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Unit ‘ Description

°C degrees centigrade
g/m? grams per square metre
cP centipoise

dB decibels

dB(A) decibels A-weighting

ha hectare

HP horsepower

hrs hours

Hz hertz

kHz kilohertz

km kilometre (1000 metres)
km? square kilometres
km/hr kilometres per hour

L litre (1000 ml)

m metre (100 cm)

m’ square metre

m> cubic metre

m/s metres per second
mg/L milligrams per litre

ml millilitre

mm millimetres

nm nautical mile (1.856 km)
Pa Pascal (unit of pressure)
ppb parts per billion

ppm parts per million

Scf standard cubic foot (of gas)
SEL sound exposure level measured as dB re 1 pPa?s
t tonne (1000 kg)

M micron
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Abbreviation Description

ACN Australian company number

AFMA Australian Fisheries Management Authority

AHO Australian Hydrographic Office

AHS Australian Hydrographic Service

AHTS anchor handling tug and supply

AlS automatic identification system

ALARP as low as reasonably practicable

AMOSC Australian Marine Oil Spill Centre

AMP Australian Marine Park (Commonwealth)

AMSA Australian Maritime Safety Authority

API American Petroleum Institute

APPEA Australian Petroleum Production and Exploration Association

ASBTIA Australian Southern Bluefin Tuna Industry Association

AUD Australian dollar

BIA biologically important area

BOD biological oxygen demand

BOP blowout preventer

CFA Commonwealth Fisheries Association

CHa methane

CHARM chemical hazard and risk management

™M control measure

CMR Commonwealth marine reserves

Co, carbon dioxide

COLREGs International Rules for Preventing Collisions at Sea

CcpP cathodic protection

DAFF Department of Agriculture, Fisheries and Forestry (Commonwealth)

DAH dissolved aromatic hydrocarbon
Department of Agriculture, Water and the Environment, now Department of Climate

DAWE Change, Energy, the Environment and Water (DCCEEW) and Department of Agriculture,
Fisheries and Forestry (DAFF)

DBCA Department of Biodiversity, Conservation and Attractions (Western Australia)

DCCEEW Department of Climate Change, Energy, the Environment and Water (Commonwealth)

DCMP Santos drilling and completions management process
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Abbreviation Description

DEWHA Department of the Environment, Water, Heritage and the Arts (Commonwealth), now
Department of Climate Change, Energy, the Environment and Water (DCCEEW)

DMIRS Department of Mines, Industry Regulation and Safety (Western Australia)

DNP Director of National Parks

DoE Department of the Environment (Commonwealth), now Department of Climate Change,
Energy, the Environment and Water (DCCEEW)

DoT Department of Transport

DP dynamic positioning

DPaW Department of Parks and Wildlife (Western Australia)

DPIRD Department of Primary Industries and Regional Development (Western Australia)
Department of Sustainability, Environment, Water, Population and Communities

DSEWPaC (Commonwealth), now Department of Climate Change, Energy, the Environment and
Water (DCCEEW))

DTM disconnectable turret mooring

EMBA environment that may be affected

ENVID environmental hazard identification workshop

EP environment plan

EPBC Act Environment Protection and Biodiversity Conservation Act 1999

EPO environmental performance outcome

EPS environmental performance standard

FAR floating asset removal

FPSO floating, production, storage and offtake vessel

GHG greenhouse gas

GHS globally harmonized system of classification and labelling of chemicals

HiVis high viscosity

H,S hydrogen sulfide

HEV high environmental value

HEVA high exposure value area

HOCNF harmonised offshore chemical notification format

HSE health, safety and environment

IBC intermediate bulk container

IMDG international maritime dangerous goods

IMS invasive marine species

IMT incident management team

IUCN International Union for the Conservation of Nature

IWOCS intervention work over control system
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Abbreviation Description

JRCC Joint Rescue Coordination Centre

KEF key ecological feature

LC lethal concentration

LCM lost circulation material

LowcC loss of well control

LWIV light weight intervention vessel

MARPOL International Convention for the Prevention of Pollution from Ships
MBE multi-beam echo sounder

MC measurement criteria

MDO marine diesel oil

MEFF Mutineer, Exeter, Fletcher and Finucane
MEVA moderate exposure value area

MMO marine mammal observer

MNES matters of national environmental significance
MoC management of change

MODU mobile offshore drilling unit

MoU memorandum of understanding

MP marine park

MPNMP marine park network management plan

NADF non-aqueous drilling fluids

NC no contact

NEBA net environmental benefit analysis

N,O nitrous oxide

NOPSEMA National Offshore Petroleum Safety and Environmental Management Authority
NOx oxides of nitrogen

NORM naturally occurring radioactive material

NR nature reserve

NRP Nature recreation park

NSF National Science Foundation

NWS North-West Shelf

OCNS offshore chemical notification scheme

oDs ozone-depleting substance

OECD Organisation for Economic Cooperation and Development
OoIwW oil in water

OPEP oil pollution emergency plan
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Abbreviation Description

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

OSPAR Convention for the Protection of the Marine Environment of the Northeast Atlantic

P&A plug and abandon

PAH polycyclic aromatic hydrocarbon

PAM passive acoustic monitoring

PFW produced formation water

PCL pipe conveyed logging

PLONOR pose little or no risk to the environment

PMST protected matters search tool

PSV platform supply vessel

PSz Petroleum Safety Zone

PTS permanent threshold shift

PUDU production umbilical distribution unit

PWC perforated wash cement

ROAM riser-less open water abandonment module

ROV remotely operated vehicle

SAR subsea asset removal

SBE single-beam echo sounder

SBM synthetic based muds

SDS safety data sheet

SFRT subsea first response toolkit

SIL subsea intervention lubricator

SINTEE The Foundation for Scientific and Industrial Research at the Norwegian Institute of
Technology

SMPEP shipboard marine pollution emergency plan

SOLAS safety of life at sea

SOPEP shipboard oil pollution emergency plan

SOx oxides of sulphur

SPL sound pressure level

SSDI subsea dispersant injection

SSS side scan sonar

TRSV tubing retrievable safety valve

TSSC threatened species scientific committee

TTS temporary threshold shift

UTA umbilical termination assembly
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Abbreviation Description

WA Western Australia

WAFIC Western Australian Fishing Industry Council
WBE well barrier envelope

WBM Water based mud

WHA world heritage area

WOMP well operations management plan

XT subsea tree
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1 Introduction

1.1 Environment Plan summary

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

Regulation 11(3)

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.

Regulation 11(4)

The summary:
(a) must include the following material from the environment plan:
(i) the location of the activity;
(i) a description of the receiving environment;
(iii) 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; and

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

(b) must be to the satisfaction of the Regulator.

This summary of the Mutineer, Exeter, Fletcher and Finucane (MEFF) Plug and Abandonment Environment
Plan has been prepared from material provided in this EP. The summary consists of the following as required
by Regulation 11(4):
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Relevant Section of EP containing EP
Summary Material

EP Summary Material Requirement

The location of the activity Section 2.1.1

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

Sections 6.8, 7.4, 7.5, 7.6 and 7.7
Response arrangements in the oil pollution emergency plan
See Oil Pollution Emergency Plan (OPEP)

Consultation already undertaken and plans for ongoing consultation Section 4

Details of the titleholders nominated liaison person for the activity Section 1.5.1

1.2 Activity overview

Santos Ltd (Santos) is preparing to plug and permanently abandon (P&A) well infrastructure within the MEFF
field (production licences WA-26-L, WA-27-L & WA-54-L). The MEFF field is located in Commonwealth waters
approximately 160km offshore of Dampier, Western Australia (Figure 1-1). The water depth ranges from
approximately 130 m — 160 m.

The P&A activity will be carried out using either a mobile offshore drilling unit (MODU) or a light weight
intervention vessel (LWIV) with support vessels and helicopters. The P&A activity may also include an ROV
vessel for pre, during and/or post campaign work.

The P&A activity is planned to commence in Q1 / Q2 2024 with an expected duration of approximately 230
days. However up to 12 months activity duration has been considered in evaluating the environmental
impacts to allow for unforeseen schedule delays. Both the actual start date and duration may vary depending
on the availability of a suitable MODU/LWIV and the capability of that MODU/LWIV.

This Environment Plan (EP) covers P&A activities and all MODU/LWIV, vessel and helicopter operations within
the operational area (the activity).
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1.3 Purpose of this Environment Plan

OPGGS(E)R 2009 Requirements

Regulation 10A

For Regulation 10, the criteria for acceptance of an environment plan are that the plan:
(a) is appropriate for the nature and scale of the activity; and

(b) demonstrates that the environmental impacts and risks of the activity will be reduced to as low as
reasonably practicable; and

(c) demonstrates that the environmental impacts and risks of the activity will be of an acceptable level;
and

(d) provides for appropriate environmental performance outcomes, environmental performance
standards and measurement criteria; and

(e) includes an appropriate implementation strategy and monitoring, recording and reporting
arrangements; and

(f) does not involve the activity or part of the activity, other than arrangements for environmental
monitoring or for responding to an emergency, being undertaken in any part of a declared World
Heritage property within the meaning of the Environment Protection and Biodiversity Conservation Act
(EPBC Act); and

(g) demonstrates that:
(i) the titleholder has carried out the consultations required by Division 2.2A; and

(ii) the measures (if any) that the titleholder has adopted, or proposes to adopt, because of the
consultations are appropriate.

(h) complies with the Act and the regulations.

This EP has been prepared to address the environmental requirements of activities undertaken in
accordance with Commonwealth Offshore Petroleum and Greenhouse Gas Storage (Environment)
Regulations 2009 (OPGGS(E)R), for acceptance by the National Offshore Petroleum Safety and
Environmental Management Authority (NOPSEMA).

In accordance with the OPGGS(E)R, this EP details the environmental impacts and risks associated with
the activity and demonstrates how these will be reduced to as low as reasonably practicable (ALARP) and
to an acceptable level. The EP provides an implementation strategy that will be used to measure and
report on environmental performance during planned activities and unplanned events to ensure impacts
and risks are continuously reduced to ALARP and are at an acceptable level. The environmental
management of the activity described in the EP complies with the Santos Environment, Health and Safety
Policy (Appendix A) and with all relevant legislation (Appendix B). This EP documents and considers all
relevant stakeholder consultation performed during the development of the EP.

This EP represents the third step in Santos’ approval pathway to decommissioning the MEFF field. Santos’
decommissioning approvals pathway for decommissioning the MEFF field is detailed in Section 1.5 of the
Mutineer-Exeter Cessation of Production and Decommissioning EP (9885-650-PLN-0001).

1.4 Environment Plan validity

This EP remains valid from NOPSEMA acceptance until the end of 2025, or until NOPSEMA has accepted
an end-of-activity notification under Regulation 25A, or until Santos revises this EP in the event a
significant change to the activity or level of impact or risk occurs as required under Sub-regulation 17(10),
17(5), 17(6) and 17(7). This period provides an appropriate window for safely and effectively executing
the P&A activities.
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Santos may revise the EP, using the Management of Change (MoC) Process described in Section 8.12. Any
changes made under this process will not affect the validity of this EP.

1.5 Operator and titleholder details

OPGGS(E)R 2009 Requirements

Regulation 15. Details of titleholder and liaison person

15(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 ACN (within the meaning of the Corporations Act
2001) — ACN.

15(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).

1.5.1 Details of titleholder

Santos is the registered titleholder for WA-26-L, WA-27-L and WA-54-L, authorised pursuant to sub
section 775B(2) of the Commonwealth OPGGS Act to take eligible voluntary actions on behalf of the
Titleholders. Table 1-1 provides details of the Titleholders and their contact details.

Table 1-1: Titleholder details for WA-26-L, WA-27-L and WA-54-L

Titleholder ACN Address

Santos Limited 007550923 | Business Address (Head Office):

60 Flinders Street, Adelaide, South Australia 5000
Telephone number: +61 8 8116 5000

Fax number: +61 8 8116 5050

offshore.environment.admin@santos.com

Kufpec (Australia) 001800924 | Business Address:

Pty Ltd Administrative Shuwaikh — Area 4 — Street 102 — Building No. 9, PO Box
5291 Safat, 13053 Kuwait

Telephone number: +965 1836000
Fax number: +965 24951818

Email address: kufpec@kufpec.com
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JX Nippon Qil and 078323743 | Business Address (Head Office):

Gas Exploration 1-2 Otemachi 1-chome, Chiyoda-ku, Tokyo, 100-8163 Japan
(Australia) Pty Ltd Telephone number: +81(0)3-6257-6000
Fax number: +81 (0)3-6213-3511

Email address: jxnoes.operation@jxnoes.com.au

1.5.2 Details for nominated liaison person

Details for Santos’ nominated liaison person for the activity are as follows:

Name: Dawn Maclnnes (Team Lead — Environmental Approvals)

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

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

1.5.3 Notification procedure in the event of changed details

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

1.6 Environmental management framework

OPGGS(E)R 2009 Requirements

Regulation 13. Environmental assessment

Description of the activity
13(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; and

(b) demonstrate how those requirements will be met.

Regulation 16(a). Other information in the environment plan

The environment plan must contain the following:

(a) astatement of the titleholder’s corporate environmental policy;

1.6.1 Santos Environment, Health and Safety Policy

The activity will be conducted in accordance with the Santos Environment, Health and Safety Policy
presented in

Appendix A and the Santos Management System (Section 8).

1.6.2 Relevant environmental legislation

There are a number of Commonwealth and Western Australian acts and regulations relevant to the
Activity. In addition, Australia is a signatory to numerous international conventions and agreements that
obligate the Commonwealth government to prevent pollution and protect specified habitats, flora and
fauna. The legislation relevant to the Activity is detailed in Appendix B.
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2 Activity Description

OPGGS(E)R 2009 Requirements

Regulation 13. Environmental assessment

Description of the activity

13(1) The environment plan must contain a comprehensive description of the activity including the following:
(a) the location 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; and

(d) any additional information relevant to consideration of environmental impacts and risks of the activity.

2.1 Activity overview

The MEFF Development ceased production in 2018, the floating, production, storage and offtake vessel
(FPSO) has departed the field and all that remains is 12 subsea wells, a mid water disconnectable turret
mooring (DTM) and a subsea production system.

The wells have either been placed into long term suspension in preparation for permanent abandonment
or the reservoirs have been abandoned and the wellhead is all that remains to be recovered. The subsea
production system has been flushed of hydrocarbons with treated seawater and is in a preservation state.

Santos plans to complete the field decommissioning in three steps as follows:
1) Floating Asset Removal (FAR)
2) Wells Plug and Abandonment (P&A)
3) Seabed Asset Removal (SAR)

The FAR campaign (covered in a separate EP) focuses on the removal of floating assets (DTM and mid-
water arches) in the vicinity of the former FPSO location. The floating assets are downstream of the
production manifolds, with a minimum distance of approximately 3 km from well infrastructure. The FAR
campaign will not intervene on the wells or the established well barrier envelope (WBE).

The SAR campaign focuses on the removal of agreed seabed assets (covered in a separate EP) not removed
by either the FAR or the P&A campaigns. The SAR campaign will not interfere with the established WBE
of the wells.

The wells P&A campaign (this EP) will focus on plugging of the remaining wells followed by severing and
recovery of well infrastructure at the seabed. The P&A campaign is predominantly concerned with the
removal of equipment upstream from the subsea tree (XT). However, some removal of subsea
infrastructure between the subsea trees and the subsea manifolds may occur in order to facilitate the
safe and effective removal of the subsea trees (e.g. jumper or well services line severing, flying lead
recovery) or to simplify the SAR campaign (stabilisation and mattresses etc).

The P&A campaign will be conducted primarily using either a moored MODU or a dynamically positioned
(DP) light weight intervention vessel (LWIV). Additional pre, during or post MODU activities may also be
conducted using a vessel(s) with a remotely operating vehicle (ROV) onboard. Note that some pre-P&A
campaign activities such as inspection and intervention on the wells (without breaking the established
WBE) may occur under the approved Mutineer-Exeter Cessation of Production Environment Plan (9885-
650-PLN-0001).

A summary of the activity is provided in Table 2-1.
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Table 2-1: Summary of key activity

GENERAL DETAILS

EP Expiry Date

End of 2025

Operational Area

MODU Type

The operational area is defined as the MEFF Field, with water depths of
approximately 130 - 160 m

OPERATIONAL ACTIVITIES

Moored MODU or LWIV

In-Field MODU or LWIV No.

One MODU or LWIV at a time will be involved with the plug and abandonment
activities covered by this EP

Support Vessel Type

Up to three anchor handling tug and supply (AHTS) vessels (for a MODU
campaign)

Supply vessel (for either MODU or LWIV campaign)

No. of Wells

In-Field Vessel No. lto4
Remotely Operated Vehicles Yes
Helicopters Yes

PLUG & ABANDONMENT ACTIVITIES

12

Estimated Activity Durations

2 to 26 days for each well, depending on the required P&A activities; expected
total duration of approximately 230 days (however up to 12 months activity
duration has been considered in evaluating the environmental impacts to
allow for unforeseen schedule delays)

Well Abandonment

All wells to be permanently abandoned (P&A) in accordance with the
NOPSEMA accepted well operations management plan (WOMP) for each well
covered by this EP, and all equipment removed above the mudline following
plug and abandonment as per Section 572 of the OPGGS Act.

2.1.1 Location and operational area

The MEFF fields are located approximately 160 km north of Dampier in production licences WA-26-L, WA
27-L and WA-54-L as shown in Figure 1-1. Water depth in the MEFF fields range from 130 m to 160 m. The
activities covered by this EP will occur in the vicinity of the field infrastructure, located within the
operational area and with the coordinates presented in Table 2-2. The layout of the MEFF field wells is
shown on Figure 2-1. The coordinates of the MEFF wells are provided in Table 2-3.

Table 2-2: Coordinates for the operational area

Operational Area Latitude Longitude

Point 1 19°9'55.21"S 116°35'4.72"E
Point 2 19°9'55.21"S 116°40'4.72" E
Point 3 19°14'55.21" S 116°40'4.72" E
Point 4 19°14'55.21" S 116°45'4.72" E
Point 5 19°9'55.21"S 116°45'4.72"E
Point 6 19°9'55.20" S 116°50'4.72" E
Point 7 19°19'55.21" S 116°50'4.72" E
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Operational Area Latitude Longitude

Point 8 19°19'55.22" S 116°35'4.72"E
Point 9 19°19'55.22" S 116°30'4.72" E
Point 10 19°14'55.22" S 116°30'4.72"E
Point 11 19°14'55.21" S 116°35'4.72"E
Point 12 19°9'55.21" S 116°35'4.72"E

Table 2-3: Geographical location of MEFF wells

Temporary Abandoned Wells

Latitude (GDA94)

Longitude (GDA94)

Exeter-7

19° 18’ 34.83” South

116° 33’ 40.11” East

Exeter-8HL1

19° 18’ 36.27” South

116° 33’ 41.12” East

Finucane South-1A

19° 18’ 16.93” South

116° 45’ 31.70” East

MEFF Production Wells

Mutineer 4 19°15’32.2” South 116°3815.32” East
Mutineer 5 19°15’32.74” South 116°3815.29” East
Mutineer 9H 19°15’33.48” South 116°3815.84” East
Mutineer 12 19°15'33.77" South 116°38'16.45" East
Mutineer 15 19°15’33.28” South 116°3815.29” East
Exeter 4AH 19°18'35.99" South 116°33'40.46" East

Finucane South 2H

19°17’34.08” South

116°45’49.41” East

Finucane South 3H

19°17°35.81” South

116°45’50.38” East

Fletcher 5H

19°14’46.20” South

116°47°43.85” East
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2.1.2 Timing and duration

Activities are expected to commence in Q1 / Q2 2024 with an estimated duration of approximately 230 days
(but up to 12 months). The permanent abandonment process typically takes 2-26 days per well depending
on the number of barriers to be set in the well and the complexity of preparing the well for placement of
those barriers. This EP assumes the activities may be undertaken at any time of year over the validity period
of this EP.

The exact timing and duration of the P&A activities are subject to MODU/LWIV availability, MODU/LWIV
capability and metocean conditions (particularly cyclonic activity). Once started, operations will be 24 hours
per day, 7 days per week. To ensure conservatism, the EP is assessed for the activity occurring at any time of
year for the approximate duration of the activity.

2.2 Activities prior to MODU/LWIV mobilisation

Prior to the P&A of the wells by a MODU or LWIV, preparatory activities may occur using a support vessel
with a winch or davit deployed ROV and potentially a subsea winch. Additional equipment may be added to
expand the ROV capabilities. The class and size of the ROV and equipment used will be dependent on the
survey requirements. A subsea winch may also be available on the vessel to assist in removal and / or
replacement of well infrastructure.

Preparatory activities may include the following:

+ debris clearance and anchor location verification using side scan sonar or similar
+ installation of any seabed mounted survey or monitoring equipment

+ visual inspection (VI) of the subsea infrastructure and general area by ROV

+ marine growth removal from critical areas of the subsea infrastructure

+ break up of cement patio (note: cement component to remain in situ)

+ function testing of non-barrier components such as tree cap or ROV access caps
+ removal or debris in XT cavities below tree cap

+ removal of hanger secondary lockdown

+ verification of jumper content / pressure

+ installation of pre lay equipment in preparation for rig arrival (this may include anchors and/or tether
clump weights)

+ severing the jumper and well service lines from the XT

+ severing and recovery of defunct material between the well / manifold / umbilical termination assembly
(UTA) / production umbilical distribution unit (PUDU)

+ severing and recovery of wellhead and casing stumps (only wells where the subsurface WBE has been
established).

Pre-campaign activities shall not interfere with or have the potential to interfere with the established WBE.

2.3 MODU plug and abandonment activities

P&A activities will involve the use of either a moored MODU or a Dynamically Positioned LWIV. The
permanent plugging activities for the MEFF wells, including designing and installing permanent well barriers,
will be complete in accordance with the NOPSEMA-accepted WOMP as required under the OPPGS
Regulations.
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This section describes the P&A activities as would be typically performed by a moored MODU. Section 2.5
describes the differences in expected operations associated with a LWIV. In general terms, the LWIV is less
capable and would not be able to perform some of the operations detailed below for the MODU.

In general, a MODU based P&A program may consist of:
+ Mobilisation and positioning:

move the MODU onto location

— run and test the anchors (8-12 anchors) with the aid of AHSV’s
— intra field skidding of the MODU on its anchor chains

— inter field mobilisation and positioning with the aid of AHSV's
+ Establishing and testing of secondary well control:

— remove the XT cap and secondary lockdown

— run, latch, pressure and function test the blowout preventer (BOP)
— install BOP tether (if required)

— run, latch, pressure and function test landing string

— run, install, pressure and function test XT/tubing retrievable safety valve (TRSV) control system
+ Rigging up and testing the well bleed-off package
+ Establishing primary well control:

— open well and observe for pressure / flow
— perform well kill (if required)

— recovery and disposal of well fluids
+ Regaining access to the cap rock:

— temporary isolation of reservoir

— recover upper completion

— recover intermediate completion
— partially recover lower completion
— logging of annular cement isolation

— annular cement remediation if required (section milling and perforate wash cement (PWC))
+ Establishing a permanent isolation of the reservoir:

— installation and testing of barriers
+ Establishing a permanent isolation of any zones of potential inflow:

— regain access to surface casing
— recovery of well annular fluids

— installation and testing of barriers
+ Recovery of secondary well control
+ Recovery of subsea well infrastructure:
— severing of wellhead and casing stumps

+ Possible recovery of other subsea infrastructure:
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— opportunistic removal of subsea infrastructure between the subsea trees and the subsea manifolds
may occur (e.g. jumper or well services line severing, flying lead recovery, stabilisation and
mattresses)

+ Demobilisation of MODU:

— recovery of anchors

— seabed clearance

2.3.1 Mobilisation and positioning

The MODU may mobilise, from prior commitments on the North-West Shelf (NWS), from elsewhere within
Australian waters or from an overseas location. When MODUs are mobilised from outside the NWS, the
MODU will adhere to Australian biofouling management requirements before being moved to the well
location site. A MODU will be towed into position by at least one vessel but usually two or more support
vessels.

Once a MODU is in the general vicinity of a well location (usually within 200m), the support vessels will receive
an anchor from the MODU and the anchor will be placed into the desired position on the seabed. This
continues until all anchors have been deployed and proof-load tested by a method of cross tensioning
opposing anchors. The mooring plan will take into account the risks presented by any infrastructure, seabed
hazards or sensitive environmental features.

Once anchored in position a MODU is able to make relatively small positional changes in the area of a
manifold of wells by kedging on its anchor lines. This enables the MODU to perform operations on multiple
wells without having to recover or reset anchors on the seabed.

Where a move is outside the MODU’s kedging capability the anchors will have to be recovered and the MODU
towed to its new location. It is expected that any selected MODU will be able to P&A the wells at the
Mutineer, Exeter, Finucane and Fletcher manifolds by kedging.

In certain circumstances, MODU lines may not be able to be run conventionally without breaching
recommended safety margins and increasing the risk of contact between the anchor chain and subsea
infrastructure. In these instances, a pre-laid anchor would be run in a pre-MODU campaign (Section 2.2) and
recovered during a post-MODU campaign (Section 2.4).

2.3.2 Establishing and testing of secondary well control

Once anchored on location the process of establishing and testing of the secondary well control system (BOP)
is commenced. Where required, any tree cap or non-barrier component may be recovered to surface through
the open water column. Once access to the wellhead / XT has been obtained the BOP will be run and latched
to it. Once installed the BOP will be pressure tested. BOP testing will be completed prior to breaking into any
of the established well barriers. As with all subsea BOP’s they are controlled using a hydraulic fluid which is
vented to the marine environment when each component is functioned.

During the deployment of the BOP / riser system the loads placed upon it through the water column and
surface movement (winds, wave, current tide etc.) impart a cyclical load on the well structure. In certain
circumstances, the accumulation of this load can lead to a fatigue failure of the existing wellhead structure.
Where a high degree of fatigue has already occurred and there is concern that inadequate fatigue life remains
to complete the P&A program, a combination of axial monitoring and tethering may be installed. Axial load
monitoring involves the installation of strain gauges or accelerometers to the BOP frame and measuring the
actual cyclic loads on the wellhead, this improves the accuracy of fatigue accumulation over more
conservative simulation methods. In extreme cases, a tether may be installed onto the BOP frame to act as a
shock absorber and thereby lessening, or in some cases eliminating, the transfer of cyclic loads to the
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wellhead. Where tethers are required, four clump weights per well will be deployed to the seabed during the
pre-MODU campaign (Section 2.2) and recovered as able with the MODU on location or most likely during a
post-MODU campaign (Section 2.4).

Once the BOP has been installed and met the required performance criteria, a pressure containing conduit
to the surface (landing string) and control over the XT and TRSV functions will be established. The landing
string contains tested barriers that are placed across and work in conjunction with the BOP. The landing string
is rated for the pressure that it could be exposed to once the well barriers are opened and also acts as a
conduit for the placement of kill weight fluid into the well or hydrocarbons from the well. Control and disposal
of hydrocarbons from the well is described in Section 2.8. The valves in the landing string are usually
controlled via a hydraulic umbilical attached to the exterior of the landing string.

The final act in securing secondary well control over a well is the running and testing of the XT and TRSV
control system. This is acquired through the use of an Intervention Work Over Control System (IWOCS)
through the water column and often secured to the BOP riser. Once at the seabed, the ROV will install control
lines to the appropriate functions on the XT.

2.3.3 Rigging up and testing the well bleed-off package

Well bleed-off and associated flaring may be required to remove hydrocarbons (oil and/or gas) from the
wellbore during the abandonment process. During well bleed-off, hydrocarbons and potentially formation
water will be vented or circulated back to the MODU via a temporary process and handling facility installed
on the MODU.

All hydrocarbons will be flared (combusted) using burners or contained within appropriate tanks. Marine
discharges typically occur during well bleed-off, such as treated recovered formation water and brine, and
cooling (deluge) water. Any fluids recovered will be treated to 30 ppm oil in water prior to being discharged
to the marine environment.

Chemicals required for bleed-off activities include brines, acids, enzymes, pH controllers, chelating agents,
hydrate inhibitors (such as MEG or methanol), defoamers and emulsion breakers. Limited venting of
hydrocarbons may occur as dead spaces or inaccessible areas of the well infrastructure are recovered and
where any hydrocarbons cannot be directed to the bleed-off package.

2.3.4 Establishing primary well control

Primary well control is achieved when the fluid in the wellbore has sufficient density to provide a pressure
over-balance to the reservoir such that no other barriers are required to prevent the flow of hydrocarbons
from the formation.

Establishing primary well control may require the injection (bull-heading) of a weighted fluid (usually brine)
into the well and displacing any hydrocarbons back into the reservoir. An alternative option often used when
bull heading is not possible is to circulate dense fluids into the bottom of the well whilst taking returns of
potentially hydrocarbon containing fluids to the surface. Any fluids returned from the well must be handled
appropriately to prevent the potential for accumulation of explosive vapours on the MODU and minimise the
risk of loss of containment to the environment. This is achieved through the use of the bleed-off package
described in Section 2.3.3.

2.3.5 Regaining access to the cap rock

In order for the reservoir to be isolated an installed barrier should extend across the full cross section of the
well including all annuli. To facilitate the installation of such a barrier some, all or a combination of the
following steps are typically required:

+ removal of the upper completion

Santos Ltd | Mutineer-Exeter Plug and Abandonment Environment Plan Page 29 of 406



Santos

+ removal of the intermediate completion
+ removal, or partial removal, of the lower completion

+ wireline, tractor, coiled tubing or pipe conveyed logging (PCL) (including, but not limited to, annular
cement verification, formation evaluation, caliper etc.)

+ wireline, tractor or drill pipe conveyed installation of equipment including, but not limited to, plugs,
retainers, punches, mechanical cutters, abrasive cutters, mills, packers, perforating guns, hold open
sleeves etc. (note there is no planned seismic or ocean mounted air gun activity)

+ section milling of casing with swarf returned and collected on the MODU (collected swarf will be returned
to shore for disposal in an acceptable manner)

+ cement remediation including the placement and testing of cement through drill pipe

+ injection of fluids (reservoir fluid, recovered synthetic based muds or base fluids, brines, water based
drilling fluids) into the reservoir for in well disposal or bleeding-off of fluids to the bleed-off package.
Note: SBM may be also skimmed off from contaminated WBM for onshore disposal or treated to less
than 30 ppm for discharge to the marine environment

+ pressure testing of temporary or permanent barriers using brines or water based drilling fluids.

The actual techniques and steps required will be assessed on a well-by-well basis considering equipment
suitability, capability, availability, MODU/LWIV capability and any impact on the environment. All recovered
infrastructure shall be secured and returned to shore for disposal in an acceptable manner. Naturally
occurring radioactive material (NORMs) is not anticipated, however a NORM’s contingency plan shall be
prepared and any affected material returned to shore will be disposed of in an approved manner.

2.3.6 Establishing a permanent isolation of the reservoir

Each reservoir shall be abandoned in accordance with the Santos DCMP and a NOPSEMA accepted WOMP.
The placement of a barrier is typically achieved by displacing cement through the drill pipe into the location
prepared as described in Section 2.3.5 above. Once in place the barrier is verified by an approved means such
as pressure testing, physical tagging or both.

2.3.7 Establishing a permanent isolation of any zones of potential inflow

Where a barrier is required to isolate zones of potential inflow below the surface casing, access to that casing
must be established and the quality of the surface casing annular cement must be verified before the
permanent barrier can be installed.

Regaining access to the surface casing may require some, all or a combination of the following techniques:

+ wireline, tractor, coiled tubing or pipe conyed logging (PCL) (including, but not limited to, annular cement
verification, formation evaluation, caliper etc.)

+ wireline, tractor or drill pipe conveyed installation of equipment including, but not limited to, plugs,
retainers, punches, mechanical cutters, abrasive cutters, mills, packers, guns, hold open sleeves etc. (note
there is no planned seismic or ocean mounted air gun activity)

+ section milling of casing with swarf returned and collected on the MODU (collected swarf will be returned
to shore for disposal in an acceptable manner)

+ cement remediation including the placement and testing of cement through drill pipe

+ injection of fluids (reservoir fluid, recovered synthetic based muds (SBM) or base fluids, brines, water
based drilling fluids) into the reservoir for in-well disposal or bleeding-off of fluids to the bleed-off
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package. Note: SBM may be also skimmed off from contaminated WBM for onshore disposal or treated
to less than 30 ppm for discharge to the marine environment

+ pressure testing of temporary or permanent barriers using brines or water based drilling fluids.

Each zone of potential inflow shall be abandoned in accordance with the Santos DCMP and a NOPSEMA
accepted WOMP. The placement of a barrier is typically achieved by displacing cement through the drill pipe
into the prepared location as described in this section. Once in place the barrier is verified by an approved
means such as pressures testing, physical tagging or both.

The actual techniques and steps required will be assessed on a well-by-well basis considering equipment
suitability, capability, availability, MODU/LWIV capability and any impact on the environment. Any recovered
infrastructure shall be secured and returned to shore for disposal in an acceptable manner.

2.3.8 Recovery of secondary well control

Once the well has been appropriately plugged and the required barriers have been verified, the secondary
well control system (BOP) is no longer required. The landing string can be recovered to surface for inspection
(if required) and re-use on other wells. The BOP can either be recovered to the surface, kedged to the next
well, hopped / hung off (depending on MODU capability) or temporarily parked on an adjacent wellhead.

2.3.9 Recovery of subsea well infrastructure

Once the well has been appropriately plugged and the required barriers have been verified, mechanical or
abrasive severing of the wellhead at or just below the mud line will occur. Mechanical / abrasive severance
is preferred as there is no explosive discharge at the seabed. Once severed, the subsea trees, flowbases,
wellhead and severed casings stubs shall be recovered to the surface and transported to shore for reuse or
disposal in an acceptable manner. Alternatively, equipment may be wet-stored for future recovery during
the SAR phase as discussed in Section 2.1.

Recovery of the subsea trees may require further disconnection of the subsea production control system, the
flowline jumpers and well services lines. This severance will likely occur using an ROV mounted cutting tool
such as diamond wire saw or similar.

2.3.10 Recovery of subsea infrastructure

There may be time and opportunity where an ROV is able to support the wider field decommissioning
activities when a support vessel is preparing for the arrival of the MODU or when the MODU is on location
at a particular manifold. Opportunistic activities may include the recovery of light weight materials between
the wellhead and the manifold / UTA / PUDU. This material may include the following:

+ flying leads

+ jumpers lines (previously flushed with seawater)

+ grout bags / sand bags / line stabilisation, mattresses etc.

+ any recoverable dropped objects identified during seabed surveys.

Recovery would be via use of an ROV and basket with no winch operations. Recovery of these defunct items
would not impact the WBE and therefore the isolation of the reservoir. It is possible, although unlikely, that
small amount of trapped hydrocarbon (at a concentration of 30 — 40 ppm) may be released in treated
seawater on severing the jumpers or well services line. Recovery of flying leads may result in small, but
unavoidable discharges of hydraulic fluid to the seabed. Demobilisation of MODU.

Upon completion of the MODU scope at each mooring location, the support vessels will commence the
recovery of the anchors from the seabed and back to the MODU. Anchor recovery is covered in a mooring

Santos Ltd | Mutineer-Exeter Plug and Abandonment Environment Plan Page 31 of 406



Santos

and demobilisation plan and considers the risk of collision with any subsea infrastructure remaining. Pre-laid
anchors may have been placed on the seabed prior to rig arrival and where used, these pre-laid anchors
would be released and recovered during a post-MODU campaign (Section 2.4).

During anchor recovery, a survey of the seabed in the vicinity of the MODU will be completed by an ROV. The
survey will document the seabed condition at departure and any equipment identified would either be
recovered by an ROV (if small / light enough) or marked for recovery during the SAR campaign.

2.4 Post MODU activities

After departure of the MODU a support vessel with an ROV will complete any mop up tasks not undertaken
by the MODU. These takes may include the following:

+ recovery of any pre laid anchors suspended during the MODU demobilisation

+ recovery of any clump weights deployed to the seabed as part of the fatigue management system
+ recovery of any survey or monitoring equipment from the seabed

+ recovery of any lightweight material not recovered by the rig

+ general visual inspection of the seabed of remaining subsea equipment.

2.5 Alternative LWIV plug and abandonment activities

The use of a LWIV to complete well plug and abandonment is a well recognized and accepted industry
practice. The role of LWIVs in P&A programs varies from the complete P&A scope to simple recovery of the
wellhead. The P&A process is similar to that described for MODU operations but with some of the key
differences as follows:

+ the LWIV is typically dynamically positioned and therefore does not require the placement of anchors on
the seabed

+ the LWIV does not remain on location during a cyclone, instead it is able to relocate under its own
propulsion to a safe zone

+ there is no BOP or landing string deployed for secondary well control, instead a subsea intervention
lubricator (SIL) is used for operations on live wells. The SIL performs similar to a wireline or coiled tubing
BOP adapted for subsea use

+ the SIL has its own IWOCS thus eliminating the need for a separate control system for the XT/TRSV
+ the LWIV has no, or limited, hoisting capability and therefore cannot perform heavy duty activities

+ the LWIV has limited circulation capability and therefore cannot perform complex operations such as
section milling.

Although the operations performed by the LWIV are mostly similar to those described in Section 2.3 above,
the contingency options for a LWIV are less and therefore additional risk of failure must be considered. For
the MEFF P&A scope, LWIVs will continue to be assessed on a technical capability and risk basis and as such
are included in this P&A activity statement.

2.6 Support vessels and helicopters

In general, up to three AHTS vessels will be used for the duration of a MODU assisted well abandonment
campaign. Vessels will be used to tow the MODU to location and act as a support to the MODU/LWIV by
conducting safety lookouts for helicopter transfers and generally monitoring the 500 m exclusion zone that
will be maintained around the MODU/LWIV to prevent vessel collisions. One of the vessels will remain on
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location with the MODU/LWIV at all times, however all three vessels may be present simultaneously in the
field.

Support vessels will operate between the MODU/LWIV and the nearest suitable port (normally Dampier) and
provide the continuous supply and back-loading of materials and other supplies during operations. Such
materials include fresh water, food, fuel, and bulk dry chemicals and equipment to be used during the P&A
activities. Wastes will be transported back to shore to either the supplier or an approved waste facility.

Support vessels used for pre, during and post MODU/LWIV activities generally require any or all of the
following:

+

working class ROV

+ pumping and cementing equipment

+

lifting equipment

+

intervention equipment.

The MODU/LWIV and vessel crews will be accommodated aboard the MODU/LWIV (approximately 150
people) and the respective vessels (likely capacity per vessel is up to 40 people). Crew changes for personnel
onboard the MODU/LWIV require transfer by helicopter between the MODU/LWIV and the nearest airport,
usually Karratha. These flights will occur several times a week dependent on location and contract. Support
vessel crew changes will generally take place in Dampier Port. Due to the short distances between Santos’
acreage and the designated airports, helicopter refueling on the MODU/LWIV or vessel refueling in the field
will not be required, however bunkering between the MODU/LWIV and support vessel will occur.

All vessels will be verified and inspected by Santos to ensure that they are appropriate for the support
activities required. Vessel types that will be typically used during P&A activities are outlined in Table 2-4.

Table 2-4: Offshore vessel types typically utilised by Santos

Vessel Type Vessel Capability

Anchor handling tug and supply Service

(AHTS) vessel Supply

Anchor handling
Towing

Standby

Platform supply vessel (PSV) Service

Supply
Standby

Adhoc vessel Service

Supply
Standby

2.7 Cyclone preparedness

In the event of a tropical cyclone while performing operations, the well will be suspended with two barriers
in accordance with Santos standards and the accepted WOMP, through the use of mechanical barriers such
as cement plugs, bridge plugs and the BOP. The location and movement of tropical cyclones will be monitored
and tracked against the time required to safely suspend the well and down-man the rig.
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2.8 Chemicals

Chemicals may be discharged overboard during the activity if they are unable to be re-used. The majority of
the discharges are similar in nature to those discharged during the drilling of a conventional well. These
discharges include:

+ brines

+ seawater

+ water based drilling / milling fluid
+ lost circulation materials

+  hi-vis pills

+ cement (set or unset)

+ other chemicals and additives (e.g. tracer dyes and cement spacer)

+

residual fluids in the existing well bore (e.g. synthetic based muds).

2.8.1 Well kill, milling and abrasive cutting fluids

When abandoning wells, well kill, milling and abrasive cutting fluids with various additives may be required
for specific well abandonments to control wellbore pressure and facilitate the P&A program.

The carrying medium of a kill fluid is either fresh water (drill water), seawater or a brine. The selection of the
carrying medium depends on what is available on the MODU/LWIV. A combination of all may be used during
any well abandonment program. Brines are used to achieve the required density parameters of the kill fluid
and may contain sodium chloride, potassium chloride or calcium chloride added to fresh water.

Setting cement plugs in vertical or deviated wells may require weighed high viscosity (HiVis) fluid pills to
prevent the cement plug from slumping down hole, to aid in achieving the correct depth requirements of the
specific well. They may also be used in the lifting of solids to the surface while pumping. A HiVis pill is either
a combination of drill water, gel and barite, or seawater or brine with a polymer and barite. Some of the
additives commonly used with a kill fluid are:

+ density-increasing or weighting additives: materials are added to the kill fluid (drill water, seawater or
brine) to increase its weight to the desired density. Barite is normally used as the proprietary weighting
material

+ viscosity additives: selected materials may be added to the HiVis fluid to increase the viscosity if addition
of barite does not meet the desired viscosity parameters. Materials such as bentonite (gel), xanthan gum
and other proprietary mixtures can be used to increase viscosity

+ alkalinity and hardness control: selected materials may be added to the HiVis fluid to control the alkalinity
properties. Materials such as sodium hydroxide or magnesium hydroxide are used to control alkalinity
and sodium carbonate for hardness control

+ lost circulation material: selected materials are added to the kill fluid to reduce the loss of fluid to the
formation. Materials such as walnut shells, wood fibre, cellulose fibre, calcium carbonate and other
proprietary mixtures are used to reduce the loss of circulation.

Abrasive cutting fluids use a naturally occurring material (usually sand, garnet or similar) to abrade steel and
cement for the purposes of severing well infrastructure. Abrasion based cutters are able to complete cuts
where mechanical cutters may not be able to fit or extend adequately to complete the severance. Mechanical
and abrasive cutters are preferred over explosive cutters for near seabed severances.
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2.8.2 Cementing fluids

When using cement for cementing or plugging a well, various additives are blended into the cement for
specific purposes, based on the requirements of the specific well to be abandoned. Some of the additives
commonly used in cement pills are:

+ retarder: a retarder is added to slow down the setting time to allow for longer pump times and/or the
removal of the tubing used to place the cement

+ accelerator: accelerators are used to shorten the setting time. These are used in wells to allow the cement
to set faster to prevent gas or fluid channeling, to prevent backflow in the tubing and when plugging the
additive can shorten the wait time between plugs

+ light-weight additives: these materials are added to cement to reduce the cement density and thereby
lessen the chances of losing cement to high-permeability or low fracture-gradient formations

+ water-loss additives: water-loss additives are combined with the cement mixture to reduce the rate of
water loss from the cement mixture. By reducing water loss prior to setting, the cement can harden
properly and avoid premature drying which can reduce the strength of the cement

+ gas migration additives: gas migration additives are combined with cement mix to reduce or prevent the
migration and expansion of any gas entering the wellbore during the cement transition phase. By
eliminating gas migration the competency of the placed cement is increased in scenarios where gas may
be present, particularly isolations in or across a known hydrocarbon bearing zone.

2.8.3 Treated seawater and brine

During well suspension and/or abandonment activities seawater or brine is pumped down a well as a well kill
fluid to displace a minimum of 1 tubing / open hole volume into the reservoir. Additives are used with these
fluids (e.g. biocide or corrosion inhibitor) to prevent bacterial growth in the well that may impact steel well
casings. General kill fluid dosing concentrations are 300 mg/L for biocide and 700 mg/L for corrosion inhibitor.

2.8.4 Recovered fluids from the existing well bore

There may be discharges of recovered fluids from the existing well bore including synthetic based muds (SBM)
and other standard additives such as brine, emulsifiers, loss circulation materials, barium etc.

As much SBM as practical will be recovered to the MODU which will either be returned to shore for disposal,
or where appropriate, injected below the permanent barriers in the well. A small volume of residual SBM
may not be able to be recovered (i.e., residual coating on external casing surfaces) and may be released into
the marine environment.

2.9 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.
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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 List, 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.

The chemical is risk assessed using the OCNS CHARM or non-CHARM models and assigned a pseudo-ranking
based on the available aquatic toxicity, biodegradation and bioaccumulation data and assessed for
environmental acceptability for discharge to the marine environment. There is a preference for chemical
options that have a low aquatic toxicity, are readily biodegradable and do not bioaccumulate.

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.

2.9.1 Ecotoxicity assessment

Table 2-5 and Table 2-6 act as guidance in assessing the ecotoxicity of chemicals during the investigation of
potential alternatives. Table 2-5 is used by Cefas to group a chemical based on ecotoxicity results, ‘A’
representing highest toxicity/risk to environment and ‘E’ lowest. Table 2-6 shows classifications/categories
of toxicity against aquatic toxicity results.

Table 2-5: Initial OCNS grouping

Initial grouping

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

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 2-6: Aquatic Species Toxicity Grouping

Category Species ‘ LC50 and EC50 criteria
Category Acute 1 Fish LCso (96hr) of <1 mg/L
Hazard statement - Very | cpctacea 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 — Crust ECso (48hr) of 1 mg/L to <10 mg/L
Toxic to aquatic life rustacea >0 o me/tto =2V me
Algae / other aquatic plant species ErCso (72 or 96hr) of >1 mg/L to <10 mg/L
Fish LCso (96hr) of >10 mg/L to <100 mg/L
Crustacea ECso (48hr) of >10 mg/L to <100 mg/L
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Category Species LC50 and EC50 criteria

Category Acute 3 — Algae / other aquatic plant species ErCso (72 or 96hr) of >10 mg/L to <100 mg/L
Hazard statement —
Harmful to aquatic life

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

2.9.2 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 Aquatic Environment
(2019). The below is used as a guide during the investigation of potential chemical alternatives. The
preference is to select readily biodegradable chemicals.

Cefas categorises biodegradation into the following groups:

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

+ moderately biodegradable: results >20% and <X% to an OSPAR HOCNF accepted ready biodegradation
protocol

+ 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).

2.9.3 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 Aquatic Environment
(2019). Preference is to select non bioaccumulative chemicals.

The following guidance is used by Cefas:

+ Non-bioaccumulative/non-bioaccumulating: Log Pow <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.

+ Bioaccumulative/bioaccumulates: Log Pow 23, or results from a bioaccumulation test (preferably using
Mytilus edulis) demonstrates an unsatisfactory rate of uptake and depuration, and the molecular mass is
<700.
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3 Description of the environment

OPGGS(E)R 2009 Requirements

Regulation 13. Environmental assessment.

Description of the environment
13(2) The environment plan must:

(a) describe the existing environment that may be affected by the 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 any of 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; or

(i) Commonwealth land within the meaning of that Act.

3.1 Environment that may be affected

This section describes the key physical, biological, socio-economic and cultural characteristics of the existing
environment that may be affected by the activity, both from planned and unplanned events associated with
the activity. The description of the environment applies to two areas: the operational area (the area within
the planned activity will occur), and the environment that may be affected (EMBA) by unplanned events.
These are shown in Figure 3-1.

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 (from a loss of well control). Most planned and
unplanned events associated with the activity may affect the environment up to a few kilometres from the
operational area. A large unplanned hydrocarbon spill would extend substantially beyond this (Section 7.6).

3.1.1 Protected Matters Search Tool reports

Protected Matters Search Tool (PMST) searches were undertaken on the operational area and the EMBA.
The PMST searches were completed using a simplified subset of the EMBA coordinates to fit the constraints
of the PMST search (the tool only allows < 150 coordinate points), ensuring the EMBA encompasses the full
range of environmental receptors that might be contacted by surface and subsurface hydrocarbons at the
low exposure level in the highly unlikely event of a worst case oil spill.

On the first page of the PMST report, is a coarse graphic showing the area over which the search has been
conducted. However, the granularity of this can make the output look different to the spatial area
represented on figures within the EP.

The co-ordinates are also provided within the PMST report to allow for duplication of the search and
verification if required. Santos do not have control over the PMST search tool output, but instead have
provided the reports and coordinates to ensure transparency.
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3.1.2 Determining the environment that may be affected

Stochastic hydrocarbon dispersion and fate modelling, applied to the worst case spill scenario for the
operational area identified as relevant to the activity (Section 7.5), 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 values used and to Section 7.5.4 for
further information about the reasons why these exposure values have been selected and how they relate
to the risk assessment.

While the EMBA represents the largest possible spatial extent that could be contacted by any of the worst-
case spill events modelled, an actual spill event is more accurately represented by only one of the simulations
from the stochastic modelling, resulting in a much smaller spatial footprint in the event of an actual spill.
Modelling of a single simulation, representative of a single spill event is termed deterministic modelling. An
example of a deterministic run is illustrated in Figure 3-1 to demonstrate a more realistic spatial extent for
the worst-case spill event (i.e., a deterministic EMBA — using low exposure values). The deterministic EMBA
for this EP is a single simulation from the worst case scenario described in Section 7.6.1.2, which is a subsea
release of hydrocarbons from a loss of well control (Section 7.6).

3.1.2.1 Modelling locations

The worst-case discharge from the MEFF field has been modelled for both subsea and surface release from
well Mutineer 4 as this well was considered to have the highest potential to flow. Co-ordinates of the location
are provided in Table 2-3.

To ensure a representative EMBA was correctly assessed in this EP, the EMBA for both of the modelled
scenarios (surface and subsea) were combined to create the greatest extent of a potential spill (Figure 3-1).
A representative deterministic spill modelling scenario is also presented in Figure 3-1, and discussed further
in Section 7.6.1.

3.1.2.2 Hydrocarbon exposure values

The EMBA is based on stochastic modelling, using low exposure values (Table 3-1). The EMBA encompasses
the outermost boundary of the overlaid worst-case spatial extent of the four hydrocarbon phases listed
above for the surface and subsea credible spill scenarios at Mutineer 4.

+ The EMBA is defined by the low exposure values.
+ The Moderate Exposure Value Area (MEVA) is defined by the moderate exposure values.
+ The High Exposure Value Area (HEVA) is defined by the high exposure values.

The low exposure values are used as a predictive tool to set the outer boundaries of EMBAs and may not
necessarily result in ecologically significant impacts. To inform the evaluation of potential environmental
consequences of a hydrocarbon release (impact assessment), modelling is undertaken using higher exposure
values (the concentrations at which environmental consequences may result). The higher exposure values
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are known as ‘moderate’ and ‘high’ are further explained in Section 7.5.2. Applying the same method used
to determine the EMBA, spatial areas were derived for moderate and high exposure values (Figure 3-2).

A low exposure threshold, which approximates a range of socio-economic effects, is considered to provide a
conservative extent of potential impacts. Biological impacts are expected to occur within the moderate and
high exposure values which represent a subset of the EMBAs. Refer to Section 7.6 for further information
about the spill trajectory modelling thresholds that have been selected. The MEVA is represented in this
section to inform the impact assessment in Section 7.6.

Table 3-1: EMBA hydrocarbon exposure values

Exposure Value

Hydrocarbon phase

Moderate
Floating (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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3.2 Environmental values and sensitivities

This section summarises environmental values and sensitivities including physical, biological, social,
economic and cultural features within the marine and coastal environment that are relevant to the
operational area and the EMBA.

A summary of the information derived from the Department of Climate Change, Energy, the Environment
and Water (DCCEEW) PMST, Bioregional Plans and Fauna Recovery Plans relevant to the operational area
and EMBA is provided in this section. A detailed and comprehensive description of the environment (in
accordance with regulation 13(1)(2) of the OPGGS(E)R is available in Appendix D. This draws upon existing
knowledge and a comprehensive review of information about the marine environmental values and
sensitivities in the region.

Copies of the DAWE PMST outputs for the operational area and the EMBA are available in Appendix C.

The figures presented in this section of the EP have been zoomed to the extent of the data boundaries
present within the EMBAs, to show all relevant data layers in a legible manner. Some data layers that sit
within the map area but are not present within the EMBAs are not displayed.

3.2.1 Physical environment

3.2.1.1 Bioregions

Based on the Integrated Marine and Coastal Regionalisation of Australia, Version 4.0 (CoA, 2006), the regional
descriptions relevant to the operational area and the EMBA are provided in Table 3-2 and Figure 3-3.

Table 3-2: Integrated Marine and Coastal Regionalisation of Australia 4.0 provincial bioregions relevant

to the activity
Bioregion Operational Area

Northwest Shelf Province v

Northwest Province X v
Northwest Transition v v
Northwest Shelf Transition X v
Timor Province X 4
Central Western Transition X v
Central Western Shelf Transition X v
Central Western Shelf Province X 4
Central Western Province X 4
Southwest Shelf Transition X v
Southwest Shelf Province X v
Christmas Island Province X v
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3.2.2 Benthic habitats

The presence of marine and coastal habitats within the operational area and EMBA is summarised in
Table 3-3 and a detailed description of these habitats with reference to the IMCRA provincial bioregions is
provided in Values and Sensitivities of the Marine Environment (EA-00-RI-10062, Appendix D).

A geophysical and geotechnical survey of the operational area undertaken in August 2011 indicates the
seabed is relatively flat, smooth and featureless, in water depths ranging from around 132 m at lowest
astronomical tide in the southeast to 163 m at lowest astronomical tide in the north-west. The only
bathymetric features identified were those associated with Santos’ existing petroleum production
equipment linked to the Mutineer-Exeter operations and previous drilling campaigns (Neptune Geomatics,
2011).

Only one seabed type was identified in the operational area by the survey, this being low relief
unconsolidated (high volume) calcareous silty fine sand (Neptune Geomatics, 2011). This is consistent with
other studies (DEWHA, 2007), which indicate more than 60% of the sediments on the NWS are
carbonate-derived.
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Table 3-3: Habitats associated with receptors identified within the environment that may be affected

EMBA Presence

Relevant Events That May Impact on the Receptors

Q
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: ¢ § & & % % 3 : & i 9+ i
8 3 S g = £ Ec £, & E & £ s
Category Receptor © a = E = = g :g g2 .,E, = = § e
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2 2 Q o h (7] (@)
Coral reefs v v X X v v v Unolanned
Seagrass v v X X v v v Hydrocarbon release due to subsea or surface loss of well control
Macroalgae v v X X v v v Diesel release from vessel collision
Planned
Benthic Habitats Seabed disturbance
Planned operational discharges
Non-coral benthic
_ v v v v v v v v v v v v v Drilling and cement discharges
invertebrates
Unplanned
Hydrocarbon release due to subsea or surface loss of well control
Unplanned release of solid objects
Mangroves X X v X v X v v X X X v X Unplanned
shoreline Intertidal platforms X X v v v X v v X v v X v Hydrocarbon release due to subsea or surface loss of well control
Habi Diesel release from vessel collision
abitats Sandy beaches X X v X v X X v X v v v v
Rocky shorelines X v v v 4 X v 4 X v v X v
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3.2.3 Protected and significant areas

Protected and significant areas identified in the operational area and EMBA are listed in Table 3-4 and
illustrated in Figure 3-4 to Figure 3-12. Note: protected and significant areas that are terrestrial and not
linked to the shoreline but occur in the EPBC Protected Matters search of the EMBA have been excluded as
they are not relevant with respect to hydrocarbon concentrations of floating oil, in-water hydrocarbons
(entrained and dissolved oil) and shoreline accumulations.

3.2.3.1 Australian Marine Parks and State Marine Parks, Management Areas and Reserves

The operational area does not intercept any Australian or State Marine Parks, Management Areas or
Reserves. The closest AMP is the Montebello AMP, located around 99 km from the operational area. 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
(International Union for Conservation of Nature [IUCN] Protected Area Category) based on the Australian
IUCN reserve management principles in Schedule 8 of the EPBC Regulations 2000. These principles determine
what activities are acceptable within a protected area under the EPBC Act. The management zones,
associated with the AMPs, and the relevant objectives are detailed in.

The EMBA overlaps several AMPs and state marine parks, management areas and nature reserves. These
areas are shown in Figure 3-4 and Figure 3-6 and are further discussed in Appendix D.

3.2.3.2 Heritage areas

Australia’s heritage is managed by various levels of government and peak bodies that identify and list places
for their heritage values. Significant heritage places are identified and grouped (by type) into lists that guide
the protection and management of heritage values. No natural heritage areas are located within the
operational area, but several are within the EMBA. These areas are shown in Figure 3-7 and Figure 3-8 and
are further discussed in Section 3.2.5.7 and Appendix D.

3.2.3.3 Wetlands of international or national importance

Wetlands are a critical part of our natural environment. They protect our shores from wave action, reduce
the impacts of floods, absorb pollutants and improve water quality. They provide habitat for animals and
plants and many contain a wide diversity of life, supporting plants and animals that are found nowhere else.
No wetlands of international or national importance are located within the operational area, but several are
within the EMBA. Eighty Mile Beach is the closest Ramsar Wetlands of International Importance to the
operational area and is located 312 km southeast of the operational area. These areas are shown in Figure 3-9
and Figure 3-10 and are further discussed in Appendix D.

3.2.3.4 Key ecological features

KEFs which are components of the marine ecosystem that are 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 C). The Ancient Coastline at 125 m depth contour KEF (the Ancient
Coastline KEF) intersects the south-eastern portion of the Operational area. A number of other KEFs are
present within the EMBA as shown in Figure 3-11 and Figure 3-12.
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