 km to the northeast and approximately 45 km to the south from the well.

+ Total submerged oil (100 ppb): approximately 75 km to the south-west, approximately 40 km to
the east, approximately 55 km to the northeast and approximately 30 km to the south from the
well.

+ Surface oil (10 g/m?): approximately 15 km to the south-west, approximately 15 km to the east,
approximately 55 km to the northeast and approximately 10 km to the south from the well.

For a seabed release scenario at the moderate (impact) thresholds:

+ Dissolved oil (50 ppb): approximately 90 km to the south-west, approximately 50 km to the east,
approximately 60 km to the northeast and approximately 35 km to the south from the well.

+ Total submerged oil (100 ppb): approximately 85 km to the south-west, approximately 50 km to
the east, approximately 50 km to the northeast and approximately 40 km to the south from the
well.

+ Surface oil (10 g/m?): No predicted contact above moderate threshold.
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There is a 30% probability that condensate will contact shorelines (subsea scenario) with most
shoreline loading on the Montebello Islands. The worst-case shoreline accumulations predicted at
the Montebello Islands at the moderate (impact) threshold of 100 g/m? are 77 tonnes and 34 tonnes
for the seabed and surface releases, respectively.

The potential impact pathways (physical and chemical) of hydrocarbon exposure to relevant habitat
and marine fauna receptors are summarised in Table 7-10.

7.2.2.1 Hydrocarbon Weathering Behaviour

Grader C was the modelling analogue identified for both the Yoorn-1 and Dancer-1 LOWC modelling;
therefore, the weathering behaviour summarised below is representative of condensate from all
three wells.

A preliminary analysis of hydrocarbon weathering was undertaken with the SINTEF Oil Weathering
Model (OWM). OWM predicts the mass balance partitioning of hydrocarbons (i.e. evaporation,
surface, dispersed subsurface) under steady-state met-ocean conditions. OWM simulations were run
for sustained wind speeds of 1 m/s (low winds), 5 m/s (moderate winds) and 10 m/s (high winds).
The simulations are based on a test case of 100 m? of hydrocarbon released instantaneously onto the
sea surface.

The results of the weathering analyses for the modelling analogue Grader C are presented in
Figure 7-5.

Evaporation is the primary weathering mechanism for highly volatile condensates such as Grader C.
Under low wind speeds of 1 m/s, approximately 90% of the surface slick is predicted to evaporate
after 3 days (72 hours). Under moderate wind speeds of 5 m/s, approximately 82% of the surface
slick is predicted to evaporate after 24 hours with the remaining approximately 18% dispersed in the
water column and no surface slick under these conditions. High wind speeds of 10 m/s are predicted
to rapidly (after only 6 hours) disperse (30%) and evaporate (70%) with no surface slick.

Grader C has a tendency for low levels of emulsification with up to 10% water content in the surface
slick over the range of wind conditions.
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Figure 7-5: Simulated weathering of the SINTEF REV 2009 13 GRADER C hydrocarbon for constant
wind speeds of 1 m/s (top), 5 m/s (middle and 10 m/s (bottom)
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7.2.2.2 Spill Modelling Results

In general, for both models, the predicted environmental impacts (moderate thresholds) from
surface oiling and shoreline loading were higher for the surface than seabed release scenario. Even
though greater evaporative losses occurred for the surface release scenario (approximately 85% of
the total release volume compared to approximately 70% for the seabed release), the proximity of
shorelines when combined with appropriate metocean conditions provided conditions that
transported the surface slick to proximal shorelines, which yield maximum accumulated shoreline
loading approximately twice as high (approximately 2,700 tonnes versus 1,200 tonnes). Metocean
conditions also led to a larger spatial extent of surface oiling above the moderate (impact) threshold
for the surface versus seabed release scenario.

In contrast, the seabed release scenario defined the outer boundaries of the MEVA and EMBA. The
higher proportion of total submerged oil (dissolved plus entrained hydrocarbons, though at the outer
edges of both these zones submerged hydrocarbon are comprised primarily of entrained oil) at the
release site resulted in lower evaporative losses (as noted previously approximately 70% for seabed
release versus approximately 85% for surface release) and thereby hydrocarbons (primarily as
entrained) were transported greater distances above the respective thresholds.

To determine the spatial extent of impacts from a LOWC of condensate and the dispersion
characteristics over time, modelling was completed by GHD for Yoorn-1, and Dancer-1-representing
Jelen-1 and Parnsauss-1 (GHD, 2020a; 2020b) (as described in Section 7.2.1).

The modelling results for both scenarios are summarised in Table 7-12 for the fate of hydrocarbon
(surface, total submerged, dissolved and shoreline accumulated) at the exposure values described in
Table 7-6 to Table 7-8 has been provided for the purposes of risk evaluation, displaying the following
parameters:

+ Minimum time to contact from moderate and high exposure value

+ Maximum hydrocarbon concentration from high exposure value

+ Maximum oil loading on shoreline from moderate and high exposure value
+ Length of shoreline oiled.

The spill modelling results from both models are provided in Appendix E.

Further parameters required to inform spill response strategies are described further in the Yoorn-1,
Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey OPEP (SO-91-BI-20003.02).
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Table 7-12: Summary of LOWC Modelling Results for Yoorn-1, and Jelen-1 and Parnassus-1 (Dancer-1)

Exposure

Yoorn-1 Modelling

Jelen-1 and Parnassus-1 Modelling (represented by Dancer-1)

Surface Surface oil at concentrations above 10 g/m? are predicted to extend up Surface oil above the low threshold (1 g/m?) was predicted to extend
release to approximately 120 km away from the Yoorn-1 well location. The up to approximately 150 km to the southwest, and approximately 90
surface LOWC scenario has a larger predicted spatial footprint for surface | km to the northeast of the release location.
oil than the subsea LOWC scenario due to the high degree of oil At the moderate threshold (10 g/m?), surface oiling was significantly
entrainment of the latter (see next bullet point). reduced in spatial extent to within approximately 10 km of the
High contact probabilities were predicted for the Montebello Islands release location with the exception of a single surface slick trajectory
(94%), Barrow-Montebello Surrounds (97%) and Montebello AMP which travelled approximately 60 km northeast during one
(100%), with maximum time-averaged surface oil concentrations of 40, realisation. No exceedances of the high threshold (50 g/m?) were
38 and 55 g/m?, respectively, and minimum arrival times of 0.1-0.6 days. predicted to occur anywhere in the model domain.
Low contact probabilities were predicted for Lowendal Islands (10%) and
Barrow Island (3%), with maximum time-averaged oil concentrations of
13 g/m? (both receptors) and minimum arrival times of 2.1 days
(Lowendal Islands) and 5.2 days (Barrow Island).
Subsea Surface oil at concentrations above 10 g/m?are predicted to occur within | Surface oil above the low threshold (1 g/m?) was predicted to occur
release approximately 10 km from the Yoorn-1 well location. The high energy only within approximately 10 km of the release location. No receptor

sub-sea release results in the formation of small entrained oil droplets
with low buoyancy and thereby limits the extent of surface oiling for this
scenario.

The Montebello AMP is the only receptor predicted to be contacted at
the moderate exposure threshold, with low contact probability (2%), a
maximum time-average surface oil concentration of 11 g/m? and a
minimum arrival time of 1.3 days.

regions were predicted to receive surface oil above any of the
thresholds assessed. The maximum time-averaged oil concentration
when above the low threshold (1 g/m?) was 1.8 g/m?.

There was no predicted contact anywhere in the model domain
above the moderate threshold (10 g/m?) or high threshold (50 g/m?)
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Exposure

Yoorn-1 Modelling

Jelen-1 and Parnassus-1 Modelling (represented by Dancer-1)

Surface Dissolved oil above the 50 ppb (impact) threshold is predicted to extend Dissolved hydrocarbons at the low threshold (10 ppb) were predicted
release up to approximately 160 km to the southwest and approximately 120 km | to extend a maximum distance of approximately 150 km to the west-
to the northeast of the Yoorn-1 well location. southwest and approximately 75 km to the northeast.
A 100% contact probability was predicted at the Montebello Islands, At the moderate threshold (50 ppb), the spatial extent was reduced
Barrow-Montebello Surrounds and the Montebello AMP, with maximum to within approximately 120 km to the west-southwest and
time-averaged concentrations of 454, 968 and 972 ppb, respectively, and | approximately 60 km to the northeast. A moderate contact
short minimum arrival times of 0.1-0.3 days. probability of 47% was predicted at the Montebello AMP at the
A low-moderate contact probability was predicted for Lowendal Islands moderate threshold (50 ppb) with a maximum time-averaged
(27%), with a maximum time-averaged concentration of 157 ppb and concentration of 175 ppb and a minimum arrival time of 3.5 days.
minimum arrival time of 2.0 days. Low contact probabilities (less than Very low contact probability (less than 1%) was predicted at the
11%) were predicted for Barrow Island and Offshore Ningaloo, with Barrow-Montebello Surrounds with a maximum time-averaged
maximum time-averaged concentrations of 229 and 309 ppb, concentration of 58 ppb and minimum arrival time of 47.7 days.
respectively, and minimum arrival times of 14.6 and 4.8 days, Exceedance of the high threshold (400 ppb) was limited to within
respectively. approximately 25 km of the release site.
Subsea Dissolved oil above the 50 ppb (impact) threshold is predicted to extend Dissolved hydrocarbons at the low threshold (10 ppb) were predicted
release up to approximately 160 km to the southwest and approximately 110 km | to extend a maximum distance of approximately 150 km to the west-

to the northeast from the Yoorn-1 well location.

A 100% contact probability at the moderate exposure threshold (50 ppb)
was predicted at the receptors of Montebello Islands, Barrow-
Montebello Surrounds and the Montebello AMP, with maximum time-
averaged concentrations of 817, 944 and 1,734 ppb, respectively, and
short minimum arrival times of 0.1-0.5 days.

A low-moderate contact probability was predicted for Lowendal Islands
(28%), with a maximum time-averaged concentration of 95 ppb and
minimum arrival time of 3.6 days. Low contact probabilities (less than
6%) were predicted for Barrow Island and Offshore Ningaloo, with

southwest and approximately 80 km to the northeast.

At the moderate threshold (50 ppb), the spatial extent was reduced
to within approximately 100 km to the west-southwest and
approximately 60 km to the northeast. The Montebello AMP was the
only receptor predicted to be contacted at the moderate threshold
(50 ppb) with a moderate-high contact probability of 57%, a
maximum time-averaged concentration of 296 ppb and a minimum
arrival time of 0.8 days.

Exceedance of the high threshold (400 ppb) was limited to within
approximately 50 km of the release site.
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Exposure

Yoorn-1 Modelling

Jelen-1 and Parnassus-1 Modelling (represented by Dancer-1)

maximum time-averaged concentrations of 99 and 627 ppb, respectively,
and minimum arrival times of 3.6 and 4.9 days, respectively.
Surface The exposure zone for the moderate (impact) threshold (100 ppb) was Total submerged oil at the low threshold (10 ppb) was predicted to
release primarily within 300 km of the well location with some isolated primarily occur within approximately 500 km southwest and
exceedances (i.e. single, scattered model cells) extending a maximum of approximately 300 km northeast of the release site, though localised
approximately 450 km from the well. High contact probabilities were contact occurred at distances up to approximately 1,200 km away.
predicted for the Montebello Islands (99%), Barrow-Montebello At the moderate threshold (100 ppb), predicted contact was reduced
Surrounds (100%) and the Montebello AMP (100%) at the moderate in spatial extent significantly to within approximately 100 km of the
exposure threshold, with maximum time-averaged total submerged oil spill site. The Montebello AMP was the only receptor predicted to be
concentrations of 618, 493 and 723 ppb, respectively, and minimum contacted by total submerged oil at the moderate threshold (100
arrival times of 0.1-0.3 days. ppb) with a low-moderate contact probability of 14%, a maximum
Moderate contact probabilities of 51-66% were predicted for Lowendal time-averaged concentration of 183 ppb, and a minimum arrival time
Islands, Barrow Island and Offshore Ningaloo, with maximum time- of 20.8 days.
averaged concentrations of 267-276 ppb for the islands and 441 ppb for
Offshore Ningaloo and minimum arrival times of 2.0-3.4 days.
Maximum time-averaged total submerged oil concentrations at these
receptors ranged between 104 and 263 ppb, with minimum arrival times
of 8-39 days.
Subsea The exposure zone for the moderate (impact) threshold (100 ppb) was Total submerged oil at the low threshold (10 ppb) was predicted to
release primarily within 350 km of the release location with some isolated primarily occur within approximately 500 km southwest and
exceedances (i.e. single, scattered model cells) extending a maximum of approximately 300 km northeast of the release site, though localised
approximately 1,000 km from the well. contact occurred at distances up to approximately 1,000 km away.
High contact probabilities of 100% were predicted for the Montebello At the moderate threshold (100 ppb), predicted contact was reduced
Islands, Barrow-Montebello Surrounds and the Montebello AMP at the in spatial extent significantly to within approximately 100 km of the
moderate exposure threshold. Maximum time-averaged total submerged | spill site. The Montebello Australian Marine Park (AMP) was the only
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Exposure

Yoorn-1 Modelling

Jelen-1 and Parnassus-1 Modelling (represented by Dancer-1)

oil concentrations of 723-1,765 ppb were predicted for these receptors,
with minimum arrive times of 0.1-0.5 days.

Low-moderate contact probabilities of 26-53% were predicted for
Barrow Island, Lowendal Islands and Offshore Ningaloo, with maximum
time-averaged concentrations of 191-214 ppb for the islands and 640
ppb for Offshore Ningaloo and minimum arrival times of 3.3-4.9 days.

Maximum time-averaged total submerged oil concentrations at these
receptors ranged between 99 and 128 ppb, with minimum arrival times
of 17-70 days.

receptor predicted to be contacted by total submerged oil at the
moderate threshold (100 ppb) with a moderate contact probability of
51%, a maximum time-averaged concentration of 345 ppb, and a
minimum arrival time of 0.8 days.

Surface
release

At the moderate (impact) threshold of 100 g/m?, high contact
probabilities were predicted for the proximal locations of Montebello
Islands (100%) and Barrow Island (95%) with moderate-high contact
probabilities predicted for the Lowendal Islands (69%), Southern Islands
Coast (58%), Muiron Islands (60%) and Ningaloo Coast North (63%).

The maximum accumulated shoreline load across all shorelines at the
moderate exposure threshold is 2,707 tonnes, the majority of which
occurred at Montebello Islands (2,164 tonnes) during this realisation.
Moderate maximum accumulated loadings were predicted at the
proximal islands of Lowendal Islands (226 tonnes) and Barrow Island (480
tonnes), with further reduced loadings at Southern Islands Coast (53
tonnes), Muiron Islands (87 tonnes) and Ningaloo Coast North (69
tonnes).

Maximum accumulated shoreline loads at the other contacted receptors
were less than 9 tonnes for the moderate threshold. Short minimum
arrival times of 0.3-3.1 days were predicted for the proximal island
groups including Montebello, Lowendal and Barrow Islands at the

Shoreline loading above the low threshold (>10 g/m?) was predicted
to occur up to approximately 1,050 km southwest of the release site
at the Abrolhos Islands Pelsaert Group and up to approximately 450
km northeast at the Rowley Shoals locations of Clerke Reef Marine
Park (MP) and Imperiuse Reef MP.

At the moderate threshold (100 g/m?) the spatial extent of shoreline
accumulation was reduced significantly to within approximately 300
km to the southwest at Muiron Islands and approximately 100 km
southeast at Dampier Archipelago, while only the Montebello Islands
and Lowendal Islands (approximately 125 km southwest) were
predicted to receive oil exceeding the high threshold (1,000 g/m?). At
the moderate threshold (100 g/m?), the Montebello Islands was
predicted to receive the highest accumulated load of any receptor of
approximately 339 tonnes with a moderate contact probability of
27%, minimum arrival time of 2.2 days and maximum oiled shoreline
length of approximately 28 km. The Lowendal Islands received the
second-highest predicted shoreline accumulation of any receptor
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Exposure

Yoorn-1 Modelling

Jelen-1 and Parnassus-1 Modelling (represented by Dancer-1)

moderate exposure threshold. Moderate minimum arrival times of 5.9-
7.4 days were predicted for Thevenard Islands, Southern Islands Coast,
Muiron Islands and Ningaloo Coast North, with 9 days at Dampier
Archipelago and longer arrival times of more than 41 days at all other
contacted receptors. The accumulated load at the Montebello Islands for
the surface LOWC scenario made up the vast majority of all oil ashore.

Strong seasonality in the shoreline loading predictions is evident, with
higher shoreline loads predicted to occur for simulations starting
between April and August, coinciding with periods of westerly currents
and south-easterly winds which transport the oil slick towards the
Montebello Islands.

with approximately 34 tonnes, although the contact probability was
relatively low (5%), with a minimum arrival time of 12.9 days and a
maximum oiled shoreline length of approximately 4 km. Moderate
contact probabilities were predicted for Barrow Island and Southern
Islands Coast of 37% and 25%, respectively, with maximum
accumulated loads of approximately 6 and approximately 4 tonnes,
respectively, minimum arrival times of 9.8 and 7.4 days, respectively
and oiled shoreline lengths of approximately 14 and approximately
11 km, respectively. Finally, very low contact probabilities were
predicted at Dampier Archipelago and Thevenard Islands of 2% and
1%, respectively, with maximum accumulated shoreline loads of
approximately 1 tonne, minimum arrival times of 32.3-38.9 days and
maximum oiled shoreline lengths of approximately 4 km.

Subsea
release

At the moderate (impact) threshold, high contact probabilities (more
than 70%) were predicted for the proximal locations of Montebello
Islands (100%), Lowendal Islands (73%) and Barrow Island (89%) with
moderate contact probabilities predicted for the Southern Islands Coast
(43%), Muiron Islands (49%) and Ningaloo Coast North (48%)

The maximum accumulated shoreline load across all shorelines at the
moderate exposure threshold was 1,187 tonnes, the majority of which
occurred at Montebello Islands (1,037 tonnes) during this realisation.
Significantly lower maximum accumulated loadings were predicted at
Lowendal Islands (38 tonnes), Barrow Island (87 tonnes), Southern
Islands Coast (19 tonnes), Muiron Islands (39 tonnes) and Ningaloo Coast
North (23 tonnes), with less than 7 tonnes predicted at all other
contacted receptors.

Short minimum arrival times of less than 3 days were predicted for the
proximal island groups including Montebello, Lowendal and Barrow

Shoreline loading above the low threshold (more than 10 g/m?) was
predicted to occur up to approximately 800 km southwest of the
release site at the Outer Shark Bay Coast and up to approximately
450 km northeast at the Rowley Shoals locations of Clerke Reef
Marine Park (MP) and Imperiuse Reef MP.

At the moderate threshold (100 g/m?) the spatial extent of shoreline
accumulation was reduced significantly to within approximately 300
km to the southwest at Muiron Islands and approximately 100 km
southeast at Dampier Archipelago, while only the Montebello Islands
and Lowendal Islands (approximately 125 km southwest) were
predicted to receive oil exceeding the high threshold (1,000 g/m?).
Shoreline accumulation above the moderate threshold (100 g/m?)
occurred with moderate probabilities of 30% at Montebello Islands
and Barrow Island, with maximum accumulated loads of
approximately 77 and approximately 8 tonnes, respectively,
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Exposure Yoorn-1 Modelling Jelen-1 and Parnassus-1 Modelling (represented by Dancer-1)

Islands at the moderate exposure threshold. Moderate minimum arrival minimum arrival times of 2.2 and 8.9 days, respectively and oiled

times of 7-9 days were predicted for Thevenard Islands, Southern Islands | shoreline lengths approximately 32 and approximately 14 km,

Coast, Muiron Islands and Ningaloo Coast North, with longer arrival respectively. A moderate contact probability of 20% was also

times of more than 21 days at all other contacted receptors. For each predicted for the Southern Islands Coast with a maximum

realisation, the accumulated load at the Montebello Islands made up the | accumulated oil of approximately 5 tonnes, a minimum arrival time of

vast majority of all oil ashore. 9.4 days and a maximum oiled shoreline length of approximately 7

Strong seasonality in the shoreline loading predictions is evident, with km. Low probabilities of shoreline loading (10% or less) were

higher shoreline loads predicted to occur for simulations starting predicted at Dampier Archipelago, Lowendal Islands, Thevenard

between April and August, coinciding with periods of westerly currents Islands and Muiron Islands with maximum loadings of approximately

and south-easterly winds which transport the oil slick towards the 1-3 tonnes at these receptors with the exception of Lowendal Islands

Montebello Islands. which had a maximum predicted loading of approximately 9 tonnes.
Minimum arrival times at these receptors ranged between 8.5 days
to 29.5 days, while maximum oiled shoreline lengths ranged between
approximately 3 to 11 km.
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7.2.3

The EPOs relating to this hazard include:

Environmental Performance Outcomes and Control Measures

+ No loss of containment of hydrocarbon to the marine environment [YJP-EPO-03]
+ No unplanned objects, emissions or discharges to sea or air [YJP-EPO-04]
+ No injury or mortality to EPBC Act 1999 and WA Biodiversity Conservation Act 2016 listed marine

fauna during operational activities [YJP-EPO-05].

The extensive planning, risk assessment of the activity and the engineering and operational control
measures in place are considered to result in a low risk of a hydrocarbon release due to LOWC
occurring. The control measures considered for this activity are shown below with EPS’ and
measurement criteria for the EPOs described in Section 8.4.

Operational controls that would be implemented to guide and effective response after a spill has
occurred are provided within relevant sections of the OPEP, together with corresponding EPS’ and
measurement criteria.

Table 7-13: Control Measure Evaluation for LOWC Hydrocarbon Spill

Control Control Environmental Benefit  Potential Cost/Issues Evaluation
Measure Measure
Reference
No.
YJP-CM-017 Drilling and Includes control Costs associated with Adopted — Benefits
Completions measures for well personnel time in considered to
Management integrity and well writing, reviewing outweigh costs.
Process control, and MODU and implementing the | Regulatory
Safety Case that WOMP and Safety requirement must be
reduce the risk of Case. adopted.
unplanned discharges
to the marine
environment.
The WOMP and Safety
Case also include
cyclone response
plans (including
monitoring for
cyclones) and
procedures for well
suspension in the
event of a cyclone
YJP-CM-012 MODU and Implements response Administrative costs Adopted —
support vessel plan to deal with an of preparing Environmental
spill response unplanned documents and large benefits of ensuring
plans including | hydrocarbon spills costs of preparing for response plans in
pre-drilling quickly and efficiently and implementing place, are followed
in order to reduce response strategies. and measures
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Control
Measure
Reference
No.

Control
Measure

source control
plan

Environmental Benefit

impacts to the marine
environment.

Potential Cost/Issues

Evaluation

implemented, and
that the
MODU/support
vessels are compliant
outweighs the costs of
personnel time
associated with
preparation and
implementation of
spill response plans.

YJP-CM-016 Accepted Oil Implements response Administrative costs Adopted — Benefits of
Pollution plans to deal with an of preparing ensuring procedures
Emergency unplanned documents and large are followed and
Plan (OPEP) hydrocarbon release costs of preparing for measures
quickly and efficiently and implementing implemented and that
to reduce impacts to response strategies. the vessels are
the marine compliant outweighs
environment. the costs. Regulatory
requirement must be
adopted.
YJP-CM-035 Marine Ensures vessels meet Costs associated with Adopted — Benefits of
Assurance Marine assurance personnel time in ensuring procedures
Standard standards to reduce checking vessel. are followed and
the likelihood of measures
unplanned events as implemented and that
vessels and MODU fit the vessels are
for purpose. compliant outweigh
the costs.
YJP-CM-038 Petroleum Reduces potential for Negligible costs, Adopted — Benefits
Safety Zone collision or standard industry considered to
(safety) interference with practice outweigh negligible
established other marine user costs to Santos
activities
YJP-CM-041 MODU Requires that Additional personnel Adopted — Benefits of
Planned equipment is costs of ensuring ensuring procedures

Maintenance
System (PMS)

maintained and
certified, reducing
probability of loss of
well control as all
equipment functioning
as supposed to.

equipment is
maintained and
certified as
appropriate and that
procedures are in
place and followed.

are followed and
equipment is
compliant outweigh
the minimal costs of
personnel time.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan

384 of 557




SO-91-BI-20003.01

Santos

Control
Measure
Reference
No.

Control
Measure

Environmental Benefit

Potential Cost/Issues

Evaluation

second MODU
on standby for
the purpose of
relief well
drilling

length of time taken to
drill a relief well and
may reduce the
timeframe for
stopping a blowout by
up to two weeks;
although
planning/approval/set-
up requirements mean
the reduction would
likely be less.

second MODU to be
ready for relief well
drilling, it would need
to be contracted,
crewed and hold a
valid NOPSEMA
Safety Case. This
could cost between
$150-250KUSD per
day for a minimum
negotiated contract
term, plus a cost
associated for MODU
mobilisation and
demobilisation.
After reviewing
availability, it is
anticipated a MODU

N/A Wild Well No environmental Significant additional Rejected — No
Control on benefit as WWC costs in having WWC environmental benefit
standby in personnel are personnel on standby | iy having access to
Perth during available to provide in Perth. Locating personnel surplus to
drilling support within 72 personnel with requirements
operations in hours which will specialised expertise
order to coincide with starting | in Perth may also
respond to commence sourcing | create issues for other
immediately of relief well MODU operators, as WWC
to a LOWC offer this service to
multiple operators.
Locating them in
remote locations may
increase travel times
to other global
locations if they are
required
N/A Contract No environmental Significant additional Rejected — No
source control benefit if additional cost in maintaining environmental benefit
personnel services are surplus to | two contracts for the | in having access to
through an requirements same service personnel surplus to
alternative requirements
provider in
addition to
existing
arrangements
N/A A dedicated Could reduce the For the dedicated Rejected — Considered

grossly
disproportionate to
the environmental
benefit (reduction of 2
weeks of release),
considering the rare
likelihood of a LOWC,
the existing
preventative control
measures in place to
prevent a well
blowout and the
additional safety and
environmental risks of
having another MODU
and support
equipment/personnel
on standby.
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Control
Measure

Control
Measure
Reference
No.

Environmental Benefit

Potential Cost/Issues

would need to be
brought in from
overseas to
guarantee availability
of this rig. It is
conceivable that to
cover a 50 day well
activity (for example)
with a relief MODU
on standby cost over
the same duration
would be in the order
15-20MMUSD,
depending on where
the MODU were
mobilised from/to
and the market at the
time.

Evaluation

Santos don't have a
MODU on standby
because they ensure
they know what
operators are in the
region of their
operations and what
equipment is available
if they require it in an
emergency. |n
addition, there are
adequate MODUs
covered under the
MOU to execute a
relief well, this option
was rejected as the
cost is grossly
disproportionate to
the potential
reduction in
environmental
impact.

N/A Having a
dedicated
relief well
MODU on
contract.

Provides for rapid
mobilisation of relief
well rig to location,
reducing duration of
spill by approximately
20-30 days.

Significant
commercial effort
required to align two
MODUs that are not
contracted. Possible
that market may not
be able to supply this
demand.

Rejected - In order to
perform this, the
MODU will need to be
contracted, crewed
and hold a valid
NOPSEMA Safety
Case. This could cost
between 150-250k
USD per day for a
minimum negotiated
contract term, plus a
cost associated for
MODU mob and de-
mob.

It is anticipated a
MODU would need to
be brought in from
overseas to guarantee
availability of this rig
in the event a relief
well was required
when the event
occurred. It is
conceivable that to
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Control
Measure

Control
Measure
Reference
No.

Environmental Benefit

Potential Cost/Issues

Evaluation

cover a 50 day well
activity (for example)
with a relief MODU on
standby cost over the
same duration would
be in the order of 15-
20MMUSD,
depending on where
the MODU were
mobilised from/to and
the market at the
time. For YJP, this
would require a
standby rig for a total
of 190 days (50 days
each at J&P, and 90
days at Yoorn-1).

Given there are
adequate MODUs
covered under the
MOU to execute a
relief well, this option
was rejected as the
reduction in risk is
grossly
disproportionate to
the cost and effort
required to perform it.

N/A Use of two
drilling rigs
during activity
drilling
campaign that
drill
simultaneously
so that one rig
could act as a
relief well
drilling rig for
the other.

Could reduce the
length of time taken to
drill a relief well and
may reduce the
timeframe for stopping
a blowout by 20-30
days, although
planning/approval/set-
up requirements mean
the reduction would
likely be less.
Reduction in spill
duration results in less
hydrocarbon exposure
and reduced shoreline
loading volumes.

Additional costs
associated with
second MODU
mobilisation and
demobilisation of
approximately
S5MMUSD plus a
premium of $50K/day
to align the contract
windows.

Potential cumulative
environmental
impacts from drilling
two wells at the same
time and having
multiple support
vessels in the area,
instead of 1 MODU
and 4 vessels, there

Rejected — Considered
grossly
disproportionate to
the environmental
benefit (reduction of
20-30 days of release),
considering the rare
likelihood of a LOWC,
the existing
preventative control
measures in place to
prevent a well
blowout.

Possible inability of the
market to supply two
MODUs at the same
time over a two-month
window.
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Control
Measure

Control
Measure
Reference
No.

Environmental Benefit

Potential Cost/Issues

could be 2 MODUs
and up to 8 vessels
resulting in double the
air and water
emissions.

Evaluation

In addition, there are
adequate MODUs
covered under the
MOU to execute a
relief well, this option
was rejected as the
cost is grossly
disproportionate to
the potential reduction
in environmental

intervals for a
potential relief
well, prior to
drilling the
main well

well to be drilled by
approximately 10
days, therefore
stopping the LOWC
event sooner and
resulting in less
hydrocarbon
exposure and reduced
shoreline loading
volumes

surface well head to
pre-drill any riserless
intervals for a
potential relief well
before drilling the
main well. The activity
itself would require
approximately 10 days
and a complete rig
move to perform at a
cost of approximately
$6-7MM USD. Once
the main well was
completed, the
partially completed
relief well would need
to be abandoned. At a
further cost of
approximately $6-

impact.

N/A Time the Could reduce the Delays in drilling Rejected — No other
drilling length of time taken to | campaign schedule to | Santos concurrent
campaign to drill a relief well and align with other drilling activities
align with the may reduce the activities in the area planned in the region
other Santos timeframe for stopping until mid-2024. Drillign
drilling a blowout by 20-30 would have to be

o days, although deferred, which would
activities so . .
planning/approval/set- mean the exploration
that nearby - -
up requirements mean objectives are not
MODU could the reduction would achieved (i.e. to
be used for the | |ialy be less. identify backfill for
rel.ie.f well Reduction in spill Devil Creek and
drilling. duration by 20-30 days, Varanus Island
results in less facilities).
hydrocarbon exposure
and reduced shoreline
loading volumes

N/A Pre-drill Reduce the time It is not practicable Rejected — Detailed

riserless taken for the relief with a jack-up and relief well designs will

be re-evaluated and
revised for an actual
LOWC event. There will
be several locations for
the relief well
identified before an
incident, with the
optimal location
selected after a LOWC
incident, based on
real-time information
(i.e. prevailing
weather). A pre-drilled
relief well top-section
might result in having
to use a sub-optimal
design and location. It
is not industry
practice, and such a
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Control
Measure
Reference

[\ [o

Control
Measure

Environmental Benefit

Potential Cost/Issues

7MM USD. A different
wellhead/conductor
system would need to
be procured to
facilitate this at
estimate cost of
$0.75MM USD.

Additional
environmental
impacts from drilling
wells from drill
cuttings and
discharges.

Evaluation

pre-drilled riseless
interval may adversely
affect functionality and
reliability of this
response strategy.

The additional cost
associated with drilling
the riserless intervals
would be ~$15MM
USD per well which is
considered grossly
disproportionate to
the reduction in the
duration that could
potentially be achieved
of a LOWC event.

This option would
require an additional
drilling location for
each of the three

wells, which would
require an additional
two rig movements per
well; and double
seabed disturbance
footprint, additional
discharge volumes,
and drilling for a longer
duration.

N/A

Mange the
timing to avoid
drilling during
cyclone season

Reduce the potential
for impact to the
MODU which could
result in a LOWC.

Potentially reduce the
consequence of
impact in the event of
a loss of well control
due to cyclonic
conditions potentially
spreading an oil spill
further or hindering oil
spill response activities

During cyclone season
the weather can
provide some of the
best weather windows
for drilling with calm
sea state.

Drilling within cyclone
season does not
increase the likelihood
of a loss of well
control as metocean
conditions are
monitored, and
procedures are in
place (as per the
NOPSEMA accepted
WOMP and Safety
Case) to ensure that

Rejected — Given that
drilling year-round on
the NWS is well
managed and
understood, and there
are cyclone
management
procedures in place to
manage well integrity
in the event a cyclone
may be encountered,
the control is
considered grossly
disproportionate to
the cost and risk of a
LOWC event.
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Control Control Environmental Benefit  Potential Cost/Issues Evaluation
Measure Measure

Reference
[\ [o

cyclone response
plans are in place
(including monitoring
of cyclones) and
barriers for cyclone
suspension are
implemented as
required.

Cyclones are a known
risk on the NWS and
drilling within cyclone
season is well
managed under
current industry
standards. Adjusting
the timing to avoid
cyclone season would
preclude drilling for 6
months of the year,
significantly reducing
MODU availability
and increasing costs.

7.2.3.1 Well Control

Santos ensures control of its wells through a number of control measures incorporated into the well
design, drilling procedures, mud selection, personnel training and equipment maintenance and
testing. Well control requirements are detailed within the NOPSEMA accepted Well Operations
Management Plan (WOMP) and Safety Case and are not restated in this EP pursuant to Regulation 31
of the OPGGS(E)R.

7.2.4 Environmental Impact Assessment

The below environmental impact assessment follows the risk assessment approach detailed in
Section 7.1.6.

7.2.4.1 Identification of Hotspots for Consequence Analysis

Table 7-14 and Table 7-15 filter the HEVs to identify the hotspots where they meet the criteria
described in Section 7.1.6 for Yoorn-1 and Jelen-1 and Parnassus-1 respectively.

The values and sensitivities associated with these HEVs have been described in Appendix C.
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Table 7-14: Identified High Environmental Value and Hotspot Receptors for Surface Release
Scenario of LOWC - Yoorn-1

Receptor HEV Value Exposure Threshold Hot Spot!

Moderate High

Scott Reef South 3 v

Mermaid Reef AMP 2 v

Clerke Reef MP 3 v v
Imperieuse Reef MP 3 v v
Dampier Archipelago 3 v v
Montebello Islands 3 v v v
Montebello AMP 4 v v
Lowendal Islands 3 v v
Barrow Island 3 v v
Barrow-Montebello Surrounds 3 v v
Thevenard Island 5 v v
Muiron Islands 2 v v v v
Exmouth Gulf Coast 2 v

Ningaloo Coast North 2 v v v
Ningaloo Coast South 3 v

Carnarvon - Inner Shark Bay 2 v

Outer Shark Bay Coast 3 v v
Zuytdorp Cliffs - Kalbarri 3 v

Kalbarri - Geraldton 3 v

Outer Abrolhos Islands - Shoals 3 v

Abrolhos Islands Wallabi Group 2 v

Abrolhos Islands Pelsaert Group 2 v

Perth Coast South 3

Perth Canyon AMP 2 v

Jurien Bay - Yanchep 3 v

Two Rocks AMP 2 v

Outer Ningaloo Coast North? 1 v

Jurien AMP 2 v

Deep Geographe — Augusta 3

Offshore Geographe — Augusta? 3

Abrolhos West 2 v
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Receptor HEV Value Exposure Threshold Hot Spot?!

Moderate High

Outer NW Ningaloo? 3

Southern Islands Coast 5 v v v v

1> 5% probability of contact at the medium/high exposure value for consideration for further Hot Spot assessment.

2No contact at moderate exposure threshold because total submerged oil does not have a moderate exposure value.

Table 7-15: Identified High Environmental Value and Hotspot Receptors for Surface Release
Scenario of LOWC - Jelen-1 and Parnassus-1

Receptor HEV Value Exposure Value Hotspot

Moderate High

Mermaid Reef AMP 2 v

Clerke Reef MP 3 v

Imperieuse Reef MP 3 v

Glomar Shoals 5 v

Dampier Archipelago 3 v v v
Rankin Bank 5 v

Northern Islands Coast 5 v

Montebello Islands 3 4

Lowendal Islands 3 v

Barrow Island 3 4

Middle Islands Coast 5 v

Barrow-Montebello Surrounds 3 v v v
Thevenard Islands 5 v 4

Southern Islands Coast 5 v v

Muiron Islands 2 v v v
Exmouth Gulf Coast 2 v

Ningaloo Coast North 2 v

Ningaloo Coast South 3 v

Outer Shark Bay Coast 3 v

Abrolhos Islands Pelsaert Group 2 v

Bedout Island 5 4

Outer Abrolhos Islands — Shoals 3 v

Kimberley AMP 3 v

Dampier AMP 4 v
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Receptor HEV Value Exposure Value Hotspot

Moderate High

Montebello AMP 4 v v
Outer Ningaloo Coast North 1 v
Shark Bay AMP 4 v
Rowley Shoals surrounds 4 v
Outer NW Ningaloo 3 v
Offshore Ningaloo 4 v
Offshore Abrolhos NW 4 v

Table 7-16: Identified High Environmental Value and Hotspot Receptors for Subsea Release
Scenario of LOWC - Yoorn-1

Receptor Exposure Threshold Hot Spot*

Moderate High ‘
Scott Reef South 3 v
Mermaid Reef AMP 2
Clerke Reef MP 3 v
Imperieuse Reef MP 3 v v
Dampier Archipelago 3 v v
Montebello Islands 3 v v v v
Montebello AMP 4 v v
Lowendal Islands 3 v v
Barrow Island 3 v v v v
Barrow-Montebello Surrounds 3 v v
Muiron Islands 2 v v v v
Thevenard Island 5 v
Exmouth Gulf Coast 2 v
Ningaloo Coast North 2 v v v
Ningaloo Coast South 3 v
Carnarvon - Inner Shark Bay 2
Outer Shark Bay Coast 3 v v
Zuytdorp Cliffs - Kalbarri 3
Kalbarri - Geraldton 3
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Receptor Exposure Threshold Hot Spot*

Moderate High ‘
Outer Abrolhos Islands - Shoals? 3 v
Abrolhos Islands Wallabi Group 2
Abrolhos Islands Pelsaert Group 2 v
Perth Coast South 3 v
Perth Canyon AMP 2 v
Jurien Bay - Yanchep 3 v
Two Rocks AMP 2
Outer Ningaloo Coast North? 1 v
Jurien AMP 2 v
Deep Geographe — Augusta 3 v
Offshore Geographe — Augusta 2 3 v
Abrolhos West 2 v
Outer NW Ningaloo? 3 v v
Southern Islands Coast 5 v v v v

1> 5% probability of contact at the medium/high exposure value for consideration for further Hot Spot assessment.

2 No contact at moderate exposure threshold because total submerged oil does not have a moderate exposure value.

Table 7-17: Identified High Environmental Value and Hotspot Receptors for Subsea Release
Scenario of LOWC - Jelen-1 and Parnassus-1

Receptor HEV Value Exposure Value Hotspot

Moderate High

Clerke Reef MP 3 v

Imperieuse Reef MP 3 v

Glomar Shoals 5 v

Dampier Archipelago 3 v v v
Rankin Bank 5 v

Northern Islands Coast 5 v

Montebello Islands 3 v

Lowendal Islands 3 v v
Barrow Island 3 v

Middle Islands Coast 5 v

Barrow-Montebello Surrounds 3 v
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Receptor HEV Value Exposure Value Hotspot

Moderate High

Thevenard Islands 5 v

Southern Islands Coast 5 v

Muiron Islands 2 v v
Exmouth Gulf Coast 2 v

Ningaloo Coast North 2 v

Ningaloo Coast South 3 v

Outer Shark Bay Coast 3 v

Bedout Island 5 v

Outer Abrolhos Islands — Shoals 3 v

Dampier AMP 4 v

Montebello AMP 4 v v v
Outer Ningaloo Coast North 1 v

Jurien AMP 2 v

Shark Bay AMP 4 v

Rowley Shoals surrounds 4 v

Abrolhos West 2 v

Outer NW Ningaloo 3 v

Offshore Ningaloo 4 v

Offshore Abrolhos NW 4 v

This process identified the following Hotspots:

Dampier Archipelago
Montebello Islands

Lowendal Islands

Barrow Island
Barrow-Montebello Surrounds
Murion Islands

Ningaloo Coast North
Southern Islands Coast.

+ + + + + + + o+

The first six Hotspots are common to both modelling scenarios; and the latter two were identified for
Yoorn-1 only.

Table 7-18 provides a simplified summary of the consequence assessment results for each of the
Hotspot areas. The consequence assessment was based on predicted contact and concentration of
surface oil, accumulated oil, entrained hydrocarbon and dissolved hydrocarbons. For each Hotspot
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area the consequence to the key values were assessed using the methodology described in
Section 7.1.6.

If the consequence ranking differed between the two modelled scenarios, the worst-case
consequence is shown.
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Table 7-18: Hotspot Consequence Assessment Results from a LOWC

Receptor Oil Spill Modelling Parameter Jelen-1 and Parnassus-1 Yoorn-1 Consequence Category Worst-case
Name Consequence
Surface Subsea Surface Subsea .
Ranking
Release Release Release* Release*
Outer Ningaloo Habitats Probability of contact by (%) Not Not NC NC Threatened or 1] Il - Minor
Coast North ) ) ) floating oil at 10 g/m? identified identified
+  The Ningaloo Reef itself and its migratory fauna;
(submerged) : - . Maximum floating oil (g/m?) asa asa NC NC I
juxtaposition with coastal terraces, g g Hotspot Hotspot physical habitat;
. . . concentration >10 g/m?
limestone plains, reef sediments. The protected areas;
contact of the reef by entrained oil may Maximum exposure time Time (d) NC NC socio-economic I
) . of floating oil at 10 g/m?
reduce the aesthetic appeal and diminish receptors
these values. Maximum accumulated oil (tonnes) NC NC
i 2
Marine fauna on shorelines >100 g/m I
Maximum accumulated m? NC NC
+  Seasonal aggregations of whale sharks, . (8/m?)
concentration >100 g/m?
manta rays, sea turtles and rays.
+  Whale sharks March-July Maxm?um I_ength of (km) NC NC
shoreline oiled (>100 g/m?)
+  Logger head turtles
+  Green Turtles Dec-March Maximum concentra'flon (ppb) 147 163
) ) of total submerged oil
+  Low density Hawksbill turtles >100 ppb
+  Pygmy Blue Whale feeding - - )
Maximum exposure time Time (d) 0.2 0.1
+  Socio-economic and heritage values of total submerged oil
+  Very significant for recreational fishing, >100 ppb
game fishing and charter boat tourism Maximum concentration (ppb) NC NC
Protected Areas of dissolved hydrocarbon
World Heritage Areas >50 ppb
Australian Marine Park Maximum exposure time Time (d) NC NC
of dissolved hydrocarbon
>50 ppb
Muiron Islands Turtles Probability of contact by (%) NC NC NC NC Threatened or \Y IV - Major
. . floating oil at 10 g/m? ]
+  Major loggerhead nesting migratory fauna;
+  North and south Muiron Islands — Maximum floating oil (8/m?) NC NC NC NC physical habitat; v
o . concentration >10 g/m?
significant green turtle nesting protected areas;
+  Hawksbill nesting (low density) Maximum exposure time Time (d) NC NC NC NC socio-economic v
. of floating oil at 10 g/m?
+  Occasional flatback turtles receptors
Seabirds Maximum accumulated oil | (tonnes) 3.7 2.7 87 39
on shorelines >100 g/m? m
+  Significant bird breeding.
Whales Maximum accumulated (g/m?) 382.1 224.5 6,543 2,885
concentration >100 g/m?
+  Humpback whale migration ;
Maximum length of (km) 10.6 10.6 13 13
Protected Areas shoreline oiled (>100 g/m?)
Maximum concentration (ppb) NC NC 134 128

of total submerged oil
>100 ppb
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Receptor
Name

HEV
Ranking

Values

Oil Spill Modelling Parameter Jelen-1 and Parnassus-1

Subsea
Release

Surface
Release

Yoorn-1

Surface
Release*

Subsea
Release*

Worst-case
Consequence
Ranking

Consequence Category

+  The Ningaloo Coast WHA includes Muiron Maximum exposure time Time (d) 0.2 0.1
Island Marine Management Area (including of total submerged oil
>100 ppb
the Muiron Islands)
Socio-Economic Maximum concentration (ppb) NC NC
of dissolved hydrocarbon
+  Exmouth gulf prawn fishery (Muiron is >50 ppb
western boundary) Maximum exposure time Time (d) NC NC
+  Significant for recreational fishing and of dissolved hydrocarbon
charter boat tourism. Social amenities and >50 ppb
other tourism.
Ningaloo Coast 2 Habitats Probability of contact by (%) Not Not NC NC 4+ Threatened or v IV - Major
North . o . floating oil at 10 g/m? identified identified
+  Contains part of the largest fringing reef in migratory fauna;
Maxi floating oil (g/m?) asa asa NC NC v
Australia aximum g 8 Hotspot Hotspot +  physical habitat;
. . . concentration >10 g/m?
+  Lagoonal, intertidal and subtidal coral +  protected areas;
communities Maximum exposure time Time (d) NC NC socio-economic "
of floating oil at 10 g/m?
+ 9 species of seagrass + macroalgae beds receptors
Maximum accumulated oil (tonnes) 69 23
+  Mangrove bay — Significant for mangroves on shorelines >100 g/m? "
+  Yardie Creek — Significant mangroves and
& & Maximum accumulated (g/m?) 1,974 638
tidal creek concentration >100 g/m?
Marine mammals
Maximum length of (km) 81 51
+  Seasonal aggregations of whale sharks, shoreline oiled (>100 g/m?)
manta rays, sea turtles and rays. Maximum concentration (ppb) 176 125
+  Whale sharks March-July of total submerged oil
+  Loggerhead turtles >100 ppb
+  Green Turtles Dec-March Maximum exposure time Time (d) 0.7 0.1
+  Low density Hawksbill turtles of total submerged ol
>1
+  Pygmy Blue whale feeding 00 ppb
Seabirds Maximum concentration (ppb) NC NC
of dissolved hydrocarbon
+ 33 species of seabirds and avifauna. Main >50 ppb
breeding areas at Mangrove Bay, - - -
] ] ] Maximum exposure time Time (d) NC NC
Mangrove Point, Point Maud, the Mildura of dissolved hydrocarbon
Wreck Site and Fraser Island >50 ppb
Protected Areas
+ Includes 13 out of the 18 sanctuary zones
under the state MP.
+  World Heritage Areas
+  Exmouth Peninsula Karst System is an
official value of the National Heritage Area.
Socio-economic and heritage values
+  Tourism
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Receptor
Name

HEV
Ranking

Values

+  Recreational Fishing

+ fishing and charter boat tourism

Oil Spill Modelling Parameter

Jelen-1 and Parnassus-1

Yoorn-1

Surface
Release*

Subsea
Release*

Consequence Category

Worst-case
Consequence
Ranking

Barrow Island

Habitats

+  Bandicoot Bay — conservation area Fisheries
Act (benthic fauna/seabird protection),
mudflats, rock platforms, mangroves, clay
pans

+  Mangroves in Bandicoot Bay (considered
globally unique)

+  Coral reefs (eastern side) — Biggada Reef
(coral spawning: Mar & Oct)

+  Biggada Creek

Turtles

+  Regionally and nationally significant green
turtle (western side) and flatback turtle
(eastern side) nesting beaches

+  Turtle Bay north beach
North and west coasts — John Wayne Beach
also loggerhead and hawksbill turtles.

+  Peak turtle nesting periods — Loggerhead
turtle nesting: Dec-Jan; green turtle
nesting: Nov- to Apr, peak period from Jan-
Feb; flatback turtle nesting: Dec-Jan;
hawksbill turtle nesting: Oct-Jan

Seabirds

+  Migratory birds (important habitat)
(important bird area) 10th of top 147 bird
sites.

+  Highest population of migratory birds in
Barrow Island Nature Reserve (south-
southeast island).

+  Double island important bird nesting

(shearwaters, sea eagles).

Marine mammals

+  Pygmy blue whale northern migration (Apr
-Aug)

+  Cultural heritage

+  Important Aboriginal cultural: 13 listed sites
incl. (pearling camps)

Socio-economic

Probability of contact by (%) 2.5 NC
floating oil at 10 g/m?

Maximum floating oil (g/m?) 13 NC
concentration >10 g/m?

Maximum exposure time Time (d) 0.3 NC
of floating oil at 10 g/m?

Maximum accumulated oil (tonnes) 497 87
on shorelines >100 g/m?

Maximum accumulated (g/m?) 22,374 5,133
concentration >100 g/m?

Maximum length of (km) 59 42
shoreline oiled (>100 g/m?)

Maximum concentration (ppb) 276 214
of total submerged oil

>100 ppb

Maximum exposure time Time (d) 0.1 0.2
of total submerged oil

>100 ppb

Maximum concentration (ppb) 229 99
of dissolved hydrocarbon

>50 ppb

Maximum exposure time Time (d) 0.3 0.3

of dissolved hydrocarbon
>50 ppb

+  Threatened or

migratory fauna

+  physical habitat
+  protected areas

+  socio-economic

receptors

IV - Major
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Receptor HEV Values Oil Spill Modelling Parameter Jelen-1 and Parnassus-1 Yoorn-1 Consequence Category Worst-case
Name Ranking Consequence
Surface Subsea Surface Subsea .
Ranking
Release Release Release* Release*
+  Significant for recreational fishing and
charter boat tourism
+  Nominated place (national heritage)
Barrow- 3 Habitats Probability of contact by (%) 97 NC Threatened or v IV - Major
Montebello . floating oil at 10 g/m? .
Surrounds +  Coral reefs habitat migratory fauna
. ; i ; 2
(Intertidal) Seabirds Maximum floatlng oil (g8/m?) 38 NC physical habitat v
concentration >10 g/m?
+  Migratory birds protected areas
Marine mammals MaX|mL_Jm e)_(posure time Time (d) 14.3 NC socio-economic "
of floating oil at 10 g/m? X
L receptors
+  Humpback my blue whale migration
) P _/ pygmy & Maximum accumulated oil (tonnes) NC NC
Socio-economic on shorelines >100 g/m? I
+  Significant for recreational fishing and Maximum accumulated (g/m2) NC NC
charter boat tourism concentration >100 g/m?
Maximum length of (km) NC NC
shoreline oiled (>100 g/m?)
Maximum concentration (ppb) 493 957
of total submerged oil
>100 ppb
Maximum exposure time Time (d) 2.4 37.1
of total submerged oil
>100 ppb
Maximum concentration (ppb) 968 944
of dissolved hydrocarbon
>50 ppb
Maximum exposure time Time (d) 5.4 32.1
of dissolved hydrocarbon
>50 ppb
Dampier 3 Physical Habitats Probability of contact by (%) NC NC NC NC Threatened or
Archipelago floating oil at 10 g/m? . 1
+  Coral reefs migratory fauna
+  Seagrass physical habitat
+ Macroalgae protected areas i
+ Mangroves socio-economic -
. Moderate
Marine Fauna receptors m
Invertebrates
+  Finfish and Rays
+  high fish biodiversity approx. 650 species, .
dwarf sawfish EPBC protected Maximum floating oil (g8/m?) NC NC NC NC
Birds concentration >10 g/m?
Marine reptiles Maximum exposure time Time (d) NC NC NC NC
of floating oil at 10 g/m?
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Worst-case
Consequence
Ranking

Oil Spill Modelling Parameter Jelen-1 and Parnassus-1 Yoorn-1

Receptor HEV Values
Name Ranking

Consequence Category

Surface Subsea Surface Subsea

Release

Release

Release*

Release*

emergence in February and March
Seabirds

of dissolved hydrocarbon
>50 ppb

+  Flatbacks - nest on Legendre, Huay, Maximum accumulated oil (tonnes) 1.1 1.2 9 6
Delambre on shorelines >100 g/m?
+  Green —significant rookery in NWS Maximum accumulated (8/m?) 154.3 173.7 632 362
; 2
+  Olive Ridley — known to forage concentration >100 g/m
+  Loggerhead — nesting and foraging Maximum length of (km) 35 3.5 17 17
4+ Seasnakes shoreline oiled (>100 g/m?)
Marine mammals Maximum concentration (ppb) NC NC NC
. . i of total submerged oil
+  Eight species (dugong, whales, dolphins) 5100 ppb
+  migratory pathway for protected humpback
whale in Julv-Sept Maximum exposure time Time (d) NC NC NC NC
y->ept. of total submerged oil
Protected Area >100 ppb
+  Commonwealth Marine Reserve Maximum concentration (ppb) NC NC NC NC
Socio-economic and heritage values of dissolved hydrocarbon
>50 ppb
+  National Heritage Listed PP
+  Aboriginal rock art on shorelines, Burrup Maximum exposure time Time (d) NC NC NC NC
Peninsula of dissolved hydrocarbon
>50 ppb
LTwedndaI 3 Habitats iE’Irobabilit\I/ of cont/act2 by (%) 10 NC . Threatened or v IV - Major
Islands oating oil at 10 g/m
+  Important shallow lagoons with seagrass g g migratory fauna
for dugongs Maximum floating oil (g/m?) 13 NC +  physical habitat v
concentration >10 g/m?
+  Deep-water benthic (soft-sediment) +  protected areas "
habitats Maximum exposure time Time (d) 0.4 NC +  socio-economic
of floating oil at 10 g/m?
+  Dugong Reef and Batman Reef (eastern receptors
side Island), Max:‘murp accu:rl’r:)l:)lat/edzoil (tonnes) 226 38 m
on shorelines > m
+  Mangroves are considered globally unique 8
as they are offshore Maximum accumulated (g/m?) 26,589 4,484
© Macroalgal reefs (40%) concentration >100 g/m?
Marine reptiles Maximum length of (km) 4 4
shoreline oiled (>100 g/m?)
+  Important hawksbill (Beacon, Parakeelya,
Kaia and Pipeline), loggerhead and green Maximum concentra'flon (ppb) 267 191
of total submerged oil
turtle nesting (minor) Varanus pipeline, >100 ppb
Harriet and Andersons Beaches) - - )
Maximum exposure time Time (d) 0.6 0.8
+  Nesting is reported to occur throughout the | ey i) submerged oil
year in WA, peaking between October and >100 ppb
January Maximum concentration (ppb) 157 96
+  Significant flatback rookery, nesting season of dissolved hydrocarbon
for flatback turtles peaks in December and >50 ppb
January with subsequent peak hatchling Maximum exposure time Time (d) 0.3 0.4
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Worst-case
Consequence
Ranking

Jelen-1 and Parnassus-1 Yoorn-1

Receptor HEV Values
Name Ranking

Oil Spill Modelling Parameter Consequence Category

Surface Subsea Surface Subsea
Release Release Release* Release*

+

Approximately 89 species of avifauna, 12 to
14 species of migratory and threatened

seabirds

Marine mammals

+

Seagrass beds around the Lowendal Islands
thought to provide valuable food source

for dugongs

Protected Areas

+

The Barrow Island Marine Management
Area, most of the waters around Barrow
Island, the Lowendal Islands and the

Barrow Island Marine Park

Socio-economic and heritage values

resting areas

>50 ppb

+  Social amenities and other tourism, very
significant for recreational fishing and
charter boat tourism
Montebello 3 Habitats Probability of contact by (%) 94 NC 4+ Threatened or v IV - Major
Islands . floating oil at 10 g/m?
+  Reefs —coral spawning: Mar & Oct migratory fauna
Algae (40%) Maximum floating oil (g/m?) 40 NC +  physical habitat v
) . concentration >10 g/m?
+  Mangroves (considered globally unique as protected areas
they are offshore) Maximum exposure time Time (d) 51.2 NC +  socio-economic "
. . of floating oil at 10 g/m?
+  Fish habitat receptors
+©  Intertidal sand flat communities Maximum accumulated oil (tonnes) 2,164 1,037
i 2
Marine reptiles on shorelines >100 g/m v
Maximum accumulated (g/m?) 41,239 30,542
+  Loggerhead and green (significant rookery),
€8 & (sig v) concentration >100 g/m?
hawksbill, flatback turtles — Loggerhead
. Maximum length of (km) 38 38
turtle nesting: Dec-Jan; green turtle . .
shoreline oiled (>100 g/m?)
nesting: Nov- to Apr, peak period from Jan-
Feb; flatback turtle nesting: Dec-Jan; Maximum concentrat-|on (ppb) 618 723
of total submerged oil
hawksbill turtle nesting: Oct-Jan >100 ppb
+  Northwest and Eastern Trimouille Islands - - !
) Maximum exposure time Time (d) 3.3 12.7
(hawksbill) of total submerged oil
+  Western Reef and Southern Bay at >100 ppb
Northwest Island (green) Maximum concentration (ppb) 454 817
Seabirds of dissolved hydrocarbon
+  Migratory and threatened seabirds — 14 >50 ppb
species Maximum exposure time Time (d) 3.8 6.5
+  Significant nesting (Sept-Feb), foraging and of dissolved hydrocarbon
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Receptor
Name

HEV
Ranking

Values Oil Spill Modelling Parameter Jelen-1 and Parnassus-1

Surface Subsea

Marine mammals

+  Humpback (Jun-Jul), Pygmy blue (Apr-Aug)
whale migration

Socio-economic

+  Pearling (inactive/pearling zones)
Very significant for recreational fishing and
charter boat tourism

+  Social amenities and other tourism

Release

Release

Yoorn-1

Surface
Release*

Subsea
Release*

Worst-case
Consequence
Ranking

Consequence Category

Outer NW
Ningaloo
(Submerged)

+  Nominated place (national heritage)

Physical Habitats Probability of contact by (%) Not Not
floating oil at 10 g/m? identified identified

+  Coral reef

. floati i (&/m2) asa asa

+  Seagrasses Maximum floating oi 8 Hotspot Hotspot
concentration >10 g/m?

+  Macroalgal beds

+  Non-coral benthic habitats Maximum exposure time Time (d)

. . o . of floating oil at 10 g/m?

+  high and unique sponge biodiversity

Marine Fauna Maximum accumulated oil (tonnes)
on shorelines >100 g/m?

+ Invertebrates

o Maximum accumulated (g/m?)

+  Cetacean migration .
concentration >100 g/m?

+  Finfish and rays

. . Maximum length of (km)
+  Whale sharks — migratory and aggregation
& y geree shoreline oiled (>100 g/m?)
site

© Manta rays aggregation Maximum concentra'flon (ppb)
of total submerged oil

+ 500 finfish species recorded >100 ppb

Birds
Maximum exposure time Time (d)

+ 33 species seabirds and avifauna present of total submerged oil

(13 resident and 20 migratory) >100 ppb

+ 13 JAMBA/CAMBA species Maximum concentration (ppb)

Marine mammals of dissolved hydrocarbon
>50 ppb

+ 13 species of toothed whale and dolphin
Maximum exposure time Time (d)

and 7 species of baleen whale

Protected Area

+  Key Ecological Feature (Commonwealth
waters adjacent to Ningaloo Reef) and
Continental Slope Demersal Fish
Communities

Socio-economic and heritage values
sanctuary zones under state MP

National Heritage Place

+ o+ o+ o+

shipwrecks important as diving sites

of dissolved hydrocarbon
>50 ppb

NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
263 126
0.1 0.1
NC NC
NC NC

+  Threatened or
migratory fauna

+  physical habitat
protected areas

+  socio-economic

receptors

I - Minor
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Receptor HEV Values Oil Spill Modelling Parameter Jelen-1 and Parnassus-1 Yoorn-1 Consequence Category Worst-case
Name Ranking Consequence
Surface Subsea Surface Subsea .
Ranking
Release Release Release* Release*
Southern 5 Overlaps BIAs for Probability of contact by (%) Not Not NC NC 4+ Threatened or I Il - Minor
Islands Coast floating oil at 10 g/m? identified identified ) I
+  Humpback whales as a asa migratory fauna
. ) . 5
+  Green turtle and hawksbill critical habitat Maximum floatlng oil (g/m?) Hotspot Hotspot NC NC +  physical habitat I
. concentration >10 g/m? I
(nesting) +  protected areas
+  Wedge tailed shearwater Maximum exposure time Time (d) NC NC +  socio-economic
of floating oil at 10 g/m?
+  Lesser crested tern receptors
4 Fairytern Maximum accumulated oil (tonnes) 52.5 18.7
+

on shorelines >100 g/m?
Roseate tern

Maximum accumulated (g/m?) 4,003.3 1,763.7

ion > )
Seagrass meadows concentration >100 g/m

Flatback turtle nesting Maximum length of (km) 12.7 12.7
shoreline oiled (>100 g/m?)

Adjacent to Exmouth Gulf Coast and Ningaloo Maximum concentration (ppb) 134.2 114.8
hotspot (refer above) of total submerged oil

Onslow port within area >100 ppb

Maximum exposure time Time (d) 19.1 17.3
of total submerged oil
>100 ppb

Maximum concentration (ppb) NC NC
of dissolved hydrocarbon
>50 ppb

Maximum exposure time Time (d) NC NC
of dissolved hydrocarbon
>50 ppb

Note: NC = No contact at the defined criteria or less than 5% probability. HEV = high environmental value.
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7.2.4.2 Subsea and Surface LOWC

Receptors +  Physical environment (water and sediment quality, benthic habitats, offshore
reefs and islands)

+  Threatened or migratory fauna (marine mammals, marine reptiles, sharks, rays,
fish, and birds)

+  Protected and significant areas (marine parks and KEFs)

+  Socio-economic receptors (fisheries, tourism and recreation)

Consequence IV - Major

The detailed consequence assessment for each hotspot is provided in Table 7-18. A summary of the
consequence assessment for each receptor category is presented below.

Physical environment or habitat

In the highly unlikely event of a LOWC at the Yoorn-1 well (representing the worst-case of the three wells),
hydrocarbons will likely reach both subsea and shoreline habitats (highest probabilities at Montebello Islands,
Barrow Island, Muiron Islands, Lowendal Islands, Dampier Archipelago, Ningaloo Southern Islands Coast and
Montebello AMP). Hydrocarbons that reach nearshore environments also have the potential to impact
benthic coral reefs and mangrove areas, which may result in a long-term decrease in ecological values given
toxicity impacts associated with hydrocarbon exposure.

Threatened or migratory fauna

In the highly unlikely event of a LOWC, the volume of condensate released would result in a localised
reduction in water quality with the potential to impact marine fauna. Marine fauna present in the area may
be potentially impacted by a spill through exposure to floating oil, entrained oil, or DAH’s. A description of
impacts to marine fauna from exposure to condensate is provided in Table 7-11.

Impacts from a LOWC release would be greatest within several kilometres from the spill when the toxic
aromatic components of the fuel will be at their highest concentration and when the hydrocarbon is at its
thickest on the surface of the receiving waters. Upon release to the marine environment, the condensate will
rapidly lose toxicity with time and will spread thinner at the surface as evaporation continues or will become
entrained within the water column. The potential sensitive receptors in the surrounding areas of the spill will
include fish, marine mammals, marine reptiles and seabirds at the sea surface, as discussed in Table 7-11.

Habitat modification, degradation, disruption or loss, deteriorating water quality and marine pollution are
identified as potential threats to a number of marine fauna species in relevant recovery plans and
conservation advices (Table 3-9). With controls in place that align with relevant actions described in various
recovery plans, the activity will be conducted in a manner that reduces potential impacts to ALARP and an
acceptable level.

Protected areas

The MEVA intersects several protected areas and AMPs and marine management areas (Section 3.2.2).
Combined, these areas support all the habitats and faunal groups described above. Impacts to the habitat or
fauna receptors described above therefore have an impact on the values of these reserves, which could have
flow-on effects to tourism revenue of coastal communities that provide access to these marine reserves.
Many of these receptors are values of protected areas, and there could be moderate-term effects to them.

Socio-economic receptors

There is the potential for entrained oil to temporarily disrupt fishing activities if the surface or entrained oil
moves through fishing areas (Table 7-11).

Entrained oil at more than 100 ppb could reach pearl farming activities at the Montebello Islands. Pearl
oysters are filter feeders; therefore, entrained oil droplets could create negative impacts through ingestion
and accumulation of hydrocarbon compounds in oyster tissues or interference with respiratory structures.
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Ecotox (2009) reported that no observable effect concentration levels from weathered condensates for a
comparable oyster species ranged from approximately 9,000 to 28,000 ppm. Significant impacts on
aquaculture would therefore be unlikely, as predictive modelling reported that the maximum time-averaged
submerged total concentration for the worst realisation at the Montebello Islands was 723 ppb. Additionally,
pearling leases identified in the region are currently inactive; and no stakeholder concerns have been raised.
However, if these leases were to become active within the life of this EP, then some loss of value to the local
industry could occur in the event of a LOWC that results in a condensate spill at the Yoorn-1 well.

In addition, recreational fishing hotspots including the Montebello Islands, Barrow Island, Lowendal Islands,
Muiron Islands and Ningaloo are of high value to recreational fishers.

Tourism could be affected by spilled condensate, either from reduced water quality or shoreline oiling
preventing recreational activities, reducing aesthetic appeal or from impacts to habitats and marine fauna as
described in Table 7-11.

Indigenous users may be impacted in the event that a land-based response is required. However,
consultation will help manage activities such that potential impacts are reduced to acceptable levels.

A number of oil and gas operators operate within the MEVA with existing projects and infrastructure in place,
as well as continuing drilling and exploration programs. A LOWC has the potential to disrupt these activities,
with associated economic impact, albeit on a temporary basis.

On the basis of the above assessment, a LOWC has the potential to impact an array of receptors. Given the
extent, the worst-case consequence is considered to be Major (IV).

Likelihood b - Unlikely

The likelihood of a LOWC event occurring during the activity is extremely low when considering industry
statistics, Santos statistics and the standard preventive control measures in place. Wells are designed with
essential engineering and safety control measures to prevent a loss of containment occurring. Blowout and
well release frequencies for exploration drilling has been reported at between 1 and 10 incidents every
10,000 to 100,000 years (i.e., up to a frequency of 103 to 10/ year) (OGP, 2010).

Management controls in place to control the flow of hydrocarbons include construction design, safety
shutdown systems, regular inspection and maintenance, and competent personnel. Additional industry-
standard and activity-specific control measures to reduce the chance of a loss of containment event have also
been implemented including (but not limited to) procedures such as the WOMP, safety case, crew training
and awareness, and a spill response plan (OPEP). These control measures are considered to reduce the risk of
a loss of containment (and minimise impacts) occurring to a level that is acceptable.

The likelihood of a LOWC resulting in a Major (V) consequence is considered to be unlikely (b).

Residual Risk The residual risk associated with this event is Low.

7.2.5 Demonstration of ALARP

The use of industry standard safe drilling methodologies, including the inherently safe well design
and its operations with primary (i.e., maintaining the appropriate hydrostatic pressure) and
secondary well control features (i.e., blowout preventers), reduces the probability of a loss of
containment occurring to a very low level. All safety options have been considered in well design and
equipment choice for the activity, with no additional safety options possible, it is considered that the
risk of a loss of containment occurring has been reduced to ALARP.

The combination of the standard prevention control measures (which reduce the likelihood of the
event happening), and the spill response strategies (which may reduce the consequence) together
reduce the hydrocarbon spill risk.
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Based on the stochastic spill modelling, Santos has determined applicable source control response
measures to limit the spill volume from a LOWC event to ALARP.

7.2.5.1 Source Control

A number of source control options have been evaluated for the activity (refer to OPEP). Of these
source control options; the drilling of a relief well is considered the primary means of controlling the
source in the event of an unplanned well release. Spill response and impact assessment for this
activity has been based on the relief well taking 77 days (11 weeks) to execute. A breakdown of the
key tasks and their timeframe to drill a relief well in 11 weeks have been included in Section 9.3.1.3
of the OPEP.

Supporting controls to allow the relief well schedule to be met include:

+ “Assurance Review 4: Readiness to Spud” is conducted under the Drilling & Completions
Management Process (DCMP).

+ Rig capability register is maintained.

+ A well-specific Source Control Plan (SCP) is prepared in accordance with the Santos Source Control
Planning and Response Guidelines. The SCP contains information and considerations for relief
well operations including but not limited to:

—  Relief well surface locations (primary and secondary)
—  Relief well trajectory and interception target point

—  Dynamic well kill modelling calculations for controlling a worst-case discharge (e.g. kill mud
weight, kill pump rate/pressure and kill mud volume required)

—  Status of relief well tangible equipment.

+ Australian Petroleum Production and Exploration Association (APPEA) Memorandum of
Understanding (MoU) provides for access to other Operator rigs.
+ Contracts and MoUs for third-party independent well control specialist personnel are in place.

An ALARP assessment of the various source control strategies is included in Appendix A of the OPEP.

The implementation timeframe of this control is key to its effectiveness. A second MODU positioned
on standby in the vicinity of the activity during the drilling activity was considered as an additional
control that could reduce the length of time taken to drill a relief well. This would involve hiring an
additional rig for the duration of the activity every time a well is drilled under this EP. If adopted, this
may reduce the timeframe for stopping a blowout by up to two weeks, although
planning/approval/set-up requirements mean the reduction would likely be less. The cost of having a
MODU and personnel/equipment on standby (at a rate of ca. $250,000/day) would double the cost of
the activity and introduce additional safety and environmental risks due to presence of an additional
MODU and support vessels/equipment being on standby. This is considered grossly disproportionate
to the environmental benefit (a potential reduction of two weeks to stop the LOWC, particularly
considering the likelihood of a LOWC and the existing preventative control measures in place to
prevent a well blowout. Having a dedicated second MODU on standby for the purpose of relief well
drilling was therefore rejected as a control measure.
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In order to minimise lead times a rig with a NOPSEMA approved Safety Case will be preferred. These
rigs are tracked on the Rig Capability Register and access is covered under the APPEA MoU. Given the
shallow water depths at the Pavo and Apus locations (88m and 80m respectively), a jack-up MODU
would be the preferred rig type for a relief well. A semi-submersible could possibly be used to drill the
relief well, but most floating units would not be suitable given the shallow water depth as it presents
significant challenges with mooring (including feasible distance from the relief well target), limited
space between the BOP & MODU and wellhead loading/fatigue concerns. The Well Specific Source
Control plan written prior to the activity commencing will specifically look at what MODUs are available
when the activity commences and ensures that there will be at least one technically suitable unit
available to drill a relief well. Should a semi-submersible rig be the only option for a relief well, detailed
engineering would be performed, and long lead items would be organised to ensure there is a feasible
MODU available to execute a relief well. Again, this would be documented in the Well Specific Source
Control Plan.

Direct surface intervention (i.e. deployment onto the jack-up rig) using specialised well control
personnel is a strategy that could be adopted and supported through contractual arrangements with
well control vendors. This strategy is contingent on technical aspects of the LOWC event and safety
considerations which could only be assessed at the time of a spill event. For this reason, the current
preparedness measures for well intervention experts is considered ALARP.

Installation of a capping stack is not compatible with jack-up drilling (required in the shallow water
depths of the OAs), and is not applicable.

Santos has access to a subsea first response toolkit (SFRT) and deployment personnel through
contract to AMOSC and Oceaneering respectively. The SFRT may provide value in allowing a subsea
survey in the instance of conductor damage but given that capping stack deployment is not a feasible
strategy, the use of SFRT for the application of dispersants is not considered required from a source
control perspective. However, the application of dispersants via SFRT may provide an environmental
benefit in reducing the volume of hydrocarbons reaching shorelines. Notwithstanding the above, the
use of SFRT is considered unlikely due to safety and technical constraints (i.e., shallow water depths
and high predicted gas release rates).

In the unlikely event SFRT was required, SFRT equipment can be mobilised to Dampier from the
Jandakot storage yard in two days, under existing arrangements. Locating this equipment in Dampier
could potentially reduce deployment time by two days providing a suitable vessel was on standby for
immediate mobilisation. However, the equipment is a shared resource across AMOSC SFRT
subscription members so relocating for a drilling campaign is not considered viable. Providing a
vessel on standby for SFRT deployment could reduce deployment time; but given SFRT deployment
may not be suitable or feasible a potential reduction in deployment time due to a vessel being on
standby is not seen to offer sufficient environmental benefit given crewed vessel standby costs
would be tens of thousands of dollars each day over the drilling period.

7.2.5.2 Spill Mitigation Controls
Santos considers that through the selection of appropriate spill response strategies, development of

spill response controls and maintenance of preparedness arrangements and resources to implement
these controls, spill risk is mitigated to ALARP. Preparedness spill response controls are outlined in
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Table 7-13 while those that would be implemented in the event of a spill are outlined within the
OPEP.

7.2.6  Acceptability Evaluation

Is the risk ranked between Low and
Medium?

Is further information required in the
consequence assessment?

Are risks and impacts consistent with
the principles of ecological
sustainable development (ESD)?

Are risks and impacts consistent with
relevant legislation, international
agreements and conventions,
guidelines and codes of practice
(including species recovery plans,
threat abatement plans,
conservation advice and Australian
Marine Park zoning objectives)?

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan

Yes - maximum credible hydrocarbon spill volume (condensate
from a LOWC) residual risk is ranked as Low.

No — hydrocarbon spill modelling results were used to determine
consequence and risk; no further information is required.

Yes — activity evaluated in accordance with Santos’ Environmental
Hazard Identification and Assessment Procedure, which considers
principles of ecologically sustainable development.

Yes — management consistent with OPGGS(E)R 2009 Regulations,
including safety case and WOMP. Santos has considered the
values and sensitivities of the receiving environment, including
but not limited to:

+ Conservation values of the identified protection priorities
(Section 3.2.2), including the Montebello AMP, the Barrow
Island Marine Park and Management Area, Montebello
Islands Marine Park (State Marine Park), Muiron Island
Marine Management Area, and Ningaloo Marine Park;

+ Relevant species recovery plans, conservation management
plans and management actions, including but not limited to:
Recovery Plan for Marine Turtles in Australia (DoEE, 2017)
Approved Conservation Advice for Megaptera novaeangliae
(humpback whale) (TSSC, 2015d)

+  Approved Conservation Advice for Balaenoptera physalus (fin
whale) (TSSC, 2015b)

+ Approved Conservation Advice for Rhincodon typus (whale
shark) (TSSC, 2015a)

+  Blue Whale Conservation Management Plan 2015 - 2025
(DoE, 2015b)

+ Approved Conservation Advice for Balaenoptera physalus (fin
whale) (2015c)

+ Approved Conservation Advice for Balaenoptera borealis (sei
whale) (2015d)

+  Recovery Plan for the White Shark (Carcharodon carcharias)

(2013a)

Sawfish and River Sharks Multispecies Recovery Plan (2015a)

North-west Marine Parks Network Management Plan (2018)

South-west Marine Parks Network Management Plan (2018)

+ o+ o+ o+

and relevant recovery plans and conservation advices for
birds.

Management is also consistent with the zoning of the Australian
marine parks, in that risks have been reduced to ALARP, e.g.,

409 of 557



S0-91-BI-20003.01 Santos

implementation of spill response activities will limit impacts,
thereby conserving the marine park values.

IUCN principles of nearby reserves (Montebello Marine Park)
(Multiple Use Zone — IUCN Category VI) are met (Table 3-4).

NN EEN R E N HE RGN Yes — aligns with Santos’ Environmental, Health and Safety Policy.
Santos’ Environmental, Health and
Safety Policy?

NN IHE G R P E L EE ERATIGE  Yes — DBCA raised concern of the potential impacts to Montebello
stakeholder expectations? Islands Conservation Park and Marine Park, Lowendal Islands
Nature Reserve, and Barrow Island Nature Reserve, Marine Park
and Marine Management Area in the event of a spill. The values
of these reserves are described in the EP. Concerns raised around
baseline monitoring were addressed by Santos during
consultation (refer Table 4-2); and scientific monitoring and
response strategies are described further within the OPEP.

DMIRS requested that the EP includes information about the
reporting of environmental incidents that could potentially impact
on any land or water in State jurisdiction.

Santos considers these concerns to have been addressed or will
be addressed as per the Activity Notification and Reporting
Requirements (Table 8-4).

AN () g LIRS £ G ET G IR ETE Yes (see ALARP above)
the impact or risk is considered to be
ALARP?

The likelihood of a LOWC event during the activity is unlikely when considering industry statistics,
Santos statistics and the preventative controls in place. Wells are designed with essential engineering
and safety control measures to prevent a LOWC incident occurring. Additional industry-standard and
activity-specific control measures to reduce the chance of the event occurring (and minimise
impacts) have also been implemented, including (but not limited to) procedures such as the
NOSPEMA accepted safety case and WOMP, personnel training and awareness, and a spill response
plan (OPEP). In accordance with Santos’ risk assessment process, the residual risk is considered to be
ALARP. The proposed control measures will reduce the risk of impacts from a LOWC to a level that is
considered acceptable.

7.3 Hydrocarbon Spill — Marine Diesel Oil

Surface release of marine diesel oil (MDO) from a ruptured vessel fuel tank as a result of a collision or
a MODU refuelling incident.

7.3.1 Description of Event

Diesel spills have the potential to impact on the marine environment through reductions in water
quality and exposure to fauna and habitats.
Worst-Credible MDO Spill

It is considered credible that a release of MDO to the marine environment could occur between the
support vessels, between a support vessel and the MODU, or between a passing 3™ party vessel and
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the MODU or a support vessel. The worst-case environmental incident resulting from a vessel
collision is the rupturing of a vessel fuel tank resulting in the release of MDO to the environment.
Vessel collision could occur due to factors such as human error, poor navigation, vessel equipment
failure or poor weather.

A maximum credible spill volume has been determined based on technical guidance provided by
AMSA (AMSA, 2015). This guidance states that for a vessel other than an oil tanker, the maximum
credible spill from a collision can be determined from the volume of the largest single fuel tank.

In reviewing the general arrangements and fuel tank capacities of typical vessels likely to be utilised
for the drilling activities, the largest single fuel tank capacity identified was no greater than
approximately 329 m3 of MDO for support vessels. This scenario would result in a spill of MDO at the
sea surface.

As explained in Section 7.1.2, for an MDO release, two representative spill modelling reports were also
identified — the same volume was modelled from two release locations:

+  Yoorn-1 well location: WA-499-P Geophysical and Geotechnical Surveys Diesel Spill Modelling
Report (GHD, 2019)

+ Jelen-1 and Parnassus-1: represented by the MDO modelling undertaken in the Dancer-1
Exploration Drilling Oil Spill Modelling report (GHD, 2020b), which is 8.3 km from the closest well
(Parnasiss-1).

Refuelling Incident

There may be helicopter refuelling on the MODU and vessel refuelling within the OAs during the
activity.

The second most significant MDO spill scenario identified is a MODU refuelling incident (fuel hose
failure or rupture, coupling failure or tank overfilling) where fuel would need to be stopped
manually. Fuel released prior to the cessation of pumping as well as fuel remaining in the transfer
line may escape to the environment.

The AMSA (2015) Technical Guidelines for Preparing Contingency Plans for Marine and Coastal
Facilities provides guidance for calculating a maximum credible spill volume for a refuelling spill. The
guidance provided by AMSA (2015) for a refuelling spill under continuous supervision is considered
appropriate given refuelling will be constantly supervised. The maximum credible spill volume during
refuelling is calculated as: transfer rate (150 m3/ hr) x 15 minutes of flow giving a volume of 37.5 m3.
The detection time of 15 minutes is seen as conservative but applicable following failure of multiple
barriers followed by manual detection and isolation of the fuel supply.

A release of 329 m® of MDO as a result of a vessel collision is the maximum credible diesel spill
scenario, and was modelled by GHD for a release at Yoorn-1 (GHD, 2019) and at Dancer-1
(representing Jelen-1 and Parnassus-1; GHD, 2020):

+ Hotspot analysis for Yoorn-1 release identified the Montebello Islands and Barrow-Montebello
Surrounds. The Dancer-1 modelling identified these two Hotspots; in addition to the Dampier
Archipelago.

+ Shoreline loading at moderate exposure (100 g/m?) was confined to the proximal locations of
Dampier Archipelago and Montebello Islands for Dancer-1; and the Montebello Islands,
Lowendal Islands and Barrow Island for Yoorn-1.

+ Maximum spatial extent of surface oil above the moderate exposure value of 10 g/m?, was
predicted to occur up to approximately 200 km from the spill location from either release

location.
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+ Exceedances of total submerged oil in the water column at the high exposure value (100 ppb)
were predicted up to a maximum of approximately 200 km to the east of the spill location and
approximately 100 km to the north and east from either location.

+ Dissolved oil in the water column above the exposure value of 50 ppb was predicted up to
approximately 200 km from either release location.

Refer to MDO Spill Modelling Results summary below in Section 7.3.2 for further information.

Modelling undertaken for 0.5 hours - loss is instantaneous through the rupture.

MDO fuel at the sea surface will spread rapidly in the direction of the prevailing wind and surface
currents. Evaporation contributes to a substantial proportion of removal of the spilled MDO on the
sea surface during calm conditions, while entrainment of droplets within the water column will
increasingly contribute to removal of surface oil as wind speed increases. There is a very low chance
for emulsion formation. It is estimated through modelling under realistic weather conditions that
surface hydrocarbons would decrease to below 1% of the total mass within three days (in moderate
wind conditions, 5 metres per second (m/s)) through dispersion and evaporation. In conditions of
sustained energetic winds (10 m/s), the surface oil is expected to be entirely evaporated and
dispersed after 12 hours.

Refer to MDO Spill Modelling Results summary below in Section 7.3.2 for further information.

7.3.2 Nature and Scale of Environmental Impacts

Hydrocarbon spills will cause a decline in water quality and can cause chemical (e.g. toxic) and
physical (e.g. coating of emergent habitats, oiling of wildlife at sea surface) impacts to marine
species. The severity of the impact of a hydrocarbon spill depends on the magnitude of the
hydrocarbon spill (i.e. extent, duration) and sensitivity of the receptor.

Potential Receptors: Physical environment (water and sediment quality), threatened or migratory
fauna (marine mammals, marine reptiles, sharks, fish, rays and birds), protected and significant areas
(marine parks and KEFs), socio-economic receptors (fisheries, tourism and recreation).

As a light hydrocarbon, MDO undergoes rapid spreading and evaporative loss in warm waters,
indicating that a surface slick will be temporary, with approximately 40% of the released volume
evaporating within 40 hours. The high rate of evaporation means that little MDO will become
entrained and few aromatic hydrocarbons are predicted to become dissolved.

Potential impact pathways (physical and chemical) of hydrocarbon exposure for receptors are
summarised in Table 7-10 and potential impacts to receptors found within the EMBA are further
described in Table 7-11.

7.3.2.1 Hydrocarbon Weathering Behaviour

ITOPF (2011) and the AMOSC (2011) categorise MDO as a light ‘group II’ hydrocarbon. In the marine
environment, MDO is expected to behave as follows:

+ MDO will spread rapidly in the direction of the prevailing wind and waves

+ Evaporation will be the dominant process contributing to the fate of spilled diesel from the sea
surface and will account for 60 to 80% reduction of the net hydrocarbon balance

+ The evaporation rate of diesel will increase in warmer air and sea temperatures
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+ MDO residues usually consist of heavy compounds that may persist longer and will tend to
disperse as oil droplets into the upper layers of the water column.

Under low winds (1 m/s), 60% of the surface slick is predicted to remain after 120 hours (five days).
Under moderate winds (5 m/s), 40% of the initial surface slick is predicted to remain after 24 hours
decreasing further to approximately 10% after 48 hours and 1% after 72 hours. With high winds (10
m/s), the surface slick is predicted to be almost entirely evaporated and dispersed after 12 hours
(GHD, 2020) (Figure 7-6).

Marine Diesel (IKU) has been used as an analogue for MDO in the modelling study (GHD, 2020).
Marine Diesel (IKU) has a very low tendency for emulsion formation, with only 1% water content
entrained into the surface slick after 120 hours for all wind conditions assessed (GHD, 2020)
(Figure 7-6).
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Figure 7-6: Simulated Weathering of the Foundation for Specific and Industrial Research at the
Norwegian Institute of Technology (SINTEF) Marine Diesel (IKU) Hydrocarbon for
Constant Wind Speeds of 1 m/s (top), 5 m/s (middle) and 10 m/s (bottom)
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7.3.2.2 Spill Modelling Results

To determine the spatial extent of impacts from a potential surface release of MDO, and the
dispersion characteristics over time, modelling was completed by GHD (GHD, 2020). A volume of 329
m? released over 0.5 hours was modelled.

Modelling results have been provided for each of the four hydrocarbon fates: shoreline
accumulation; surface; dissolved and entrained.

The modelling results are provided in Table 7-12 for the fate of hydrocarbon at the exposure values
defined in Section 7.1.3 has been provided for the purposes of risk evaluation, displaying the
following parameters:

Minimum time to contact from moderate and high exposure value
Maximum hydrocarbon concentration from high exposure value
Maximum oil accumulation on shoreline from moderate and high exposure value

+ + 4+ +

Length of shoreline oiled.

The spill modelling results from both models are provided in Appendix E.

Further parameters required to inform spill response strategies are described further in the Yoorn-1,
Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey OPEP.
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Table 7-19: Summary of MDO Release Modelling Results for Yoorn-1, and Jelen-1 and Parnassus-1

Exposure

Yoorn-1 Modelling

Jelen-1 and Parnassus-1 Modelling (represented by Dancer-1)

Surface Oil

Surface oil above 10 g/m? were predicted to extend approximately 200
km to the southwest and approximately 130 km to the northeast of the
spill location.

A high exposure probability (99.2%) was predicted at the Montebello
AMP, with a maximum time-averaged oil concentration at this receptor
of 283.8 g/m?, and a minimum predicted arrival time of 0.1 days. Low-
moderate exposure probabilities were predicted at Barrow-Montebello
Surrounds (20.8%) and the Montebello Islands (14.2%). Maximum
predicted time-averaged oil concentrations were 264.9 g/m? and 259.6
g/m?, respectively. Minimum arrival times were 0.3 days for both
receptors. Low exposure probabilities were predicted for Offshore
Ningaloo (6.7%), Barrow Island (3.3%) and the Lowendal Islands (2.5%).

Maximum predicted time-averaged oil concentrations were Offshore
Ningaloo (60 g/m?), Barrow Island (77.5 g/m?) and Lowendal Islands
(153.8 g/m?). Minimum arrival times were 1.8 days for Offshore

Ningaloo, 2.4 days at Barrow Island and 1.3 days at the Lowendal Islands.

No contact at concentrations above 10 g/m? was predicted at Dampier
AMP or Outer NW Ningaloo.

Stochastic modelling determined that surface oil at concentrations
equal to or greater than 1 g/m? could extend up to 225 km from the
release location. HEVs with the potential to be contacted at the low
exposure value are:

+

+

+

Surface oil at moderate exposure value of 10 g/m? may occur out to
200 km from the release location. HEVs with the potential to be
contacted at the moderate exposure value are:

+

+

+

+

+

Surface oil at the high exposure value of 50 g/m? may occur out to
125 km from the release location.

Glomar Shoals

Rankin Bank

Montebello Islands
Barrow-Montebello Surrounds
Montebello AMP

Offshore Ningaloo

Glomar Shoals

Montebello Islands
Barrow-Montebello Surrounds
Montebello AMP

Offshore Ningaloo
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Exposure Yoorn-1 Modelling Jelen-1 and Parnassus-1 Modelling (represented by Dancer-1)

Dissolved Oil Time-averaged dissolved oil above the 50 ppb threshold was predicted to | Dissolved hydrocarbons at concentrations of 10 ppb may occur 250
occur up to approximately 150 km to the southwest and approximately km from the release location.
110 km to the northeast from the spill location. Dissolved hydrocarbons at concentrations of 50 ppb may occur 200
The key receptor predicted to be contacted by dissolved oil above the km from the release location. Dissolved hydrocarbons at
moderate exposure value (50 ppb) is the Montebello AMP, with 97.5% concentrations of 50 ppb may contact one HEV (Montebello AMP),
contact probability, maximum time-averaged concentration of 544.7 ppb | which is approximately 50 km from the release location.
and short minimum arrival time of 0.1 days. Further, low-moderate Dissolved hydrocarbons at concentrations of 400 ppb could travel up
exposure probabilities were predicted at Barrow-Montebello Surrounds to 50 km from the release location. At this concentration, no contact
(21.7% probability, 354.4 ppb maximum time-averaged concentration, to HEVs is predicted.

0.3 days minimum arrival time) and Montebello Islands (15.8%, 290.3
ppb, 0.3 days). Low exposure probabilities were predicted at Offshore
Ningaloo (4.2%), Barrow Island (2.5%) and Lowendal Islands (2.5%).
Maximum time-averaged concentrations were 79.8 ppb, 96.7 ppb and
257.9 ppb, respectively.

Minimum arrival times for surface concentrations above 50 ppb were 1.8
days for Offshore Ningaloo, 2.4 days for Barrow Island and 1.3 days for
Lowendal Islands.

Total Entrainment of the surface slicks resulted in predicted total submerged Entrained hydrocarbon with concentrations exceeding 10 ppb may

Submerged oil concentrations above the 100 ppb threshold to occur up to occur out to 250 km from the release location.

oil approximately 160 km to the southwest of the spill location and Entrained hydrocarbon with concentrations exceeding 100 ppb may
approximately 140 km to the northeast. occur out to 200 km from the release location. At the moderate

A high exposure probability (95%) was predicted at the Montebello AMP, | exposure value of 100 ppb there is greater than 1% probability of
with a maximum time-averaged concentration at this receptor of 1,153.9 | entrained hydrocarbon reaching two HEVs: Glomar Shoals and
ppb, and a minimum predicted arrival time of 0.1 days. Low-moderate Montebello AMP.

exposure probabilities were predicted at Barrow-Montebello Surrounds All these HEVs may be contacted at the high exposure value of 500
(20.0%) and Montebello Islands (15.8%). Maximum time-averaged ppb.
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Exposure Yoorn-1 Modelling Jelen-1 and Parnassus-1 Modelling (represented by Dancer-1)

concentrations were 864.3 ppb and 344.2 ppb, respectively, and
minimum arrival times of 0.3 days for both receptors.

Low contact probabilities were predicted at Offshore Ningaloo (5.0%),
Barrow Island (2.5%) and Lowendal Islands (2.5%). Maximum time-
averaged concentrations were 212.2 ppb, 340.7 ppb and 293.2 ppb,
respectively. Minimum arrival times for surface concentrations above
100 ppb were 1.8 days for Offshore Ningaloo, 2.4 days for Barrow Island
and 1.3 days for Lowendal Islands. No contact at concentrations above
100 ppb was predicted at Glomar Shoals, Dampier AMP or Outer NW

Ningaloo.
Shoreline Shoreline oiling above the 100 g/m? threshold was confined to the Shoreline accumulation above the low exposure value of 10 g/m?
Accumulation | proximal locations of Montebello Islands, Lowendal Islands and Barrow may occur within 75-150 km of the release site at Barrow Island,

Island. Predicted contact probabilities across all shorelines was 15%, with | Montebello Islands, Dampier Archipelago and Northern Islands Coast,
the Montebello Islands predicted to have the highest contact probability as well as at the Southern Islands Coast approximately 250 km
of 13%. Lowendal Islands and Barrow Island also had predicted contact southwest.

probabilities of 1-4%. Shoreline accumulation above the moderate exposure value of 100

The maximum predicted accumulated oil ashore across all shorelines was | g/m? may occur at two HEVs:
approximately 222 tonnes, which occurred entirely at Montebello

) +  Dampier Archipelago; and
Islands. Of the other contacted receptors, a maximum accumulated

shoreline loading of approximately 130 tonnes was predicted for Barrow +  Montebello Islands.

Island, approximately 11 tonnes for Lowendal Islands and no contact at The furthest being Montebello Islands, approximately 93 km from the
Dampier Archipelago, Muiron Islands and Ningaloo Coast North. release location.

Short arrival times of less than 1 week were predicted for all contacted Shoreline accumulation above the high exposure value of 1,000 g/m?
receptors with the fastest arrival time of 0.5 days at the Montebello may occur at Montebello Islands

Islands to the longest of 2.4 days at Barrow Island. The highest predicted
oiled shoreline length across all shorelines was approximately 18 km. For
individual shorelines, Montebello Islands, Barrow Island and Lowendal
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Exposure Yoorn-1 Modelling Jelen-1 and Parnassus-1 Modelling (represented by Dancer-1)

Islands had predicted oiled shoreline lengths of 14 km, 11 km and 3 km,
respectively.
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7.3.3

The EPOs relating to this event include:

+ No loss of containment of hydrocarbon to the marine environment [YJP-EPO-03]

Environmental Performance Outcomes and Control Measures

+ No unplanned objects, emissions or discharges to sea or air [YJP-EPO-04]
+ No injury or mortality to EPBC Act 1999 and WA Biodiversity Conservation Act 2016 listed marine
fauna during operational activities. [YJP-EPO-05].

The control measures considered for this activity are shown below with EPS’ and measurement
criteria for the EPOs described in Section 8.4.

Table 7-20: Control Measure Evaluation for the Surface Release of MDO

Control

Control Measure

Environmental

Potential

Evaluation

Measure Benefit Cost/Issues

Reference

No.

YJP-CM-003 | MODU move MODU move Personnel costs Adopted -
procedure procedure contains a associated with Benefits of

passage plan to ensuring procedure is | ensuring

reduce risk of in place and procedure is

collision. implemented during followed and

inspections. measures to

reduce collision
risk are
implemented
outweigh the
costs of personnel
time.

YJP-CM-012 | MODU and Implements response Administrative costs Adopted —
support vessel spill | plans on board vessels | of preparing Benefits of
response plans to deal with documents. ensuring response
including pre- unplanned Generally undertaken | plansin place, are
drilling source hydrocarbon releases by vessel contractor followed and
control plan and spills quickly and so time for Santos measures

efficiently to reduce personnel to confirm implemented and
impacts to the marine and check SOPEP/ that the
environment. Shipboard Marine MODU/support
Pollution Emergency vessels are
Plan (SMPEP) in compliant
place. outweigh costs.
YJP-CM-014 | Maritime notices Ensure other marine Limited additional Adopted —
users are aware of the | costs to Santos. Benefits are
presence of the Stakeholders time considered to
MODU/support required to review outweigh
vessels and the consultation material | negligible costs to
relatively slow speed Santos.

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan

420 of 557



SO-91-BI-20003.01

Santos

Control
Measure
Reference
No.

Control Measure

Environmental
Benefit

Potential
Cost/Issues

Evaluation

and restricted and communicate
manoeuvrability with Santos.

YJP-CM-015 | Support vessel(s) Monitor the MODU High cost associated Adopted — The
500 m Petroleum with contracting safety and
Safety Zone (PSZ) and vessel. Negligible environmental
be equipped with an costs of operating benefits from
AlIS to aid in its navigational reducing risk of
detection at sea, and equipment. vessel collisions
radar to aid in the outweigh costs to
detection of Santo WA.
approaching third
party vessels. Reduces
risk of vessel collision
and subsequent
unplanned release of
hydrocarbons causing
potential harm to the
marine environment.

YJP-CM-016 | Accepted Oil Optimises efficiencies No additional cost Adopted —
pollution and preparedness of given is a regulatory Benefits of
emergency plan incident response. requirement. ensuring
(OPEP) procedures are

followed and
measures
implemented and
that the vessels
are compliant
outweigh the
costs.

YJP-CM-020 | Fuel oil quality Use of diesel reduces Additional personnel Adopted -

the potential impacts costs of ensuring Benefits of

to marine vessels are using the ensuring
environment in the required fuel. procedures are
event of unplanned followed
hydrocarbon spills or outweighs the
leaks during minimal costs of
bunkering. personnel time.

YJP-CM-024 | MODU MODU has an Negligible costs of Adopted — The
identification Automatic operating safety and
system Identification System navigational environmental

(AIS) to aid in its equipment. benefits outweigh
detection at sea that the cost to
is only active while Santos.
under tow. Reduces
risk of environmental
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Control Control Measure Environmental Potential Evaluation
Measure Benefit Cost/Issues

Reference
[\ [o

impact from vessel
collisions through
ensuring safety
requirements are
fulfilled.
YJP-CM-034 | Seafarer Requires Costs associated with | Adopted —
Certification appropriately trained personnel time in Benefits
and competent obtaining considered to
personnel to navigate qualifications. outweigh costs
MODU and vessels to and is a legislated
reduce interaction requirement.
with other marine
users.
YJP-CM-035 | Marine Assurance Ensures vessels meet Costs associated with | Adopted —
Standard Marine assurance personnel time in Benefits of
standards to reduce checking vessel. ensuring
the likelihood of procedures are
unplanned discharge. followed and
measures
implemented and
that the vessels
are compliant
outweigh the
costs. Regulatory
requirement must
be adopted.
YJP-CM-037 | Refuelling and Minimises risk of Personnel costs Adopted -
chemical transfer pollution to ALARP associated with Benefits of
procedure during hydrocarbon ensuring procedures ensuring
transfers between are in place and procedures are
MODU and vessels. implemented during followed and
refuelling and measures
chemical transfers. implemented
outweigh the
costs.
YJP-CM-038 | Petroleum Safety Reduces potential for Negligible costs, Adopted -
Zone (safety) collision or standard industry Benefits
established interference with practice considered to
other marine user outweigh
activities negligible costs to
Santos
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Control Control Measure Environmental Potential Evaluation

Measure Benefit Cost/Issues

Reference

No.

N/A Zero fuel Removes spill risk Cost associated with Rejected —

bunkering via hose | from hose operations. | transfer of MDO via Storage of fuel on

drums or containers. MODU would
Not possible to result in
modify MODU to unacceptable
allow additional fuel transfer of
storage. environmental
Cost associated with risks to
vessel transits and OHS/operational
risk transfer to risks and would
Health and Safety not eliminate risk

issues with additional | ©f MDO spills to
trips to port instead. | Sea. Costs

Would significantly associated with
increase the schedule | implementing

to include multiple control is deemed
trips. grossly
disproportionate
to environmental
benefit and low
risk activity with
standard controls

in place.

N/A Dedicated May allow for quicker Large costs Rejected — Large
resources (e.g. response to a spill as associated with a cost associated
dedicated spill resources will be dedicated resource with dedicated
response facilities within close proximity, | on location. resources on
on location) in the however, shoreline Modelling shows location deemed
event of loss of contact is predicted to | shoreline contact grossly
hydrocarbons to take 50 hours albeit with low disproportionate
allow rapid meaning benefits are maximum volumes, compared to low
response negligible with the exception of | risk of large MDO

the Montebello spill and
Islands (moderate subsequent rapid
shoreline loading). dispersion and

evaporation.

N/A Require all support | Reduces the likelihood | Vessels are subjectto | Rejected — Large
vessels involved in of a loss of availability and are costs associated
the activity to be hydrocarbon required to meet with vessel
double hulled. inventory minimising Santos’ standards selection and by

potential during activities; having an activity
environmental impact. | requirement of a schedule
double hull on determined by
vessels would limit vessel availability
the number available | considered to be
to Santos; also, grossly
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Control Control Measure Environmental Potential Evaluation
Measure Benefit Cost/Issues
Reference
No.
requiring vessels to disproportionate
be refitted to ensure compared to low
double hulls would risk of a vessel
be of high cost. collision and low
risk of a large
diesel spill.

7.3.4 Environmental Impact Assessment

The below environmental impact assessment follows the risk assessment approach detailed in
Section 7.1.4.

7.3.4.1 Identification of Hotspots for Consequence Analysis

As described in Section 7.1.6, all HEVs within the EMBA (low exposure value) are listed in Table 7-25
and Table 7-22 for Yoorn-1 and Jelen-1 and Parnassus-1 respectively. The values and sensitivities
associated with these HEVs have been described in Appendix C. Further to this, Table 7-25 filters the
HEV to identify the hotspots where they meet the criteria described in Section 7.1.6.

Table 7-21: Identified High Exposure Value and Hotspot Receptors — Yoorn-1

Receptor Exposure Value Hotspot

Moderate High ‘
Dampier Archipelago 3 v
Northern Islands Coast 5
Montebello Islands 3 v v v v
Barrow Island 3 v
Southern Islands Coast 5
Glomar Shoals 5
Rankin Bank 5
Barrow-Montebello Surrounds 3 v v v v
Montebello AMP 4
Offshore Ningaloo 4
Lowendal Islands 3 v v v
Muiron Islands 2 v
Ningaloo Coast North 2 v
Outer NW Ningaloo 3 v
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Table 7-22: Identified High Environmental Value and Hotspot Receptors — Jelen-1 and Parnassus-1

Receptor HEV Value Exposure Value Hotspot
Moderate High

Dampier Archipelago 3 v v v

Northern Islands Coast 5 v v

Montebello Islands 3 v v v v

Barrow Island 3 v

Southern Islands Coast 5 v

Glomar Shoals 5 v v v

Rankin Bank 5 v

Barrow-Montebello Surrounds 3 v v

Montebello AMP 4 v

Offshore Ningaloo 4 v

This process identified the following Hotspots:

+ Montebello Islands
+ Barrow-Montebello Surrounds
+ Dampier Archipelago.

The first two Hotspots are common to both sets of modelling, and the Dampier Archipelago was
identified for Jelen-1 and Parnassus-1 only.

Table 7-23 provides a simplified summary of the consequence assessment results for each of the
Hotspot areas for the two sets of model outputs. The consequence assessment was based on
predicted contact and concentration of surface oil, accumulated oil, entrained hydrocarbon and
dissolved hydrocarbons. For each Hotspot area the consequence to the key values were assessed
using the methodology described in Section 7.1.6.
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Table 7-23: Hotspot Consequence Assessment Results from Surface Release of MDO

Receptor Name

HEV
Ranking

Values

Oil Spill Modelling Parameter

Jelen-1 and Consequence Category

Parnassus-1

Worst-case
Consequence

Ranking

Total

Dampier Archipelago 3 Habitats Probability of contact by (%) Not identified | 1.3 +  Threatened or I [l - Moderate
: 2
+  Coral reefs surface oil at 10 g/m as a Hotspot migratory fauna I
+ Seagrass Minimum time to contact by Time (d) 2.5 +  physical habitat 1l
+ Macroalgae surface oil protected areas I
Mangroves 10 g/m? socio- economic
Marine Fauna Maximum oil loading on (tonnes) 0.6 receptors
Invertebrates shorelines >100g/m2
Finfish and Rays Maximum accumulated (g/m?) 223.2
high fish biodiversity approx. 650 concentration >100g/m?
species, dwarf sawfish EPBC ; :
) Maximum length of shoreline | (km) 14
protecte oiled (>100 g/m?)
Birds
Marine reptiles MaX|rT1um concentration of (ppb) 206.2
entrained hydrocarbon
Turtles
>100 ppb
+  Flatbacks - nest on Legendre, Huay,
Maximum concentration of (ppb) 434
Delambre . .
o ) dissolved aromatic
+  Green - significant rookery in NWS hydrocarbon
+  Olive Ridley — known to forage 510 ppb
+ Loggerhead — nesting and foraging
Seasnakes
Marine mammals
+  Eight species (dugong, whales,
dolphins)
+  migratory pathway for protected
humpback whale in July-Sept.
Protected Area
+ Commonwealth Marine Reserve
Socio-economic and heritage values
+ National Heritage Listed
+  Aboriginal rock art on shorelines,
Burrup Peninsula
Montebello Islands 3 Habitats Probability of contact by (%) 14.2 0.7 +  Threatened or I [l - Moderate
H 2
Reefs — coral spawning Mar & Oct surface oil at 10 g/m migratory fauna; m
Algae (40%) Minimum time to contact by | Time (d) | 0.3 5.7 +  physical habitat; n
+ Mangroves (considered globally surface oil protected areas; 1]
unique as they are offshore) 10 g/m?
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Receptor Name

HEV
Ranking

Oil Spill Modelling Parameter

Yoorn-1

Jelen-1 and
Parnassus-1

Consequence Category

Worst-case
Consequence
Ranking

Total

and charter boat tourism

concentration
>100g/m?

+  Fish habitat Maximum oil loading on (tonnes) | 221.5 153.4 + socio- economic
+ Intertidal sand flat communities shorelines receptors
Turtles >100g/m?
+  Loggerhead and green (significant Maximum accumulated (g/m?) 18,935.2 11,531.3
rookery), hawksbill, flatback turtles concentration
— Loggerhead turtle nesting: Dec- >100g/m?
Jan; green turtle nesting: Nov- to Maximum length of shoreline | (km) 14.1 25.5
Apr, peak period from Jan-Feb; oiled (>100 g/m2)
flatback turtle nesting: Dec-Jan; ) )
. . Maximum concentration of (ppb) 344.2 NC
hawksbill turtle nesting: Oct-Jan .
entrained hydrocarbon
+  Northwest and Eastern Trimouille
] >100 ppb
Islands (hawksbill)
+  Western Reef and Southern Bay at Maximum concentration of (ppb) 260.2 NC
Northwest Island (green) dissolved aromatic
. hydrocarbon
Seabirds
>10 ppb
+ Migratory and threatened seabirds
+  Significant nesting (Sept-Feb),
foraging and resting areas
Whales
+  Humpback (Jun-Jul), Pygmy blue
(Apr-Aug) whale migration
Socio-economic
Pearling (inactive/pearling zones)
Very significant for recreational
fishing and charter boat tourism
+  Social amenities and other tourism
+ Nominated place (national heritage)
Barrow-Montebello 3 Habitats Probability of contact by (%) 20.8 0.7 +  Threatened or I [l - Moderate
H 2
Surrounds +  Coral Reef habitats surface oil at 10 g/m migratory fauna; I
Marine Fauna Minimum time to contact by | Time (d) | 0.3 5.2 physical habitat; i
© Migratory seabirds surface oil protected areas; 11
) . .
+  Humpback / pygmy blue whale 10g/m 50¢lo- economic
migration Maximum oil loading on (tonnes) | NC NC receptors
Socio-economic and heritage values shorelines
2
+  Tourism >100g/m
+  Significant for recreational fishing Maximum accumulated (g/m?) NC NC
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Receptor Name HEV
Ranking

Values

Oil Spill Modelling Parameter

Yoorn-1

Jelen-1 and
Parnassus-1

Maximum length of shoreline | (km) NC NC
oiled (>100 g/m?)

Maximum concentration of (ppb) 864.3 NC
entrained hydrocarbon

>100 ppb

Maximum concentration of (ppb) 354.4 NC

dissolved aromatic
hydrocarbon

>10 ppb

Consequence Category

Worst-case
Consequence
Ranking

Total
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7.3.4.2 Surface Release of MDO from a vessel as a result of an external impact (vessel
collision) or a MODU refuelling incident

Receptors + Marine fauna — plankton, fish and sharks, marine mammals, marine reptiles,
seabirds/shorebirds

+  Physical Environment / Habitats
+  Protected areas

+ Socio-economic and heritage receptors

Consequence Ill- Moderate

In the event of a vessel collision, the volume of hydrocarbons released would be a finite amount limited to
the maximum credible spill of a full tank inventory release (329 m3). Given the properties of MDO, dilution
and dispersion from natural weathering processes, such as evaporation and ocean currents, indicate that
the extent of exposure will be limited in extent and duration.

Habitat modification, degradation, disruption or loss, deteriorating water quality and marine pollution are
identified as potential threats to a number of marine fauna species in relevant recovery plans and
conservation advices (Table 3-9). In addition, the Management Plan for the Montebello/Barrow Islands
Marine Conservation Reserves states that Department of Parks and Wildlife (DPaW) should ‘Ensure that
important seabird and shorebird breeding and feeding areas are not significantly affected by human
activities’.

The susceptibility of marine fauna to hydrocarbons depends on hydrocarbon type and exposure duration.
The high volatility of marine diesel will result in the rapid evaporation and loss of the more toxic aromatic
components, resulting in a reducing toxicity threat to marine fauna with time; as such, exposure to marine
fauna from this hazard is not expected to result in a fauna fatality. Potential impacts to marine fauna from a
hydrocarbon exposure are described in detail in Table 7-10.

In the unlikely event of a vessel collision/refuelling spill of MDO, the potential impacts to the environment
would be greatest within several kilometres from the spill when the toxic aromatic components of the fuel
will be at their highest concentration and when the hydrocarbon is at its thickest on the surface of the
receiving waters. Diesel will rapidly lose toxicity with time and spread thinner as evaporation continues. The
potential sensitive receptors in the surrounding areas of the spill will include those in the water column,
such as fish, marine mammals, marine reptiles and seabirds at the sea surface, as discussed in Table 7-11.
Given that exposures would be limited in extent and duration, exposure to marine fauna from this hazard is
it expected to be limited to a small number of individuals, with no impacts to regional populations.

Marine habitats may also be impacted as discussed in Table 7-11. As per Appendix E, a maximum of 152.9
tonnes and 222 tonnes of MDO may accumulate on the shoreline of Montebello Islands (predicted for
Dancer-1 and Yoorn-1 modelling respectively). Lower maximum shoreline loadings were predicted for other
shorelines including Dampier Archipelago for Dancer-1 (approximately 0.6 tonnes). Modelling for Yoorn-1
predicted Barrow Island and Lowendal Islands may receive approximately 130 and 11 tonnes, respectively,
noting the lower (4.2% and 1.7%) contact probability. Indigenous users may be impacted in the event that a
land-based response is required, however consultation will ensure potential impacts are reduced to
acceptable levels.

There is the potential for surface diesel to disrupt fishing activities if the diesel moves through fishing areas
(Table 3-10).

Tourism could be affected by surface diesel, either from reduced water quality preventing recreational
activities or reducing aesthetic appeal or from impacts to marine fauna as described in Table 7-11. Potential
impacts to these receptors from a larger condensate release are described in detail in Section 7.2.

Potential impacts to protected areas identified as areas of HEV within the Moderate exposure value area
(MEVA), including socio-economic and heritage values, are assessed in detail in Section 7.2.
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An overall consequence ranking of 1ll- Moderate was assigned to this scenario based on the potential
impacts to Priorities for Protection as described in Section 7.1.6. This is due to the potential for:

+ Shoreline impact and loading to Dampier Archipelago and Montebello Island (emergent); and
Montebello Islands Marine Park and Barrow Island Marine Park and Management Area (emergent)

+  Entrained oil impacts at Glomar Shoal and on the AMP values (foraging and habitats) within the
Montebello AMP (submerged).

+ Hydrocarbon impact on the migratory shorebirds at Barrow Island.

Likelihood b — Unlikely

A worst-case diesel release resulting from a vessel collision is unlikely to have widespread ecological effects
given the nature of the hydrocarbons on board, the finite volumes that could be released, the water depth
and the transient nature of marine fauna in this area. Long-term impacts resulting in complete habitat loss
or degradation are not considered likely given the control measures proposed to prevent releases;
therefore, the activity will be conducted in a manner that is considered acceptable.

The likelihood of a diesel release occurring due to refuelling is limited given the set of mitigation and
management controls in place. Consequently, the likelihood of a vessel collision releasing hydrocarbons to
the environment, is considered to be b- Unlikely.

Residual Risk The residual risk associated with this hazard is Low

7.3.5 Demonstration of ALARP

The use of vessels is integral to activity and therefore vessels and associated risks of unplanned
hydrocarbon releases, cannot be completely eliminated.

Offshore refuelling is standard industry practice and oil pollution legislation (Protection of the Sea
(Prevention of Pollution from Ships) Act 1983 and MARPOL Annex I) has been developed to safeguard
against the risk of a hydrocarbon spill occurring during refuelling. Other hydrocarbon types such as
HFO, IFO have specifically not been selected for this Activity (only diesel will be used in the operational
areas) to ensure potential environmental impacts are reduced to ALARP.

The combination of the standard prevention CMs (which reduce the likelihood of the event
happening), and the spill response strategies (which may reduce the consequence) together reduce
the overall hydrocarbon spill risk.

No additional controls have been identified and given the controls in place detailed above, the
assessed residual risk for this impact is Low and cannot be reduced further. It is considered therefore
that the impact of the activities conducted is reduced to ALARP.

In terms of spill response activities, Santos will implement oil spill response as specified within the
OPEP. A detailed ALARP assessment on the adequacy of arrangements available to support spill
response strategies and CMs is presented in the OPEP.

The North-west Marine Parks Network Management Plan states that actions required to respond to
oil pollution incidents, including environmental monitoring and remediation, in connection with
mining operations authorised under the OPGGS Act may be conducted in all zones of the marine parks
identified with the EMBA (DNP, 2018a) without an authorisation issued by the Director, provided that
the actions are taken in accordance with an EP that has been accepted by NOPSEMA, and the Director
is notified in the event of oil pollution within a marine park, or where an oil spill response action must
be taken within a marine park, so far as reasonably practicable, prior to response action being taken.
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7.3.6  Acceptability Evaluation

Is the risk ranked between Low to Medium?

Is further information required in the
consequence assessment?

Are risks and impacts consistent with the
principles of ecological sustainable
development (ESD)?

Are risks and impacts consistent with
relevant legislation, international
agreements and conventions, guidelines and
codes of practice (including species recovery
plans, threat abatement plans, conservation
advice and Australian Marine Park zoning
objectives)?

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan

Yes — maximum credible spill volume from vessel collision
(329 m?) residual risk is ranked as low.

Yes — Hydrocarbon spill modelling results used to
determine consequence and risk.

Yes — activity evaluated in accordance with Santos’
Environmental Hazard Identification and Assessment
Procedure, which considers principles of ecologically
sustainable development.

Yes — management consistent with OPGGS (E) R 2009
including safety case and WOMP. Santos has considered
the values and sensitivities of the receiving environment,
including, but not limited to:

+ Conservation values of the identified protection
priorities (Section 3.2.2) including the Montebello
AMP, the Dampier Marine Park, Barrow Island
Marine Park and Management Area and the
Montebello Islands Marine Park.

Relevant species recovery plans, conservation
management plans and management actions, including
but not limited to:

+ Recovery Plan for Marine Turtles in Australia 2017 —
2027 (Commonwealth of Australia, 2017a)

+ Approved Conservation Advice for Megaptera
novaeangliae (humpback whale) (TSSC, 2015d)

+ Approved Conservation Advice for Balaenoptera
physalus (fin whale) (TSSC, 2015b)

+ Approved Conservation Advice for Rhincodon typus
(whale shark) (TSSC, 2015a)

+ North-west Marine Parks Network Management Plan
(2018)

+ South-west Marine Parks Network Management Plan
(2018)

+ and relevant recovery plans and conservation advices
for birds.

Management is also consistent with the zoning of the
Australian Marine Parks, in that risks have been reduced
to ALARP, e.g., implementation of spill response activities
will limit impacts, thereby conserving the marine park
values.

IUCN principles of nearby reserves (Montebello Marine
Park) (Multiple Use Zone — IUCN Category VI) are met
(Table 3-4).
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Are risks and impacts consistent with Yes —aligns with Santos’ Environmental, Health and Safety
Santos’ Environmental, Health and Safety Policy.
Policy?

Are risks and impacts consistent with Yes — no concerns raised.
stakeholder expectations?

AMSA requested that vessels comply with the
International Rules for Preventing Collisions at Sea
(COLREGS), in particular, the use of appropriate lights and
shapes to reflect the nature of operations; and that
navigation status is set correctly in the ship’s ASI unit.

AMSA also requested that appropriate notifications of
activity are made to AMSA’s JRCC and the Australian
Hydrographic Office (for Notice to Mariners); and that
timely and relevant Maritime Safety Information (MSI) is
promulgated for the area and nature of operations.

DMIRS requested that the EP includes information about
the reporting of environmental incidents that could
potentially impact on any land or water in State
jurisdiction.

Santos considers these concerns to have been addressed
or will be addressed as per the Activity Notification and
Reporting Requirements (Table 8-4).

Are performance standards such that the Yes (see ALARP above).
impact or risk is considered to be ALARP?

The potential impacts and risks from diesel spills are well understood, and the activities will be
managed in accordance with relevant legislation and standards. With the implementation of
industry-standard and activity-specific control measures to reduce the likelihood of a diesel spill
event (and minimise impacts), the residual risk is assessed to be low and ALARP. No stakeholder
concerns have been raised regarding this hazard. Therefore, it is considered that the proposed
control measures will reduce the risk of impact from a diesel spill to a level that is acceptable.

7.4 Minor Hydrocarbon Release (Surface and Subsea)

7.4.1 Description of Event

Sources of risk from a minor hydrocarbon release may occur as a result of:

+ MODU Operations
+  Vessel Operations
+ ROV Operations

Causes for accident hydrocarbon releases (other than diesel release from a vessel collision or
refuelling, and LOWC) include:

+ ROV failure (including oil seal, hydraulic system hose and quick disconnect system
failures)

+  Loss of primary containment (drums, tanks, intermediate bulk containers (IBC), etc.)
due to handling, storage and dropped objects (e.g. swinging load during lifting

activities)
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+  Vessel or MODU pipework failure or rupture, hydraulic hose failure, inadequate
bunding
+  Lifting — dropped objects damaging diesel infrastructure (hoses, pipes, tanks, etc.).

The MODU and support vessels main engines and equipment such as pumps, cranes, winches,
power packs and generators require MDO for fuel and a variety of hydraulic fluids and
lubricating oils for efficient operation and maintenance of moving parts. These products are
present within the equipment and also held in storage containers and tanks on the support
vessels. Small hydrocarbon leaks could occur from loss of primary containment due to
handling, storage and dropped objects (during lifting activities). Volumes are likely to be small
and limited to the volume of individual containers (e.g., IBC, 44-gallon drums, etc.) stored on
the deck of vessels or the MODU. The credible spill for this scenario is considered to be the
loss of an IBC (1 m3) during transfer from a support vessel to the MODU.

Equipment deployed overboard during drilling (e.g., ROV operations) can result in unplanned
discharges (of hydraulic fluids) directly to the marine environment due to equipment failure,
equipment interactions with the vessel thrusters and/or accidental contact with subsea
infrastructure. The largest credible hydrocarbon spill from ROV operations would be an
accidental release of approximately 0.05 m? (50 L) of hydraulic fluid from the deployed ROV.

The survey vessel doesn’t require any refuelling or supply while in the OA (up to 20 days).

Minor accidental loss of other hydrocarbon-based liquids (e.g., used lubricating oils, cooking
oil, and hydraulic oil) to the marine environment could also occur via tank pipework failure or
rupture, hydraulic hose failure, inadequate bunding and/ or storage, insufficient fastening or
inadequate handling which could result in impacts to water quality and hence sensitive
environmental receptors.

For environmental impacts of planned discharges, please refer to previous Section 6.6 and
Section 6.7.

Extent Any hydrocarbon-based liquid accidentally discharged within the OAs will either sink within
the surrounding area or disperse rapidly within the OAs (in the case of small leaks/spills).

Duration An instantaneous release occurring during the activity not extending beyond the OAs.

7.4.2 Nature and Scale of Environmental Impacts

Potential Receptors: Physical environment (water and sediment quality, shoals and banks, benthic
habitats, offshore reefs and islands), threatened, migratory or local fauna (marine mammals, marine
reptiles, sharks and rays, fish and birds), protected and significant areas (marine parks) and socio-
economic receptors (tourism and recreation).

Hydrocarbons released into the marine environment through onboard spills and leaks directed
through deck drainage or from a release of hydraulic oil from an ROV umbilical would disperse
quickly in waters within the vicinity of the OAs.

7.4.2.1 Physical environment
Lubricating and hydraulic oils will behave similarly to MGO if spilt to the marine environment,
although lubricating oils are more viscous and so the spreading rate of a slick of these oils would be

slightly slower. Hydraulic oils are medium oils of light to moderate viscosity and have a relatively
rapid spreading rate and dissipate quickly in higher sea states.
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7.4.2.2 Threatened/migratory fauna

A release could potentially impact plankton, fish and sharks, marine mammals and marine reptiles
although given the highly dispersive waters within the OAs, the extent of the water column and the
relatively small potential volumes associated with such a release, rapid dilution is expected, and
concentrations are unlikely to persist for periods of time where impacts would likely be felt. The
greatest potential for impact would likely be for passive or low mobility fauna such as plankton,
including both invertebrates and fish larvae which may be exposed for the greatest periods of time
and likely have a permanent presence within the OAs. Pelagic fish in offshore waters are highly
mobile and comprise species such as tunas, sharks and mackerel. Due to their mobility, it is unlikely
that pelagic fish would be exposed to toxic components for long periods.

Large, more mobile fauna (including protected species such as cetaceans, marine turtles, seabirds
and whale sharks) are likely to be transient within the OAs and toxic impacts are unlikely to occur to
these species in the event of a small liquid hazardous hydrocarbon release (although refer

Sections 7.2 to 7.3 for potential impacts of larger unplanned hydrocarbon releases).

With respect to demersal fishes, it is possible that some impact may occur through the release of
hydraulic oil from an ROV near the seabed. However, given the small volume of any credible ROV
release (approximately 50 L) and the lack of any natural seabed features that would indicate a high
abundance or diversity of demersal fishes, it is considered that such a release would have a negligible
impact on the demersal fish populations.

7.4.2.3 Protected and significant areas and Socio-economic receptors

The Yoorn OA intersects the Montebello Marine Park (Multiple Use Zone — IUCN Category VI). The
conservation values of the marine park (as outlined in Section 3.2.2) have the potential to be
impacted by hazardous liquid releases through impacts to the physical environment and marine
fauna. Impacts to the physical environment and marine fauna are discussed in the sections above.

Other marine users within the Montebello Marine Park include tourists and recreational visitors,
which are important to the socio-economic values for the marine park. Given the localised and
temporary impacts of an unplanned hydrocarbon spill, any impact to tourism and recreation
activities, such as snorkelling, diving, surfing and recreational fishing that predominantly occur within
the Montebello Islands is considered unlikely.

J&P OAis 23.8 km from the closest AMP.
7.4.3 Environmental Performance Outcomes and Control Measures

The EPOs relating to this event include:

+ No loss of containment of hydrocarbon to the marine environment (YJP-EPO-03)

+ No unplanned objects, emissions or discharges to sea or air (YJP-EPO-04)

+ No injury or mortality to EPBC Act 1999 and WA Biodiversity Conservation Act 2016 listed marine
fauna during operational activities. (YJP-EPO-05).

The control measures considered for this event are shown in Table 7-24, and EPS’ and measurement
criteria for the EPOs are described in Section 8.4.
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Table 7-24: Control Measure Evaluation for Minor Hydrocarbon Release (Surface and Subsea)

Control Control Measure Environmental Potential Cost/Issues Evaluation

Measure Benefit

Reference

No.

YJP-CM-002 | Dropped object Impacts to Personnel costs Adopted — Benefits
prevention environment are involved in of ensuring
procedures reduced by implementing procedures are

preventing dropped | procedures and in followed and
objects and by incident reporting. measures
retrieving dropped implemented
objects where outweigh costs.
possible. Minimises

drop risk during

MODU lifting

operations. Ensures

lifting equipment

certified and

inspected.

YJP-CM-005 | Hazardous Reduces the risk of Personnel cost Adopted — Benefits
chemical spills and leaks associated with of ensuring
management (discharges) to sea implementation of procedures are
procedures by controlling the procedures and followed and

storage, handling permanent or measures
and clean-up. temporary storage implemented
areas. outweigh costs.

YJP-CM-008 | General chemical | Potential impactsto | Personnel costs Adopted — Benefits
management the environment associated with of ensuring
procedures are reduced ensuring procedures procedures are

through following are in place and followed and
correct procedures implemented during measures

for the safe inspections. implemented
handling and outweigh the costs
storage of of personnel time.
chemicals.

YJP-CM-009 | Maritime Dangerous goods Cost associated with Adopted — Benefits
Dangerous managed in implementation of of ensuring
Goods Code accordance with code/procedure. procedures are

International followed and
Maritime measures
Dangerous Goods implemented
Code (IMDG Code) outweigh costs.
to reduce the risk of

an environmental

incident, such as an

accidental release

to sea or

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan

435 of 557




SO-91-BI-20003.01

Santos

Control Control Measure Environmental Potential Cost/Issues Evaluation

Measure Benefit

Reference

No.

unintended
chemical reaction.

YJP-CM-012 | MODU and Potential impacts to | Personnel cost Adopted — Benefits
support vessel the environment associated with ongoing | of ensuring
spill response are reduced management (spill response plans in
plans including through effective response exercises) and | place, are followed,
pre-drilling management of an implementation of measures
source control accidental spill plans. implemented, and
plan (discharge to sea). that the MODU /

vessels are
compliant
outweighs costs.

YJP-CM-013 | ROV inspection Maintenance and Additional personnel Adopted — Benefits
and maintenance | pre-deployment costs of ensuring of ensuring
procedures inspection on ROV procedures in place and | procedures are

completed as followed. followed outweigh
scheduled to reduce costs.

the risk of hydraulic

fluid releases to the

marine

environment.

YJP-CM-010 | Bulk liquid Bulk liquid Personnel costs Adopted — Benefits
transfer (hydrocarbon) associated with of ensuring
procedure transferred in ensuring procedure isin | procedures are

accordance with place and implemented | followed and
bulk transfer during inspections. Cost | measures
procedure to of purchasing and implemented
reduce the risk of maintaining equipment outweighs costs.
an unintentional (e.g. bulk hoses and

release to the connections).

marine

environment.

YJP-CM-16 Accepted Oil Implements Personnel and Adopted — Benefits
pollution response plan to administrative costs of ensuring
emergency plan deal with an associated with procedures are
(OPEP) unplanned preparing documents, followed and

hydrocarbon spills ongoing management measures
quickly and (spill response implemented
efficiently in order exercises) and outweighs costs.
to reduce impacts implementation of

OPEP.
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Control Control Measure Environmental Potential Cost/Issues Evaluation
Measure Benefit

Reference
[\ [o

to the marine
environment.

No additional control measures are considered as the risk is considered ALARP

7.4.4 Environmental Impact Assessment

Table 7-25: Impact, Likelihood and Consequence Ranking — Minor Hydrocarbon Release (Surface
and Subsea)

Receptors +  Physical environment (water and sediment quality, shoals and banks, benthic
habitats, offshore reefs and islands)

+  Threatened, migratory or local fauna (marine mammals, marine reptiles, sharks,
fish, rays and birds)

+  Protected and significant areas and Socio-economic receptors (marine parks,
tourism and recreation)

Consequence Il - Minor

In the event of a minor hydrocarbon spill, the quantities would be limited to approximately 1 m3 for the loss
of the contents of an IBC, or 50 L for ROV hydraulic fluid. The small volumes, dilution and dispersion from
natural weathering processes such as ocean currents are such that spills will be limited in area and duration.
The number of receptors present at the activity location are expected to be limited to a small number of
transient individuals.

The susceptibility of marine fauna to hydrocarbons is dependent on hydrocarbon type and exposure
duration; however, given that exposures would be limited in extent and duration, exposure to marine fauna
from this hazard is considered to be low. The small volumes of worst-case discharges are such that, the
impacts to receptors will decline rapidly with time and distance at the sea surface. Rapid dilution at depth
would also result in the impacts to receptors declining rapidly with time and distance.

Deteriorating water quality and marine pollution are identified as potential threats to a number of marine
fauna species in relevant Recovery Plans and Conservation Advice (Table 3-9) and to MNES (DoE, 2013).
With control measures in place, the activity will be conducted in a manner that reduces potential impacts to
ALARP and an acceptable level.

Toxic impacts are not expected to the benthic community due to the water depths.

Near the sea surface, fish are able to detect and avoid contact with surface slicks and as a result, fish
mortalities rarely occur in open waters from surface spills (Kennish, 1997; Scholz et al., 1992). Pelagic fish
species are therefore generally not highly susceptible to impacts from hydrocarbon spills. In offshore waters
near to the release point, pelagic fish are at risk of exposure to the more toxic aromatic components of the
hydrocarbons. Pelagic fish in offshore waters are highly mobile and comprise species such as tunas, sharks
and mackerel. Due to their mobility, it is unlikely that pelagic fish would be exposed to toxic components for
long periods in this spill scenario. The more toxic components would also rapidly evaporate, and
concentrations would significantly diminish with distance from the spill site, limiting the potential area of
impact. The potential minor hydrocarbon releases are not expected to significantly impact the receiving
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environment with control measures proposed to prevent releases and therefore the activity will be
conducted in a manner that is considered acceptable.

Given that a small hydrocarbon spill would not result in a decreased population size at a local or regional
scale, it is expected that a spill of this nature would result in a Minor (ll) consequence.

Likelihood b — Unlikely

A small hydrocarbon liquid release is unlikely to have widespread ecological effects given:

The nature of the hydrocarbons (hydraulic fluids, lubricant oils and waste oils) stored on-board;
The small volumes that could be released;
The water depth;

The transient nature of marine fauna in this area;

+ o+ + o+ 4+

The control measures in place to prevent spills; and
+  The procedures in place to clean up a spill.

Consequently, the likelihood of releasing minor volumes of hydrocarbons to the environment, which results
in a minor consequence, is considered Unlikely (b).

Residual Risk

7.4.5

Demonstration of ALARP

Storage and use of hydraulic and lubricating oils/ fluids for equipment and machinery, including for
ROV operations, are required to undertake the activity, so their removal from the activity is not
viable. A thorough set of control measures have been proposed to ensure the risks of minor
hydrocarbons spills and leaks occurring and subsequent impacts are minimised. The resulting impacts
to marine fauna that could potentially result from a spill of this size would be negligible, with impacts
restricted to a small number of individuals within a localised area. The assessed residual risk for this
impact is low and cannot be reduced further. Therefore, it is considered that the impact of the
activities conducted is ALARP.

7.4.6 Acceptability Evaluation

Is the risk ranked between Low and Medium? Yes - maximum minor hydrocarbon spill residual risk is

ranked as Low.

Is further information required in the
consequence assessment?

Are risks and impacts consistent with the
principles of ecological sustainable
development (ESD)?

Are risks and impacts consistent with relevant
legislation, international agreements and
conventions, guidelines and codes of practice
(including species recovery plans, threat
abatement plans, conservation advice and
Australian Marine Park zoning objectives)?

Santos Ltd | Yoorn-1, Jelen-1 and Parnassus-1 Exploration Drilling and Geophysical Survey Environment Plan

No — potential impacts and risks are well understood
through the information available.

Yes — activity evaluated in accordance with Santos’
Environmental Hazard Identification and Assessment
Procedure, which considers principles of ecologically
sustainable development.

Yes — management consistent with International
Convention of the Safety of Life at Sea (SOLAS) 1974 and
Navigation Act 2012, Marine Order 91 (Marine pollution
prevention — oil) and with relevant recovery plans and
conservation advices for species that may occur in the
OAs (Table 3-9).
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IUCN principles of nearby reserves (Montebello Marine
Park) (Multiple Use Zone — IUCN Category VI) are met
(Table 3-4).

Are risks and impacts consistent with Santos’ Yes — aligns with Santos’ Environmental, Health and
Environmental, Health and Safety Policy? Safety Policy.

Are risks and impacts consistent with Yes — no concerns raised.
stakeholder expectations?

Are performance standards such that the Yes —see ALARP above.
impact or risk is considered to be ALARP?

With the control measures in place to prevent the accidental release of minor volumes of
hydrocarbons, and potential social and environmental impacts and risk well understood and
considered low, the environmental risk associated with a minor hydrocarbon release is considered
acceptable.

7.5 Non-hydrocarbon and Chemicals Release (Surface) — Liquids

7.5.1 Description of Event

Sources of risk from an accidental release of non-hydrocarbon and chemical release (liquids)
may occur as a result of:

+  Vessel Operations
+ MODU Operations
Non-hydrocarbon liquids including miscellaneous chemicals and waste streams (brine, mixed

cement, cleaning and cooling agents, stored or spent chemicals and leftover paint materials)
are used or stored on-board the MODU/ vessels during the activity.

The presence of non-hydrocarbons liquids and chemicals represents a potential spill risk during
chemical storage and handling e.g., due to tank damage, or human error. Another credible spill
is due to a hose that parts when loading/offloading brine. Rupture of the pumping hose used
to transfer these chemicals may occur due to dropped object, vessel motion, or hose failure.

An accidental release of chemicals and other non-hydrocarbon liquids into the marine
environment has the potential to occur from the following activities:

MODU and support vessel operations

Transferring, storing or using bulk products (e.g., mixed cement)

Mechanical failure of equipment

Handling and storage spills and leaks

+ 4+ + + 4+

Hose or hose connection failure or leak

+  Lifting — dropped objects damaging liquid vessels (containers).
Accidental loss of non-hydrocarbon liquids or chemicals to the marine environment could
occur via tank pipework failure or rupture, inadequate bunding and/ or storage, insufficient

fastening or inadequate handling may result in impacts to water quality and hence sensitive
environmental receptors.

The maximum volume of non-hydrocarbon liquids or chemicals that could be released during
routine operations is likely to be small and realistically limited to the volume of individual
containers (e.g., drums etc.) stored on deck of vessels or the MODU. The worst-case credible
scenario, however, would be a malfunction with the machinery and cause an aborted cement
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job of the largest worst-case spill volumes of 30 m3 at the sea surface and 100 m? at the
seabed. For the purpose of this scenario, a conservative 100 m? discharge volume will be used
as a worst-case scenario.

The environment that may be affected for non-hydrocarbon liquids or chemical release
resulting in a decrease in water quality is likely to be restricted to around the MODU and
vessels but contained within the OAs.

Instantaneous release during the activity.

7.5.2 Nature and Scale of Environmental Impacts

Potential Receptors: Physical environment (water and sediment quality, shoals and banks, benthic
habitats, offshore reefs and islands), threatened, migratory or local fauna (marine mammals, marine
reptiles, sharks and rays, fish and birds), protected and significant areas (marine parks) and socio-
economic receptors (tourism and recreation).

7.5.2.1 Physical environment

Non-hydrocarbon liquids or chemicals released to the marine environment may lead to
contamination of the water column in the vicinity of the MODU and vessels. The potential impacts
would most likely be highly localised and restricted to the immediate area surrounding the spill, with
rapid dispersal to concentrations below impact thresholds likely to occur in the open ocean (high
energy environment that facilitates rapid dispersion and dilution to non-toxic concentrations)
(French McCay et al. 2004).

The changes to water quality that may result could potentially lead to short-term impacts (few hours)
on marine fauna (e.g. plankton, pelagic/benthic fish, epifauna, cetaceans, marine reptiles and
seabirds), with chronic impacts not expected owing to the short exposure times and is unlikely to
lead to widespread ecological effects.

7.5.2.2 Threatened/migratory fauna

Changes to water quality could potentially lead to short-term impacts on marine fauna (e.g., pelagic
fish and sharks, marine mammals, marine reptiles and seabirds). As summarised in Table 3-8, the two
OAs overlap several BlAs, including the green, flatback and hawksbill turtles (internesting buffer,
including critical habitat); humpback whale (migration); and pygmy blue whale (distribution).

Recovery plans and conservation advices for numerous bird species identify marine pollution and
contamination impacts as a threat to the species. This includes the following marine species
identified as potentially occurring within the OAs: red knot, southern giant petrel and eastern curlew.
In addition, the Recovery Plan for the Grey Nurse Shark (Carcharias taurus) (DoE, 2014) identifies
pollution as a threat to the species; and the Recovery Plan for Marine Turtles in Australia 2017 —
2027 (DoEE, 2017) identifies deteriorating water quality as a threat to all species of marine turtles in
Australia. Given the distance to the nearest island (Trimouille Island, 20.8 km), these species are
expected to be transient within the OAs.

Chemical spills are unlikely to have widespread ecological effects on threatened or migratory fauna,
given the nature of the chemicals on board, the small volumes that could be released, and the open-
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ocean environment of the location. Physical coating of marine fauna, in particular those present at
the sea surface (e.g., seabirds), by entrained or surface hazardous liquids and sublethal or lethal
effects from toxic chemicals are considered unlikely given the expected low concentrations and short
exposure times.

Plankton, Fish (pelagic) & Sharks

A release of hazardous chemicals could potentially impact plankton, pelagic invertebrates and pelagic
fish in the immediate vicinity of the release, however given the highly dispersive waters within the
OAs, the extent of the water column (water depth approximately 45-65 m) and the relatively small
potential volumes associated with such releases, rapid dilution is expected, and concentrations are
unlikely to persist for periods of time where impacts would likely be felt. The greatest potential for
impact would likely be for passive or low mobility fauna such as plankton, pelagic invertebrates and
pelagic fish which may be exposed for the greatest periods of time and likely have a permanent
presence within the OAs.

Whale sharks may be present within the area as the J&P OA is within a foraging BIA for whale sharks.
Whale sharks are large fauna that are mobile and are likely to be transient but toxic impacts from an
unplanned non-hydrocarbon and chemical release is unlikely to cause a toxic impact. The
Conservation Advice for the whale shark does not identify water quality and chemical pollutants
being a threat to the (TSSC, 2015a).

Marine Mammals

A release of hazardous chemicals could potentially impact marine mammals in the immediate vicinity
of the release, however given the highly dispersive waters within the OAs, the extent of the water
column (water depth approximately 45-65 m) and the relatively small potential volumes associated
with such releases, rapid dilution is expected, and concentrations are unlikely to persist for periods of
time where impacts would likely be felt. The two OAs overlap a migration BIA for humpback whales
and a distribution BIA for pygmy blue whales, however no habitat critical to the survival of species or
breeding BIAs overlap the YJP OAs. Marine mammals are large and more mobile fauna are likely to

be transient within the OAs and toxic impacts are unlikely to occur to these species in the event of a
small liquid hazardous hydrocarbon release.

The Conservation Management Plan for Blue Whales (DoE, 2015a) has identified acute and chronic
chemical discharge as a threat to pygmy blue whales. However, the impacts are concentrated within
the YPJ OAs and the potential release of hazardous/ non-hazardous liquids is not expected to
significantly impact the receiving environment

The Conservation Advice for humpback whales (TSSC, 2015d) and have not identified the potential
release of hazardous/ non-hazardous liquids into the marine environment to be a threat to the
species.

Marine Turtles

The Yoorn OA is within an internesting habitat critical to the survival of flatback turtles, Hawksbill
turtles and Green turtles, which is also designated a BIA. The internesting BIA for Flatback turtles also
occurs within the J&P OA. However, the presence of internesting flatback turtles is unlikely, given the
undesirable conditions of deep-water depths compared to a study by Whittock et al 2016 that
showed a suitable internesting habitat was in waters 0-16 m deep and within 5-10 km of the
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coastline, while unsuitable internesting flatback turtle habitats was defined as water >25 m and 27
km from the coastline.

The Recovery Plan for Marine Turtles in Australia 2017 — 2027 (Commonwealth of Australia, 2017a)
identifies deteriorating water quality as a threat to all species of marine turtles in Australia. Given the
distance to the nearest island (Legendre Island and Huay Island, approximately 60 km), these species
are expected to be transient within the YJP OAs.

Seabirds

The wedge-tailed shearwater breeding/foraging BIA overlaps the YJP OAs. The Roseate tern also has
a breeding/foraging BIA within the Yoorn OA. However, given the highly dispersive waters within the
two OAs, the extent of the water column (water depth approximately 45-65 m) and the relatively
small potential volumes associated with such releases, rapid dilution is expected, and concentrations
are unlikely to persist for periods of time where impacts would likely be felt.

There are no Recovery Plan or Conservation Advice for the wedge-tailed shearwater or roseate tern.
7.5.2.3 Protected and significant areas and Socio-economic receptors

The Yoorn OA intersects the Montebello Marine Park (Multiple Use Zone — IUCN Category VI). The
conservation values of the marine park (as outlined in Section 3.2.2) have the potential to be
impacted by hazardous liquid releases through impacts to the physical environment and marine
fauna. Impacts to the physical environment and marine fauna are discussed in the sections above.

Other marine users within the Montebello Marine Park include tourists and recreational visitors,
which are important to the socio-economic values for the marine park. Given the localised and
temporary impacts of an unplanned hazardous liquid spill, any impact to tourism and recreation
activities, such as snorkelling, diving, surfing and recreational fishing that predominantly occur within
the Montebello Islands is considered unlikely.

J&P OAis 23.8 km from the closest AMP.
7.5.3 Environmental Performance Outcomes and Control Measures

The EPOs relating to this event include:

+ No unplanned objects, emissions or discharges to sea or air (YJP-EPO-04)
+ No injury or mortality to EPBC Act and WA Biodiversity Conservation Act 2016 listed marine
fauna during operational activities. [YJP-EPO-05].

The control measures for this event are shown in Table 7-26, and the EPS’ and measurement criteria
for the EPOs are described in Section 8.4.
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Table 7-26: Control Measure Evaluation for Non-hydrocarbon and Chemicals Release (Surface) —

Liquids
Control Control Measure Environmental Potential Evaluation
Measure Benefit Cost/Issues
Reference
No.
YJP-CM- Dropped object Minimises dropped Cost to maintain Adopted — Benefits
002 prevention object risk during lifting equipment of ensuring
procedure MODUY/ vessel lifting and implement procedures are
operations that may procedure. followed and
cause secondary spill measures
resulting in reduction implemented
in water quality. outweighs costs.
Ensures lifting
equipment certified
and inspected.
YJP-CM- Hazardous Reduces the risk of Personnel cost Adopted — Benefits
005 chemical spills and leaks associated with of ensuring
management (discharges) to the sea | implementation of procedures are
procedures by controlling the procedures and followed and
storage, handling and permanent or measures
clean-up of hazardous | temporary storage implemented
chemicals. areas. outweigh the costs
of personnel time.
YJP-CM- Deck cleaning Improves water Personnel costs of Adopted — Benefits
006 product selection | quality discharge implementing, of ensuring
(reduced toxicity) to potential additional MODU/vessels are
the marine cost and delays of compliant and those
environment. chemical deck cleaning
Those deck cleaning substitution. products planned to
products planned to be released to sea
be released to sea meet Australian
meet the criteria for Marine Orders
not being harmful to criteria.
the marine
environment
according to MARPOL
Annex V
YJP-CM- Chemical Improves water Cost associated with Adopted — Benefits
007 selection quality discharge implementation of of ensuring
procedure (reduced toxicity) to procedure. Range of procedures are
the marine chemicals reduced followed and
environment in the but potentially measures
event of an unplanned | higher costs. implemented
release. Potential additional outweigh the costs
cost and delays of of personnel time.
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Control Control Measure Environmental Potential Evaluation
Measure Benefit Cost/Issues
Reference
No.
chemical
substitution
YJP-CM- General chemical Potential impacts to Personnel costs Adopted — Benefits
008 management the environment are associated with of ensuring
procedures reduced through ensuring procedures procedures are
following correct are in place and followed and
procedures for the implemented during measures
safe handling and inspections. implemented
storage of chemicals. outweigh the costs
of personnel time.
YJP-CM- Maritime Dangerous goods Cost associated with | Adopted — Benefits
009 Dangerous Goods | managed in implementation of of ensuring
Code accordance with code/procedure. procedures are
International followed and
Maritime Dangerous measures
Goods Code (IMDG implemented
Code) to reduce the outweighs costs.
risk of an
environmental
incident, such as an
accidental release to
sea or unintended
chemical reaction.
YJP-CM- Bulk liquid Bulk liquid transferred | Costto implement Adopted — Benefits
010 transfer in accordance with ongoing procedure. of ensuring
procedure bulk transfer Cost of purchasing procedures are
procedures to reduce and maintaining followed and
the risk of an equipment (e.g. bulk | measures
unintentional release hoses and implemented
to the sea. connections). outweighs costs.
YJP-CM- ROV inspection Maintenance and pre- | Additional personnel | Adopted — Benefits
013 and maintenance deployment costs of ensuring of ensuring
procedures inspection on ROV procedures in place procedures are
completed as and followed. followed outweigh
scheduled to reduce costs.
the risk of hydraulic
fluid releases to the
marine environment.
YJP-CM- MODU Planned Reduces discharges Operational costs Adopted — Benefits
041 Maintenance from the MODU and labour or access of ensuring
System (PMS) because equipment is requirements of procedures are
operating within its undertaking followed and
parameters maintenance measures
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Control
Measure
Reference
No.

Control Measure

Environmental
Benefit

Potential
Cost/Issues

Evaluation

implemented
outweighs costs.

YJP-CM-
042

Vessel PMS to
maintain vessel
DP, engines and
machinery

Reduces discharges
from the vessel
because equipment is
operating within its
parameters

Operational costs
and labour or access
requirements of
undertaking
maintenance

Adopted — Benefits
of ensuring
procedures are
followed and
measures

implemented
outweighs costs.

No additional control measures are considered as the risk is considered ALARP

7.5.4 Environmental Impact Assessment

Table 7-27: Impact, Likelihood and Consequence Ranking — Non-hydrocarbon and Chemicals
Release (Surface) — Liquids

Receptors +  Physical environment (water and sediment quality, shoals and banks, benthic

habitats, offshore reefs and islands)
Marine fauna — Plankton, fish, sharks, marine mammals, marine reptiles, seabirds
Protected and significant areas and Socio-economic receptors - marine parks, tourism

and recreation

| — Negligible

Consequence

In the event of a non-hydrocarbon liquid or chemical spill, the quantities of a worst-case liquid release is
unlikely to be greater than 1 m3, but for the conservative approach it could possibly be up to 100 m3. The
small volumes, dilution and dispersion from natural weathering processes such as ocean currents indicate
that the extent of exposure will be limited in area and duration.

The susceptibility of marine fauna to non-hydrocarbon liquids and chemicals is dependent on the type and
exposure duration however given that exposures would be limited in extent and duration, exposure to
marine fauna from this hazard is not expected to result in a fauna fatality. Impacts from discharges to the
marine environment to water quality would be short-term and localised, due to the nature and behaviour
of the chemicals identified as being at risk of spilling; only pelagic fauna present in the immediate vicinity of
the spill would likely be at risk of impact.

Habitat degradation, deteriorating water quality and marine pollution are identified as potential threats to
a number of marine fauna species (that may be present in the OAs) in relevant Recovery Plans and
Conservation Advice (Table 3-9) and to MNES (DoE, 2013). However, the potential non-hydrocarbon
releases of liquids or chemicals are not expected to significantly impact the receiving environment with
control measures proposed to prevent releases.

Given that a non-hydrocarbon or chemical spill would not result in a decreased population size at a local or
regional scale and will have an insignificant impact to the protected area values of the Montebello AMP, it is
expected that a spill of this nature would result in a | (Negligible) consequence.

Likelihood C — Possible
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A small non-hydrocarbon liquid release is unlikely to have widespread ecological effects, given the nature of
the chemicals on board, the small volume that could be released, the depth and transient nature of marine
fauna in this area, and the prevention and management procedures in place to clean up a spill.

Santos’ reviewed non-hydrocarbon liquid spills and leaks from equipment and machinery in recent history
(due to split hoses, small leaks, or handling errors). Most of the spills and leaks reported occurred within
bunded areas, were less than 100 L, did not reach the marine environment and were cleaned up
immediately.

The likelihood of a small hazardous liquids release occurring is limited given the set of mitigation and
management controls in place for this program. Consequently, the likelihood of releasing hazardous liquids
to the environment, which results in a minor consequence, is considered to be Possible (c).

Residual Risk

7.5.5

Demonstration of ALARP

Non-hydrocarbon liquids and chemicals will be required to undertake the activity, so their removal
from the operation is not viable. Dangerous chemicals used during the activity will be managed
where applicable, in compliance with the Maritime Dangerous Goods Code. Procedures are in place
for the transfer of bulk liquids, reducing the risk of unplanned releases to sea due to equipment
failure, operational error, or overflows and leaks. Objects will need to be moved around the decks of
the MODU and vessels and transferred between the MODU and the support vessels. Control
measures in place will ensure correct lifting, storage and handling procedures are followed as well as
ensuring the maintenance of equipment is undertaken according to preventative management
systems. No beneficial additional control measures were identified to further reduce the risk of this
hazard. The control measures proposed align with applicable actions described in relevant recovery
plans and conservation advices to reduce risk of habitat degradation and deteriorating water quality
(e.g., from pollution) to a level considered ALARP by Santos. The assessed residual risk for this impact
is low and cannot be reduced further. It is considered therefore that the risk of the activities is
ALARP.

7.5.6  Acceptability Evaluation

Is the risk ranked between Very Low to Medium?

Is further information required in the consequence
assessment?

Are risks and impacts consistent with the
principles of ecological sustainable development
(ESD)?

Are risks and impacts consistent with relevant
legislation, international agreements and
conventions, guidelines and codes of practice
(including species recovery plans, threat
abatement plans, conservation advice and
Australian Marine Park zoning objectives)?
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Yes — maximum hazardous liquid release (surface)
residual risk is ranked Very Low.

No — potential impacts and risks are well
understood through the information available.

Yes — activity evaluated in accordance with Santos’
Environmental Hazard Identification and
Assessment Procedure, which considers principles
of ecologically sustainable development.

Yes —management consistent with Marine Order
94 (Marine pollution prevention — packaged
harmful substances) and with relevant recovery
plans and conservation advices for species that
may occur in the OAs (Table 3-9).
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IUCN principles of nearby reserves (Montebello
Marine Park) (Multiple Use Zone — IUCN Category
V1) are met (Table 3-4).

Are risks and impacts consistent with Santos’ Yes —aligns with Santos’ Environmental, Health
Environmental, Health and Safety Policy? and Safety Policy.

Are risks and impacts consistent with stakeholder Yes — no concerns raised.
expectations?

Are performance standards such that the impact Yes —see ALARP above.
or risk is considered to be ALARP?

With the controls in place to prevent an accidental release of small volumes of non-hydrocarbon
liquids and chemicals and the negligible impacts predicted from an unplanned release of such
material, the risk to the marine environment is considered low. Potential risks are unlikely to be
greater than those caused by other commercial marine vessels or offshore petroleum activities in
deep water.

The materials will be managed in accordance with relevant legislation and standards and Santos
procedures. The small volumes negate the need for any further contingencies to be in place that are
included for some of the larger spill scenarios associated with the activity.

With the controls in place to prevent accidental spills and the | (Negligible) impacts predicted from a
spill of this size, the environmental risk of using and handling the required chemicals is considered
ALARP and environmentally acceptable.

7.6 Release of Solid Objects

7.6.1 Description of Event

Sources of risks from an accidental release of solid waste (non-hydrocarbon) may occur as a
result of:

+ MODU Operations
+  Vessel Operations

Solid objects, such as those listed below, can be accidentally released to the marine
environment, and potentially impact on sensitive receptors:

+ Non-hazardous solid wastes, such as paper and packaging

+ Hazardous solid wastes, such as batteries, fluorescent tubes, and aerosol cans

+ Equipment and materials, such as hard hats, tools, or infrastructure parts.
Release of these waste streams may occur as a result of overfull and/ or uncovered bins,
incorrectly disposed items or spills during transfers of waste, or dropped objects/ lost
equipment. In addition, accidental discharge of non-hydrocarbon solid materials has the
potential to occur during product transfers or storage of dry bulk product (e.g., cement) and
solid additives (e.g., barite and bentonite).

Extent Localised, as all non-buoyant waste material or dropped objects are expected to remain
within the OAs. Buoyant waste material or dropped objects could potentially move beyond
the OAs under wave action.

Duration Temporary (duration of the Activity) or until the solid waste degrades or is retrieved.
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7.6.2 Nature and Scale of Environmental Impacts

Potential Receptors: Physical environment (shoals and banks, benthic habitats, offshore reefs and

islands), threatened or migratory fauna (marine mammals, marine reptiles, sharks and rays, fish and
birds), protected and significant areas (marine parks) and socio-economic receptors (tourism and

recreation).

7.6.2.1 Physical environment

The seabed within the OAs is primarily soft sediments with little epifauna; this habitat type is widely
distributed and well represented in the North West Shelf region. While soft sediment benthic habits
will not be destroyed, disturbance of the communities on and within them (i.e., the epifauna) will
occur in the event of a dropped object; and depressions may remain on the seabed for some time
after removal of the dropped object as they gradually infill over time.

Impacts to benthic communities from dropped object disturbance are expected to be short term in
duration due to the ability for such communities to recover. Recovery is expected within 6 to 12
months, based on previous surveys from drilling impacts (URS, 2001).

Buoyant dropped objects have the potential to be transported by marine currents and may impact
on reefs, islands, shoals and banks within the region. Accidentally dropped objects such as plastics
have the potential to smother benthic environments, and the release of hazardous solids (e.g.,
wastes such as batteries) could also impact water quality through pollution of the immediate
receiving environment. Impacts from accidentally released liquids are discussed in Section 7.5.

7.6.2.2 Threatened/migratory fauna

Whale sharks may be present within the region as they are transient species and they also have a
foraging BIA within the J&P OA. Within the Conservation Advice for whale sharks (TSSC, 2015a),
marine debris is identified as a threat to the species. The Recovery Plan for the impacts of marine
debris on the vertebrate wildlife of Australia’s coasts and oceans (DoEE, 2018a) have specified a
number of recovery actions to help combat this threat. Of relevance to this activity is the legislation
for the prevention of garbage disposal from vessels, which Santos implements through the
accordance with Marine Order 95 (Marine pollution prevention — garbage) requirements.

The humpback whale and pygmy blue whale may be present within the YJP OAs, but they will most
likely be transient and/or migrating through the area, where they can divert and move away from
objects.

Floating non-biodegradable marine debris has been highlighted as a threat to humpback whales
(TSSC, 2015d) and pygmy blue whales (DoE, 2015a). The Recovery Plan for the impacts of marine
debris on the vertebrate wildlife of Australia’s coasts and oceans (DoEE, 2018a) have specified a
number of recovery actions to help combat this threat. Of relevance to this activity is the legislation
for the prevention of garbage disposal from vessels, which Santos implements through accordance
with Marine Order 95 (Marine pollution prevention — garbage) requirements. Both species that may
be present within the OAs are large marine fauna that are mobile species and are able to move away
from areas.
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Marine reptiles are particularly at risk from entanglement. Marine turtles may mistake buoyant
waste for food; once ingested, plastics can damage internal tissues and inhibit physiological
processes (Nelms et al 2015), which can both potentially result in fauna fatality. The YJP OAs are
within an internesting habitat critical to the survival of flatback turtles, which is also a designated
BIA. The Yoorn OA is also within an internesting habitat critical to the survival of Green and Hawksbill
turtles. However, internesting flatback turtles are unlikely to be present within the YJP OAs because
of the water depths and distances from nesting beaches being in waters 0-16 m deep and within 5-10
km of the coastline, while unsuitable internesting flatback turtle habitats was defined as water >25 m
and 27 km from the coastline (Whittock et al. 2016).

Floating non-biodegradable marine debris has been highlighted as a threat to marine turtles within
the Marine Turtle Recovery Plan (Commonwealth of Australia, 2017a). The Recovery Plan for the
impacts of marine debris on the vertebrate wildlife of Australia’s coasts and oceans (DoEE, 2018a)
have specified a number of recovery actions to help combat this threat. Of relevance to this activity is
the legislation for the prevention of garbage disposal from vessels, which Santos implements through
the accordance with Marine Order 95 (Marine pollution prevention — garbage) requirements.

Seabirds are particularly at risk from entanglement. The Yoorn OA is within a breeding/foraging BIA
for the Roseate tern and the YJP OAs are within a breeding/foraging BIA for the wedge-tailed
shearwater. However, the Yoorn OA is 68.12 km from the mainland and the J&P OA is approximately
80 km from the nearest landfall, therefore, there are no close roosting sites located nearby. The
vertebrate wildlife of Australia’s coasts and oceans (DoEE, 2018a) have specified a number of
recovery actions to help combat this threat. Of relevance to this activity is the legislation for the
prevention of garbage disposal from vessels, which Santos implements through the accordance with
Marine Order 95 (Marine pollution prevention — garbage) requirements.

7.6.2.3 Protected and significant areas and socio-economic receptors

The Yoorn OA intersects the Montebello Marine Park (Multiple Use Zone — IUCN Category VI).
Conservation values of the marine park (as outlined in Section 3.2.2) have the potential to be
impacted by a release of solid objects through impacts to marine fauna, which are discussed in the
section above.

Other marine users within the Montebello Marine Park include tourists and recreational visitors,
which are important to the socio-economic values for the marine park. Tourism activities, such as
snorkelling, diving, surfing and recreational fishing, may occur around the Montebello Islands but are
not expected to occur in the OAs, given the water depth (45-65 m), lack of seafloor features and
distance from shore. Potential impacts to tourists and recreational visitors within the Montebello
Marine Park include the aesthetic impacts of buoyant waste floating into the park and potentially
washing up on the shores of the Montebello Islands, as well as the aesthetic impacts of any damage
to reefs, shoals and banks. The J&P OA is 23.8 km from the closest AMP and approximately 80 km
from the closest mainland and is not expected to have much tourism or recreational use.

Impacts to socioeconomic receptors may occur if hazardous/ non-hazardous solids cause a safety
hazard to other marine users or potentially damage their equipment (e.g. fishing nets).

The area of potential disturbance due to a non-buoyant dropped object would be restricted to the
OAs. In the unlikely event of damage to or loss of equipment, potential environmental effects could
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be limited to physical impacts on benthic communities arising from associated equipment sinking to
the seabed.

With appropriate management measures in place, solid non-hydrocarbon releases are not expected

to occur frequently or to a scale that may cause significant pollution that would impact the
conservation or socio-economic values of the Montebello Marine Park.

7.6.3

The EPOs relating to this event include:

+ No unplanned objects, emissions or discharges to sea or air (YJP-EPO-04); and

Environmental Performance Outcomes and Control Measures

+ No injury or mortality to EPBC Act 1999 and WA Biodiversity Conservation Act 2016 listed marine
fauna during operational activities. [YJP-EPO-05].

The control measures for this event are shown in Table 7-28, and the EPS’ and measurement criteria
for the EPOs are described in Section 8.4.

Table 7-28: Control Measure Evaluation for the Release of Solid Objects

Control Control Environmental Benefit Potential Cost/Issues  Evaluation

Measure Measure

Reference

No.

YJP-CM-002 | Dropped object Impacts to Personnel costs Adopted — Benefits
prevention environment are involved in of ensuring
procedures reduced by preventing implementing procedures are

dropped objects and by | procedures and in followed and
retrieving dropped incident reporting. measures
objects unless the implemented
environmental o